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PEEFACE.

The present work was written primarily to meet the wants of
the students attending the course of instruction in “ Practical
Histology ” in The Owens College, but it is hoped that it will
be found useful also to students of medicine and science in other
colleges and universities.

The Exercises printed in small type are intended for Senior
Students, and for those attending the course of “ Advanced
Histology ” given in The Owens College.

Although a drawing accompanies almost every exercise, still
this is not intended to relieve the student from what is a most
important part of the training in Practical Histology, viz., that
the student should make sketches of his preparations. It serves

very little useful purpose to give students sections ready pre-
pared, and ask them merely to mount them. Hence, consider-
able stress has been laid on methods, as a knowledge of these is,
after all, one of the most important parts of a practical training
in Histology. Many methods have been tried and found wanting,
and accordingly those only are introduced which the author, after
experiment, has found to be reliable.

The author is indebted to the various Manuals of Histology
published in this country, and also to those of Priedlander and
Eberth, Stbhr, Pol, Kblliker, Martinotti, Prancotte, Bolles Lee
and Henneguy, Orth, and Edinger, as well as the various Micro,
scopical Journals, British and Foreign.

Most of the Illustrations have been drawn from microscopical
preparations made in the class of Practical Histology, but a few
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of them are taken from preparations kindly presented to me by
my friend Professor Swaen of Liege. lam greatly indebted to
my demonstrator, Arthur Clarkson, M.8., C.M., for a considerable
number of the drawings, and also to my pupil, Mr. C. E. M. Lowe,
for similar services. A few of the drawings were made by myself.
To F. W. Stansfield, M.8., Ch.B. (Yict.), my thanks are due for
assistance in reading the proof-sheets.

I have also to express my obligations to several scientific in-
strument makers and others, including Messrs. Zeiss, Hartnack,
Yerick, Leitz, Beichert, Jung, Hicks, Eternod, Zimmermann,
Hume, Beck, Swift & Son, Gardner, and A. Fraser.

Finally, I have to thank my publishers for the liberal manner

in which the work is illustrated.

WILLIAM STIRLING.

Physiological Laboratory, The Owens College,
Manchester, May 1890.
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PRACTICAL HISTOLOGY

PART I.

I.—APPARATUS, REQUIRED.
The student of Practical Histology must be provided with the
following apparatus

1. A Compound Achromatic Microscope capable of magnify-
ing from about 50 to 300 or 450 diameters linear.

2. Glass Slides.—The most convenient size is 3 inches by 1

inch (or 76 x 26 mm.), with ground edges made of the best
flatted crown-glass. About two gross will be required (fig. 1).

Fig. i.—English Form of Slide.

It is convenient to have two dozen or so of a larger size, 3 inches
by i i inches.

3. Cover-Glasses. —Some are square and others circular (fig. 2).

Fig. z.—Square and Round Cover-Glasses, showing the most convenient sizes.

The student should be provided with both sorts. Keep the square
ones for balsam preparations, and the circles for those that require
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ringing, i.e., those mounted in glycerine or Farrant’s solution.
Only extra-thin covers (or those sold as No. i) should be used.
It is well to measure the thickness of the covers, and to use for
mounting only those that are less than .006 inch in thickness.

Get half-an-ounce
of |-inch circles,
and the same
weight of |-inch
squares. It is con-
venient to have
a few circles and
squares somewhat
larger, viz., x inch
and 1 1 inch in dia-
meter, for mount-
ing particularly
large sections.
When a large num-
ber of sections are
mounted under
one cover-glass, as

in sei-ial pi’eparations, it is well to have oblong cover-glasses of a
still larger size.

Fig. 3.Pinewood Cabinet to hold Sixty Slides.

4. A Wooden Cabi-
net, fitted with trays
for holding the mounted
specimens. It should be
capable of holding at
least 60 slides, and the
slides should lie on the
flat. A convenient form
is shown in fig. 3. Some
prefer the flat com-
pressed paper trays
shown in fig. 4.

5. Two Mounted
Needles in handles.
The student can easily
make these himself. Fix
a sewing-needle into the
end of a pen-holder,

allowing only about inch of the needle to project. The needles
should always be kept bright and polished. A convenient form is
to fix a sewing-needle into a strong wooden “ crochet ” needle.

6. A Dissecting Case, but failing that, a pair of strong forceps,

Fig. 4. —Paper Tray tohold Slides.
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and also a finer pair, the latter with long narrow points ; a stout
and a fine pair of scissors, and
a scalpel. It is well to have
a straight pair of scissors, and
also a pair curved on the flat
(fig- 5)-

7. Camel-Hair Brushes, at
least two, the smaller crow-
size, and one somewhat larger.

8. A Bazor, which is not to
be hollow-ground. It must be
kept very sharp, and stropped
frequently. It \is better to
have one ground flat on one
side.

9. Watch - Glasses. In
stead of the ordinary-
sized glasses, the stu-
dent should provide
himself with at least
four 3 inches in dia-
meter.

10. A Section-Lifter.—This may be made by beating
out the end of a piece of copper wire inch thick)
until a thin plate is formed. The plate is then bent at
an angle to the stem. It is better, however, to purchase
one made of German silver (fig. 6).

11. Drawing Materials.—As great importance is
attached in this laboi’atory and in this course to making
drawings of the microscopic objects, each student must
provide himself with a drawing-book—a quarto, with
unruled paper, and containing 250 pages or thereby, is
sufficient. Suitable draining-pencils, including an H.8.,
and a harder one, e.g., H.H.H.; both must be of a good
quality of lead. After a sketch has been made in pencil,
the sketches should be coloured. This may be done
either with coloured pencils or water-colours. The latter
are greatly to he preferred.

12. Slips of white bibulous paper, 3 inches by | inch,
to soak up any superfluous fluid, and to be used for
irrigation. For irrigation purposes use small triangular
slips.

13. Small glass pipettes, which the student should
make for himself by heating in a gas-flame and drawing out a
piece of narrow glass-tubing at two places, close to each other, leav-

FiG. 5.—(a.) scissors curved on the flat;
(6.) tine, straight pair.

Fig. 6.
Section-
Lifter.
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ing a smallpart of the tube of the original width, which acts as the
bulb of the pipette. Several may be made at a time, and their
capillary ends sealed in the flame, and kept until they are required.

14. Labels for the slides.—lt is well to have a large number
of pieces of paper cut, 3 inches by 1 inch, as temporary labels,
on which is written the name of the preparation. Each label is
placed under its appropriate slide in a tray. These labels are
merely temporary. This is specially desirable where the slides
have to be “ringed,” as in this process a permanent label is apt
to be displaced or destroyed. In the case of balsam prepara-
tions, they may be labelled at once with the small square per-
manent labels. In every case the preparation should be labelled,
and the label should bear not only the name of the tissue or
organ, but the direction of the section and the medium in which
it is mounted, and, if desired, the date of mounting. Labels are
now printed so cheaply, that for half-a-crown a student can have
a thousand labels printed with his own name.

15. Reagents. —The student should also be provided with the
following reagents, which should be placed in a small wooden
framewoiE on the work-table. Only those reagents that are
most frequently used need be provided for in the framework ; the
others can be supplied as required.

Small bottles—two ounces or thereby—not too tall, and pro-
vided with a glass rod, are necessary. The glass rod has a bulge
at the Junction of its upper and middle thirds, and this bulge
prevents it from falling into the bottle, and, at the same time,
acts as stopper for the bottle. Failing this, a piece of glass rod
passed through the cork will answer the purpose.

(1.) Normal Saline, or | per cent. (.75 per cent.) salt solution.
Dissolve 7.5 grms. of pure common salt in 1000 cc. of water. As
this fluid is apt to undergo change, it should not be kept too long.

(2.) Glycerine (either pure or equal parts of glycerine and
water).

(3.) Balsam, either Canada balsam or dammar (p. 69).
(4.) Farrant’s Solution (p. 69).
(5.) Dilute Acetic Acid (2 per cent.).

Hsematoxylin Solution (p. 58).
(7.) Piero-Carmine (p. 56).
(8.) Clove-Oil or Xylol.—This should be provided with a small

brush fixed on the end of a wooden rod perforating the cork.
16. Other Apparatus is required, but in a well-equipped

laboratory special articles are supplied as required; they are
referred to in the context. They include a dissecting microscope,
photophore, mounting block, warm stage, eye-piece micrometer,
lamp, turntable, polarising apparatus, camera lucida, &c., &c.
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lI.—THE MICROSCOPE AND ITS ACCESSORIES
1. An account of the optical principles on which the microscope

is constructed is purposely omitted. The compound microscope
consists of a stand
(fig. 7), which car-
ries a stage to sup-
port the microscopic
preparation, the
arrangement for il-
luminating the ob-
ject, together with
the body tube; the
latter consists of a
long brass tube, or
one tube telescoped
into another. To
the lower end of
this tube is fixed
a combination of
lenses, constituting
the lens or objective,

while at its upper
end is the eyepiece.

2. The tube is
blackened inside,
and to its lower end
is screwed the ob-
jective, consisting
usually of several
lenses screwed to-
gether. By means
of it a magnified in-
verted aerial image
is produced in the
body of the tube.

At the upper end
of the tube is the
ocular or eye-piece,
composed of two
plano-convex lenses,
the one next the
eye of the observer
being called the eye-

the lower one the field-glass. The two lenses, with their

Eye-piece.

Body.

Fine adjustment.

Body tube.

Objective.

Stage.

Stand.

Mirror.

Fig. 7. —Leitz's Microscope, No. V.
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convex surfaces downwards, are fixed in a brass tube which slips
into the upper end of the tube of the microscope.

3. The tube itself is supported in a vertical position on the
stand, so that it can be moved upwards and downwards vertically,
to bring the objective near to the object, and thus bring the latter
clearly into focus. This arrangement is termed the adjustment.
The mode in which this is accomplished varies. In the cheaper
microscopes the tube of the microscope is moved inside another
tube fixed to the stand (figs. 7, 8). This is done by means of the
hand, while in the more expensive microscopes there is a rack-
and-pinion movement for raising or depressing the tube (fig. 9).

Usually there are two adjustments—one the coarse adjustment
,

whether it be by rotating one tube inside the other or by a rack-
and-pinion movement; it is used to bring the outlines of the
object dimly into focus. The other, the fine adjustment, is a
fine screw, usually placed at the upper and back part of the pillar
of the stand of the microscope. By it the object is brought
accurately into focus.

4. The stand is provided with a horizontal solid table or stage,
placed at a convenient height, and on which the object to be
examined is placed. It is perforated by a circular aperture in its
centre, into which can be fitted diaphragms of different sizes, or
a circular plate with holes of different sizes rotates under the
stage, so that the desired size of hole—or diaphragm—can be
brought under the central aperture in the stage. The aperture
in the stage must not be too small; it should be sufficiently large
to enable a section of the spinal cord to be seen as a whole. In
the more expensive, and in some of the cheaper microscopes also,
the stand is provided with a joint, so that the microscope can be
inclined as shown in figs. 8, 9.

5. Illumination of the Object.—Under the stage is placed a
mirror, which is usually provided with a flat and a concave sur-
face. When it is available, diffuse light—never direct sunlight—-
reflected from a white cloud, and a northerly exposure are to be
preferred. For ordinary illumination the concave side of the
mirror is used. The light is reflected from it, and is transmitted
through the hole in the stage, the object on the stage, and the
tube of the microscope, to the eye of the observer. The flat
mirror is used along with a sub-stage cond-enser (§ 10).

6. Direct and Oblique Illumination.—When the light is re-
flected from the concave mirror, it strikes the object nearly verti-
cally ; this is called direct or central illumination. But sometimes
it is of importance to detect very fine variations on the surface of
the object; then for this purpose oblique illumination is practised.
This may be done by tilting the mirror slightly, so that the rays
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EiG. B.—Zeiss’s Stand VI., provided with a hingedstand, a draw-tube, cylinder diaphragm,
and mirror with a concave and a flat surface.



8 PRACTICAL HISTOLOGY.

of light fall somewhat obliquely on the object. In this case there
must be no small diaphragm in or under the stage. This may
also be done in the more expensive microscopes by introducing a
diaphragm which permits light to pass only at its sides, its centre
being blocked. This is known as a central stop-diaphragm,
which shuts off all the axial, and transmits only the marginal
rays, causing what is called dark-ground illumination (fig. n, 5).

7. The Diaphragm,
of which there are two
forms in common use.
The mostcommon form
is a blackened plate—-
disc diaphragm—per-
forated with holes of
different sizes, placed
under the stage, and so
arranged as to rotate
on a pivot. The edge
of the plate usually
projects a littlebeyond
the stage, so that it
can be readily rotated
by the finger, so as to
bring the appropriate
aperture under the
hole in the stage. The
diaphragm is usually
providedwitha slightly
projecting pin, which
gives a click when the
hole in the diaphragm
is exactly centred. An-
other form—cylindri-
cal diaphragm con-
sists of a small brass
cylinder, into which
can be fitted small

diaphragms perforated by apertures of different sizes (figs. 9, n).
The cylinder, with its diaphragm, is fitted into a slot under the
stage. These cylinder diaphragms should be so arranged as to
be easily changed.

Perhaps the most convenient form of all is the iris diaphragm,
which can be adapted to any of the larger microscopes (fig. n),
and in which any size of aperture desired is obtained by turning
a small milled head. The new form (fig. 10), as made by Zeiss,

Fid. 9. —Zeiss’s Large Jointed Stand, fitted with draw-
tube, rack and pinion for the coarse adjustment, a
double nose-piece, and cylindrical diaphragm.
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and also by Leitz, is an admirable substitute for interchangeable
diaphragms, as by it the aperture can be readily increased or
diminished. The smallest
aperture is about 0.5 mm.,
and the largest equal to the
full aperture of the condens-
ing system.

The management of the
diaphragm is most impor-
tant in order to obtain dis-
tinct definition of an object.
The one general rule—but
one which is very frequently
neglected in practice by the
student—is when employing
a low power to use a large
aperture, and when employ-
ing a high power, a small
or medium aperture of the
diaphragm.

8. Objectives. —For ordinary work every microscope requires
to have two objectives of different magnifying powers; one of
these, when used with an ordinary ocular, should magnify about
60-75 diameters linear. This is spoken of as the low power, and
in these pages is indicated by the letter (L). The other should
magnify from 350-400 diameters linear, and is called the high
power, indicated by the letter (H).

If an English make of lens is preferred, let them be i-inch and
Swift’s new high-angled i-inch lens is a very good low-

power lens. If Continental lenses be preferred, and if Zeiss’s
be selected, let them be A and D, equal to a -|-inch and -J-inch
respectively. Zeiss makes lenses AA and DD of slightly better
quality, which cost a few shillings more. If Leitz’s lenses be
preferred, use Nos. 3 and 7; and if Hartnack’s, Nos. 3 and 7
3 being the weaker lens.

The microscopes of Reichert of Vienna are also excellent.
The stands are all provided with a universal thread or screw, so
that the lenses of Zeiss, of English makers, or of others may be
adapted to them.

For certain special purposes much higher powers are required,
but for ordinary work these lenses are sufficient.

9. Eye-Pieces or Oculars.—Two eye-pieces are required, one
medium length and the other shorter, the latter being the more
powerful. The two most useful eye-pieces are Nos. 11. and IV. of
foreign makers (of Leitz, however, I. and III.), or A and C of

Fig. io.—lris Diaphragm, showing a small
aperture.
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„ stand No 111 of C Reichert, with cylindrical diaphragms (x, 2, 3), a central stop-diaphragm (5),
' and a sub-stage condenser (4).
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English makers. English makers speak of a deep and a shallow
eye-piece; the former
(IY. or C) is shorter,
and is the more power-
ful ; the latter (11. or
A) is longer, and is a
weaker eye-piece.

These comprise the
essential parts of the
microscope, but if ex-
pense be no objection,
the stand may be pro-
vided with a hinge-
joint, which enables
the microscope to be
inclined at any angle
(figs. 8, 12). In some
microscopes the tube
can be elongated by
a draw-tuhe (fig. 9),
which, when it is elon-
gated, increases the
magnifying power of
the instrument. It is
well to have the draw-
tube with a scale en-
graved on it, as is
done in the more ex-
pensive instruments.

10. Sub-Stage Con-
denser.—When work-
ing with high powers,
this is essential, more
especially in connec-
tion withbacteriologi-
cal work. Abbes con-
denser is by far the
mostconvenient form.
Fig. 14 shows one of
the more expensive
stands fitted with a
sub-stage condenser.

The essential fea-
ture of Abbe’s illu-
minating apparatus is a condenser system of very short focus,

Tig. 12.—Stand 111. of Leitz, fitted with a double nose
piece, sub-stage condenser, and an iris diaphragm.
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which collects the light reflected by the mirror into a cone
of rays of very large aperture and projects it on the object
(fig- 13)-

The cone of light is usually reduced by diaphragms of suit-
able size, or by means of an iris diaphragm. By means of the
rack-work the diaphragm can be placed excentrically and oblique

illumination obtained. This
apparatus can be used for ordi-
nary work, but it is specially
useful for the investigation of
bacteria. The rays of light
from the condenserarebrought
to a focus in the object, so that
an enormous amount of light
is concentrated on the object.
The angle of aperture of
Abbe’s condenser is 120°. The
full aperture of the illuminat-
ing cone of rays is only used
when observing deeply-stained
bacteria with ob jectivesof large
aperture. In every other case
a diaphragm of suitable size
is introduced so as to diminish
the cone of light. When the
diaphragm is placed excentri-
cally, oblique illumination is
obtained, while,with a central-

stop diaphragm all the axial rays are cut off, and dark-ground
illumination is obtained.

11. Dry and Immersion Lenses. —By the term dry lens is
meant one in which air is the medium between the lens and the
object, or at least the cover-glass on the object. In immersion
lenses some fluid intervenes between the lowest lens of the objec-
tive and the cover-glass of the object, and the liquid chosen is
water, or a medium of higher refractive index, such as cedar-
wood-oil, glycerine, or a mixture of fennel and ricinus oils. These
oils have nearly the same refractive index as the cover-glass. In
virtue of their greater refractive power, these liquids, especially
the oils, refract more of the rays passing through the object, and
cause these rays of light to enter the lens, so that they increase
the amount of light transmitted to the eye of the observer. In
contrast with dry lenses, they have a larger angle of aperture and
a greater resolving power, and are employed only for the highest
magnifying powers. Powers above of an inch should be oil-

Fig. 13.—Abbe’s Condenser, as made by Zeiss
and Swift. (S .) condenser system. Milled
head for throwing the diaphragm out of
centre ; (Sp.) mirror.
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FIG. 14.—Leitz’s Stand la., with a triple nose-piece and Abbe’s condenser.
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immersion lenses. The oil-immersion are fast displacing water-
immersion lenses.

In using an immersion lens, place a small drop of the oil on the
cover-glass and a small drop on the lowest lens of the objective,
and slowly depress the objective until it touches the cupola of the
drop, and focus. Oil-immersionor homogeneous immersion lenses are
to be preferred to water ones. Care must be taken that the drop
of oil does not run on to the cement of the preparation, else it
will dissolve it. After use, the cover-glass must be wiped dry,
as well as the lens, by means of a clean piece of wash-leather.
These lenses are very good, but very dear, and are not required
for ordinary work. Latterly, instead of oil, a mixture of glycerine
and chloral hydrate has been recommended. The cedar-oil is not
so easily removed from the cover-glass. It may be best removed
by a well-washed linen rag moistened with benzene. The lens
itself must be most carefully cleaned. A lens moistened with
glycerine is best cleaned with alcohol.

12. Angle of Aperture.—Lenses may be of narrow or wide
angle of aperture. The angle of aperture is the angle formed by
the outermost rays coming from a luminous point placed in the
focus of an object, and which enter not only the lowest lens of
the objective, but pass throughout the entire system of the lenses
of the objective. Lenses with a large angle of aperture (130°
and upwards), therefore, will adipit more light, i.e., more of the
oblique rays will enter the system of lenses. These lenses are
well suited for resolving fine lines on the surface of an object,
such as the striae on the scales of insects’ wings and the markings
on diatoms, but those parts of the object superficial to or deeper
than the focus are not sharply defined. Such a lens is said to
have greater power of resolution. For ordinary histological work,
a high-power (350-400) lens of medium (Bo°-ioo°) angular aper-
ture is to be preferred, for such a lens has greater penetrating
power, i.e., the focal plane is deeper, so that with it one can see
with tolerable distinctness parts of the object lying immediately
above and below the true focus of the lens. It is to be remem-
bered that the angle of aperture has nothing to do with the mag-
nifying power of the lens,

13. Abbe’s Apochromatic Lenses.—These are dry or immersion,
and are used as high-power lenses when very exact definition is
required. They are very expensive, and are constructed of a
peculiar kind of glass. These objectives secure the union of
three different colours of the spectrum in one point of the axis,
i.e., they remove the so-called “secondary spectrum,” and they
correct the spherical aberration for two different colours. The
images projected by them are nearly equally sharp with all the
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colours of tlie spectrum. As there is a very great concentration
of light by these objectives, they permit of the use of very high
eye-pieces, thus giving high magnifying power with relatively
long focal length. The natural colours of objects are reproduced
unaltered by these objectives.

Zeiss has constructed a series of compensating oculars to be

FlO. 15.—Sew College Microscope, by Swift & Sons—Tripod Stand.

used with these lenses. They are classified as 1, 2, 4, 8, 12, 18,
and 27, according to their magnifying power. The eye-pieces of
extremely low power are designated—-

(i.) Searchers, which reduce to its lowest limits the available
magnification with each objective, thus facilitating the prelimi-
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nary examination of objects, diminishing the labour of searching
for particular parts of the specimen. Thus, No. x enables an
objective to be employed with its own initial magnifying power,
i.e,, as if it were used as a simple lens without an ocular {Zeiss).

(ii.) The working eye-pieces begin with a magnifying power of
4. The most useful are 4 and 6. Other eye-pieces are—

(hi.) Projection eye-pieces ; but they do not concern us here.
14. In selecting a microscope, there are many points to be

attended to.
(A.) Mechanical Parts. —It should be quite stable, so that it

cannot be readily upset. To this end the stand should be solid,
and either of the tripod (fig. 15) or horse-shoe pattern (figs. 7, 8,
9, 14). "Very good stands of the horse-shoe pattern are made by
Messrs. James Swift & Sons (fig. 15)and Messrs. Crouch. Fig. 15
has a glass stage, the body-tube is cloth-lined, which gives a smooth
and steady action. The stage should be at a convenient height,
so that when the ulnar edge of the left hand is resting on the
table, the thumband fore-finger of the same hand can conveniently

grasp and move the slide on the stage.
The stage itself should be a little broader
than the length of the slide. The slide
can be fixed on the stage by means of
two brass clips, which are fitted into
holes at the two posterior angles of
the stage. The pillar of the microscope
may be fitted with a joint to enable
the instrument to be inclined, if de-
sired ; but of course this cannot be
used when fluids are being examined;
still in many instances it is convenient
(figs. 8, 15). Fig. 16 shows a conve-
nient form made by Hartnack of Pots-
dam.

It is highly inconvenient to have to
screw and unscrew a lens every time
a change of lens is required. This is
obviated by using a nose-piece or revolver
(figs, g, 14), which is screwed to the
lower end of the tube of the microscope.
The high and low powers are fitted to
this framework, and can be rotated under

the tube as they are required. Nose-pieces are made for attach-
ing two or three (figs. 9, 14) or more objectives, and they can be
adapted to any microscope.

Test the mechanical parts that they are all solid and work

FIG. 16.Stand 111. of Hartnack,
with joint and condenser.
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well. Raise and lower the tube by means of the fine adjustment,
and do this to the full extent of the threads on the screw, noting
particularly if there is any lateral movement of the tube while
this is being done.

(B.) Optical Parts. —See that all the parts are properly centred
by looking through the tube after removal of the eye-piece. Put
on*the high power; use a medium eye-piece, and focus a micro-
scopic preparation; any thin section of a tissue will do. The
field should be large, well illuminated, and flat. If there are
specks in it, clean all the lenses to see that these specks are not
due to dust on the lenses. If the centre of a flat object in the
field does not come into focus at the same time as the periphery
of the object, then the lens should be rejected on account of its
spherical aberration. If coloured rings appear in an object, then
the lens must also be rejected, as it is not perfectly achromatic.
The definition ought to be sharp and distinct.

15. Drawing of Microscopic Objects.—ln this laboratory every
student is required to make sketches of his preparations. This
is of the utmost importance, not only from the point of view of
the student, but also of the teacher.

(A.) Freehand Sketching.—The student must provide himself
with a drawing-hook (p. 3) and with suitable pencils (H.B. and
H.H.H.), and also with either coloured crayons or water-colours.
It is far more important that an outline sketch in pencil be
made accurately portraying the shape of the object, than that
an indifferent sketch should be covered with a smear of colour.
It is . astonishing how some stu-
dents, after protesting that they
cannot “draw,” succeed in delineat-
ing their preparations when they
have given the matter a fair trial.

(B.) Various Forms of Camera
Lucida. Sometimes, however, a
drawing has to be done to scale, or
its outlines and details accurately
portrayed. There are many devices
for this purpose. Some of these
instruments are by no means easy
to work with, but they are excellent
for tracing the outlines of objects
and showing the exact relation of
one part to another, and the rela-
tive size of the parts of an object.

(i.) Zeiss’s Camera Lucida (fig. 17).—A collar (c) with a ver-
tical rod attached (a), carrying a bar which bears the prism or

Fig. 17.—Zeiss’s Camera Lucida. (/:.)
collar;(a.) and (6.) supportingbars ;

(A'.) camera.
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camera (/A). The collar is slipped over the tube of the microscope
and the eye-piece inserted. Focus the object, and rotate the
prism until it is above the eye-piece; the prism covers one-half
of the latter. The drawing-board is inclined at an angle of 20°,
and in looking down the microscope the paper and the image of
the object are seen simultaneously.

(ii.) Camera Lucida {after Abbe).—This apparatus is made by
Zeiss (fig. 18). The apparatus is screwed to the tube of the
microscope. The direction and reflection of the rays from the
object and those from the paper are shown in the figure. In all
camera-lucida drawings it is important to regulate the brightness

Fig. 18.—Abbe’s Camera Lucida. (Sp.) mirror; (IF.) line of reflected light; (i.) collar
for screwing over eye-piece; (0.) light to eye of observer; (52 .) light reflected on
paper.

of the illumination of the paper; this is effected in this instru-
ment by smoke-tinted glasses, which fit into the prism mounting.
In other cases this is done by means of a blackened cardboard
shade.

(iii.) Chevalier’s Camera Lucida (fig. 19).—The microscope
remains erect, the eye-piece is removed, and in its place is inserted
the tube of the camera. Place a sheet of white paper at the side
of the microscope, and directly under the horizontal part of the
camera. The instrument itself consists of two tubes at right
angles to each other, and at the angle is a prism, which reflects
at a right angle in a horizontal direction the light coming verti-
cally from an object on the stage. These horizontal rays have to
pass through what is practically an eye-piece of a microscope, and
reach a small prism at the free end of the horizontal part of the
instrument. This prism is so arranged that the rays coming from
the object are reflected into the eye of an observer, who, on looking
through the prism, sees an image of the object upon the sheet of
paper on the table. The observer looks through this prism, but
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he must so ad just his position as to bring one-half of the pupil over
the prism, and thus with one-half of the pupil view the object on
the paper, while the other half of the pupil receives the rays
of light coming from the pencil and the paper. The distance
between the eye of the ob-
server and the paper is
about 10 inches. It is by
no means so easy to sketch
the outline of an object with
this camera. The eye should
be protected from other
rays of light by means of a
blackened shade. The diffi-
culty encountered by the
student is to see the object
and the point of the pencil
at the same time.

(iv.) Camera of Malassez (fig. 20).—This consists of two
prisms; one, the ocular prism, is fixed, while the second and
larger can be moved round a horizontal axis. This enables the
instrument to be used in two different positions of the microscope.
If one is examining a fluid, the
microscope is erect and not in-
clined. The instrument is fixed
to the upper part of the tube of
the microscope. Slip the collar
over the tube and insert the eye-
piece. The image is projected
on the table to the right of the
microscope; but the paper must
be placed at an angle, i.e., on an
inclined plane, horizontal to the
direction of the rays from the
camera. This is necessary to
avoid one side of the figure being
larger than the other. If it be
desired to incline the microscope
at an angle of 45

0 (fig. 20), the
camera is so placed that an image
is thrown on paper placed be-
hind the foot. of the microscope, the prism being turned to an
angle of 45°. This camera is particularly easy to work with. It
is sometimes important not to have too much light on the paper ;

this is avoided by using the plane side of the mirror.
16. Magnifying Power of a Microscope. —This will vary with

Fig. 19.—Camera Lucida of Chevalier or
Oberhauser.

Fig. 20. —Malassez’s Camera placed at a
variable angle.
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the objective and ocular used, and also with the length of the
draw-tube. The magnification is usually determined when an
image is seen at the range of normal distinct vision, i.e., 10 inches
or 25 centimetres. As this is about the height of a Hartnack’s
stand or Zeiss’s stand, supposing these forms of instrument to be
used, place a sheet of white paper on the table. Let the micro-
scope be upright, with ocular and lens in place. Supposing we
use a No. 7 objective and No. 3 ocular. Begin with the draw-
tube in, place a stage-micrometer on the stage of the microscope,
and focus the scale upon it. The stage-micrometer is like a glass
slide with a fine scale engraved upon it. The English ones are
generally subdivided into thousandths of an inch, and the Con-
tinental ones into hundredths of a millimetre. Look through
the microscope, but keep both eyes open, and part of the scale
will be seen on the white paper. With a pencil mark off say ten
interspaces, or use a pair of compasses to measure this distance.
Measure off this distance on a millimetre scale, and suppose the
distance thus measured be 28 millimetres. This means that ,1

millimetre has been magnified to appear equal to 28 millimetres,
i.e., 280 times. The magnifying power for other combinations of
lenses should be determined, and a tablemade for future reference
and use.

Construct a table—according to the following scheme—of the
magnifying powers of the different combinations of the objective
and ocular supplied with your microscope :

17. Measurement of the Size of a Microscopic Object.—Sup-
pose a red blood-corpuscle is to be measured. Keep both eyes
open; with one look down the tube of the microscope, and the
other eye will see an image of the corpuscles on a sheet of white
paper placed beside the microscope. With a pencil mark off the
outlines of a corpuscle, or a sketch may be made of one with a
camera lucida. Remove the preparation, and for it substitute a
stage-micrometer, leaving all the other parts, microscope and
paper, as they were. On looking down the tube of the micro-

Objective.
Ocular.

Shallow, or A or 2. Deep, or C or 4.

. , . \ Half-inch or A .Draw-tube in A . ,,
. ,

( One-sixth inch or D .

,1 . \ Half-inch or A .

Draw-tube out < ,, . u( One-sixth inch or D .
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scope, the lines on the micrometer scale are seen. Make a draw-
ing of these lines. This may be kept for future use, but on the
scale should he noted the combination of ocular and objective,
and the extent to which the draw-tube has been elongated. The
distance between the lines on the micrometer scale being known,
say TjjQ-th of a millimetre, it is easy to calculate
what part of the distance between any two lines
corresponds to the size of the corpuscle.

The most expeditious plan is to use an eye-
piece micrometer. A circular flat piece of glass,
with a scale ruled on it (fig. 21), is inserted in
the ocular between the field-glass (EG) and the
eye-glass (EG) (fig. 22). With this eye-piece
focus the scale on a stage-micrometer—its mark-
ings must be parallel to these in the eye-piece—-
and count the number of divisions of the latter
that correspond to one of the former. This must be determined
for each combination of lenses with a known length of tube. Sup-
pose the stage-micrometer to be divided into T Wths of a milli-
metre, and that one of these divisions
corresponded to three of those in the
ocular, then each of the spaces in the
ocular micrometer is equal to of a
millimetre, or .0033 millimetre.

The histological unit of measurement
is r oooth part of a millimetre or micro-
millimetre. expressed shortly as a
micron, or by the Greek letter /*. Thus,
each space of the ocular micrometer is
equal to 3.3 /*.

With these data it is easy to estimate
the size of any object. The object is
placed on the stage and focussed, always,
of course, with the same combination of
lenses and ocular. If other lenses be
used, the value of the ocular divisions
must be determined for this particular
combination. Once determined, they can be noted for future
use.

18. Artificial Illumination —White daylight is, of course, to
he preferred, but it is not always available. When artificial lighthas to be used, a gas flame, e.g., an Argand burner, or other arti-
ficial light, may be used. Between it and the mirror place a
screen of white paper. If the direct rays from a lamp are used,
to correct the yellow rays place a sheet of pale blue glass over

Fis. 21.—Scale intro-
duced into Eye-
piece Micrometer
(Zeiss).

Flff. 22. —Micrometer Eye-piece.
(EG.) eye-glass ; (EG.) field-
glass ; (S.) scale.
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the mirror or ocular of the microscope. A paraffin lamp may be
used. A remarkably good light is obtained from the Welsbach

FIG. 23.—Dissecting Microscope by Verick.

gas-burner, the rays being transmitted through a large globe
containing a dilute blue-coloured solution of ammonio-sulphate

Fig. 24.—Dissecting Microscope by Reichert.

of copper. The lamp recently constructed by Kochs-Wolz of
Bonn consists of a petroleum or gas flame, covered by an opaque
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chimney provided with a reflector, which directs the rays of light
through a hole in the chimney. Into the hole in the chimney is
fitted a glass rod, which, bent in a gentle curve, conducts the
light from the flame to the under surface of the stage.

Perhaps the most useful lamp is that known as the albo-carhon
light. It is the one lam in the habit of using when—especially
in winter—good daylight is not available. Ordinary gas is used,
but the gas has to traverse a chamber containing naphthaline
before it reaches the burner. A very white light is thus obtained,
and can be used without the intervention of blue glass or a blue
copper solution.

19. Dissecting Microscope (figs. 23, 24).—This is very useful.
The lenses usually employed magnify from 5 to 20 times linear,
and are fitted into a framework which can be raised or depressed,
so as to bring the object distinctly into focus.

20. Method of Measuring the Thickness of Cover-Glasses.—
Thick cover-glasses
are of no use, and
thin ones—extra
thin, so called—are
to be preferred. For
high powers this is
essential, and it is
well to measure the
thickness of the
cover-glasses, and to
reject all those above
a certain thickness.
This is conveniently
and rapidly done by
means of the instrument shown in fig. 25. A clip projecting
from the box fixes the cover-glasses, and the thickness is given
by an indicator moving over a divided circle on the lid of the
box. The divisions show hundredths of a millimetre.

Fig. 25.—Cover-glass Tester.

lII.—NORMAL. OR INDIFFERENT FLUIDS.
Not unfrequently living tissues or tissue elements have to be

examined in as natural a condition as possible, and obviously, if
a fluid require to be added to it, the fluid must be of such a
nature that it will not injuriously affect the tissue or its elements.
These fluids are spoken of as indifferent or normal fluids. When
fresh, these fluids cause very slight changes in the tissues.
Amongst those used are—
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1. Blood-Serum, —The blood is allowed to clot, and the serum,
after a day or so, is poured away from the clot. In a laboratory
provided with a “ centrifugal apparatus ” any red blood-corpuscles
can be got rid of by “ centrifugalising ” the serum. This fluid
does not keep long, and must be fresh. It has been suggested to
add a piece of camphor to it, but this only helps to preserve it
for a short time. lodine is sometimes added to serum to form
iodised serum, but this is by no means an indifferent fluid
(p. 24).

2. Aqueous Humour. —With a narrow triangular knife punc-
ture the cornea of a freshly-excised ox’s eyeball and collect the
aqueous humour which exudes. If only a small quantity be
required, it may be obtained by puncturing the excised eye of a
frog with a fine capillary glass pipette (p. 3).

IV.—DISSOCIATING- FLUIDS.
These fluids dissolve or soften the cement substance or inter-

stitial material, e.g., of epithelium, connective tissue, and thus
facilitate the separation of the histological elements from each
other.

1. Strong lodised Serum.—A strong solution shoidd be kept,
which may be diluted as required. To the amniotic fluid of a
cow or to blood-serum add crystals of iodine, and keep it in
a stoppered bottle. Shake it frequently. At first very little
iodine is dissolved, but after a time (15—20 days) the solution
becomes much stronger, i.e., it becomes of a deep-brown tint.

For dissociating a tissue, a weak iodised serum is used. A
little of the strong fluid is added to fresh serum until the latter
has a light-brown colour. If an object be placed in the dilute
iodised serum and the brown colour fades, more of the strong
solution must be added. In using this fluid, take a very small piece
of tissue, the size of half a pea or less, and place it in 5 cc. of
the fluid in a glass-stoppered bottle. After a day or two it may
be dissociated with needles, but the brown tint must be main-
tained; more strong fluid must be added if putrefaction is to be
prevented.

2. Dilute Alcohol (Ranvier’s Alcool au tiers). —This fluid,
devised by Ranvier, and sometimes called “one-third alcohol,” is
of the greatest possible service. Mix 1 part of 90 per cent,
alcohol with 2 parts of distilled water. It dissociates epithelial
and other tissues in 24-36 hours.

3. Chromic Acid. —One gram in 1000 of water. This requires
two days to a week, according to the tissue placed in it.
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4. Potassic Bichromate. —Two parts in 1000 of water, i.e., .2

per cent. It is very useful for dissociating epithelium and the
nerve-cells of the spinal cord. It does so in 7-14 days.

5. Ammonium Chromate (5 per cent.).—It is used for disso-
ciating the “rodded ” cells of the renal tubules, cells of salivary
glands, Purkinje’s fibres of the heart, &c. It acts in 24-36
hours, and the chromate must be well washed out. of the tissues
if they are to be preserved.

6. Caustic Potash. —Thirty to 35 parts in 100 of water.
It acts in 20-30 minutes, rapidly destroying connective tissue.
Water must not be added to the dissociated tissue, else the
tissues ai’e rapidly dissolved. Examine the dissociated tissues
in the dissociating fluid. As a rule, tissues so dissociated cannot
be preserved, but there are certain exceptions.

7. Dilute Osmic Acid (.1 percent.).—lt acts in 24-48 hours
according to circumstances.

8. Landois’ Fluid :

Neutral ammonium chromate . . 5 grins,
Potassium phosphate . . . . ~

Sodium sulphate . . . .
„

Distilled water . . .

.
. xoocc.

This is specially useful for the central nervous system. Small
pieces must lie in it for 1-5 days, (See Lesson on Nervous System.)

9. Methyl Mixture or Schiefferdecker’s Fluid :

Methylic alcohol . . . 5 cc.
Glycerine . . . . . 50 „

Distilled water . . . . 100 ~

It is better to prepare it fresh, but it can be pre-
served in a glass-stoppered bottle. The methylic
alcohol rapidly evaporates. The tissues remain in it
for several days, and it is specially useful for the
retina and central nervous system. I find that it
isolates epithelial cells in one to two days. It acts
very much like Ranvier’s alcohol.

10. Other fluids are referred to in the text, e.g.,
baryta water, and 10 per cent, sodic chloride for
tendon.

11. Digestion Methods, both gastric and tryptic,
are used (see text).

The uses of these fluids are referred to in text under the
tissues or organs, for which each is specially adapted.

General Directions.—Always use a very small piece of the

Fig. 26.—Glass
Tub e or
Thimble for
dissociating
small pieces
of a tissue.
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tissue or organ, and place it in a relatively large quantity (twenty
or so times) of the dissociating fluid. Small glass thimbles
(fig. 26) are very useful for this purpose.

V.-HOW TO TEASE A TISSUE.
To separate by means of needles the elementary parts of a

tissue is by no means an easy task. The tissue must be seen
distinctly, and the needles must be so used as not to break up
the parts, but only to separate them. The process may be done
by the unaided eye or with the aid of a lens or dissecting micro-
scope (figs. 23, 24). The light must be good, and an appropriate
background for the object should be selected. If the tissue is
colourless, use a black background, e.g., black paper; if coloured,
a white one. In the latter case, however, the shadows interfere
with exact vision, and it is better to support the slide upon
an object raised slightly above the white background. This is
readily accomplished by placing it over a white porcelain capsule,
or on a photophore (fig. 27), into which is slipped a piece of
white paper.

In a laboratory, one of the most convenient ways is to have
the tables painted of a black or very dark green colour, but the
painting must be flat, with no shining varnish. At the edge of
the table is painted a white strip i|- inches broad. Some prefer
to burn into the surface of the table solid paraffin blackened by
means of lampblack. Others use porcelain slabs one half black
and the other white.

Photophore (fig. 27).—This is a small wooden box, 5 cm. high,
9 cm. long, and 9 cm. broad. The upper part is formed of

glass. The anterior wall of the box is
wanting. Placed obliquely within the
box is a mirror, which reflects the light
upwards through the glass cover and
the slide to the eye of the observer.

In dissociating with needles, we
must have some knowledge of the

arrangement of the parts of the object to be teased, such as the
direction of the fibres, &c. Take a small piece only. Always
tease one end of the tissue, and fix the latter with one needle
while the parts are separated with the other needle.

One of the most convenient combinations is that of Eternod,
which combines a photophore with a turntable. The wheel of

FIG. 27. —Photophore.
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the latter can be removed, and the block forms not only a photo-
phore, but also a surface on which tissues of different colours
can be teased and mounted.

VI.—FIXING, HARDENING, AND DECALCIFYING
REAGENTS.

Most of the tissues and organs must be hardened in suitable
fluids before they can be cut into sections. A large number of
fluids of various kinds are used, each organ or tissue requiring
its own appropriate fluid. Some organs, e.g., bone, are too hard
to be cut in their natural condition; they must be decalcified
by appropriate fluids. Amongst others, the following fluids are
required, but others are referred to in the text.

A. Fixing and Hardening Fluids.
1. Chromic Acid (Stock Solution).-—It is well to prepare a

strong solution—lo per cent.—and to keep this as a stock to be
diluted when required. Dissolve 10 grams of fresh chromic acid
in 90 cc. of distilled water.

2. Half per Cent. Solution of Chromic Acid.—To 50 cc. of the
10 per cent, solutionadd 950 cc. of distilled water, or dissolve 1 gram
of chromic acid in 200 cc. of water. Similar solutions containing
.3 and .2 per cent, chromic acid are frequently used, and can readily
be made from the stock-bottle.

3. Chromic Acid and Spirit, or Klein’s Fluid. —Mix 2 parts of
chromic acid (.6 per cent.) with 1 part of methylated spirit. This
shouldbe made fresh, and kept from the light.

4. Chromic Acid and Bichromate Solution.—Dissolve 1 gram
of chromic acid and 2 grams of potassic bichromate in 1500 cc.
of water.

5. Muller’s Fluid.—Dissolve 25 grams of potassium bichromate
and 10 grams of sodium sulphate in 1000 cc. of water. Solution
takes place slowly at the ordinary temperature. Pound the
ingredients in a mortar, and add the water, warm, until they
are dissolved. It takes five to seven weeks to harden a tissue,
according to the size of the tissue placed in it. This fluid is very
extensively used, as it penetrates into the tissues and hardens
them equally throughout.

6. Muller’s Fluid and Spirit.—Miiller’s fluid 3 parts, and
methylated spirit 1 part. Mix, and allow the mixture to cool
before using it. When tissues are hardened in it they should
be kept in the dark.
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7. Erlicki’s Fluid.—Dissolve 2.5 grams of potassium bichromate
and .5 gram cupric sulphate in 100 cc. water. It should be
prepared fresh. It hardens more quickly than Mliller’s fluid,
and after the first day or two its action is greatly facilitated by
keeping the tissues in it at 40° C. Ten days or so will suffice
for hardening under these conditions. Experience, however, has
shown that the process of rapidly hardening tissues at a compara-
tively high temperature is not so satisfactory as that conducted
at a lower temperature.

8. Potassium Bichromate. —Make a 2 per cent, solution by dis-
solving 10 grams of the salt in 500 cc. of water. It takes from
three to seven weeks to harden tissues, and is one of the best hard-
ening fluids for the central nervous system.

9. Ammonium Bichromate is used in the same way and of the
same strength. It takes much longer to harden than 8. (See
Central Nervous System.)

10. Ammonium Chromate (5 per cent, solution).—This is used
for hardening the kidney and other secretory glands, the mesen-
tery of the newt, &c. (see text).

Precautions in Connection with Chromium Compounds.—Solu-
tions of pure chromic acid do not penetrate well into tissues,
therefore the pieces of tissue must be small. In the case of
tissues placed in Muller s fluid or potassic bichromate, they are
hardened very slowly. In the case of most organs 3-4 weeks
suffice, but in the case of the brain and spinal cord it takes seve-
ral months to harden tissues and organs in these fluids. The
fluid must be frequently changed, and it must be large in amount.
The formation of fungi on its surface may be prevented by adding
a piece of camphor, thymol, or naphthaline to the fluid. The
hardening process is accelerated when the fluid and tissue are
kept at 3o°-4o° C., but the result is not so satisfactory as by the
slower cooler process.

Except for special purposes, e.g., Weigert’s method for the cen-
tral nervous system, the chromic acid salts must be thoroughly
washed out of the hardened tissue or organ. This is done by
leaving them for many hours or days in a stream of running water.
In all cases it is well to keep the fluids and tissues in a cool place,
and in some cases in the dark, e.g., 3 and 6.

In connection with the hardening of tissues, especially those
of the central nervous system, it is, with right, insisted upon
that the hardening fluid should be frequently changed. I find,
however, and my observations are borne out by other observers,
that after the first change of fluid a very satisfactory result is
obtained by placing the organ to be hardened in a very large
volume of the hardening fluid, e.g., the spinal cord of a cat or
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dog in a litre of the hardening reagent, and leaving it under
proper conditions until the cord is hardened. Stir the fluid from
time to time.

Chromic acid seems to form a compound with the tissues, so
that it is not easily removed from them. Tissues hardened in
chromic acid are not readily stained by carmine, so that for this
purpose it is better to use hsematoxylin or saffranin.

11. Picric Acid.—Make a cold saturated solution of picric acid
in water. There should always be a large excess of crystals on
the bottom of the bottle. Place a small piece of tissue in the
solution for 6-24 hours. The tissues are to be afterwards
washed in 70 per cent, alcohol—not water—and transferred to
95 per cent, alcohol.

12. Kleinenherg’s Picro-Sulphuric Acid.—To 100 cc. of a cold
saturated watery solution of picric acid add 2 cc. of concentrated
sulphuric acid ; after an hour filter, and to the filtrate add 300 cc.
of distilled water.

Tissues are placed in this fluid for a comparatively short space
of time—from two or three hours to a few days. The hardening
process is completed in alcohol. It is well adapted for embryo-
logical work.

Some substitute nitric acid for the sulphuric acid, but for our
purposes there is no advantage in this.

13. Alcohol.—There are three kinds of alcohol used for histo-
logical purposes, viz., absolute alcohol, rectified spirit, and methy-
lated spirit.

(a.) Absolute Alcohol is alcohol without water, but that sold
usually contains 96 per cent, of pure alcohol, and is sufficiently
strong for microscopical purposes. If an absolutely water-free
alcohol is desired, place well-dried potassic carbonate in the alcohol.
This rapidly absorbs the moisture. Or powdered and heated
cupric sulphate—a white powder—is added. If water is present,
it absorbs it, and becomes blue again.

(b.) Rectified Spirit contains 84 per cent, of spirit and 16 per
per cent, of water.

(c.) Methylated Spirit contains a little wood naphtha, and is
nearly as strong as the ordinary absolute alcohol, and may be
made stronger by placing some well-dried carbonate of potash
in it. The carbonate of potash absorbs any water present in the
alcohol.

Alcohol is used of various strengths for hardening purposes.
Seventy-five per Cent. Alcohol.—To every 75 cc. of absolute

alcohol add 25 cc. of distilled water.
Seventy per Cent. Alcohol.—To every 70 cc. of absolute

alcohol add 30 cc. of distilled water.
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Fifty per Cent. Alcohol. —Take equal volumes of absolute

alcohol and distilled water.
To Harden in Alcohol Alone.—The tissues are placed for 12-24

hours in the weaker (50 per cent.) alcohol, and passed through
the stronger alcohols (in each a day or thereby), and finally kept in
95 per cent, alcohol until they are required.

For certain special purposes the tissues, e.g., glands and struc-
tures for the preservation of mitotic figures, are “fixed,” and at
the same time hardened by being placed at once, and while as
fresh as possible, in absolute or 96 per cent, alcohol.

14. Chromo-Aceto-Osmic Acid (Flemming’s Fluid).—To 45 cc.
of 1 per cent, chromic acid add 12 cc. of 2 per cent, osmic acid,
and then 3 cc. of glacial acetic acid. This can be kept for a long
time, and need not be kept in the dark. It is specially useful for
fixing the figures in cell-division or mitosis, and for many other
purposes. It hardens in from a few hours to twenty-four hours
or longer; but the pieces must be small, 2-3 mm. thick, as it
does not penetrate deeply.

I find that it is better to leave the tissues in this fluid for not
longer than ten to twelve hours. They must be thoroughly washed
by being kept in running water for hours, and then hardened in
the various strengths of alcohol. Sections should be stained as
soon as possible after they are made, as on keeping they do not
stain so well. They may be stained with saffranin, hsematoxylin,
or methyl-violet. Tissues hardened in it are not well adapted for
teasing.

15. Fol’s Solution.—This is a modification of 14. It contains
less osmic acid, and is used more generally. To 2 cc. of 1 per
cent, osmic acid add 25 cc. of 1 per cent, chromic acid, five parts
of 2 per cent, glacial acetic acid, and 68 cc. water.

16. Chromo-Formic Acid (Rafiks Fluid). —To 200 cc. of I per
cent, chromic acid add four to five drops formic acid. It must be
freshly prepared, and fresh tissues—small pieces—are placed in
it for 12-24 hours. The tissues are thoroughly washed in water,
and hardened in alcohol of gradually increasing strength. Sec-
tions can be stained in hsematoxylin and saffranin. It is specially
useful for the study of mitosis and nuclei generally. It has
this advantage, that tissues hardened in it do not afterwards
darken.

17. Osmic Acid.—Make a 1 per cent, solution by dissolving 1

gram in 100 cc. of distilled water. This substance is rather ex-
pensive, and is sold in sealed glass tubes. Carefully clean the
surface of the tube, snip off one end of it, and place it with the
requisite quantity of water in a glass-stoppered bottle, which has
been carefully cleaned, so that it does not contain a trace of
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organic matter. Organic matter decomposes it very rapidly. It
takes several hours to dissolve. Some prefer to use normal
saline solution instead of water to dissolve it. Its vapour is very
irritating to the eyes and mucous membranes generally. It should
be preserved in yellow-coloured bottles and kept in the dark. If
a yellow bottle is not available, cover a bottle with brown or
black paper.

Precautions.—lf a tissue is to be hardened in a certain fluid,
and to be treated with osmic acid afterwards, that tissue had better
not be put into alcohol if it contains fat or fatty particles, as
the alcohol dissolves the fat. Thus, a tissue hardened in Muller’s
fluid may be put into osmic acid, and the fat-cells will still be
blackened.

It has recently been shown that the prolonged action of turpen-
tine and some other essential oils will decolorise particles of oil
(fat) blackened by osmic acid. This is most important in con-
nection with the osmic method for studying the absorption of fat
in the small intestine.

18. Nitric Acid (Altmann).—Use a 3 per cent, watery solution
of pure nitric acid. This has a sp. gr. of 1.02. Use as small
pieces as possible, and leave them in the mixture just until they
are fixed, i.e., from a quarter to half an hour. It is particularly
useful for preserving the nuclei of cells, mitotic figures, embryo-
logical tissues, and the retina,

19. Bichloride of Mercury or Corrosive Sublimate. —A satu-
rated watery solution contains about 5 per cent, of the salt; but
it is much more soluble in alcohol, especially alcohol of 50 to 60
per cent. Make a saturated watery solution, and also a saturated
alcoholic solution.

This is a most excellent hardening reagent, and it hardens
tissues with great rapidity, so that tissues must not be left in it
for too long a time. For small pieces, a quarter of an hour or
thereby is sufficient; for large pieces, one to two hours. The
pieces when fixed become whitish throughout.

For glands and glandular structures generally, a half-saturated
alcoholic solution is most useful, i.e., to 50 cc. of a saturated
alcoholic solution add 50 cc. of 70 per cent, alcohol. Yignal
recommends that to 100 cc. of this mixture there be added 5 to
6 drops of nitric acid. The pieces of glands, 4 mm. cubes, are
hardened in one hour or so. The hardening is completed in
alcohol.

N.B.—All the corrosive sublimate must be washed out of the
tissue—by alcohol, not water—otherwise the sections will be
dotted with small black specks or star-like crystals of the salt.

The action of the salt may be accelerated by placing the tissues
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in the fluid heated to 38° C. Sections stain readily with all the
usual staining reagents.

20. Other Fluids for special purposes are mentioned in the
text.

General Directions on Hardening. —The tissues shouldbetaken
from the body as soon as possible after death, and transferred as
soon as possible to the hardening fluid.

Any blood adhering to the parts may be removed by leaving
them in normal saline solution.

With a sharp razor cut the tissues in the same plane in which
they are afterwards to be cut for sections. The tissue must be
cut into small pieces, i.e., -|-inch cubes, except in the case of
tissues to be hardened in Muller’s fluid. They will harden better
if they are small, say 1 cm. square.

The best way is to suspend the tissues in the upper half of the
fluid, which should always be many times the volume—15-20
of the tissue. If it is inconvenient to suspend them, cover the
bottom of the jar or wide-mouthed bottle in which they are placed
with an old washed rag.

The liquid must be changed within the first twenty-four hours,
and again on the second day, then on the fourth, eighth, and
twelfth day, and once or twice afterwards, and on each occasion
alter the position of the tissues. If the fluid becomes turbid,
change it at once (p. 28).

Label each bottle carefully, and place it in a cool place. Keep
all chromic acid and solutions containing it or its salts in the
dark.

Tissues hardened in alcohol and picric acid must not be placed
in water, but directly into the various strengths of alcohol,
beginning with 50 per cent, and rising to 95 per cent. Wash
out by means of alcohol as much of the picric acid as pos-
sible.

For other tissues, hardened in chromium salts (p. 28), the
excess of these salts may be removed from them by washing in
water (for certain special purposes this is omitted), and they are
then transferred first to weak spirit, in which they may remain
a few days, and then to the stronger alcohols (p. 29). To
avoid the deposits which occur in chromic acid preparations
when they are placed in alcohol, keep them in the dark. If kept
in the dark, as Hans Yirchow has shown, there is no deposit
formed when a tissue hardened in chromic acid or Muller’s fluid
is placed in spirit. Kept in this way, I find that the alcohol
remains quite clear and no deposit forms.
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B. Decalcifying Fluids,

1. Chromic Acid.—. ito .5 per cent.
2. Chromic and Nitric Acid Fluid.

Chromic acid . . . . i gram.
Water. .....200 cc.
Nitric acid . , .

2
~

3. Saturated Solution of Picric Acid.—The solution must be
saturated and kept saturated. This is done by keeping some
crystals of picric acid in the bottom of the bottle. There must
be a large volume of fluid, and the bone should be suspended in
the fluid. It usually requires a fortnight to decalcify a small
bone.

After the bone is decalcified it should be washed and kept in
spirit—not water—until no more yellow stain is given up to the
alcohol. This rule, however, is not rigidly followed.

4. V. Ebner’s Fluid.—To tooo cc. of alcohol add 200 cc. water,
5 grams of sodic chloride, and 5 cc. of hydrochloric acid. This
fluid prevents the ground substance of bone from swelling up.
Sections should be examined in 10 per cent, solution of sodic
chloride, if it be desired to see the fibrillar structure of bone, but
sections of bone softened in this way may be mounted in other
media, if it be desired to see the other details in the structure of
bone. (See Bone.)

5. Piero-Sulphuric Acid (p. 29).
6. Arsenic Acid.—l find that a 4 per cent, solution of this

acid rapidly decalcifies a bone at 30° to 40° C. The tissues, after
hardening in alcohol, are well preserved and stain readily.

Methods. —The bone should be cut into short pieces and placed
in a large volume of the fluid. If chromic acid be used, the bone
must be first hardened in this fluid. Place it in .1 per cent,
chromic acid for twenty-four hours; renew the fluid, but use . 2
per cent., and after a week use .5 per cent. ; shake the vessel
from time to time, to bring new fluid into contact with the
tissue.

If a more rapid process is desired, after the bone has been two
or three days in dilute chromic acid (.2 per cent.), use the chromic
aml nitric acid fluid. Decalcification requires about fourteen
days.

To test for the removal of all the salts, push a needle into the
bone, or make a section with a blunt razor. Obstruction in either
case denotes that the bone has not been sufficiently decalcified
In most cases, the bony tissues should be hardened before they
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are decalcified. Tliis is specially the case in connection with bone
softened in chromic acid. It is better to harden them first in
Muller’s fluid, and then to decalcify them in chromic and nitric
acid fluid (p. 33).

Bone decalcified in chromic acid must be thoroughly washed in
running water for many hours to remove all the chromic salts,
and is then transferred to 70 per cent, spirit and kept in the dark,

otherwise there will he a copious deposit. Renew the spirit, and
transfer the tissue to strong alcohol, still keeping it in the dark.

If a bone is to be softened in picric acid, it may be placed at
once in this fluid, with the precaution indicated at p. 33. It
need not be kept in the dark, but it is better to remove as much
as possible of the yellow stain by means of alcohol. It decalcifies
somewhat more slowly than chromic acid.

Method of Preparing Tissues and Organs for Microscopical
Examination.—As most of the tissues require to be hardened,
and it is frequently impossible to obtain human tissues sufficiently
fresh, recourse must be had to the fresh tissues of animals. As
frequently as possible, however, human tissues should be secured.
Most of the tissues may be obtained from a cat, rabbit, or guinea-
pig, and for certain special purposes the dog, frog, newt, and
salamander are used.

The cat, rabbit, or guinea-pig—or, better, all three—are killed
by chloroform. The animals are placed in an air-tight box—a
large saucepan does very well—along with a sponge saturated
with chloroform. Small animals may he chloroformed under a
bell-jar. As soon as the animal is dead, open the thorax by a
longitudinal incision through the costal cartilages—right and left—
raise the sternum, expose the pericardium, open it, and with a pair
of scissors make a snip into the right auricle of the heart, and
allow the animal to bleed freely.

It is best to begin by removing the brain and spinal cord.
They are hardened in Muller’s fluid or potassic bichromate (2 per
cent.), and must be placed in a large volume of fluid. A few
spinal ganglia shouldalso be found and hardened in the same way.

Remove the trachea and lungs, and fill the lungs and trachea
of the rabbit with a per cent, solution of chromic acid.

This is readily effected by tying a funnel into the trachea and
pouring in the fluid. By squeezing the lungs gently much air is
forced out, and the fluid gradually runs into and distends the
lungs, which, when distended, are placed in a large volume of the
same fluid. The chromic acid and spirit mixture may be used
instead of pure chromic acid.

Fill the windpipe and lungs of the guinea-pig with \ per cent,
silver nitrate. (See Lungs.)
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Remove the heart, and harden it in alcohol, after washing

away any blood with normal saline.
The central tendon of the diaphragm may be preserved for

silvering. (Lesson IV.)
The omentum and mesentery, if desired, are silvered. (Les-

son IV)
Open the abdomen, remove the liver, cut it into small pieces ;

harden some pieces in Muller’s fluid, and others in spirit.
Take out the tongue and oesophagus; harden them in Miiller’s

fluid.
Open the stomach and intestine, wash away any food residues

by means of normal saline. Harden part of the stomach—cardiac
and pyloric—in absolute alcohol, other pieces in Muller’s fluid,
and others in corrosive sublimate, and small pieces in osmic acid.
(See Lesson on Stomach and Intestine.)

The duodenum and small and large intestine are hardened in
the same way, although the bichromate and chromic acid mixture
(p. 27) is particularly good for the small intestine.

The salivary glands and pancreas are removed and hardened
by the methods given under these headings, i.e., small pieces are
placed in each of the following solutions:—Absolute alcohol,
osmic acid, corrosive sublimate, &c.

Remove the lower jaw, cut it into short pieces, place it in .2 per
cent, chromic acid for a few days, and then decalcify it in chromic
and nitric fluid. This will yield sections of softened tooth.

Remove the kidneys, cut one longitudinally and the other
transversely. Using the kidneys of different animals, harden
pieces of each in the following fluids : —Muller’s fluid, chromic
acid and spirit, ammonium chromate, and corrosive sublimate
Other methods of preparing the kidney are referred to. (Lesson
on Kidney.)

The bladder is best hardened in chromic acid and spirit mix-
ture, or in Muller’s fluid.

Harden the spleen, without cutting into it, in Muller’s fluid.
The suprarenals may be hardened in picro-sulphuric acid.

(Lesson on Suprarenal Capsules.)
Small lymphatic glands from the region of the neck or sub-

maxillary region are hardened in alcohol, while others are injected
with silver nitrate and osmic acid. (Lesson on Lymphatics.)

If desired, the large nerve-trunks may he removed and har-
dened as indicated in Lesson on Nerves, or the smaller branches
of nerves may be used for showing the effects of the action of
certain reagents on nerve-fibres.

Remove some of the long bones, leaving in each case the peri-
osteum attached to the bone. Cut the bones into pieces about
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| inch long, and place them for a week in ■§ per cent, chromic
acid, and then decalcify them with picric acid, or chromic and
nitric acid fluid, or Ebner’s fluid. (Lesson XIII.)

In every case decalcify the ends of the bones, so as to have a
section which will demonstrate the relation between the articular
cartilage and the osseous tissue.

Place small pieces of striped muscle in per cent, chromic acid,
and other pieces in alcohol.

Nerves, with the precautions given in Lesson on Nerves, are
hardened in osmic acid, potassic bichromate (2 per cent.), alcohol,
or picric acid.

For the methods of hardening the eye, ear, nose, see the Lessons
on these subjects.

The testis—very small pieces—is best hardened in Flemming’s
mixture, and larger pieces in Muller’s fluid.

For the methods of hardening the ovary, Fallopian tube, and
uterus, see the Lessons on these subjects.

VIL—EMBEDDING-.
This is necessary for many tissues; the piece of tissue may be

either too small to be conveniently held in the hand, or its parts
may tend to fall asunder before or after they are cut.

There are two methods, one simple embedding, where the tissue
is simply fixed or placed in another medium to hold it while it is
being cut, and the other interstitial embedding, where the sub-
stance used for the embedding process is made to penetrate into
the interstices of the tissue.

A. Simple Embedding.—l. The tissue may be clamped between
two pieces of carrot, scooped out to receive it, or in elder pith,
or (what is very convenient) between two pieces of amyloid or
waxy liver hardened in alcohol.

2. Paraffin. —It is sometimes desirable to surround the tissue
with paraffin or some such medium. The embedding medium
should be about the same degree of hardness as the tissue.

Two paraffins are required, a soft one, melting at 46° C., and a
hard one, melting at 49

0 C. Two parts of the hard paraffin and
one of the soft yield a mixture which cuts well when the tempera-
ture of the room is 21° C. (70" lb), but a softer paraffin is easily
made by mixing two parts of the hard paraffin with one part of
chrisma or vaseline. The mixture can be made softer by the
addition of a little more vaseline, and harder by adding more
paraffin. The paraffin mixture is heated on a water-bath or sand-
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bath until it melts, but its temperature is raised as little as pos-
sible above its melting-point. It is convenient to melt it in a
porcelain dish with a wooden handle. The tissue is removed from
alcohol, the surplus alcohol removed by wiping it with blotting-
paper, until the surface is dry. It is then placed in melted
paraffin, and retained in it until the paraffin solidifies. The
melted paraffin can be run into embedding boxes of paper (fig.
29), or the embedding L’s may be used (p. 39).

Fig. 28.—Mayer’s Paraffin Embedding Bath, as madeby Jung of Heidelberg.

B. Interstitial Embedding.
1. Embedding in Gum.—The tissues after being hardened must

have all their alcohol removed by prolonged soaking in water.
They are then transferred to gum mucilage, ora mixture of gumand
syrup, in which they can be preserved until they are required for
freezing, if freezing is to be the process used for cutting the sections.

Tissues saturated with and embedded in gum mucilage may be
hardened in alcohol and then cut. The sections are placed in
water, which dissolves out the gum.

2. Saturation with and Embedding in Paraffin—lnterstitial
Embedding. —ln this case the embedding medium is made to
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penetrate into the tissue, and when it sets, it thus supports all its
component parts. This method is extremely valuable, especially
for brittle and friable tissues, and is largely used. Moreover, the
tissues once embedded can he kept in a box, each duly labelled,
for any length of time.

Make a mixture of two parts of hard paraffin and one part of
soft; place the mixture in a small copper pan or capsule in a hot-
air oven, kept at a constant temperature by means of a gas regu-
lator. The gas supply must be so arranged that the thermometer
steadily registers at most i° C. above the melting-point of the
paraffin. Or the paraffin may he melted and kept melted in a
little copper vessel, placed in a hot-water bath, kept at a constant
temperature, as shown in fig. 28. The temperature is kept con-
stant by means of a gas regulator, II; Zis for filling the instru-
ment with water; a, b, c, are embedding vessels and pots.

The tissues to be saturated and embedded should not be large,
and they must be thoroughly dehydrated ; keep them, therefore,
several hours in absolute alcohol. Place them direct into tur-
pentine, creosote, or xylol—some use chloroform, but turpentine
or xylol is to be preferred. The turpentine or xylol penetrates
into the tissue, displaces the alcohol, and makes the tissue itself
transparent. If the tissue he very small, this will be done in an
hour or so; if it be larger, of course a longer time will he required.
Thus the time may vary, according to the size and nature of the
tissue, from one to six hours.

Transfer the specimens from the clarifying medium, and
place them in the melted paraffin, where they may remain 2-5
hours, according to the size and nature of the tissue. By the
end of that time they will he thoroughly impregnated or saturated
with the paraffin.

This method is particularly useful for tissues stained “in hulk ”

or en masse. The tissues or organ may be stained before the pro-
cess is begun.

To Stain “in Bulk ” before Embedding. —Pieces of the tissue
a few millimetres square are placed in borax-carmine or Kleinen-
herg’s logwood for 10-24 or 48 hours, according to the size and
nature of the tissue. If it he placed in borax-carmine, the pieces
are transferred to acid alcohol for 24 hours, and then transferred
to various strengths of alcohol, and finally to absolute alcohol, by
which they are completely dehydrated. The tissues stained with
Kleinenberg’s logwood are well washed in spirit, and transferred
to absolute alcohol to be dehydrated. These dehydrated stained
masses are then placed in turpentine or xylol, and then in melted
paraffin, as described above.

Process of Embedding in Paraffin.—This is the same both for
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the simple and the saturation methods. Use embedding Us,
which consist of two L-shaped pieces of lead about h inch high,

r ... the long arm about 2 inches long and
the short one | inch. They are placed
on a piece of glass, coated with glycerine,

to enable the paraffin to separate easily, with the long limb of the
one in contact with the short limb of the other, thus making a
rectangular box, the size of which can be raised as required. Fill
the trough with melted paraffin.

Take the tissue—if for simple embedding —direct from alcohol;
dry its surfaces with bibulous paper, to remove any alcohol
which would prevent the paraffin from adhering to it; pour
the melted paraffin into the trough, transfix the tissue with a
fine pin, plunge it into the paraffin just when the latter begins
to set at the edges, move the tissue in the still fluid paraffin
to one end of the trough, and hold it there until the mass sets
around it.

If the tissue has been previously saturated with paraffin, the
trough is filled as before, and the tissue, saturated with paraffin,
is taken from the fluid warm paraffin, and fixed in the trough in
the same way as described above. It is not always necessary to
transfix the tissue with a pin or needle, but it is sometimes con-
venient to do so. Insert the needle in the direction of the cut-
ting plane, thus indicating afterwards (when the mass is set) the
direction in which the section is to be cut. A little paraffin may
he poured into the trough, and Avhen it just begins to set, the
tissue is laid on it, and another layer of melted paraffin is poured
over it as soon as its surfaces are set. Place the whole under the
tap, and allow cold water' to run over it to accelerate the cooling.

Embedding Boxes (fig.
29) may be used. These
are readily made from
a rectangular piece of
writing-paper folded to
the size required. The
paper is first folded along
the lines ad and hb', then
along cc and dd', always
folding the paper towards
the same side. The dia-
gonals AA'-DD' are in-
dented by means of the
point of a lead pencil, or

Fig. 29. —Embedding Box.

the paper is folded along these lines. These corners are then bent
up between the fore-finger and thumb, and then bent round, so
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as to be applied to the sides AB and CD of the oblong, and are
fixed there by turning down the flaps ff'.

3. Embedding in Celloidin.—This method is specially valuable
where the parts of an organ when cut into sections are apt to fall
asunder. It is specially valuable in such as those of the ovary,
central nervous system, retina, etc.

Celloidin is a form of nitro-celluloseor pyroxylin, and is sold in
two forms, one of tablets and the other in cuttings. E. Schering’s
is the best, and the form sold in “cuttings ” is to be preferred.

This method was invented by Duval, who used collodion, and
improved by Schiefferdecker. Prepare the solutions of celloidin
by dissolving the latter in equal parts of absolute alcohol and
ether. The first, or weaker solution, is made of a thin consis-
tence like collodion duplex, the other is made stronger, until it
has a thick syrupy consistence.

The hardened tissue is placed for some time in absolute
alcohol, and then for several days, or until it is completely satu-
rated, in a mixture of equal parts of absolute alcohol and ether.
After this it is placed in a glass-stoppered bottle in the thin solu-
tion of celloidin until it is completely saturated with it (2—3
days). Transfer the tissue to syrupy celloidin, and let it remain

there for several days until the tissue is
thoroughly infiltrated with celloidin.

After thorough infiltration the tissue has
to be embedded. Eor this purpose make a
paper box (fig. 29) ; or use a pill-box, or
embed it on a cork, thus. Take a cork corre-
sponding to the size of the object, roughen
one end of it, and surround it with a piece of
paper fastened by a pin (fig. 30). Moisten
the roughened surface with absolute alcohol,
and on it place the tissue infiltrated with
celloidin, and surround the latter with the
thick solution of celloidin. Allow it to stand
until the celloidin begins to harden on the
surface. This takes place in less.than an hour.

Place the box or cork, as the case may be, in 82 per cent, alcohol
for 24-48 hours, which hardens the celloidin to such a consistence
that it can be cut like a still' cheese, but the sections must be cut
with a knife wetted with 70 per cent, alcohol. It is immaterial
which microtome is used, as long as the knife is moistened with
not too strong alcohol. The sections may be transferred to
alcohol or water, and stained with any suitable dye. Some dyes
stain the celloidin, especially the aniline dyes, and others do not.

A section after being stained may be mounted in glycerine or

Fia. 30. —Embedding Box
with Weight for Cel-
loidin with a lead
“Sinker.”
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balsam, but in the latter case absolute alcohol cannot be used to
dehydrate them, as celloidin is soluble in this fluid. Alcohol (95
per cent.) must therefore be used for this purpose. Moreover,
the sections must be clarified by origanum or bergamot oil—not
by oil of cloves, which has a solvent action on the celloidin—and
mounted in balsam. (See also Clarifying Reagents.)

Objects embedded in celloidin may be kept ready for cutting
for an indefinite time in 75-80 per cent, alcohol.

In cutting sections embedded in celloidin, the knife must be so
placed as to cut with as much of the blade as possible. The
hardened celloidin is fixed to a piece of cork, which is clamped
in the microtome.

If, however, it be desired to cut sections embedded in celloidin
by the freezing method, the following procedure must be adopted.
After the tissue embedded in celloidin has been hardened in
alcohol, whereby it becomes not only “ hardened” but somewhat
milky in appearance, the alcohol must be got rid of, which is done
by keeping it in running water for twenty-four hours, when it
is transferred to a freezing mixture of gum and syrup (p. 41).
This freezing fluid gradually penetrates the cheesy-like mass, and
displaces the water. Such a preparation can be frozen in an
ordinary microtome.

Preparation of Hardened Tissues for Cutting by Freezing.—
In order to secure the full advantages of cutting sections by freez-
ing, the tissues must be previously soaked in and saturated with
proper “freezing fluids.” If the tissues be kept in alcohol, first
remove all the alcohol by soaking them for twenty-four hours in
running water. After this the tissue is soaked in gum mucilage,
or, what is preferable, a mixture of gum and syrup. The best
receipt is that of Hamilton.

Make a syrup of 28.5 grams of pure cane-sugar in 30 cc. of
water ; boil and saturate it with boracic acid. Allow it to cool
and filter. Place 45.6 grams of gum acacia in 2400 cc. of cold
water, allow it to dissolve, saturate it with boracic acid bv boiling,
and filter.

Freezing Fluid.
Take of the syrup . . . . .4 parts.

» » mucilage . . . . 5 „

~ ~ water . , . . . g ~

Boil and saturate while hot with boracic acid. Filter through
imxslin.

The tissues are soaked for twenty-four hours or longer in this
fluid, i.e., after removal of all alcohol from them. The longer
they are kept in it the better; in fact, tissues may be kept per-
manently ready for freezing in this fluid.
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VIIL-SBCTION CUTTING.
1. With a Razor.—lt is absolutely essential to have a sharp

razor if sections are to be cut by hand, and it is well that the
student should practise this method.

Moisten the blade of the razor with go per cent, alcohol, and
place some alcohol in an oblong glass vessel. Dip the cutting
blade or razor into the alcohol every third or fourth section.
Grasp the razor tightly with the right hand, so that its blade is
horizontal, its edge directed to the operator, whose fingers are
pressed against the back of the blade, the back of the hand being
directed upwards. The razor is made to glide through the tissue,
cutting as thin sections as possible, which are placed in alcohol.
The tissue to be cut may be embedded in any of the ways already
described, and it is held in the left hand while being cut.

The razor must be frequently stropped to keep it sharp, and it
should not be hollow-ground; it is better to be flat on one side.

2. Valentin’s Knife (fig. 31) consists of two parallel blades,
which can be placed at a greater or less distance from each other

Fig. 31.—Valentin’s Knife.

by means of the screw (a). The blades are first set apart at the
required distance ; the thickness of the section depends on the
distance between them. The knife was formerly much used by
pathologists for making sections of fresh organs.

3. Microtomes. —For many purposes some form of freezing
microtome will be found most convenient for teaching purposes ;

where a large number of sections is required it is indispensable.
Rutherford’s Ice-Freezing Microtome (fig. 32).-—By means

of a finely-graduated screw a brass plug can be raised or lowered
inside a brass cylinder. At the top of this cylinder is a stage or
plate (B). The plug has a small flattened brass knob screwed
into it, so as to catch the frozen mass, and prevent it from being
detached (K). Practically this is the arrangement of the micro-
tome devised by the late A. B. Stirling, curator of the Edinburgh
Anatomical Museum. To this arrangement Professor Rutherford
added an ice-box (C), which surrounds the upper part of the
brass cylinder or well. This box is provided with an exit-tube
(H), to allow the water resulting from the melting of the ice to
escape. The size of the cylinder varies from 1-2 inches in
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diameter, but for most purposes one with a diameter of i inch
will be found sufficient. The ice-box is covered on the outside
with a thick layer of gutta-percha. Professor Hamilton, of Aber-
deen, first suggested the addition of a glass top to be screwed
upon the plate of the instrument.

By far the most convenient cutting tool for use with this micro-
tome is an ordinary planing-iron fitted with a handle, as recom-
mended by Delepine (fig. 34).

Above all, the tissue must have been properly hardened, and

Fig. 32. —Rutherford’s Freezing Microtome adapted for Freezing with Ether.

previously steeped in a freezing fluid, either gum mucilage or
gum and syrup, after removal of all alcohol from it (p. 41).

In using this instrument, screw the plug down to the necessary
depth, thus making a well of the required depth—at least half
the depth of the cylinder—and into the well drop a few drops of
glycerine, or put a little lard round the line of contact of the plug
and the cylinder. This is to prevent any of the fluid passing
down between the plug and the cylinder.

Fill the ice-box with a mixture of pounded ice and salt, and
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pack it well around the central brass cylinder. Keep a cork in
the exit tube H, and only allow the fluid to flow away when it
accumulates in large amount. In a short time the temperature
of the plug is greatly reduced. Pour into the well a little muci-
lage (BP), sufficient to form a layer about | inch thick, and allow
this to freeze. The piece of tissue taken from the freezing mix-
ture is lifted with a pair of forceps and put into the well, so that
it touches and adheres to that part of the well farthest away from
the operator.

When the tissue is fixed, fill up the well with mucilage and
cover it with a piece of sheet india-rubber, and keep the latter
in position by a weight. This is to prevent the entrance of the
freezing mixture into the well.

Supposing the tissue to be frozen, the operator seizes the
elevating screw P with his left hand, and in his right holds
the planing iron, which is fixed in a wooden handle. With the
left hand the operator turns the screw, i.e. , elevates the tissue,
while as rapidly as he chooses with his right hand the planing
iron, firmly pressed on the glass plate at (about) an angle of 45 0

,

is pushed rapidly forwards and drawn backwards, and in a few
seconds twenty or thirty sections accumulate on the upper sur-
face of the planing iron. By means of a large camers-hair brush
they are transferred to a large quantity of water, whereby the
gum contained within them is dissolved and the sections them-
selves uncurl. One cannot cut all tissues with equal rapidity.
In the case of many tissues and organs (as elastic tissue, lung,
kidney, &c.), after they are completely frozen, a quarter of an
hour will suffice, if a planing iron be employed, to cut more
than a thousand sections. This, however, cannot be done with
sections of the cerebrum, cerebellum, or spinal cord. With
these and with some other organs it is better to cut each section
singly.

If one has several tissues to cut, the one tissue can be em-
bedded above the other in the instrument at the same time.

This instrument, however, has other advantages, as it can be
used also as an ether freezing microtome. Place the tissue,
previously saturated with the freezing fluid, upon the zinc plate
Z, and cover it with mucilage. By means of an ether-spray
producer N, direct a spray of anhydrous ether from the bottle 0
against the under surface of the zinc plate Z.

In order to economise ether, any non-volatilised is collected
and returned by the tube T to the bottle O.

In using the instrument in this way, however, the piece of
tissue must be thin, not more than 5-7 mm. in thickness, or
thereby.
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Cathcart’s Freezing Microtome (fig. 33).—The instrument is

screwed to a table by means of a clamp (C). Fix by means of gum
the tissue to be frozen, not more than 1 cm. thick, upon the zinc
plate. Fill the bottle with ether and put the spray apparatus
under the zinc plate. Work the spray apparatus until the
mucilage and tissue are frozen.

Sections are cut by means of a flat knife pushed along on the

Fig. 33.—Cathcart’s Freezing Microtome.

glass supports (GG-), the tissue being raised by the large milled
bead placed underneath (M).

The sections are removed from the knife by means of a camel’s-
bair pencil, and placed in water.

Fig. 34 shows Catbcart’s microtome clamped to a table, and
the method of cutting sections by means of a planing iron. The
planing iron is used in exactly the same way as for Rutherford’s
microtome.

Roy’s Microtome (Freezing), Modified by Malassez (fig. 35).—
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This instrument is extremely convenient, the cutting instru-
ment being an ordinary razor. Instead of ether, Malassez uses

chloride of me-
thyl, which is pre-
served in a stout
metallic flask. A
stream of the me-
thyl chloride is
directed against
the under surface
of the plate on
which the tissue
to be frozen is
placed. It freezes
much morerapidly
than with ether.

Cutting a Con-
tinuous Series of
Sections in Paraf-
fin—For this pur-
pose the “ rocking
microtome ” (fig.
36) of the Cam-

bridge Scientific Instrument Company is most useful.
Embed the tissue in paraffin in the usual way; place the razor

in position, and fix the embedded tissue to the end of the brass
cap on the horizontal bar. Move the brass cap, with its adhe-
rent embedded tissue, forwards, until it touches the knife-edge.
The horizontal bar has an axle which moves in a V-shaped pivot.
At the end of the instrument is a knobbed bar, which depresses
and raises the horizontal bar, and at the same time moves a
toothed wheel, which is pushed round by a small catch, whereby
the bar bearing the pivot is raised. At the same time the em-
bedded tissue in paraffin on the horizontal bar is brought down
into contact with the edge of the razor.

The piece of paraffin should have its sides squared, and the two
faces looking upwards and downwards should be coated with soft
paraffin, i.e., with a low melting-point (48° C.). This is to enable
the one section to adhere to the other. On working the instru-
ment, the sections come off in ‘‘chains” or ribbons, and can be
caught upon a plate of glass. If the sections tend to curl up,
they may be “flattened” by being placed in not too warm
water.

Minot’s Microtome.—ln this microtome, which is one of the
best microtomes yet invented for embedded tissues, as shown

Fig. 34. —Showing how to use a Planing Iron for
Cutting Sections.
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in fig. 37, the knife is fixed while the embedded tissue—in

Fig. 35. —Malassez’s Modification ofBoy’s Microtome for Freezing.

paraffin—fixed to a circular disc, is moved vertically upwards

FIG. 36. —Cambridge Booking Microtome.

and downwards by means of a wheel. The embedded tissue is fixed
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to a disc which can be moved around three axes and thus the
tissue can be cut in any desired plane. The thickness of the sec-
tions is regulated by a special toothed-wheel mechanism, which is

I'IG. 37. —Minot's Microtome.

so arranged that sections can be cut varying from -y - r(J , T i(j, Toin
-A-, /y, to Jy mm. Instead of the knife supplied with the appa-
ratus, a razor may be used.

The sections can be received on a silk ribbon, as shown in fig.
38. This is clamped to the apparatus. The sections are re-
ceived on the ribbon, which is rotated by means of a milled
head.

Jung’s or Thoma’s Microtome.—ln this instrument the tissue
to be cut is fixed in a clamp, the knife is fixed in another heavy
clamp which moves on planed surfaces. After each section the
tissue is pushed up an inclined plane by means of the milled head
on the extreme right of the figure (fig. 39).

Malassez’s Modification of Roy’s Microtome (fig. 40).—Some-
times it is desired to cut sections of a tissue while it is under fluid,
e.g., alcohol This can be done as shown in fig. 40.
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The microtome is made to move on its base, and can be placed

vertically in such a way that the razor and the piece of tissue to
be cut come to lie in a vessel filled with alcohol.

■Williams’ Freezing Micro-
tome (fig. 41). —This consists of
a wooden, non-conducting tub
for holding the freezing mixture.
Vertically in the centre of this
rises a brass cylinder, into whose
upper end the roughened brass
plate on which the tissue is
frozen can be screwed. The lid
of the box is formed by a glass
plate fitted into a framework or
kind of cap for the tub. In the
centre of the glass plate is a
circular hole into which the
freezing-plate projects. In this
instrument the tissue remains
fixed, while the knife or blade
is depressed by the movement
of a screw. The knife or razor
is fixed in a brass tripod frame-
work or knife-carrier.

In using the instrument, fill the tub with the freezing mixture

Fig. 38.—Silk Band for Catching the Chain
of Serial Sections made by Minot's
Microtome.

Fig. 39. —Thoma’s Sledge Microtome, as made by Jung.

of ice and salt, and when the central brass pillar becomes suffi-
ciently cooled, pour on it a little mucilage, and when this is frozen
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Pig. 40. —Malassez’ Modification of Roy’s Microtome for Cutting Sections
under a Pluid.

Fig. 41.—Williams’ Ice-Preezing Microtome.
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place on it tlie tissue, which must not he more than 1 cm. in
thickness, and pencil some mucilage on it. When it is solid, the
knife in the tripod is used to cut the sections; and as the front
leg of the tripod consists of a screw, this is turned, and thus the
cutting edge is brought to touch the tissue.

Swift’s Freezing Microtome (fig. 42).—A modification of the

Fig. 42. — Swift's Ether-Freezing Microtome.

previous instrument is shown in fig. 42, which is adapted for
freezing with ether.

Hand-Microtome (fig. 43).—When only a few sections are



52 PRACTICAL HISTOLOGY.

required, this instrument, invented by Ranvier, is extremely
convenient. > The tissue is embedded in the well of the instru-
ment in paraffin or elder pith, and sections made by means of a

Fig. 43. —Hanvier’s Hand-Microtome.

razor, as shown in the figure. The tissue is gradually raised by
means of the milled head.

Section-Flatteners.—Sometimes the sections saturated with
paraffin when cut exhibit a great tendency to curl up. This can
partly be avoided by pressing the section as it is cut gently
against the knife, by means of a camel’s-hair brush. Several sec-
tion-flatteners attached to the cutting-knife have been used for
this purpose. Take a wire i mm. in diameter, heat it in a flame,
and bend it twice at right angles, the distance between the angles
being about an inch. The free ends are then bent round in the
form of a hook. These hooks serve to fix the frame on the back
of the razor, forming, as it were, a spring-clip. The part of the
wire between the right angles is so arranged that it lies parallel to,
and about one-hundredth of an inch from, the edge of the knife.
In cutting, the section has to pass between the spring and the
knife, and is thus largely prevented from curling up.

Curled-up paraffin sections may be made to uncurl by being
placed in water at 40° C. or thereby.

To Fix Paraffin Sections on a slide.—There are several “ fixa-
tives ” for serial sections, but the two following will be found the
most useful.

Collodion and Clove-Oil.—Mix one part of collodion with three
parts of clove-oil. By means of a brush paint a thin layer on a



53SECTION CUTTING.

slide, and on it place the sections. Heat gently over the flame
of a lamp, to fix them firmly and drive off the clove-oil.

Albumen and Glycerine.—Mix filtered white of egg with an
equal volume of glycerine; add a little carbolic acid or morsel of
thymol to prevent putrefaction. A thin layer is painted on the
slide, which is thus prepared to receive the sections. Warm the
slide to a temperature just sufficient to melt the paraffin, when
the section adheres firmly to the slide.

To Remove the Paraffin from the Sections. —Sections of tissues
soaked and embedded in paraffin and fixed on a slide are placed
in turpentine or xylol. The extraction of the paraffin requires some
time, and takes place more rapidly when the temperature is raised.
The slides may be fitted into a zinc framework and lowered into
a bath of turpentine. The turpentine dissolves out the paraffin.

After this, if the tissue has been previously stained in bulk,
before it was embedded, drive away the turpentine with xylol or
clove-oil, and mount the section in balsam.

If, however, the sections are from an unstained tissue, after
dissolving out the paraffin with turpentine, the latter must be
displaced by absolute alcohol, and the slides are passed through
alcohols of various strengths and then into water, i.e., provided
the sections are to be stained in a watery solution of a dye. The
sections are then coloured in situ on the slide. If the sections
are to be mounted in balsam, they must go through the same
process in the reverse order, viz., increasing strengths of alcohol
—a clarifying agent, clove-oil, or xylol—and finally they are
mounted in balsam.

Cutting a Continuous Series of Sections in Celloidin.—The
tissue, embedded in celloidin, is clamped in a microtome, e.g., that
of Jung, and section after section is made. The knife must pass
at an acute angle through the celloidin, and must be moistened
with 80 per cent, alcohol. This is easily effected from a wash-
bottle. Schanze of Leipzig supplies such a bottle provided with
a valve, which facilitates the outflow of a gentle stream of alcohol
upon the cutting blade. Weigert’s method of arranging and
fixing the sections on a slide is the best. Each section in celloi-
din as it is made is laid upon a narrow strip of curl-paper by
means of a camel’s-hair pencil. The curl-paper is kept moist by
being placed on a plate covered with blotting-paper well moistened
with 80 per cent, alcohol. The sections are laid upon the curl-
paper in the order desired.

A slide is coated with a layer of thin collodion, and when it is
dry, the celloidin sections on the curl-paper are transferred to it.
This is done by lifting up the curl-paper and placing it, sections
lowermost, upon the coating of collodion on the slide. Press on
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the whole with a piece of dry blotting-paper. The sections adhere
to the slide, and the curl-paper is removed. Dry the sections
with blotting-paper, and pour over them a layer of thin collodion.
They are now permanently fixed, and can be stained on the slide
in any way that may be desired. This is an extremely con-
venient method for serial sections of the central nervous system.

IX.—STAINING REAGENTS.

Carmine. —ln order to obtain a strong solution of this dye,
certain solvents require to be employed. It is readily soluble in
ammonia, yielding an ammoniacal solution, which may be made
strong or weak. The ammoniacal solution may be diluted to any
extent required with water, and practically the best results are
obtained by allowing sections to remain for a long time (24-48
hours) in a weak sohition.

1. Strong Carmine Solution.—Rub up in a mortar 2 grams
of pure carmine with a few drops of water, add 5 cc. of strong
liquor ammoniac, mix thoroughly, and add 100 cc. of water.
Place the whole in a bottle, and after a day or so any undissolved
carmine is filtered off and the clear fluid kept as a stock solution.
This solution may be diluted to any required extent. If it smell
strongly of ammonia, the excess of ammonia must be allowed to
evaporate. When the solution becomes neutral it is very liable
to undergo putrefaction, but this may be avoided by placing a
small piece of thymol in it to preserve it.

2. Frey’s Carmine.—Ordinary carmine has two drawbacks : it
is apt to undergo putrefaction, and as the ammonia escapes the
carmine is precipitated.

Carmine . . . . -0.3 gram.
Distilled water . . . .30 cc.

Dissolve the carmine in the water, adding ammonia drop by
drop until solution is complete. Then add—

Glycerine . . . . .30 cc.
Alcohol . . ,

.
. 4 ~

and shake the mixture. Keep it in a stoppered bottle. It has
no advantage, as far as coloration is concerned, over ordinary
carmine, but it can be kept for a long time unchanged.

3. Borax-Carmine (and Alcohol).
Carmine . . . . ,3 grams.
Borax . . . . . . 4 ~

Water ...... 100 cc.
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Dissolve the borax in the water and add the carmine, which
is quickly dissolved, especially with the aid of gentle heat. Add
100 cc. of 75 per cent, alcohol.

4. Borax-Carmine (Grenadier).

Carmine , .
. . . i gram.

Borax . . . . . . 2 ~

Distilled water . . . . 200 cc.

The borax dissolves the carmine. The whole is placed in a
porcelain capsule and heated to boiling, when the fluid becomes
of a dark-purplish or bluish-red. Add a few drops of 5 per cent,
acetic acid, until the colour becomes more like that of carmine
dissolved in ammonia. Let it stand for twenty-four hours, and
filter. Add a drop or two of carbolic acid to preserve it.

Borax-carmine is chiefly used for staining tissues “in bulk.”
Small pieces of tissue, to -|-inch cubes or larger, may be left in
it for days, and they do not become over-stained. It gives by
itself a diffuse stain ; hence to get its effect concentrated upon the
nuclei, for which it has a special affinity, the pieces of tissue must
be placed for twenty-four hours or thereby in 70 per cent, alcohol
containing 1 per cent, of hydrochloric acid.

Acid Alcohol.—This is called acid alcohol, and is prepared
thus—

Hydrochloric acid . . 1 cc.
Alcohol . .

. . 70 ~

Water . . . .
, 30 „

When tissues are placed in the acid alcohol, they change in
colour to a bright scarlet. A certain amount of the surplus
carmine is extracted, but the nuclei become intensely stained.

This method is particularly valuable for a large number of
organs, and especially where nuclear staining is desired.

5. Lithium Carmine.

Carmine . . . . . 2.5 grams.
Saturated solution of lithium car-

bonate .
. .

. . 100 cc.

Dissolve the carmine in the cold saturated solution of lithium
carbonate; solution occurs very quickly. It gives a diffuse stain
to nearly all tissues very rapidly, and the sections must, there-
fore, be transferred, without previous washing in water, to acid
alcohol (p. 55). They can then be mounted in glycerine or
balsam as desired. The nuclei are stained a brilliant red.
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6. Picro-Lithium Carmine.—This is even preferable to the
foregoing, because, in addition to staining nuclei red, it stains
certain other parts yellow.

Lithium carmine . . . . 50 cc.
Saturated solution of picric acid . 100 ~

Mix the two slowly. If, after trying it, one or other colour is
too pronounced, add a little more of the other.

The sections are to be treated with acid alcohol like the fore-
going. The acid alcohol, however, ultimately extracts the picric
acid. This is avoided by not leaving them too long in acid
alcohol. If the picric stain be removed, it may be restored at
once by dipping the section in absolute alcohol to which a little
picric acid has been added.

7. Piero-Carmine.—This most valuable reagent was introduced
by Ranvier, and has the great advantage of giving a double
stain without the use of acid or alkali.

(a.) Ranvier’s method of preparing it is as follows; —To a
saturated watery solution of picric acid add a saturated ammonia-
cal solution of carmine until precipitation just appears, i.e., until
saturation. The fluids must be well mixed. Leave it exposed
in shallow vessels to crystallise, but protect it from the dust.
Crystals are deposited, and also some amorphous carmine. After
several weeks, when its bulk is reduced to one-third, decant the
liquid, filter, and evaporate it to dryness on a water-bath. Re-
dissolve it and the crystalline deposit in water, filter, and evapo-
rate to dryness. The brown powder so obtained is dissolved in
the proportion of i per cent, in water. This fluid, prepared in
this way, gives very satisfactory results.

(■b .) Stohr’s Method.—A very good solution is obtained by
this method. To 50 cc. water add 5 cc. liquor ammoniae and 1

gram carmine, which is rapidly dissolved. After complete solu-
tion, add 50 cc. of a saturated solution of picric acid. Set the
mixture aside for two or three days in a large open flat evapo-
rating dish, and after this time filter. To the filtrate add a drop
of chloroform to prevent the formation of fungi.

Precautions.—Preparations stained with picro-carmine are not
liable to be over-stained, and may be mounted in Tarrant’s solu-
tion or glycerine acidulated with formic acid (1 per cent.) [formic
acid sp. gr. 1 16].

In staining sections with picro-carmine, cover the section with
picro-carmine, and after a few minutes remove the surplus pig-
ment. On no account should the section he placed in water. Water
rapidly extracts the picric acid and leaves the preparation stained
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with the carmine only. Add a drop of Farrant’s solution or
formic glycerine, and cover. Such sections improve with keeping,
and the surplus picro-carmine is really an advantage, for, after a
time, the nuclei become more differentiated—red, and other parts
yellow.

If it be desired to mount sections stained with picro-carmine in
balsam, the alcohol through which they are passed, or the clove-
oil, must contain some picric acid to restore the yellow colour.

8. Sodium Piero-Carmine (Lowenthal ). —In this preparation
the volatile alkali is replaced by a fixed one.

I. Make a solution of carmine thus :

Water . . . . . 100 cc.
Solid caustic soda . . i gram.
Powdered carmine . . . 1.4 „

Dissolve the alkali in water, add the carmine, which dissolves
with the aid of gentle heat in twenty minutes, and in the cold in
twenty-four hours. Cool, filter, and make up the loss due to
evaporation by adding water, and then add an equal volume of
water (100 cc.).

11. Make a 1 per cent, watery solution of picric acid, and
slowly add about 20—25 cc. of it to I. Slight precipitation occurs,
but when a faint cloudiness is permanent, add 2-3 cc. of 11. in
excess; allow it to stand; filter several times through the same
filter paper. If desired, it can be concentrated by evaporation.

9. Alum Carmine.—Dissolve 5 grams of potash-alum in xoo
cc. water. Add 1 gram carmine, and boil for a quarter of an
hour. Make up the bulk with water and filter. Add a drop of
carbolic acid to preserve it,

10. Cochineal {Csokor).

Powdered cochineal . . -5° grams.
Alum 5 »>

Water .....500 cc.

Dissolve the alum in the water, add the cochineal, and boil.
Evaporate down to two-thirds of its original volume. Filter.
Add a few drops of carbolic acid to prevent the formation of
fungi. This is an excellent nuclear stain, especially for the
central nervous system.

11. Indigo Carmine {Merkel).

Solution A. Carmine 2 grams.
Borax . . 8 ~

Water .
.

. 130 cc.
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Solution B. -Indigo carmine . . 8 grams.
Borax .

. 8 ~

Water . . . 130 cc.

Keep the solutions separate (B is apt to develop a precipitate).
When required, mix equal volumes of A and B. The mixture
undergoes a change within a week, and hence it is better to
make it fresh when required. Sections must remain in it at
least twenty-four hours—with advantage longer—but the results
are certainly satisfactory. The stained sections are placed for
half-an-hour or thereby in a saturated solution of oxalic acid,
which extracts the superfluous pigment. Mount sections in
Farrant’s solution or balsam. (See Stomach.)

12. Hsematoxylin. —This substance was introduced to the
notice of histologists by Boehmer. It is one of the most valuable
nuclear staining reagents we possess, and this is specially the
case when its violet-blue stain is set off by contrast with a ground
stain of eosin, picric acid, or other appropriate dye.

(a.) Hsematoxylin (Boehmer). —Make a solution containing—

Hsematoxylin . . . .1 gram.
Absolute alcohol .

. .
. 100 cc.

Make a second solution of—

Alum 5 grams.
Distilled water . .

. . 100 cc.

Add drop by drop the first solution to a little of the second
until a deep-violet colour is obtained. The fluid is placed for
several days in an open vessel, and exposed to the light, when it
becomes of a bluish tint. Filter. Add a fragment of thymol to
preserve it. It stains tissues in 5-15 minutes.

(l>.) Strong Nucleus-Staining Haematoxylin (Hamilton).

Hsematoxylin .
.

. .12 grams.
Alum . . . . 50 ~

Glycerine . . . . 65 cc.
Distilled water . . . . 130 „

Boil, and while hot add 5 cc. liquid carbolic acid. Allow the
mixture to stand in the sunlight for at least a month.

(c.) Hsematoxylin (Delafield’s). —To 100 cc. of a saturated solu-
tion of ammonia alum add drop by drop a solution of 1 gram
hsematoxylin dissolved in 6 cc. absolute alcohol. Expose to the
air and light for a week. Filter. Add 25 cc. glycerine and 25
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cc. of methylic alcohol. Allow it to stand exposed to the light
for a long time. Filter.

This solution stains extremely rapidly, and may be greatly
diluted wT hen it is used. It keeps for a very long time, and
stains well even tissues which have been hardened in chromic or
osmic acid.

(d.) Hsematoxylin {Kleinenberg’s). —(l.) Make a saturated solu-
tion of calcium chloride in 70 per cent, alcohol. Shake it well,
and allow it to stand. Decant the saturated solution, add alum
to excess, shake it well, allow it to stand for a day or so, and
filter.

(2.) Make a saturated solution of alum in 70 per cent, alcohol.
Filter.

(3.) To one volume of the filtrate from (1) add eight volumes
of (2).

(4.) To (3) add drop by drop a saturated solution of hsematoxylin
in absolute alcohol, until it becomes of a decided purple colour,
but not too dark, as the solution becomes darker by keeping and
exposure to light. It should be prepared at least a few months
before it is wanted.

It may be diluted to any extent by adding the mixture (1) or
(2). As it contains much spirit, sections placed in it must be
covered, i.e., protected from evaporation, else the spirit will
rapidly evaporate.

This logwood stain is particularly valuable when it is required
to stain a tissue or an organ “in bulk.” This a diluted solution
will do in 24—48 hours, provided the pieces be not too large.

(e.) Acid Hsematoxylin {Ehrlich).
Hsematoxylin . . . . i gram.
Absolute alcohol . . . 30 cc.
Gtycerine . . . . 50 ~

Distilled water saturated with alum 50 ~

Glacial acetic acid . . . 4 ~

Dissolve the hsematoxylin in the alcohol, add the glycerine and
"Water, and then the acid. At first the solution is light-red, but
when it has been exposed to the air it gets bluish. It does not
over-stain, and the tissues stained with it, when exposed to the
light, become violet or bluish tinted.

(/.) Glycerine Hsematoxylin (Renaut ). —Saturate perfectly
neutral glycerine with potash-alum, and to it add drop by drop a
saturated solution of hsematoxylin in 90 per cent, alcohol, until a
deep-violet tint is obtained. About one-fourth part of the hsema-
toxylin solution has to be added. Let it stand exposed to the
light for weeks, and filter.
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(g.) Eosin Hasmatoxylin (Revaut).—Add drop by drop a con-
centrated watery solution of eosin to 200 cc. of glycerine satu-
rated with potash-alum. Filter. Add drop by drop an alcoholic
solution of tuematoxylin. Expose to light for weeks, and filter.

13. Logwood.—Staining solutions were formerly, and some-
times are, made from logwood chips.

(a.) Logwood (Mitchell’s). —The tannic acid is removed.
Place finely-ground logwood (2 oz.) in a funnel; pack it well,

and allow water to percolate through it until it flows away with
but little colour. Allow the water to drain away; spread the
logwood on a board to dry.

Dissolve alum (9 oz.) in 8 oz. of water. Moisten the dry
logwood, pack it again tightly into a funnel, and pour on the
alum solution. Close the lower end of the funnel, and allow the
alum solution to extract the dye from the logwood for forty-eight
hours.

Allow the coloured fluid to flow off, and percolate 4 oz. of
water through the logwood in the funnel. Add a few drachms of
glycerine and rectified spiiit. Dilute largely when using, so that
staining will take place slowly.

14. Other solutions of hsematoxylin, including those of Weigert
and Heidenhain, are referred to in the text. (Lessons on Central
Nervous System and Salivary Glands.)

Hsematoxylin and logwood are amongst the best nuclear stains
we possess, and the tissues which stain best are those hardened
in alcohol; but those also from Muller’s fluid stain well. With
those hardened in watery solutions of chromic acid it is otherwise.
It is sometimes very difficult to get them to stain. This may
sometimes be effected by soaking the sections previously in a
dilute solution of sodic carbonate.

They are also very valuable in double and treble staining.
In the case of preparations stained by hsematoxylin or logwood,

over-staining may be got rid of by placing the sections in dilute
acetic acid. This will rapidly extract the surplus stain, but at
the same time, if allowed to act too long, it will make the remain-
ing part red. Great care should be taken afterwards by thorough
washing of the sections in water to remove every trace of the
acid.

15. Eosin.—This substance is readily soluble in alcohol and
water. Make a 5 per cent, watery solution. It gives a beautiful

■ diffuse rosy hue, and stains very quickly, in a minute or two. The
stronger solution can be diluted as required. It forms one of the
best ground-stain% in contrast to logwood or one of the numerous
aniline dyes. When using it as a double stain, e.g. , logwood and
eosin, stain the section first of all in logwood, and if it is to be
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mounted in balsam, clarify with clove-oil in which a little eosin
has been dissolved. Sections stained with it can be mounted in
balsam, Farrant’s solution, or glycerine. It is a specific stain
for the haemoglobin of red blood-corpuscles, as it stains it, even
after hardening in chromic salts, a copper-red colour, while it also
stains the granules of certain leucocytes of the blood of a reddish
tint. It is used very extensively, and in a very dilute solution is
a good stain for cartilage and striped muscle.

16. Aniline Dyes. —'These are amongst the most valuable stain-
ing reagents we possess, and although many of them do not yield
permanent preparations—the colour fading after a time—still the
results obtained by their use are so important that it behoves the
student to use them frequently. It is most important that they
should be obtained from reliable sources.

The aniline colours are divided by Ehrlich into acid, basic, and
neutral compounds. Of the three, the basic colours are most used,
as they are excellent nuclear stains. Some of them have special
affinities for certain tissues, and, as is well known, they are of the
utmost value in bacteriological investigations. They may be kept
in drop bottles. All of them are soluble in alcohol, and most of
them in -water; and so powerful are they, that usually a i per
cent., or even a much weaker solution, suffices to stain tissues in
a few minutes. Some of them, according to Ehrlich’s researches,
stain better when they are mixed with a mordant.

Aniline-Oil and Aniline-Water (Ehrlich’s Method). —Shake up
excess of pure aniline-oil with excess of water, and allow it to
stand. The most of the oil sinks to the bottom. This solution
should not be kept too long ; in fact, it is better to make it fresh.
Filter a little of the aniline-water into a watch-glass. To the
fluid in the watch-glass add ten or twelve drops of a concentrated
alcoholic solution of any of the aniline dyes it is desired to use in
this way.

Yery few of the preparations stained by aniline dyes can be
preserved in glycerine or Farrant’s solution. A 50 per cent,
solution of acetate of potash keeps their colours well, but it is a
medium which it is difficult to keep tightly under the cover-glass.
Many of them can be preserved in balsam, but most of them must
be kept away from the action of acids. In a few cases the colour
is partly extracted and fixed with dilute acids, but in such cases
the free acid must be removed from the section before it is finally
mounted.

For convenience these colours may be grouped as follows :
(A.) Violet Aniline Colours.
Methyl Violet. —Dissolve 2 grams in xoo cc. and filter. This

gives a 2 per cent, solution, which may be diluted as required.
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A o.i per cent, solution is, in many cases, sufficient. It does
best for porous textures. Sections are left to stain in it for seve-
ral hours, washed with water, and then with alcohol, until no
more colour comes away, and mounted in balsam. It stains inter-
cellular substances but slightly, wdiile cells, and especially their
nuclei, are stained by it.

Gentian Violet always answers very well for staining cell-
nuclei, but it seems to be better for hardened preparations than
the previous dye.

Dahlia is used in the same way as the preceding.
(B.) Blue (and Purple) Aniline Colours.
Methylene Blue. —Make a saturated watery solution. Recti-

fied spirit may be added to make it keep. It is not very largely
used in bacteriology, e.g., for the tubercle bacillus, but for double-
staining of tissues, in contrast to red. It stains slowly, and does
not readily over-stain.

Sections to be mounted in balsam are best clarified by cedar-
oil.

Spiller’s Purple.—Use Spider’s purple No. x. Rub up 2 grams
in a glass mortar with 10 cc. of alcohol, and add 100 cc. of distilled
water. It is used as a double stain, and for staining the fibrin
in coagulated blood. The stain requires to be pretty deep, as it
is washed out by alcohol. If a section stained by it is to be
mounted in balsam, use cedar-oil to clarify it.

(C.) Green Aniline Colours. —Amongst these are iodine green,

methyl green {2 per cent.), aniline green
, and aldehyde green.

lodine Green is used as a 5 per cent, filtered watery solution.
It stains nuclei and developing cartilage green,and makes a good
contrast stain. It is not very readily extracted by spirit, and
does not soon fade.

The others will be referred to in the text.
(D.) Red Aniline Colours. —They are very numerous.
Rosaniline Acetate, Sulphate, and Hydrochlorate (Magenta).

—The term fuchsin is sometimes applied to the one, sometimes
to the other, but the acetate is more soluble in water. They give
a rather diffuse stain, but are useful for nuclear staining, elastic
fibres, and blood-corpuscles.

Rub up a little (1 gram) in a glass mortar with rectified spirit
(20 cc.). After solution add 20 cc. of distilled water.

Magenta for Blood-Corpuscles. —Dissolve .1 gram of magenta
in 5 cc. of rectified spirit and 15 cc. water, and add 20 cc. gly-
cerine.

Acid Fuchsin is a specific colouring-matter for the nervous
system. It was introduced by Weigert, but it has been largely
displaced by Weigert’s hsematoxylin copper stain.
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Saffranin is specially -used as a nuclear stain, and very largely
for the study of mitosis. Dissolve i gram of saffranin in 100 of
absolute alcohol, and nest day add 100 cc. water. It may also
be used as a much stronger alcoholic solution, 5 per cent, in 70
per cent, alcohol. There are several varieties of this dye, and
some of them are of little value as dyes. Therefore it is im-
portant to obtain a good sample. That sold as saffranin-0 can
usually he relied upon, and is to he obtained from Dr. George
Grubler, Leipzig.

In using this dye, the sections are, as a rule, left for several
hours in the solution, and are then placed in ordinary alcohol ox-
acid alcohol (p. 55) to remove the surplus stain. If this be
px-operly done, the nuclei—the chromatin of the nuclei only—are
stained. Sections may be mounted in balsam.

Sometimes it is useful to use it in aniline-water, after Ehr-
lich’s method (p. 61),

As shown by Martinotti, it colours black or dark-purple elastic
fibres hai-dened in 0.2 per cent, chromic acid (Lesson X. 9).

(E.) Brown Aniline Colours.
Bismarck Brown or Phenylene Brown. —This is but slightly

soluble in water, but it forms a good ground-stain in contrast to
hsematoxylin, aud is useful for staining plasma cells and the cells
of the cerebrum. It preserves its colour when mounted in Far-
x’ant’s solution or balsam.

Vesuvin is much more soluble, and is used in the same way as
Bismax-ck brown.

(F.) Other Aniline Dyes.
Aniline Blue-Black.-—-This has a x-emaikable power of staining

nerve-cells, as shown by Sankey. It is best adapted for staining
fresh nerve-tissues. It has little power of diffusing through
them. (Lessons on Central Nexvous System.)

Table shelving some of the Aniline Dyes in most Common Use,
arranged according to their Colour,

Red. Green. Blue. Yellow. Violet. Brown and
Black.

Saffranin.
Eosin.

Puchsin.
Ponceau

HR.

Methyl-
green.
Iodine
green.

Aldehyde
green.

Methylene
blue.

Aniline
blue.

Quinoline.

Orange. Methyl-
violet.
Violet

BBBBB.
Dahlia.

Bismarck
brown.

Nigrosin.
Anilineblue-

black.
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17. Nitrate of Silver.—This substance possesses the property of
forming a compound with intercellular substance, which darkens,
and becomes brown or black, on exposure to light. It is unequalled
for the study of the cement substance of epithelium and endo-
thelium, and for the cell-spaces of the cornea, and connective tissue
generally. The tissue, however, must be fresh —the fresher the
better.

Make a x per cent, solution, i.e., r gram of silver nitrate is
dissolved in 100 cc. of distilled water. This is kept as a stock.
A \ or l per cent, solution is the strength usually employed.

If it be desired to “ silver ” a part of the omentum or mesen-
tery, this membrane should be pinned out with hedgehog spines,
without being stretched, on a piece of flat cork with a large hole
in it, so that the solution can get to both sides of the membrane.

A very convenient plan
is to pass the mem-
brane over a porcelain
or ebonite ring, and fix
it with another ring in
the manner in which
a skin is fitted on a
drum(figs. 44 and 45).

Lave the membrane
gently in distilled
water to remove any
chlorides, and place it
in a dilute solution of
the reagent (5-3—| per
cent.). The tissue soon

—5-10 minutes—becomes white, and as soon as it looks greyish
remove it and wash it in distilled water. Place it in ordinary

water, and expose it to good
daylight, when it rapidly be-
comes brown. It can then be
preserved in spirit until it is
required.

Amembranemaybe stained
in situ, e.g., the central ten-
don of the diaphragm of a
rabbit, or the mesentery, e.g.,

of a frog. Open the abdomen, irrigate the membrane by allow-
ing distilled water to fall on it from a pipette. This removes all
substances that might combine with the silver and give rise to
illusive appearances. Drop on the silver solution by means of a
pipette. Treat the membrane as in the previous case.

FIG. 44.—A. Vulcanite rings used torstretching a mem-
brane whichis to be silvered ; B. Conical rings, the
one inside the other; C. A single ring.

Fig. 45.—Section of A. a. Inner, and b. Outer
ring; M. Stretched membrane.
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Sometimes silver nitrate is used in a solid form, e.g., for the
cornea. This will be referred to afterwards in treating of the cell-
spaces of the cornea itself. (Lesson on Eye.)

Silver preparations show the cement substance of epithelium
stained black as “silver lines,” and they may be mounted in
glycerine or balsam, either unstained or after staining with log-
wood, picro-carmine, or other dye as desired.

In order to stain the lining endothelium of the vascular system,
a solution of silver nitrate is used. The special precautions re-
quired are referred to in the text. (Lesson on Blood-Vessels.)

Golgi’s Method.—In this method parts of the central nervous
system hardened in potassic bichromate are treated for many
days with silver nitrate or mercuric chloride to demonstrate the
processes of nerve-cells. (Lesson on Nervous System.)

18. Gold Chloride. —This substance has rendered particular
service, especially in connection with the terminations of nerves.
It is used as a I—2 per cent, watery solution. Various methods
are employed, according to the end desired.

(i.) Place a small piece of perfectly fresh tissue, 2 mm. cubes,
e.g., hyaline cartilage or a small cornea, in | per cent, solution
in a glass thimblefor half-an-hour, keeping it in the dark all the
time. These small glass thimbles are particularly useful, and are
better to be somewhat broader relatively than those shown in
fig. 26. The tissue will become yellow; wash it thoroughly in
distilled water, and expose it to bright daylight in distilled water
slightly acidulated with acetic acid. In a day or two it will
become of a purplish or violet-brown colour. Sections can then
be made and mounted in glycerine.

(ii.) Loewit’s Method.—To one part of formic acid (sp. gr. 1.16)
add two parts of distilled water. Place small pieces of the fresh
tissue (1-2 mm. in thickness), e.g., tendon from a rat’s tail, in
this mixture for 1,-i minute, until they become somewhat trans-
parent ; transfer them to a glass thimble or watch-glass contain-
ing 1 per cent, gold chloride for 15-20 minutes, i.e., until they
have become yellow throughout. During this process, the tissue
should be exposed to light as little as possible. Place the tissue
in formic acid (1:3), and keep it in the dark for twenty-fourhours. Afterwards place it for twenty-four hours in pure formic
ncid, and keep it also in the dark. Wash it thoroughly with
Water, and mount in glycerine or balsam.

(hi.) Ranvier’s Lemon-Juice Method.—The fresh tissue is
placed for 5-10 minutes in the freshly expressed and filtered
juice of a lemon, where it becomes transparent. Rapidly wash
!t in distilled water, transfer it to 1 per cent, gold chloride solu-
tion for from ten minutes to one hour; the time depends on the
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tissue under investigation. Wash with water and place the tissues
in 50 cc. of water containing two drops of acetic acid, and expose
them to light, when reduction takes place. Or the tissue may
be placed in formic acid (1:3) after being treated with lemon-
juice and gold chloride, and kept in the dark for twenty-four
hours. The latter plan is in many cases to be preferred, espe-
cially where the retention of the superficial epithelium is not
desired.

(iv.) Boiled Gold Chloride.—For some purposes, especially for
studying the terminations of the nerves in sensory surfaces, this
method of Banvier has yielded me the best results.

Make as required—fresh —a mixture of four parts of gold
chloride (1 per cent.) and one part of formic acid. Boil the
mixture and let it cool. Place the fresh tissues (small pieces)
in it for ten minutes to one hour. Wash in water, and place
in formic acid (1:4 water), and keep in darkness, where the
reduction takes place.

(v.) Rapid Reduction of Gold Chloride. —A tissue may be left
in gold chloride (1 per cent.) for half-an-hour or more, and then
transferred to a strong solution of tartaric acid and heated to
45 0 or 50° C., when it rapidly becomes of a purplish-brown colour,
usually in the course of a quarter of an hour.

Although it has been stated that for gold chloride preparations
the tissues should be fresh, Drasch, in his researches on the
nerves of the intestine and those of the circumvallate papillae,
points out that he obtained the best results with tissues twenty-
four hours after death; the tissues, however, must have been
kept cool. Any one who has had the privilege of studying the
preparations of Drasch cannot but have been impressed with the
beauty of specimens prepared by his method.

(vi.) Gold Chloride and Chromic Acid (Kolosson ).—Place the
tissues for 2-3 hours, according to their size, in 1 per cent, gold
chloride acidulated with hydrochloric acid (xoo-i). Wash the
tissues with water, and keep them in the dark in chromic acid
(sV IWO Per cenh) for 2-3 days. Wash out the chromic acid
thoroughly.

General Remarks on Staining. —When possible, use a weak
solution of the dye, and thus let the sections stain slowly. Place
a piece of blotting-paper on the inside of a large watch-glass,
pour some of the diluted stain into the watch-glass, and place the
sections in it. Cover the watch-glass with another glass of the
same size, or set it aside in a moist chamber, e.g., on a plate
covered by a bell-jar, with a piece of moistened blotting-paper
attached to the inside of the jar (fig. 46).

Be careful not to over-stain the tissue, except in those cases
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where the excess can he again removed, e.g., with the aniline
dyes by means of alcohol or acid alcohol.

All acids should be removed from the sections before they are
placed in the dye.

It is convenient on many occasions that the student should
rapidly stain his sections on a slide, but he should also be taught
to practise the slower method of staining sections in very dilute
solutions of a dye.

There is one method of staining sections which may be profit-
ably impressed upon the student, viz., that so strongly insisted
uponby Ranvier. Sup-
pose any delicate
object isolated epi-
thelialor other cells—-
to be mounted in a
watery medium; a drop
of a solution of picro-
carmine is placed at
one side of the cover-
glass. As the fluid
evaporates at one side
of the cover-glass the
picro - carmine slowly
diffuses under the
cover-glass and stains
the preparation. Ex-
posed to the air, the
preparation would soon
become dry. This must
be corrected. This is
best done by placing
the slides to be stained
in this way on a stage with several shelves (fig. 46), the whole
being placed on a plate moistened with a few drops of water and
covered by a bell-jar. This forms a moist chamber.

After the cells are stained, glycerine may then be applied at
the side of the cover-glass, with the same protective precautions,
so that the preparation can be finally mounted and preserved in
glycerine.

PIG. 46.— Support of Ranvier for Holding Slides Placed
under a Bell-Jar.

X.-CLARIFYING REAGENTS.

Glycerine, Farrant’s Solution, and Glycerine Jelly.—When
any one of these reagents is used for mounting preparations, no
other clarifying substance is used.
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Balsam Preparations. —When a preparation is to be mounted
in balsam, be it Canada balsam or dammar, some clarifying
reagent has to be added to the preparation before the balsam is
applied. Before applying the balsam the tissues must have been
rendered transparent.

The following substances are most commonly used Oil of
cloves, a mixture of creosote and turpentine, turpentine, creosote,
xylol, cedar-oil, bergamot oil, lavender oil, origanum oil, &c.

Oil of Cloves has this advantage, that it clarifies rapidly and
does not evaporate, so that sections may be left exposed to the
air in it for some time. It renders the sections very hard. It,
however, is not so satisfactory for aniline dye specimens, as it is
apt to abstract their colour. Moreover, it becomes yellow withage.

Creosote and Turpentine. —When the fluids are mixed a cloudi-
ness appears, but this disappears on keeping. It is much cheaper
than clove-oil, but it rapidly evaporates (one part creosote to four
of turpentine).

Xylol is perhaps the best, and is specially useful with aniline
dyes. In these cases the balsam—Canada or dammar—should
also be dissolved in xylol.

Cedar-Wood Oil clarifies very slowly. It does not, however,
abstract the aniline dyes, and is used for special purposes, as
indicated in the context.

Origanum Oil is used for clarifying sections embedded in
celloidin.

Xylol-Aniline Oil.—Equal parts of xylol and aniline are used
for clarifying sections under certain conditions without the pre-
vious use of alcohol. (Weigert’s method, Lesson III.)

Carbolic Acid and Xylol.—A mixture of i part of carbolic
acid and 3 of xylol is used to clarify celloidin sections (p. 40).
The section can be taken from 70 per cent, alcohol, and does not
require to be further dehydrated. To remove the water from the
mixture, keep in the bottom of the bottle containing it a thick
layer of previously-heated copper sulphate.

XL—MOUNTING FLUIDS, AND METHODS.
The fluid chosen will depend on the nature of the tissue and

other circumstances.
1. If a section is to be mounted direct from water, glycerine,

Farrant’s solution, or glycerine jelly may be used.
2. If a section is to be mounted in balsam, it must have every

trace of water removed by alcohol, and the alcohol must be dis-
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placed by one of the clarifying reagents —xylol, clove-oil, &c. —
already mentioned.

Glycerine.—Pure glycerine is only used for such tissues as
have been previously hardened. In the case of tissues—delicate
tissues which have not been previously hardened or fixed—the
direct application of pure glycerine would injure them. In this
case, the best way is to mount the object in normal saline, and
at one edge of the cover-glass to place a drop of a mixture of
equal parts of glycerine and water. Put the preparation in a
plate covered by a bell-jar—-an extempore moist chamber. The
glycerine slowly penetrates as the water evaporates.

Some tissues are rendered too transparent by glycerine, and,
moreover, it is very difficult to seal up and keep tight glycerine
preparations.

Glycerine and Formic Acid.—This is sometimes used, especially
for picro-carmine preparations. It is made by adding formic acid
to dilute glycerine (i per cent.).

Farrant’s Solution. —This is for many preparations far more
serviceable than glycerine, as it does not render some tissues so
transparent as glycerine, and the preparations can be easily sealed
up or “ringed.”

Preparation ( Hamilton's receipt). —Make a saturated solution
of arsenious acid in water by boiling. After standing for twenty-
four hours filter. Take equal quantities
of water, glycerine, and arsenious water,
and to the mixture add picked gumarabic.
Let the latter dissolve until a thick syrupy
fluid is obtained, which takes about a week
at an ordinary temperature, but it must
be stirred frequently. Filter slowly
through filter-paper, which must be fre-
quently changed.

Glycerine Jelly.—Melt it in hotwater,
place a drop on the section, apply a
cover-glass, and gently press it down. It
gelatinises in a few minutes.

Canada Balsam. —Place some Canada
balsam in a capsule or wide-mouthed
bottle near a fire or in a warm chamber
(65° C.) until it becomes hard. Let it
cool. This dry balsam is to be dissolved
in some medium. Some use chloroform,
others benzol, others a mixture of both,
or turpentine as a solvent. In any case, the solvent is added
until a fairly thin fluid is obtained. Perhaps the best solvent of

Fig. 47. —Capped Bottle for
Balsam.
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all is xylol. It requires nearly twice its volume of xylol. Filter
through paper. The balsam should be kept in a “ capped ” bottle
(fig. 47) instead of a stoppered one. If it gets too thick, add a
little xylol.

Dammar Lac {Klein).

Gum dammar . . . . il oz.
Gum mastic . . . .

~

Turpentine . . . . 2 ~

Chloroform . . . . 2 ~

Dissolve the dammar in the turpentine, and filter; the mastic
in the chloroform, and filter. Mix the two solutions and filter
again.

There must be no moisture in the bottles, and the mixture
must be kept in “ capped ” bottles, else the chloroform will eva-
porate.

Xylol Balsam. —Dry ordinary Canada balsam in a sand-bath,
to drive off all the moisture, and until it becomes vitreous. If it
be spread out in a thin layer in a tin vessel, this is usually
accomplished in two hours or so, but the balsam must not be
overheated or change its colour and become brown. Dissolve the
dried balsam in an equal volume of xylol. Perhaps this is the
best form of balsam to use.

Balsam, when prepared, should be kept in a glass bottle with
a ground-glass cap.

To Place a Section on a Slide.—By far the most convenient
method is to place the section in a basin of water. Hold the
slide perpendicularly by the edges in the left hand, plunge the
slide into the water until it is about three-fourths immersed, and
with a mounted needle pull the section on to the slide, and at
the same moment raise the latter out of the water. The section
adheres to the glass, and if it be folded at one end, dip this end
in the water, when it floats out quite flat. Do not attempt to
spread out the folds on the slide by means of a needle.

Hold the slide vertically to allow the water to drain off, and
remove with a rag or well-washed cloth the remainder of the
water close up to the section.

It may be stained on the slide. After the staining is complete,
remove the surplus dye by means of bibulous paper, taking care,
however, that the section itself does not adhere to the absorbent
paper.

If the section is to he mounted in glycerine or Farrands solution,

add a drop of either of these reagents and apply a cover-glass.
If the section is to be mounted in balsam, remove as much as
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possible of the surplus water or dye, as the case may be, and pour
methylated spirit upon the section. Allow it to remain on the
section for a minute or so, and drain it off at one end of the
slide. Apply fresh methylated spirit again, and finally absolute
alcohol. This is done to secure complete dehydration. The
frequent and prolonged application of strong spirit removes all
the water.

Remove as much of the spirit as possible, but do not allow the
section to dry. It is now ready to be cleared up.

With a brush insinuate a drop of the clarifying reagent—clove-
oil or xylol—under one corner of the section, and allow the xylol
to flow under the whole of the section. It will gradually diffuse
into the tissue; and if the process be watched under the micro-
scope with a low power, the section will be seen to become gradu-
ally more transparent, while the spirit will be seen as fine globules
driven out into the essential oil. The success of the process
depends on complete removal of the water by spirit, and the
complete removal of the latter by the essential oil used as the
clarifying reagent. If any opacity remains, and it looks milky
or like an emulsion, there has been either water or spirit, or both,
left in the section.

More of the essential oil is placed on the section, so that it is
completely bathed in it and rendered quite clear by it. Pour off
the superfluous oil, remove the surplus close up to the edge of the
section, add a drop of balsam, apply a cover-glass, and the px-ocess
is complete.

In some cases it is convenient to put the drop of balsam on the
cover-glass, and then to insert this on the clarified preparation.

In all cases where it is directed to mount in balsam, this pro-
cess must be gone through, viz.—

(i.) Treat the section with strong alcohol to remove all water.
(2.) Clarify with an essential oil to remove all the alcohol.
(3.) Then cover the section with the balsam.
Sometimes it is not convenient to stain, dehydrate, and clarify

a section on a slide. In this case the sections are stained, dehy-
drated, and clarified in watch-glasses, the sections being transferred
from one fluid to the other, and finally to the slide by means of a
“ lifter ” (p. 3).

Sometimes the one method is adopted, sometimes the other.
To Clean a Microscopic Preparation.—Any excess of balsam

round the edge of a preparation may be removed with a cloth
dipped in benzol.

In the case of a preparation mounted in glycerine, any excess
of the latter must be removed with great care, otherwise the
cement will not adhere to the glass.
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With preparations mounted in Farrant’s solution, leave them in
an airy dry place for ten days or longer; this gives the medium
time to harden at the edges, and fixes the cover-glass pretty
firmly to the slide. Place the slide in a basin of water, and with
a camel’s-hair brush brush away from the edge of the cover-glass
every trace of the medium. There is no fear of disturbing the
cover-glass. Lave the slide in fresh water, and then wipe it
thoroughly dry. It is better to wash a number of slides at a
time.

To Cement or C! Ring ” the Specimens.
Balsam Preparations need not be touched. They keep per-

fectly without being covered in by coating the edge of the cover-
glass with an adhesive and resistant cement. If it be desired to
cement them, a thin coating of Hollis’s glue must first be applied,
and after it is dry the cement is laid on as directed for prepara-
tions mounted in Farrant’s solution.

To Ring a Slide.—The slide should be fixed on a turntable,
the centre of the circular cover-glass corresponding to the centre

of the brass disc of the
table. The slideis fixed in
position by means of two
brass clips (fig. 48, a, h).

For Farrant’sprepara-
tions or glycerine pre-
parations, lay on a ring
of white zinc cement

with a goat’s-hair brush. The disc is made to revolve with the
fore-finger of the left hand, but not too quickly, and a coating of

the cement is laid on evenly. The fore-
finger is applied to the smaller disc (c).

The turntable should be heavy and
mounted on a pin-point centre-piece. The
brushes must not be too large, and should
be washed immediately after use in the
same fluid as is used to dissolve the cement.
Thus, for zinc-white the brush is to be
washed in benzol or xylol, and for gold-
size in turpentine, and for Farrant’s solu-
tion in water.

White Zinc Cement. —Dissolve 3 oz. of
dammar in 3 oz. of benzol, and add 200
grains of finely-ground oxide of zinc. Mix

the whole thoroughly, and strain through several folds of muslin.
It is perhaps more convenient to purchase the cement.

Mounting Block.—lt is important that the section be placed

Fig. 48.—Turntable for Hinging Slides.

Fig. 49. —Showing how Slide
is to be centred on the
Turntable.
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in the centre of the slide. As a guide for this purpose, cut a
piece of paper the size of the slide, and draw diagonal lines from
corner to corner of it; they will intersect in the centre. Or the
piece of paper may be gummed by means of Hollis’s glue between
two slides.

XII.—INJECTING BLOOD-VESSELS AND
GLAND-TUBES.

Transparent Injection Masses.—At the present time, histolo-
gists use transparent injections, consisting of a vehicle—which
may be water, glycerine, or gelatine—and a colouring matter.
Most commonly gelatine is used as a vehicle. The colouring
matter of most red injections is carmine. In this case, the secret
is to have the mass as neutral as possible.

1. Carter’s Carmine Injection.

Carmine .
. .

.
.

. i dr.
Strong solution of ammonia . . 2 fl. drs.
Glacial acetic acid .... 86 mins.
Solution of gelatine (x to 6 water) . 2 oz.
Distilled water . . . . „

Rub up the carmine with a little water in a mortar, add the
remainder of the water, and then add the ammonia, and stir until
the carmine is dissolved. Add the glacial acetic drop by drop,
stirring thoroughly. Add the gelatine solution, and stir briskly.

2. Eanvier’s Method. —The following method yields excellent
results. Mix 2-5 grms. of pure carmine with a little distilled
water in a stoppered bottle, and add ammonia solution, drop
by drop, until the carmine is dissolved, which occurs when the
liquid becomes transparent. Shake up the liquid to get it homo-
geneous.

Weigh 5 grms. of dry Paris gelatine (Coignet’s), and place it
in distilled water for one hour. At the end of this time it is
swollen up and soft. Remove it from the water, wash it in
water, and place it in a beaker in a water-bath. When the
gelatine is dissolved by the water which it has absorbed, add to
it—stirring vigorously—the solution of carmine, which yields an
ammoniacal solution of carmine in gelatine.

When the carmine mixture is on the water-bath make a solu-
tion of—

Distilled water .... 2 parts.
Glacial acetic acid 1 part.
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Pour the acid drop by drop into the mass, stirring thoroughly

all the time with a glass rod. The acid is to neutralise the excess
of ammonia. This requires great attention. It is by the odour
that one recognises when the fluid is neutralised. As the acid is

o
...

,

added the ammoniacal odour diminishes, and there is at last a
faint acid odour. This is the moment to stop adding the acid.
Towards the end of the operation it is best to dilute the acid
somewhat.

Filter the mass through new flannel.
3. Carmine Gelatine Mass (Garter's) (Fearnley’s method).

Carmine 3 grins.
Strong ammonia . . . 6 cc.
Glacial acetic acid . .

. 6 „

Coignet’s French gelatine . . 7 grms.
Water . . . . 80 cc.

Cut up the gelatine into small pieces and place it in 50 cc. of
the water to swell up, i.e. for four or five hours. Rub up the
carmine in a mortar with a little water and add the ammonia.
Let it stand for two hours and then pour it into a bottle, rinsing
the mortar with the remainder of the water. Place the swollen
up gelatine, and any remaining water unabsorbed by it, on a water-
bath until it melts. To the dark purple carmine fluid add the
acid (a few drops at a time), mixing the two thoroughly, and as
soon as the fluid changes to a crimson stop adding the acid. To
the melted gelatine add the crimson carmine little by little and
keep stirring all the time.

This mass may be kept in a cool place for a long time if its sur-
face be covered with methylated spirit. Before using it, dissolve it
on a water-bath, and filter it through fine flannel wrung out of hot
water. The best gelatine to use is French gelatine—Coignet’s.

4. Blue Mass. —The mass is made with gelatine coloured with
soluble Prussian blue or Briicke’s blue. It is very difficult to
obtain a pure sample of Briicke’s blue, but this can now be had
from Dr. Griibler of Leipzig. Use a saturated watery solution
of Briicke’s blue.

Weigh 5 grms. of gelatine, and treat it exactly as described
for the carmine mass of Ranvier. Take 125 cc. of the blue solu-
tion and heat it on a water-bath, and when the gelatine is fluid
and still on the water-bath, add the warm blue solution in a small
quantity at a time and stir briskly. The glass rod should show
no granules on it when it is withdrawn from the mass. Filter
the mass through new flannel. Even the best gelatine gives a
precipitate at first, but it disappears with heat.
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Other injection masses are used, e.g., a watery solution of

Briicke’s blue, or gelatine and silver nitrate. These are referred
to in the text.

Brass Syringe.—Many good injections have been made with a
brass syringe. The syringe should have a long barrel, and be
warmed by repeatedly sucking up hot water before the injecting
fluid is drawn into it. When the injection mass is forced into
the blood-vessel, the pressure should be applied steadily, and
should not be so great as to rupture the small blood-vessels.

When the blood-vessels of an animal are to be injected, deeply
narcotise an animal with chloroform, e.g., a rabbit or a rat; make
a vertical incision through the skin from the lower part of the
neck to the ensiform cartilage, cut through the sternal cartilages,
turn up the breast-bone, and pull the sides of the thorax apart
to reveal the contents of the chest. Open the pericardium and
make a snip into the right ventricle. Tie a ligature round the
upper part of the sternum to prevent escape of the injection
through divided vessels. Wash the blood out of the chest. Snip
off the apex of the heart, whereby the cut cavity of the left
ventricle is opened into.

Insert a cannula into the left ventricle and push its nozzle into
the aorta. Tie it firmly into the aorta with a stout thread.
Place the animal in a bath in warm water at 40° C. If a syringe
is to be used, by means of a pipette fill the cannula with the
injecting mass, and attach the syringe and force the mass onwards
into the blood-vessels. This is done by slow, steady pressure.
It takes fifteen or twenty minutes to make a good injection.
Any sudden increase of pressure is apt to cause rupture of blood-
vessels and consequent extravasation of the injection mass. We
can judge when a part is well injected by the colour of semi-
transparent parts, such as the gums or the skin. They must be
deeply coloured by the injection mass if the injection is successful.

Continuous Air Pressure. —Most frequently injections are now
made by continuous air pressure. The apparatus used should
consist of a tin trough sufficiently large to contain the animal to
be injected, and contain sufficient water to cover it. The water
is kept at 40° C. by means of a gas-burner or spirit-lamp. In the
same trough are placed the injection masses in Wolff’s bottles.
Each Wolff’s bottle is connected to a large air-chamber into
which water can flow from the water-tap, and thus compress the
air. The pressure within this cylinder can be registered by
means of a manometer. The compressed air acts on the surface
of the injection mass in the Wolff’s bottle, and forces it through
a tube which is attached to the cannula fixed in the aorta. The
large cylinder for the compressed air may be made of tin, or one



PRACTICAL HISTOLOGY.

of the large stone jars used by spirit merchants, or a carboy may
be used.

After the tissues are injected, they should be cooled rapidly by
being placed in running water. After the mass is completely
set, the injected organs are cut into small pieces and hardened in
alcohol.

The methods of interstitial injection of fluids and the punc-
ture methods are referred to in the text.
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PART 11.

LESSON I.

MILK, GRANULES, FIBRES, AND VEGETABLE
ORGANISMS.

1. Examine the Microscope, the objectives, and the eye-
pieces.

(a.) Select the objective and ocular required. For a high
power (H), if a Zeiss’ microscope be used, select the objective D
and the ocular 2 ; if Hartnack’s, the objective No. 7 and the
eye-piece 111. See that the lenses are clean. Place the ocular
in the tube, and screw the H lens to the lower end of the tube,
and leave it half an inch above the level of the stage. For a low
power (L) use No. 2 ocular of Zeiss or 111. of Hartnack, and
objective Aor No. 3 respectively. In using a low power, the lens
must be i| inches above the stage to begin with.

(b.) With the microscope in front of you, with high-power lens
on it, arrange the concave side of the mirror under the stage so
as to reflect a beam of light up the tube of the microscope into
the eye, looking in at the ocular. Turn the sub-stage diaphragm
until a small aperture in it is under the aperture in the centre
of the stage. If any specks are visible on looking through the
microscope, rotate the ocular ; if they move, of course they are on
the ocular itself. Clean the outer surfaces of the lenses of the
ocular with a piece of clean wash-leather, which should be kept
tied to the microscope and used for no other purpose than clean-
ing the lenses. Replace the ocular, and if specks are still present
and move when the ocular is moved, they must be on the inner
surface of the eye-glass or field-glass of the latter. This is easily
determined by rotating the eye-glass of the ocular alone, while
looking through the microscope, and observing if the specks do or
do not move with it. Clean the inner surfaces of these lenses.
Ageneral dimness indicates that the objective itself is dirty. The
light used should not be direct sunlight, but preferably light
reflected from a white cloud.
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The rule with regard to the use of the diaphragm must never
be neglected, viz., to use a small aperture with a high power, and
a large aperture with a low power.

2. Clean a Slide and Cover-Glass.
(a.) The Slide.—Seize the slide by its edges with the thumb

and forefinger of the left hand, dip one half of it into water,
withdraw it, and with a clean old handkerchief rub both wetted
surfaces at once until they are clean and dry. Reverse the slide,
still holding it by its edges, and dip the other end in water, and
clean its surfaces as before. Lay the slide upon some clean,
suitable background, white or black paper, or on the photo-
phore.

(6.) The Cover-Glass.—Sometimes the covers have a thin film
on them; this may be got rid off by placing them in strong sul-
phuric acid, and subsequently removing every trace of acid by
water. Dip the cover-glass in water, take it between two folds of
a handkerchief held between the thumb and forefinger of the
right hand, and rub both surfaces at once. After it is cleaned,
do not lay it flat, but tilt it up against some convenient object.

The first lesson is devoted to the examination of a few simple
objects—some of which are occasionally found as foreign bodies in
microscopical preparations—with a view to familiarise the student
with the use of the microscope.

3. Milk.—By means of a glass rod, place on the centre of the
slide a small drop of milk diluted with three or four volumes of
water. To find the centre of the slide, use the mounting block
(p. 72).

Apply a Cover-Glass.—Seize the cover-glass by the edge by
means of a pair of forceps with broad points. The edge of the
cover-glass opposite to the forceps is allowed to touch the slide
close to the drop of fluid, the edge opposite being gradually and
evenly lowered by depressing the forceps until the fluid touches
the under surface of the cover-glass. By lowering the cover glass
thus gently and obliquely the entrance of air-bubbles is avoided.
Place the object on the stage right under the lens.

Focus the Object (H).—The objective is still half an inch above
the stage. While looking into the eye-piece of the microscope,
seize the tube of the latter between the thumb and adjoining
fingers of the right hand, and with a screwing or twisting move-
ment of the tube from left to right, gradually depress the tube
until the outlines of the object are indistinctly seen. This is the
coarse adjustment. The focussing process is facilitated by keeping
the slideand object moving slightly. This can readily be done by
moving the slide with the thumb and forefinger of the left hand,
the ulnar margin of the palm conveniently resting on the table.
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Now use the fine adjustment, and bring the outlines of the object
in the field sharply into view.

It is of the greatest importance that the student should be
taught to describe the objects which he sees, and also to make
sketches of them. To facilitate the description of isolated objects,
the following heads may be adopted :

a. Shape.
b. Border.
c. Surfaces (upper and lower).
d. Size.
e. Colour.
/. Transparency and relation to light
g. Contents.
h. Effects of reagents.

In the object under examination there is a large number of
minute bodies floating in a fluid. Describe the appearance of
the floating particles under the following heads:

(a.) Shape. —The milk globules (fig. 50) are spherical, as can
be shown by touching the edge of the cover-glass with a needle,
and then observing them as they rotate in the field of the micro-
scope. Moreover, if one be focussed, its outline comes gradually
into focus, and disappears gradually, while optically with regard
to light these bodies behave as globules, and not as discs.

(6.) Border. Smooth and
regular.

(c.) Surfaces. Elevate the
objective by means of the fine
adjustment until the upper
surface comes into view; de-
press it again slowly and then
examine theglobule throughout
its entire thickness, until its
under surface is brought into
view. Both surfaces are smooth.

(d.) Size. —The globules are
not all of the same size. If
desired, measure their actual
size (p. 20).

(e.) Colour. The smaller
ones appear colourless, but
some of the larger may have the slightest tinge of a faint
yellow.

(/.) Transparency and relation to light. —They are transparent,

Fig. 50. —Milk Globules, x 400.
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because the outline of a subjacent one can be seen through a
globule lying over it. Notice also the highly retractile character
of each globule, characteristic of an oil droplet (fig. 53, 3).

(g.) Contents.—They appear homogeneous and uniform, and no
included body is to be seen. Each globule is, in fact, a globule of oil.

(h.) Effects ofreagents. —To one side of the cover-glass apply
a drop of acetic acid. To the opposite edge of the cover-glass
apply the apex of a triangular piece of blotting-paper. The
blotting-paper sucks up some of the milk, and the acid runs in
at the opposite side to supply its place. This is the process of
irrigation. Move the slide to bring into focus a part of the field
which has been acted on by the acid, and note that the corpuscles,
instead of floating about singly as before, are now aggregated
into small groups. The acid seems to have altered the surfaces
of the globules, so that they adhere to each other. The acid is
said to act on the casein envelopes of the globules, and to soften
or dissolve them. This preparation is not to be preserved.

Make sketches of these objects before and after the action of
reagents.

4. Potato-Starch Granules.—With the blade of a knife gently
scrape the surface of a freshly-cut raw potato ; place the matter
so obtained in a drop of water on a slide. Remove any coarse
fragments, and apply a cover-glass. Focus the object (H).

(a.) Observe that the granules (fig. 51) are ovoid bodies of
unequal size, not equal at the two ends, clear, and with a sharp
outline. Near the smaller end of each granule notice a small
spot, the “ nucleus ” or hilum, round which are concentric layers,
giving rise to the appearance of fine concentric lines arranged

with relation to the nucleus. The lines are more
numerous on one side of the hilum than the
other. Sketch two or three of the granules.

(h.) Irrigate the corpuscles with a diluted
solution of iodine in iodideof potassium. Each
granule becomes blue as the iodine reaches it.
This is due to the formation of iodide of starch.
If the iodine be too strong the granules appear
black.

Fig. 51. —Granules of
Potato-Starch.

5. Rice-Starch (H).—Examine a little rice-
starch in the same way. Notice the much

smaller irregular granules. Each granule is polygonal, mostly
five or six sided. The granules are stainedblue by iodine(fig. 52).
Make sketches of the starch corpuscles.

6. Gamboge and Brownian Movement (H). —Rub up a small
piece of solid gamboge in water until the latter has a faint yellow
appearance. Place a drop on a slide, cover, and examine.
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(a.) Observe granules of various sizes and shapes floating in the
field. The larger ones appear coloured yellow, but
the finer ones cannot be seen distinctly as yellow
bodies.

( h.) Note the finer granules, which exhibit a slow
dancing movement. They are never at rest. This
is called Brownian movement, and appears to be
due to inequalities of temperature in different strata
of the fluid. This movement is exhibited by all
finely-divided particles suspended in a fluid, pro-
vided the particles be small enough, and the fluid
in which they are suspended be not too viscid.
The fine granules in salivary corpuscles exhibit this movement.
(Lesson IV. 1, d).

Fig. 53- —i. Bubble of air in water (A) when the lower surface is in focus; (B) Middle,
and(C) Upper surface in focus. 2. Bubble of air in Canada balsam. 3. Globule of
oil in water.
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7. Air-Bubbles in Gum or Water (H). —Make a solution of gum
mucilage and shake it up in a test-tube with air until it forms fine
bmbbles. Place a drop of it with its included bubbles on a slide,
cover, and examine.

(a.) Observing larger and smaller bubbles, especially note how
the appearance of the bubble varies with the elevation or depres-
sion of the lens. Sketch these appearances. When the tube is
depressed, the bubble has a small, clear centre, and a wide, black,
sharp, refractile margin (fig. 53, A), because so much of the light
is refracted by the air, and does not pass through the bubbles of
air into the lens. Study the appearance of the bubble when the
centre and then the upper surface are in focus (B, C).

The student will have an opportunity by-and-by of observing
the appearance of a bubble of air in Canada balsam (fig. 53, 2),
and an oil globule in water (fig. 53, 3).

8. Cotton Fibres (H).—Place a few fibres of cotton-wool in
water, cover, and examine.

(a.) Observe the fine translucent flattened threads, which are
really tubes, each looking as if twisted on itself at intervals

54).
(b.) Remove the cover-glass and the water, add a drop of

iodine ; cover and examine; note
that the fibres are yellowish ; add
a drop of strong sulphuric acid
or a drop of the following mix-
ture:—Glycerine 2, water 1, and
sulphuric acid 3 parts. At the
edge of the cover-glass suck it
through with blotting-paper, and
note that the fibres become blue.
They are composed of cellulose,
which does not give a blue with
iodine alone, but with iodine and
sulphuric acid.

9. Linen Fibres (H).—Examine
in water.

(a.) Observe the cylindrical or
flattened translucent fibres with no
twist ; but they have a few mark-
ings on them here and there, and

at these points the fibre is generally slightly thicker. They are
in reality tubes with thick walls (fig. 54).

10. Wool (H).—Examine in water.
(a.) Observe the cylindrical fibres with numerous zigzag trans-

verse lines due to the epithelial covering of the fibre (fig. 54).

SilL Wool. Linen* Cotton,
Fig. 54.—Fibres of Silk, Wool, Cotton,

and Linen.
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It is convenient to examine dyed wools also, as some of these
exhibit the zigzag imbricate scales even better than undyed
wool.

N.B. —In all cases sketches must he made of the objects examined.
This holds goodfor this and all succeeding lessons.

Vegetable Micro-Organisms.—These are frequently found in
microscopic preparations, while others are the cause of various
diseases. They are usually classified as follows :

1. Moulds.
2. Saccharomycetes (yeast-like organisms).
3. Schizomycetes (bacteria-like organisms).

11. Penicillium (H).—This mould is readily found on starch-
paste or on Muller’s fluid preparations which have been left
standing uncovered. Place a little on a slide, add
a drop of water, cover, and examine.

(a.) Observe the stems, consisting of narrow, clear,
oblong cells, joined end to end, and on the summit
of it are several rows of small spores. The rootlets
or mycelium consist of elongated chains of narrow
oblong cells.

The mycelium is composed of much - branched
hyphce. The cells, elongated and narrow, composing
these are separated from each other by numerous
partition walls (fig. 57, e). The walls consist of
cellulose and contain protoplasm with vacuoles.

(b.) Search for one of the hyphaß which bear on
their free ends a brush-like group of cells, some of
which become constricted to form chains of spherical
stylogonidia (fig. 55). The ripe stylogonidia have a green colour,
and they give the mould its green appearance.

fIG. S5-—Deve-
lopment of a
Gonidiophore-
bearing Stylo-
gonidia (st.jr)
on the Hyphrc
of Penicil-
lium.

12. Yeast (H).—.Place some German yeast in sugar and water ;

keep it for several hours in a warm
place. Examine a drop of the fluid.

(a.) Observe the small oval yeast-
cells, each with an envelope, a large
clear vacuole, and granular proto-
plasm.

(b.) Search for one budding, and
notice the small faintly granular bud adhering to and projecting
from the mother-cell (figs. 56, 57,/).

Each yeast-plant is a single cell or morphological unit. It is
composed of a transparent thin delicate envelope or cell-wall,
composed of cellulose. When the cell is ruptured the empty cell-
envelope may be seen in the field. Within is granular proto-

BIG. 56. —Yeast-Cells, a, b, and c.
Budding.
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plasm, containing, as a rule, a clear space or vacuole. Some cells
contain a nucleus.

13. Micrococci and Bacteria (H).—Set aside a solution of

Fig. 57. —d. Micrococci in cylinders ;
e. Mycelium of Penicillium; /.

Yeast-Cells; g. Bacilli and Micro-
cocci.

peptone or a watery extract 01 a
piece of flesh for some time, until a
scum forms on the surface due to
putrefaction. Place a little of the
scum on a slide, cover, and examine.

(a.) Observe groups of small
round specks, often held together
by a homogeneous medium. These
are micrococci (fig. 57, d).

( b.) Small elongated rod - like
bodies, each moving across the field
in a zigzag like manner. These are
bacteria (fig. 57, g).

14. Determine the magnifying power of the microscope. —Do
this according to the method described at p. 19.

ADDITIONAL EXERCISES.
15. Staining of Fission Fungi or Schizomycetes.—They stain readily with

aniline dyes, especially basic aniline colours. Scrape off a little of the coating
which accumulates on the surface of the molar teeth, press it between two
cover-glasses, so as to make cover-glass preparations. Glide the one glass off
the other. Place the cover-glasses, film surface downwards, in a 1 per cent,
solution of methyl-violet, gentian-violet, or methylene-blue contained in a
watch-glass. Heat the watch-glass and its contents over a gas-flame until a
faint cloud of vapour rises ; allow it to cool, and in 5-10 minutes or so the
coloration is complete. Remove the cover-glasses, wash them in water, and
place them in absolute alcohol. Remove the cover-glasses and allow them to
dry in the air and mount in xylol balsam. A moist cover-glass preparation
from absolute alcohol may be clarified with xylol.

(a.) Observe any epithelial cells coloured, but so are the organisms.
If it is desired to have only the organisms coloured, the stained cover-glasses

are taken direct from the staining solution, or laved in absolute alcohol and
placed in a solution of iodine composed of 1 part iodine, 2 parts potassic iodide,
and 300 water, in which they are kept for a few minutes. Transfer them to
and wash them in absolute alcohol until nearly all colour is gone, and clarify
with xylol. Only the organisms are of a dark-blue tint; the other tissues are
decolorised or nearly so. This is Gram’s method.

Stain bacteria from a putrefying proteid fluid, e.g., peptones or meat-
extracts, in the same way.
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LESSON IT.

THE BLOOD
Under the microscope the blood is seen to consist of a clear,
transparent fluid, the plasma or liquor sanguinis, in which are
suspended the blood-corpuscles. The blood-corpuscles are of two
kinds, the red or coloured, and the white, pale, or colourless.
Besides these, there fall to be examined the blood-plates, or, as
they are also called, blood-tablets or platelets.

BLOOD CORPUSCLES OF AMPHIBIANS.

(A.) Coloured Corpuscles of Amphibians (Newt or Frog).—
After destroying the brain of a newt or frog, a drop of blood
may be obtained from the cut
end of the tail of the former,
or from the cut surface after
amputation of the foot of the
latter.

1. Red Corpuscles (H).—

Place a small drop of blood in
the centre of a perfectly clean
slide and cover it at once with
a cover-glass. Examine it with
a high power. To avoid the
pressure of the cover-glass, a
short length of a hair may be
placed in the blood droplet be-
fore the cover-glass is applied.

(a.) Observe the coloured and
colourless corpuscles,the former
much more numerous than the
latter (fig. 58).

(&.) Study the red corpuscles.
Observe that they are very
numerous, elliptical in outline
when seen on the flat, slightly yellowish in colour; their border
or contour is even and well defined. Select one seen on edge,

Fig. 58. —Blood of Frog. a. Red corpuscle
seen on the flat; b. In Profile ; c. Three-
quarter face; some of the red corpus-
cles show the presence of vacuoles (v);

n. Colourless corpuscle at rest; m. One
with amoeboid processes; p. Fusiform
cell, probably from the vascular wall.
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and note that it is a thin ellipse, pointed at the ends, becoming
gradually thicker in the centre, so that it is a hi-convex elliptical
disc. Sometimes one corpuscle can be seen overlying a subjacent
one, in which case the outline of the latter can be distinctly seen
through the former, indicating that the corpuscles are transparent
(fig. 58). Notice within each corpuscle a lighter oval area,
indicating the existence of an elliptical, colourless, elongated,
granular-looking included body the nucleus. At first, the
nucleus may not be very distinct, but after a time it becomes

distinctly visible, and it can be readily
made so by the action of certain reagents,
especially weak acids.

The yellow colour is due to the presence
of haemoglobin, which is enclosed within
the meshes of a colourless stroma or deli-
cate framework.

If the blood be taken from a frog whichc 5has been kept throughout the winter,
vacuoles may be seen in the haemoglobin
of the red corpuscles (fig. 58, v ). They
are rapidly produced in frogs after the
injection of ammonium chloride.

Sketch two or three corpuscles, both
red and white; the red corpuscles both on the flat and on edge,
and two overlapping each other.

FIG. 59.—AmphibianColoured
Blood - Corpuscles seen
on the Flat and on Edge,
X 1000.

2. Acetic Acid. —lo the edge of the cover-glass of the same
preparation apply a drop of dilute acotic acid (i per cent.—i cc.
glacial acetic acid to 99 cc. of normal saline solution). The

acid runs in under the cover-glass, but if it does
not, apply a small triangular piece of blotting-
paper to the opposite edge of the cover-glass. Let
one of the angles of the blotting-paper touch the
fluid under the cover-glass, and it will suck up
some of the blood, and thus cause the acetic acid
to run in at the opposite side. This is known as
the process of irrigation. Move the slide, and find
a part of the object which has been acted on by
the dilute acid.

(a.) Observe that the red corpuscles, or at least most of them,
become spherical and decolorised, the nucleus becomes very distinct
and granular, while the outline of the corpuscle may become
very indistinct (fig. 60). The nucleus appears somewhat shrunken
or shrivelled. If the corpuscles are roughly treated, the nucleus
may be seen placed excentrically, or even extruded from the
corpuscle. The acid acts on the hsemoglobin, forming a new

Fig. 60. Frog’s
Red Blood-
Oorpuscle acted
on by Dilate
Acetic Acid,
X 300.
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compound, which diffuses out of the corpuscles and stains the
surrounding plasma a faint yellow. The nucleus in some of the
corpuscles may absorb some of the yellow pigment, and become
stained thereby, especially if a strong solution of acid has been
used. The action on the colourless corpuscles is referred to at
p. 90.

3. Dilute Hydrochloric Acid, i per cent. (H).
(a.) To a fresh drop of blood add, as before, a drop or two of

dilute hydrochloric acid. Watch diligently one or two of the
red corpuscles. They gradually enlarge, become spherical, and
may all of a sudden burst and discharge their contents, the
nucleus coming clearly into view during the process. After the
rupture, the residue of the stroma of the coi-puscles may be seen
in the field. In other cases the corpuscles become clear, globu-
lar, and transparent, with here and there fine shreds stretching
between the nucleus and the surface of the spherical corpuscle.

4. Water (H). —To a fresh preparation of blood apply a drop
of water to the edge of the cover-glass, and notice
its effects upon the corpuscles.

(a.) The water rapidly diffuses into the corpuscles
and renders them spherical, while at the same time
it decolorises them, the haemoglobin diffusing out-
wards into the plasma, and staining it slightly
yellow. The nucleus also becomes spherical. Thus
the outline of the corpuscles becomes very faint in
the field of the microscope (fig. 61).

Fig. 6i —Action
of Water on
an Amphibian
Coloured Blood-
Corpuscle.

5. Strong Syrup (H). —Place a small drop or
blood on a slide and near it a drop of syrup; mix the two with
a needle, and apply a cover-glass.

(a.) Observe that some of the red corpuscles are rapidly
shrivelled and puckered, owing to fluid passing out
of them by exosmosis (fig. 62); especially when
seen on edge. Some of them may present here and
there a reddish tinge. All the corpuscles are not
affected equally or at the same time. The same
effects are produced by strong saline solutions. Fig. 62. —Action

of Syrup
on Frog’s Bed
Blood - Cor-
puscle, x 300.

6. Tannic Acid (H).—On a slide mix a drop of
blood with a drop of tannic acid; wait for about a
minute, and then apply a cover-glass.

(a.) Observe that some of the corpuscles become globular, while
the haemoglobin passes out of the corpuscle at one or more spots,
and appears on the surface in the form of one or more small
granular buds (fig. 63, c). In other cases it may be collected
around the nucleus {Roberts). The tannic acid causes a separation
of the haemoglobin from the stroma.
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The solution of tannic acid is made by dissolving 2 grains of
tannic acid in 1 oz. of boiling water, and allowing it to cool.

7. Boracic Acid.—Mix a drop or newt s or
salamander’s blood with a 2 per cent, solu-
tion of boracic acid, which takes a short
time to act on the corpuscles and produce its
effects.

(a.) Observe that the haemoglobin is col-
lected around the nucleus, so that the pre-
sence of the latter is obscured, but in many
of the corpuscles fine threads of haemoglobin

remain attached to the circumference of the corpuscle, so that the
retracted haemoglobin may have a stellate form, while the rest of

the corpuscle is colourless. To the
latter Briicke gave the name Oikoid,
to the former Zooid (fig. 64).

If these corpuscles are acted on
for twenty-four hours with 1 per
cent, osmic acid, they are £i fixed,”
and may be mounted permanently
in glycerine-jelly.

FIG. 63. —Action of Tannic
Acid on the RedBlood-
Corpusclesof Man(a, 6)
and Frog (c).

Fig. 64. —Action of Boracic Acid on a
Frog’s Red Blood-Corpuscle.

8. Magenta.—Mix a drop of blood
and a drop of the special magenta fluid (p. 62) on a slide, cover,
and examine.

(a.) Observe that the nuclei of the corpuscles, both red and
white, are stained of a brilliant red, although the surrounding
part of the corpuscle is not so stained, unless the magenta be in
great excess. All the corpuscles are not stained equally brightly.
Round the edge of some of the corpuscles will be found small
spots or thickenings.

9. Osmic Acid and Picrocarmine (H).-—This preparation is
best made by mixing a few drops of blood with an equal volume
of per cent, osmic acid in a small tightly-corked tube. After
twenty-four hours pour off the supernatant fluid and cover the
residue of corpuscles with picrocarmine. After twenty-four hours
the picrocarmine can be poured off, and a little of the deposit
placed on a slide and mixed with glycerine-jelly dissolved by heat,
and covered (p. 69).

(a.) Observe that the nuclei of the corpuscles are bright-red,
and the perinuclear part of the corpuscles yellow. Within the
nucleus, with a good lens, may be seen a network of fibrils.

This preparation is permanent, and must be sealed up or
“ ringed” after the manner described at p. 72.

10. Blood of Bird (H).—Mount a drop of fresh blood.
[a.) Observe the red corpuscles, ■which are elliptical, biconvex,
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nucleated bodies, but smaller in size and more pointed than
amphibian corpuscles (fig. 65).

These corpuscles behave towards reagents as those of amphi-
bians.

11. Blood of Fish (H).—Mount a drop of fresh blood, which
is readily obtained from a gold-fish, but the blood coagulates
rapidly.

(a.) Observe the red corpuscles, which are elliptical,biconvex, and
nucleated, but the ends are not so pointed as in thebird, while, like
the bird’s corpuscles,
they are smaller than
those of amphibians
(fig. 65, F). The blood
must be quite fresh.

In both cases a few
colourless corpuscles
may be noticed.

(B.) TheWhite Cor-
puscles of the Frog or
Newt.

FIG. 65.—Bed Blood-Corpuscles of Bird (B) and
Fish (F), x 450.

12. White Corpuscles. —ln a fresh preparation of blood (taking
care to place a hair under the cover-glass) search for the colour-
less corpuscles, of which there are several varieties. They are
much less numerous than the red.

(a.) Observe that there is : (i.) The finely granular form, con-
sisting of a nucleated mass of protoplasm larger than a red
corpuscle (fig. 58, m). (ii.) The coarsely granular variety may be
found. In it the granules are large and refractive, and often
lying at one side of the corpuscles, (iii.) A third variety, much
smaller than the others, may be found (fig. 58, k).

(b .) In all the varieties, by careful observation, may be detected
a nucleus, which is usually irregular or subdivided. The surface
of these corpuscles is sticky, as can readily be shown by giving
the cover a push with a needle, when the coloured corpuscles
will be seen to glide over each other, while some of the colourless
ones will be seen ad-
hering to the glass;
and even if a coloured
oneimpingesonthem,
they are rarely dis-
placed by the impact,
so firmly do they ad-
here to the glass.

PIG. 66.—Showing the Amoeboid Movements of
Colourless Blood-Corpuscles.

13. Amoeboid Movements of the White Corpuscles.—Select
one of the large finely granular corpuscles, and at once make a
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sketch of its outline; in a minute or two make another sketch,
and do this every few minutes. The sketches will vary, because
the corpuscle has slowly changed its shape, even at the ordinary
temperature. A process of its protoplasm may be extruded on
one side, while a part of the corpuscle may be drawn in at
another. The corpuscle, therefore, exhibits spontaneous irregular
and indefinite movements. It may even be seen to change its
place, and thus exhibit locomotion.

In the coarsely granular form, if one be found, the processes
are not so pointed, while the granules may be seen to pass

Fig. 67. —Ranvier’s Moist Chamber, s. Disc on which the fluid to .be examined is
placed ; d. Air-chamber ; c. should be placed on the square part on which the cover-
glass rests.

suddenly from one side of the corpuscle to the other. The
granules seem to be passive, and their motion is due to move-
ments of the protoplasm.

These movements may be watched for a long time if the pre-
paration be sealed up either with melted paraffin or with oil.

Ranvier uses a moist air-chamber (fig. 67). In the centre of
the chamber is a small piece of glass, less in height by of a
millimetre than the height of the walls of the cavity. The fluid
containing the corpuscles is placed on this, covered with a cover-

glass which is sealed down
by means of paraffin. The
object is thus protected
from evaporation, while
it has in relation to it a
layer of air.

14. Acetic Acid (1 per
cent.). —On irrigating a
fresh preparation with
dilute acetic acid, the pro-

toplasm is made clear and transparent, and the complex nucleus—-
usually consisting of three parts, and hence called tripartite—is

i'lG. 68. — a. Action of Acetic Acid on the Colourless
Blood-Corpuscles of a Frog. Action of Water
on the Colourless Blood-Corpuscles of a Frog.
h. Early, and c. Later Stages.
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distinctly revealed (fig. 68, a). If the acid act vigorously, it
may be almost impossible to see the outline of the now clear
protoplasm.

15. Water.—On irrigating a fresh preparation with water, the
colourless corpuscles are killed, and they assume a globular form,
the protoplasm becoming at first more granular (fig. 68, b), and
subsequently clear and transparent, thus distinctly revealing the
presence of the nucleus.

16. Magenta.—This stains the nucleus deeply and the proto-
plasm to a less extent.

For Fibrin (Lesson 111. 5).

ADDITIONAL EXERCISES.
17. Migration of Colourless Corpuscles (H). —Heat and draw out a glass

tube so as to form an excessively fine capillary tube. Pith a frog, expose its
heart, make a cut into the latter, and as the blood flows suck up blood into the
capillai’y tube. Seal the tube at both ends by holding it for a second or two
in a gas-flame.

Place the tube on a slide in a drop of glycerine or clove-oil, cover it and
examine.

(a.) (L) Observe that the blood-clot shrinks, squeezes out serum from the
clot, and by-and-by some of the colourless corpuscles migrate from the red
clot into the serum, where they may be seen exhibiting amoeboid movements.

18. Feeding White Corpuscles (H).—Get some blood from the heart of a
frog into a capillary pipette, as described in 17. Allow the blood to clot and
exude serum, which it does in about an hour.

Rub up a little Indian-ink in a few drops of normal saline in a watch-glass
till a greyish fluid is obtained. Blow the contents of the capillary tube upon
a clean slide, remove the clot; the serum contains numerous colourless cor-
puscles. Mix a little of the greyish Indian-ink fluid with the serum, put
a hair under the cover-glass, and seal up the latter with melted paraffin to
prevent evaporation. After a time, observe that the minute particles of
Indian-ink are seen included in the protoplasm of these cells. The cells throw
out processes which surround a particle, meet and coalesce, and thus the
particles come to be included in the corpuscle [Schafer).

19. Glycogen in White Corpuscles (H). —Irrigate a preparation of frog’s
or newt’s blood with I per cent, solution of iodine containing 2 grams of
potassic iodide. The red corpuscles are stained yellow, the white ones are
killed ; many of them are also stained yellow, but in some of them may be
seen mahogany-coloured granules of stained glycogen.

Lymph..
20. Pith a frog, and with a fine pipette withdraw a little lymph from the

dorsal lymph sac.
Lymph (H).
(a.) Observe numerous leucocytes, mixed perhaps with a few red blood-

corpuscles, exactly like the three varieties of leucocytes found in the blood.
A coagulura of fibrin will ultimately be formed.
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21. Elder Pith Preparation (H). —lnto the dorsal sac of a pithed frog
introduce a small piece of elder pith soaked in normal saline, and leave it
there for twenty-four hours. Withdraw it, make a thin section, and examine
it in normal saline solution.

(a.) Observe the large polygonal cells of the elder pith crowded with lymph
corpuscles—several varieties—which have, in virtue of their amoeboid move-
ments, “ wandered” into and permeated the cellularpith.

The elder pith may be hardened in Flemming’s fluid (p. 30), and after
thoroughly washing it, sections are made and mounted in Farrant’s solution.

22. Dry Cover-Glass Preparation of Blood.—Place a drop of frog’s blood
on a cover-glass, and to it apply another cover-glass. Press the two glasses
together, and then slip them asunder. There will be a thin film of blood on
both glasses. Allow the films to dry.

In a watch-glass place a dilute watery solution of methyl-green, and on this
float the cover-glasses, with the blood-surface next the staining reagent, as in
the method of staining bacteria.

After ten minutes remove the cover-glass ; move it in water ; touch the
edge of it on blotting-paper to remove the surplus green fluid, and allow the
green stain on the glass to dry. After it is dry, add a drop of xylol balsam
and place the cover-glass on a slide. This forms a permanent preparation of
blood-corpuscles, whose nuclei are stained green.

The same process may be practised with other aniline dyes, or eosin may be
combined with methyl-green, as the former stains the haemoglobin, and the
latter the nucleus. A very good stain is eosin-haematoxylin (p. 60).

23. Double-StainingofBlood-Corpuscles ( Methyl-green and Eosin).—Diffuse
a thin layer of frog’s blood on a cover-glass, allow it to dry, and pour on
the dry residue a I per cent, watery solution of methyl-green. Leave it on
for ten minutes, and then wash off the surplus stain. Pour on a weak watery
solution of eosin, and after five minutes wash it off also by rinsing the slide
gently in water ; dry, and add xylol balsam ; cover.

Observe that some of the corpuscles have the nucleus green and the sur-
rounding part coppery-red. Eosin is almost a specific reagent for detecting
haemoglobin.

Numerous combinations of this kind may be made, such as magenta and
iodine-green, fuchsinand methylene-blue.

24. A better plan is to place a drop of blood on a cover-glass, and to this
apply another cover-glass, press the glasses together, and then separate them
so that a thin film of blood adheres to each. Allow them to dry. After they
are dry, place them for two hours in a mixture of equal parts of absolute
alcohol and ether, which coagulates the proteids of the corpuscles. Float
the cover-glasses blood-surface downwards upon a saturated solution of methy-
lene-blue. After an hour or more, wash the cover-glasses in water, then in
absolute alcohol, and clear them up with clove-oil in which a little eosin is
dissolved. Remove the clove-oil by immersing the cover-glasses in xylol, and
mount in xylol balsam. A beautiful preparation is obtained. The nuclei are
blue, and the protoplasm of the colourless corpuscles of pale-rose colour.

25. The advanced student should also study the effect of sulpho-cyanide
of potassium (5 per cent.), urea; ammonium chromate, pyrogallic acid, heat,
and other agents on the coloured corpuscles. Dilute alcohol reveals a nucleolus
within the nucleus.
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LESSON 111.

HUMAN BLOOD-CRYSTALS PROM BLOOD-
BLOOD PLATELETS.

Wrap a twisted handkerchief round the ring-finger of the left
hand, and begin at the base of the finger, gradually constricting
the finger from the base towards the nail. The end phalanx will
thereby become greatly congested. With a sharp clean sewing-
needle prick the skin at the root of the nail; a drop of blood
will exude, to which rapidly apply a slide; cover the drop of
blood on the slide with a cover-glass, and examine it as quickly as
possible.

1. Human Coloured Blood-Corpuscles (H).—(a.) Observe the
field of the microscope crowded with corpuscles much smaller
than those of the newt;
they are only an
inch or 7.7 in breadth
(p. 21). The observer
may notice that when the
corpuscles cease to move,
after a time corpuscles
may be seen adhering to
each other by their flat
surfaces, until a chain of
these bodies resembling a

.. „ . . , ,

pile ot coins IS produced
c. n \ TLla 1c ttip

' JI
& - U V/- -Lino 10

SO - called formation of
rouleaux (fig. 69,c). These
chains by-and-by increase

FIG. 69. —Human Red and White Blood-Corpuscles.
a. Red corpuscle seen on the flat; b. In profile ;

c. A rouleau ;d. Three-quarterface; e, f. Crenated
corpuscles; g. Spherical; m. Slightly crenated ;
L. Large -white corpuscle; I. Small white cor-
puscle ; p. Granular leucocyte ; n. Free granula-
tions, x 1000.

in number and intersect each other, so as to produce a network-
like appearance in the field. In the rouleaux all the corpuscles
are seen edgeways.

(b.) Move the preparation until a part of it is found where the
red corpuscles are to be seen not in rouleaux , but isolated and
lying on the flat.

Study a Single Bed Corpuscle.—Observe its shape ; it is cir-
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cular in outline, and on bringing its edge sharply into focus, a
darker area is seen in its centre (fig. 71, a). If the fine adjust-
ment be used, so as to bring the lens nearer the corpuscle, the

Flo. yo. Red Blood-Cor-
puscles. Human; 1.
Seen on their surface;
2. Seen edgeways ; 3.
United into a rouleau.

dark centre is replaced by a lighter area,
while the rim becomes darker (fig. 71, h).

Sketch the two appearances.
This is due to the fact that these bodies

are hi-concave circular discs. The dark area
in the centre is not due to the presence of
a nucleus, so that they are non-nucleated.

This is confirmed by examining a corpus-
cle seen on edge, when it appears somewhat
dumb-bell shaped (figs. 69 a, 70, 2).

In size they are much smaller than those
of Amphibia, being only of an inch
(7.7 fji) in their greatest diameter. Their

harder is smooth and regular, their colour is pale straw-yellow,
and they are homogeneous throughout. As to transparency, the
outline of one corpuscle can be seen through one overlapping it.

Fig. 7 i.—Bed Cor-
pnscie seen on the
Flat. n. On rais-
ing, and b. On de-

(c.) Measure the actual size of several corpus-
cles by the method described at p. 20. It will be
found that all the corpuscles are not of absolutely
the same size. This variation in size becomes
more marked in some diseases,

2. Colourless Corpuscles.—With a little care
. . . ~ , ~ , ,m observing, especially when the red corpuscles
are * n roujeauX: here and there in the field a few
colourless corpuscles will be found. They are

few in number, only three to ten being found. They are usually
spherical, and although they exhibit amoeboid movements at
40° 0., at the ordinary temperature they do not do so, and
appear as nucleated finely granular masses of protoplasm. Some
of them are larger, others smaller than the red corpuscles (fig.
69, L, I).

3. Acetic Acid, Tannic Acid (fig. 63, a, h), Water, Syrup, and
Magenta act in great part in the same manner on the coloured
and colourless corpuscles of man and mammalia as on the cor-
puscles of Amphibia. The differences are due to structural
differences in the corpuscles.

Thus, in the coloured mammalian corpuscles acetic acid de-
colorises them and renders them spherical (but of course no
nucleus is revealed), leaving a hull or stroma, almost invisible in
the field.

4. Amoeboid Movements of White Blood-Corpuscles. —ln
order to study these movements in the white blood-corpuscles of
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man and warm-blooded animals generally, the temperature of the
blood must be near the temperature of the body. To keep the
preparation warm, some form of warm or hot stage is necessary.

For the purposes of the student the
following simple contrivance is suffi-
cient. Take an oblong copper plate,
76 mm. long, 25 mm. broad, and 1.5 mm.
thick, with a rod 100 mm. long pro-
jecting from one side of it, as shown in
fig. 72. In the centre of the oblong plate
of copper is a hole 15 mm. in diameter.
Fix the oblong plate to an ordinary
glass slide by means of sealing-wax.

Make a preparation of blood. Take
a cover-glass 1 inch square, and on it
place a drop of normal saline solution,
and to the latter add a drop of blood.
Mix them. Apply a f-inch cover-glass,
so as to have a layer of diluted blood
in a thin film between the two cover-
glasses, and exactly filling the space be-
tween them. Any surplus fluid at the
edge of the cover-glasses must be re-
moved by blotting - paper. With a
camel’s-hair pencil then run a ring of
oil round the edge of the smaller cover-
glass. This will practically prevent
evaporation. The larger cover-glass acts
the part of a slide.

Fig. 72.—Simple Copper Warm
Stage.

Fix the warm stage on the stage of the microscope by means
of the clips on the microscope, and over the aperture in the warm
stage place the cover-glasses. Focus the corpuscles between the
two cover-glasses, and notice that the colourless ones do not
exhibit amoeboid movements.

Heat the projecting rod by means of a spirit-lamp. The heat
travels along the copper, and finally warms the cover-glasses and
the layer of blood between them. It must, however, not be
overheated. In order to prevent overheating, make previously
a mixture of cacao-butter and white wax, which melts at 38° C.,
and place a fragment of this on the copper stem near the copper
plate. Heat should be applied until the wax just begins to melt.

Observe the colourless corpuscles when heated beginning to
exhibit amoeboid movement.

In the more expensive forms of warm stages, as those of M.
Schultze and others, warm water at a known temperature is
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passed through a brass box which rests on the stage of the micro-
scope, and the exact temperature is determined by means of a
delicate thermometer. Fig. 73 shows a convenient form of hot

JflG. 73.—Warm Stage made by Reichertof Vienna. It costs £l. A, A'. Screws to fix it
to the stage ofa microscope ; B. Inflow, and B'. Outflow of water.

stage, which can be clamped to the stage of any microscope. It
is heated by means of warm water which passes in at B, and,
after traversing a system of tubes, out at B'. It is provided with
a thermometer.

5. Crenation of Coloured Corpuscles (H). —Mix a drop of
human blood with a 2 per cent, solution of common salt, (a.)

Pig. 74. —Crenation of Human
RedBlood-Corpuscles, x 300.

Observe that some corpuscles shrink in
part, and become beset with short spines
(fig. 74). All the corpuscles are not
affected simultaneously or to the same
extent.

In some individuals, merely exposing
the blood to the air for a few minutes
before applying a cover-glass suffices to
produce this’condition (fig. 69, e, f); but
in any specimen of blood it may be readily
produced in the majority of red corpus-
cles by acting on themwith a saline solu-
tion of appropriate concentration.

It has been observed that in the blood of a mammal poisoned
by Oalabar-bean the blood-corpuscles are crenated.

6. Fibrin (H) .—Make a preparation of human blood. While
observing a preparation wait until the rouleaux are formed.

(a.) Observe carefully, and in the meshes between therouleaux
fine threads forming a delicate network will be seen. They are
fibrils of fibrin.

( b .) A better method, however, is to mix on a slide a drop of
blood with a drop of normal saline solution. Cover and put it
aside for an hour or so to clot, and then irrigate with dilute
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alcohol (p. 24), which rapidly decolorises the red corpuscles, and
thus brings into view the fine fibrillar network of fibrin in the
field. Irrigate with a strong watery solu-
tion of Spider’s purple, which stains the
network of fibrin a purplish tinge (fig. 75).

Crystals from Blood.—The haemoglobin
of certain animals crystallises very readily,
e.g., rat, guinea-pig.

7. Haemoglobin Crystals of Rat’s Blood
(H). —Place a drop of defibrinated rat’s
blood on a slide, add two drops of water,
and mix. Apply a cover-glass. After a

Fig. 75.-—Fibrils of Fibrin
from Coagulated Blood.

few minutes, near the edge of the cover-glass oblique rhombic
crystals of haemoglobin will be found. At first they are small,
but they gradually become larger.
They may be single, or arranged in
rosettes, or crossing each other (fig.
76).

8. Crystals from Guinea-Pig'sBlood
(H).—To a drop of the defibrinated
blood add a drop of Canada balsam,
mix, and apply a cover-glass. It is
perhaps better to place thebalsam on
the slide first, then to place the drop
of blood on the top of the balsam, and
then to mix them; very soon large
red tetrahedral crystals are formed.
These crystals cannot be preserved for
any length of time (fig. 77).

Sometimes very good crystals of
hsemoglobin from human blood are

Fig. 76. —Haemoglobin Crystals from
Bat’s Blood, x 300.

obtained from leeches which have sucked blood some weeks pre-
viously.

9. Hsemin Crystals (H).—Place a few particles of
dried blood on a slide, add a small crystal of common
salt, and two drops of glacial acetic acid. Cover.
Heat over the flame of a spirit-lamp until bubbles
of gas are given off, i.e., until it boils. Allow it to
cool.

(a.) Observe the smallbrownish or black rhombic
crystals, either singly or in rosettes, scattered over
the field or on the surface of the larger masses of
blood (fig. 78).

FIG. 77.—Haemo-
globin Crystals
from Blood of
Guinea-Pig.

(6.) To preserve them, remove the acid, raise the cover-glass,
and mount them in glycerine jelly.
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10, Enumeration of the Blood-Corpuscles. —See the author’s
Outlines ofPractical Physiology, Lesson IY., p. 27.

11. Leukaemic Blood (H). —If a small quantity can be obtained
from a patient in the hospital, examine it.

Fig. 78. —Haemin or Teichmann’s
Crystals. Fig. 79. —Leukaemia Blood.

(a.) Observe the great excess of colourless corpuscles. Accord-
ing to the variety of the leukaemia, they may be larger or smaller
in size than most of the coloured corpuscles (fig. 79).

ADDITIONAL EXERCISES.
12. Human Blood and Aniline Dyes (H). —Make a cover-glass preparation

of human blood (Lesson 11. 22). Ehrlich heated the cover-glasses in an air-
oven to a temperature of 120° for several hours to coagulate the proteids. To
avoid this, place the covers for two hours in the alcohol and ether mixture
(Lesson 11. 22), and then stain them in methylene-blue as directed for frog’s
blood-corpuscles. Mount them in xylol balsam. t

The coloured corpuscles are unstained, but some of the colourless ones
have their nuclei stained blue, whilethe surrounding protoplasm is unaffected ;

in other colourless corpuscles the granules in the protoplasm are stained.
These corpuscles correspond to Ehrlich’s basophile corpuscles.

13. Action of Hayem’s Fluid.—This is an extremely useful fluid for pre-
serving and fixing the blood-corpuscles, and can be employed both for the
blood of animals and of man. It consists of

Sodic chloride ........I grm.
Sodic sulphate

•
• • 5 gnus.

Corrosive sublimate . . . . . .0.5 grm.
Distilled water .......200 cc.

The blood is run direct from a blood-vessel into this fluid in the proportion
of lof blood to 100 of the fluid. It takes several hours to harden and fix the
corpuscles, but twenty-four hours is not too long. By-and-by the corpuscles
subside, and the supernatant fluid can then be decanted, and the deposit
of blood-corpuscles well washed with water to get rid of the salts of the
mixture. These corpuscles can then be stained with various reagents.

(a.) Make an experiment with frog’s blood, and stain the corpuscles for a
day or so with borax-carmine and mount the stained corpuscles in glycerine
or glycerine-jelly.
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(6.) Stain another specimen with very dilute eosin-hsematoxylin (p. 60).

The haemoglobin is stained by the eosin, and the nuclei by the hsematoxylin.
It is preserved as (a). Other combinations of dyes will suggest themselves,

(c.) Make similar preparations of mammalian blood.
14. Blood-Plates or Platelets (H).—Wrap a handkerchief round a finger

to obtain some blood (Lesson 111., p. 93). On the skin at the root of the nail
place a drop of a normal saline containing methyl-violet (.75 gram in 1000
cc.). Through this drop prick the finger, and
blood runs into it. Place a little of the mixed
blood and methyl-violet solution on a slide ;

cover at once and examine.
It requires a good microscope and careful

observation to see the platelets. The red
corpuscles are unstained while the colourless
corpuscles are stained. In the field are to be
seen small oval non-nucleated bodies, much
smaller than the red corpuscles—these are
the blood-plates (fig. 80, 3).

Instead of methyl-violet solution, the skin
may be pricked througha drop of the follow-
ing mixture : —I part of 1 per cent, osrnic
acid, and 2 parts .75 per cent, sodic chloride.

FIG. 80.—1, 2. Coloured corpuscles,
with 3. Blood-plates; 4. Lymph
corpuscle surrounded by blood-
plates.

15. Blood-Platelets—Dry Method (H). —Clean a slide thoroughly; steri-
lise it in the flame of a Bunsen-burner, and allow it to cool. Obtain a drop of
blood from the finger in the usual way; get a drop on the slide, and with the
edge of another slide rapidly spread the drop of blood as a thin film on the
sterilised slide. Move the slide to and fro in the air until the film of blood
dries. The whole process should not occupy more than four seconds. Cover
the dry film with a cover-glass and seal the latter at the corners with paraffin.

(a.) Observe the coloured blood-corpuscles, which for the most part retain
their shape, and between them the blood-platelets ox-, as Hayem calls them,
the hsematoblasts. They are readily seen thus in human blood. The white
corpuscles are somewhat altered in shape.

16. Weigert’s Method of Staining Fibrin.—Embed a thrombus or a piece
of lung affected with acute croxxpous pneumonia in celloidin, and make a
section. Float the section from water on to a slide. Stain it for a minute or
so with a drop of the following fluid

Gentian violet (5 per cent.)
... 44 cc.

Aniline oil . .
. . . 1 ~

Alcohol (96 per cent.) . .
. . 6,,

Remove the stain by pressing on the section two or three plies of blotting-
paper, or, better, unsized printing-paper. Add a drop of iodine in iodide of
potassium (iodide of potassium 5 per cent.) and saturate with iodine. This
quickly decolorises most of the stained parts. Remove the iodine with blot-
ting-paper in the same way as before.

Pour on the section a mixture of equal volumes of xylol and aniline oil,
moving the mixture over the preparation. Remove this and apply a fresh
supply of the xylol-aniline oil mixture. This removes all the water. As
long as there is a trace of whiteness in the section it still contains water.
After all the water is removed, dry the preparation with paper as before, to
remove as much aniline oil as possible. Wash the pi’eparation several times
with xylol to remove the last traces of the aniline oil and mount in xylol-
balsam.

(a.) Observe the threads of fibrin—very fineand numerous—stained a beau-
tiful violet.
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LESSON IV.

EPITHELIUM (STRATIFIED) AND ENDOTHELIUM.

Epithelium presents the following general characters :

1. It is always disposed on surfaces.
2. The cells are united by cement.
3. There are no blood-vessels within the cells.

Varieties of Epithelium.
1. Squamous.
2. Columnar.
3. Secretory.
4. Transitional.
5. Ciliated.

Squamous Epithelium may occur either in a single layer, or in
several layers; in the latter case it is said to be stratified.

(A.) In a single layer it lines serous and synovial membranes,
heart, blood- and lymph-vessels, air-cells of lung, pigmentary
layer of retina, posterior surface of cornea, anterior surface of
iris, membranes of brain and spinal cord, surfaces of tendons and
tendon sheaths, &c.

As endothelium, it consists of a single layer of flattened
squamous transparent cells united to each other at their edges
by means of a cement substance.

(B.) As stratified squamous epithelium, it covers the skin (epi-
dermis), and lines the following cavities and surfaces :—mouth,
pharynx, oesophagus, conjunctiva, over anterior surface of cornea,
vagina, and lower half of cervix uteri, and entrance of urethra.

I. Squamous or Scaly Epithelium {isolated cells). —With the
finger-nail or a small section-lifter gently scrape the inner sur-
face of the lip, place the scrapings on a slide, add a drop of
saliva, skimming off any air-bubbles with a needle, cover, and
examine.

1. Squames (H).—(a.) Observe large flat plates or squames
floating in the field, either singly or in groups. Select a single
squame seen on the flat. Note its large size, being five to ten
times broader than a red blood-corpuscle; its polygonal shape ;
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the colourless, transparent, and, it may be, slightly granular body
of the cell, and the small oval excentrically-placed nucleus.

( h.) On some of the cells fine lines may be seen, some of them
due to folds, but most of them to facets, indicating that the cell
ltas been overlapped and slightly indented
by its neighbour. Select a group of cells
where the cells can be seen adhering to
each other by their edges and surfaces, as
the squames occur in several layers. It
is well also to look for a cell seen edge-
ways, to observe that it is really a flat
plate (fig. 81).

(c.) Not unfrequently fungi may be seen
adhering to the squames.

('d.) Salivary Corpuscles may be seen.
They are sharply-defined spherical cells,
about the size of a colourless blood-cor-
puscle. They contain fine granules, which
in the fresh condition of the corpuscles
may be seen to exhibit Brownian move-

Kg. Bi.—Cells of Stratified
Squamous Epithelium de-
tached from the Mouth.
s. Salivary corpuscles.

ment (Lesson I. 6). Each cell contains one small, spherical,
excentrically-placed nucleus, or sometimes two nuclei may be
present. They seem to be leucocytes distended with fluid.

2. Magenta.—lrrigate the preparation with a watery solution
of magenta (p. 62), which stains deeply the nuclei of the squames
and salivary corpuscles, while the peri-nuclear parts of these cells
are less deeply stained. As the magenta contains alcohol, the
latter precipitates the mucin of
the saliva either in the form of fine
threads or in membranes, which
are stained red by the magenta.

3. Epidermis of Newt—Super-
ficial Layers of Stratified Epithe-
lium (L and H).—Keep a newt
or frog for a day or two in a
small quantity of water, and do
not change the water. Very soon
the superficial layers of squames
will be “ cast ” as thin membranes.
Take these, and harden them in
absolute alcohol. Stain a thin
piece in hsematoxylin, and mount
it in balsam.

Eig. 82.—Superficial Layer of Squames
cast from the Epidermis of a Newt.
Alcohol and hsematoxylin, x 300.

(a.) Try to get a layer sufficiently thin, so that the cells are
only one layer thick. Note the polygonal, large, nucleated cells
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united to each other by their edges by means of a clear cement
substance (fig. 82).

(6.) The nucleus is usually excentric, and surrounded by slightly
granular material. In the nucleus are usually two or three
nucleoli, and sometimes an intra-nuclear plexus of fibrils is
visible, especially in the cells of the deeper layers. Sometimes
granules of the pigment melanin are seen in the cells, especially
from a dark-pigmented newt.

4. V.S. of Stratified Epithelium. —This may be conveniently
examined either in a vertical section of the skin of the palm of the
hand, or a similar section of the mucous membrane covering the
hard palate of a cat or the conjunctiva on the cornea. The skin
must have been previously prepared by being hardened in abso-
lute alcohol or chromic acid and spirit mixture (p. 27), while
the mucous membrane may be hardened in the chromic acid and
spirit or Muller’s fluid.

If the mucous membrane of the hard palate be taken, stain it
with picro-carmine and mount in Farrant’s solution.

(a.) Examine it first with (L). Observe the epithelium arranged

no. 83.— v.s. mucous
Membraue Of Hard
dermis with cor-

lasers with prickle
ceils. Below, con-

the
1mucovi's*' me m-

brane witha papilla,
Chromic acid and
spirit, picro - car-

solution
Farrant S

in many layers, covering a connective - tissue
basis—the latter stained red—and projecting
in the form of fine papillae into the epithelial
layer (fig. 83). Neglect the connective-tissue
basis meantime.

(b.) (H) Select a thin part of the deeper layers
of the epithelium near the papillae, and note
that the cells there are somewhat small and
cylindrical, with their nuclei stained red. Study
the change in the form of the cells towards the
free surface of the epidermis (fig. 83), where they
become corneous and less granular.

(c.) Note in the deeper layers of the epithe-
bum prickle-cells. Adjacent cells are connected
by very fine processes or “ intercellular bridges.”
When these are broken across and the cells
isolated, the cells present the appearance of
bein& beset bJ very fine processes, and hence
they were called “prickle-cells.”

) The cells vary in their shapeand characters
from below upwards. It will be easy to detect

7 , , j c ithe horny Layer above, composed of many layers
flattened, hardened cells. This forms a fairly

well-marked layer, the cells being clearer than
those situated more deeply ; the nuclei are less conspicuous, and
the cells generally stain yellowish with picro-carmine.
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5. Non-Corneous Stratified Epithelium from the (Esophagus

(H) . —Macerate the mucous membrane of the oesophagus of a
calf or other animal for a week in per cent, bichromate of
potash. This “ dissociates ” the epithelial cells, so that when the
surface is scraped, one obtains isolated cells. Make a cover-glass
preparation (p. 92), and stain it in aniline-water-gentian-violet,
i.e., gentian-violet solution dropped into aniline water (p. 61).
Dry and mount in balsam.

(a.) Observe the isolated squamous cells, each with a small
excentrically-placed nucleus stained of a violet tint. Numerous
facets are seen in the cells, and their shape both on the flat and
on edge can be carefully studied.

( h.) If desired, stain some in picro-carmine. This is best done
by keeping them in the picro-carmine on a slide placed under a bell-
jar, with water to prevent evaporation, i.e., in a moist chamber.

6. Horny Epidermis. —Macerate a shred of epidermis in 35
per cent, caustic potash. After a time it is softened and can be
broken up with needles. The cells fall asunder
and swell up in the fluid, and appear as
spheroidal cells with a membrane, but no
nucleus is visible. Examine them in the
potash solution. No water must be added,
else the cells may disappear.

7. Prickle Cells (H).—Place for twenty-
four hours in 1 per cent, osmic acid a small
piece of the palmar surface of the skin—less
thanone-eighth ofan inchcube—from a freshly-
amputated finger. Make vertical sections by
freezing, and mount one inFarrant’s solution.

Tig. 84. —Prickle - Cells
from theDeeper Layers
of the Epidermis of the
Palm. Osmic acid.

(a.) Observe the prickle-cells in situ, i.e., polygonal cells in the
deeper layers of the rete mucosum, with fine processes connecting
adjoining cells, leaving thus a sys-
tem of fine spaces between the cells
(fig. 84). The fine fibres which
pass from cell to cell form “inter-
cellular bridges,” and when these
bridges are broken across they give
the appearance as if the cells were
beset with fine prickles.

8. Isolated Cells from the Dif-
ferent Layers of the Epidermis
(H ).—It is usual to macerate very

Fig. 85. —Prickle Cells Isolated from
the Human Epidermis by means of
lodised Serum, n. Prickles; d.
Space between nucleus and cell-
body, X 800.

small pieces of any membrane covered with stratified epithelium
in i or U-y per cent, of potassic bichromate, which usually takes
more than a week to dissociate the cells.
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A much speedier method is that of Schiefferdecker. Make a
watery extract of “ pancreaticum siccum ” of Dr. Witte of Ros-
tock. Filter, and in the filtrate place a small fragment of fresh
skin or the pad from the upper jaw of a sheep. Place the fluid
near the fire or in an oven at 40° C. Within four hours, the
epidermis can be detached, and its cells fall readily apart. Pre-
serve it in a test-tube in a mixture of equal parts of water,
alcohol, and glycerine. It forms a deposit at the bottom of the
tube. A little of the deposit is mounted in glycerine or Farrant’s
solution, covered and examined. It may be stained with picro-
carmine or methylene-blue.

(a.) Observe numerous cells of different shapes, some flattened,
others cubical, and many “ prickle-cells ” (fig. 85). Many of the
cells exhibit facets where they have been pressed against each
other.

9. Isolated Prickles and other Cells from the Pad of a
Sheep’s Mouth (H).—lsolated by means of “pancreaticum sic-
cum ” (v. supra). Many of the cells show the “prickles” beauti-
fully. These cells may be stained with an aniline dye or picro-
carmine.

10. Endothelium of Central Tendon of Diaphragm.—Mount
in balsam a small piece of the central tendon of the diaphragm

Rig. 86.—Endothelium of the
Peritoneal Surface of the
Central Tendon of the
Diaphragm of a P>,ahbit
Silvered. /. Lymphatic
slit; t. Tendon; c. Ordi-
nary endothelial cells; n.
Islands of small cells.

of a rabbit stained in silver nitrate
(Method, p. 64).

(a.) Observe the polygonal areas which
map out the outlines of the single layer of
squames covering the surface of the ten-
don. These areas are bounded by brown
or black rings, the so-called “ silver lines ”

(fig. 86). As a rule, no nucleus is visible
in the cells, but it may be brought
into view by staining with logwood and
mounting the preparation in Canada
balsam.

(h.) Amongst these may be seen small
groups or islands of smaller granular cells.
In some specimens stomata surrounded by
granular or germinal cells may be seen.
These stomata open into a plexus of lym-
phatic capillaries in the substance of the
tendon (Lesson on Lymphatics).

11. Omentum of Young Rabbit (L and
H).—Mount in balsam a small piece of the

silvered omentum of a young rabbit (one week old) (Method,
p. 64). _
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(a.) Observe a thin fibrous membrane mapped into polygonal
areas—some of them with more or less sinuous outlines—by
means of black “ silver lines.”

The omental membrane composed of connective tissue is
covered on both surfaces with a continuous layer of endothelium.

(b.) Raise the lens by means of the fine adjustment until the
upper layer of squames comes distinctly into view; then depress
the lens and focus through the thickness of the membrane to
bring into view the layer of squames covering the deeper surface,
and note that the outlines of the cells do not correspond with
those of the upper layer. In focussing through the membrane,
note the plexus of elastic fibres in it.

(c.) To see the nuclei of the endothelial cells, stain another
piece of the silvered omentum in logwood and mount it in balsam.

The omentum of a young rabbit is chosen because it is nearly a
complete membrane with few fenestrse or holes in it.

12. Omentum of Cat (L and H). —Mount in balsam a small
piece of the silvered omentum of a cat (Method, p. 64).

(a.) (L) Observe a meshwork of trabeculae (T) bounding open
polygonal spaces (fig. 87, m). In the larger trabeculae may be
seen blood-vessels ( b ), an
artery or a vein, or both,
surrounded here and there
by groups of large clear
cells—fat-cells (/). All the
trabeculae are completely
covered with endothelial
cells, whose outlines, mapped
out by silver lines, can just
be recognised.

(b.) (H) Select a large
strand with a blood-vessel in
it (T). Focus the silver lines
(s) on its upper surface, and
gradually depress the lens
until the fibrous tissue com-
posing the strand comes into
view, and, still lowering the
lens, bring the endothelium
on the under surface into
view.

Fig. 87.—Omentum of Cat Silvered. T = Trabe-
cula, with c. Blood-vessel; /. Fat-cells; s.
Silver lines, and a. Nuclei of the endothelium ;
m. Meshes; b. Nuclei of the connective-
tissue corpuscles. Silver nitrate and hsema-
toxylin, x 100.

(c.) Select a fine trabecula, and note the silver lines on it;
also observe the fibrous tissue of which it is composed.

(d.) If desired, a preparation may be stained with logwood to
reveal the nuclei of the cells of the endothelium (a), as well as
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those of the fibrous tissue composing the membrane (b). The
nuclei of the endothelial cells are superficial, and usually spherical
(a); those of the connective-tissue corpuscles are in the substance
of the membrane, and are usually more flattened and somewhat
oval (b).

ADDITIONAL EXERCISES.
13. Dogiel’s Methylene-Blue Method.—Place any fresh membrane, e.g.,

omentum, mesentery, capsule of kidney, in a 4 per cent, solution of methylene-
blue in normal saline. Allow it to stain for ten minutes or so. Wash it twice
in a saturated watery solution of picrate of ammonia and examine in glycerine.
The outlines of the cells are stained of a purplish colour. This method may-
be used instead of the silver method to demonstrate the existence of endo-
thelium on any surface, e.g., on tendons (rat) in blood- or lymph-vessels. It
is also used to demonstrate lymph-spaces.

14. Sections covered by or consisting of epithelial cell structures may
be stained in a weak watery solution of benzo-azurin. This stain is not
removed by alcohol, and the sections can be mounted in balsam. Or benzo-
purpurin (B.) may be used. This gives a reddish stain, any excess being
removed by alcohol rendered feebly alkaline, e.g., by lithium carbonate.
Benzo-azurin stains connective tissue of a bright blue.

LESSON Y.

COLUMNAR, SECRETORY, AND TRANSITIONAL
EPITHELIUM.

Columnar Epithelium lines the mucous membrane of the ali-
mentary canal from the cardiac orifice of the stomach onwards;
the greater part of the ducts of the glands opening into it; other
gland ducts.

11. Columnar Epithelium. —Slit open the small intestine of a
rabbit or a cat just killed. Wash the mucous surface with normal
saline to remove any adherent particles.

1. Fresh Condition (H).—With a scalpel gently scrape the
mucous surface and transfer what is on the scalpel to a drop of
normal saline solution on a slide. Diffuse the scrapings in this
fluid, and to prevent the pressure of the cover-glass, place in the
fluid a hair half an-inch in length. This preparation is not to be
preserved.

(a.) Observe numerous columnar epithelial cells, a few isolated,
but most of them adhering together. Side View of the Cells.—
Select an isolated cell, notice its columnar form, usually tapering
to a blunt point at one end, while the body of the cell is faintly
granular, and contains a clear oval nucleus. The free broad end
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is covered with a highly retractile disc—seen on edge as a narrow
retractile band—with fine vertical strise in it (fig. 88).

(6.) If the animal was killed whilst its food was undergoing
digestion, refractive fatty granules may be seen in the protoplasm
of the cells.

(c. ) End View of the Cells.—Move the preparation until a
fragment of detached epithelium is seen showing the free ends of
the cells directed towards the observer (fig. 88, d).

(d.) Note in such a group of cells the polygonal outlines of the
ends of the cells, and in each polygonal area a spherical nucleus.
Here and there may be seen the rounded opening of a goblet-cell.
Focus carefully and notice the appearance of the goblet-cell.
When the open mouth is in focus, it is seen as a circle of
small diameter, and on depressing the tube the broad part of the
cell comes into view (fig. 88, d).

( e.) Amongst the cells may be found isolated goblet-cells (fig.
88, e). Each cell has an open mouth, while the lower part of the
cell contains a nucleus embedded in
a small quantity of protoplasm.

2. Isolated Columnar Epithelium
of Newt (H).—Mount in glycerine a
small quantity of isolated columnar
cells which have been dissociated by
maceration in dilute alcohol and sub-
sequently stained with picro-carmine.
Place a short length of hair under
the cover-glass.

The small intestine of a rabbit may

FiG. 88. —a, h. Isolated columnar
epithelial cells from the small
intestine of cat; c. Goblet-cell;
d. Ends of columnar cells and
open mouth of goblet - cells
directed towards observer.

be used, but far larger cells are obtained from the intestine of a
newt. Macerate the whole intestine in dilute alcohol for twenty-
tour hours and stain in bulk in picro-carmme for
at least another twenty-four hours. On scraping
the mucous surface, the cells are detached and
diffused in formic glycerine.

(a.) Observe the large, tall, columnar cells,
often tapering to a point at their lower end, the
red-stained nucleus, and the clear striated disc.
The nucleus usually exhibits a distinct nucleolus
(fig. 89). Sometimes two nucleoli are seen in a
nucleus, and the cell itself may be branched at its
fixed extremity.

If the intestine of a newt be macerated for
twenty-four hours in 5 per cent, ammonium chro-

Fig. 89. —lsolated
Columnar Epi-
thelial Cells
from the Newt’s
Intestine. Dilute
alcohol andpicro-
carmine, x 300.

mate, then the nuclei and cell-body show a distinct fibrillar
structure.
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Glandular Epithelium occurs in the secretory glands, e.g., liver,
pancreas, salivary, gastric, intestinal, and other glands. Neces-
sarily it must vary very greatly in shape and in its functions.

111. Secretory or Glandular Epithelium of Liver.—With a
clean scalpel scrape the cut surface of the liver of an animal just
killed, e.g., a rat. Place the scrapings in dilute alcohol (twenty-
four hours), pour off the alcohol and cover it with picro-carmine
(twenty-four hours).

3, Liver Cells (H).—(a.) Examine the isolated cells in gly-
cerine with the usual precautions. Observe the cubical cells,

FIG. go.—lsolated Hepatic Cells, d. With two
nuclei; b. Oil-drops ;c. Isolated nucleus of a
cell. Teased fresh.

which may be isolated or
adhering in groups of two
or three. The granular pro-
toplasm is stained yellowish,
and each cell has a spherical
bright-red nucleus. The pro-
toplasm may contain glo-
bules of oil, and occasionally
two nuclei may be seen in
a cell, especially in the liver-
cells of a young rat (fig. 90).

(6.) If the cells be much
broken up, liberated nuclei and granules of oil, and sometimes
blood-corpuscles, are seen in the field.

Sulpha-cyanide ofpotassium (5 per cent.) is an excellent medium

FIG. 91.—Isolated Transi-
tional Cells from the
Bladderof a Guinea-pig.
a. Asuperficial cell seen
from the side, and a' from
below; h and c. Cells
from the deeper layers.
Dilute alcohol and picro-
carmine, x 300.

for maceration of the liver-cells. The plexus
of fibrils in the nuclei are thus rendered
visible.

Transitional Epithelium occurs in the
urethra, urinary bladder, ureters, and pelvis
of the kidney. It is confined to the genito-
urinary mucous membrane.

IV. Transitional Epithelium (H).—
Place the distended bladder of a frog or cat
in dilute alcohol for twenty-four hours,
stain it en masse for the same time in picro-
carmine, scrape off a little of the mucous
surface and diffuse it in glycerine, add a
hair and cover.

4. Transitional Cells of Bladder (H). —

(a.) Observe various forms of cells, some of
them more or less flattened with facets on

their surfaces (fig. 91, a, a), others elongated with finger-shaped
processes (6), some pear-shaped, and others cubical. All are
nucleated.
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5. To Distend a Frog's Bladder.—By means of a pin transfix

the skin at the margins of the anus, and tie round the pin a
thread so as to completely occlude the aperture. Open the
abdomen, make a slit into the rectum, and from the latter, after
removing its contents, inject dilute alcohol ip. 24) into the bladder.
When the bladder is distended, ligature it, cut it out, and suspend
it in its inflated condition in dilute alcohol for twenty-four hours.

If the bladder of a cat or guinea-pig be used, it is distended
from the urethra with dilute alcohol, and suspended for twenty-
four hours in a large volume of the same liquid.

ADDITIONAL EXERCISES.
6. To Silver tlie Free Ends of Columnar Epithelium.—A small piece

of the mucous surface of the small intestine of a cat is washed in distilled
water, and then placed for ten minutes in a per cent, silver nitrate solution,
and silvered in the usual way (Method, p. 64). After hardening in alcohol, if
the epithelium be detached and mounted in glycerine, it is easy to obtain a
view of the free ends of the epithelial cells, with the cement substance between
them indicated by “ silver lines,” and also to see the open mouths of the goblet-
cells. The view obtained is that shown in fig. 88, cl.

N.B.—Other preparations of these forms of epithelium will be obtained in
sections of the organs in which they occur.

LESSON VI.

CILIATED EPITHELIUM.

Ciliated Epithelium occurs in the nasal mucous membrane
(except that of the olfactory region), the cavities accessory to the
nose, the upper half of the pharynx, the Eustachian tube, larynx,
trachea, and bronchi, the uterus (except the lower half of the
cervix), Fallopian tubes, vasa efferentia to lower end of epididy-
mis, the ventricles of the brain, and the central canal of the
spinal cord.

V. Ciliated Epithelium.
1. Ciliary Motion in the Frog (H). —After pithing a frog,

gently scrape the roof of its mouth with a scalpel, and diffuse the
scraping in a drop of normal saline, add a short piece of hair, and
cover.

(a.) Notice groups of cells with cilia on their free surface, the
cilia moving quickly and creating currents in the liquid, and
thereby moving the corpuscles, granules, or other free particles
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that may be present. If a portion of cell with cilia attached is
in view, the fragment of the cell may be seen to be moved in a
definite direction by the vibratile motion of its own cilia.

2. Ciliary Motion in the Mussel (L and H).—Open a salt-
water mussel, collect the salt water which escapes, cut out a
fragment of one of the flattened yellow gills, and place it in a
drop of salt water. By means of two needles separate slightly
the bars which compose the gills, cover and examine.

( a.) (L) Observe the bars with their free rounded ends and
their surfaces beset with a fringe of moving cilia, which cause the
particles suspended in the fluid to be carried along in a definite
direction.

(6.) (H) Select a single cilium, observe that it is a clear homo-
geneous tapering filament, placed on a clear band which covers
the cells on the surface of the bar of the gill. Notice how the
cilium bends more at the top than base, and how it straightens
itself again. The movement may go on for several hours. The
backward movement is less rapid than the forward stroke.

3. Heat (H).—By means of a brush run a ring of oil round

Fig. 92.—Slide with a King of Glass Tube fixed to it, for Studying the Action of
Chloroformon Cilia.

the preparation (2), and put it aside for an hour or so, until the
ciliary motion becomes slower.

(a.) Place the slide on a hot stage (fig. 72) and gradually
apply heat. As the cilia are warmed they move more quickly;
but if the temperature be too high, of course the proteids are
coagulated and the cells killed. If, while the cilia are moving
rapidly, the source of heat be removed, as the preparation cools
the cilia gradually move more and more slowly.

Use the hot stage described in Lesson 111. 4. But in using
it, put the preparation of cilia on a cover-glass moistened with a
drop of sea-water, and invert the cover-glass over the aperture in
the hot stage, so that the drop of fluid and cilia hang in the little
circular cavity.

4. Weak Alkalies.—To a preparation in which the cilia move
languidly, apply a drop of 4 per cent, solution of caustic potash.
This immediately revives their action for a short time ; but as the
alkali penetrates into the cells, it ultimately kills them.
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5. Chloroform (L and H).—Place a fragment of a mussel’s gill
in a drop of salt water on a cover-glass. Put a small drop of
chloroform in a glass cell and place the cover-glass on the cell,
with the drop of fluid hanging into the latter, as shown in fig. 92.

(a.) (H) Observe the movement of the cilia, and, as the chloro-
form vapour diffuses into the drop of water and acts on the cilia,
how they move slower and slower. If the action of the chloro-
form be pushed too far, their movement will be arrested. If the
action of the chloroform be not too prolonged, and the prepara-
tion removed and freely exposed to the air, the cilia may begin
to move again.

6. Action of Gases on Ciliary Motion, e.g., Carbon Dioxide.—
The carbonic acid is generated in the usual way in a flask con-

ITG. 93. —Gas-Chamber for Studying the Action of Gases on Cilia. A. Inlet;
B. Outlet-tube; C. Glass gas-chamber.

taining marble and dilute hydrochloric acid, and by means of a
caoutchouc tube it is conducted to a glass gas-chamber (fig. 93, C),
over which the preparation of cilia on a cover-glass is inverted.

If it be preferred, the following moist chamber, by Ranvier,
for studying the action of gases may be used. It consists of a

ITS. 94.—Ranvier’s Moist Chamber forApplying Gases to a Preparation.

brass box about the size of a microscopical slide, and perforated
at the centre by an aperture 2 cm. wide, which is closed below by
a plate of glass. In the centre of the aperture is fixed a plate of
glass (fig. 94, a), less in diameter, thus leaving a circular trench all
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round ( h). Moreover, the height of this circular plate of glass is
less than the height of the brass box by at least —gth. mm. The
box is perforated by two tubes, through which the gases can be
conducted to the preparation, which is placed between the top of

Fig. 95. —Various Forms of
Ciliated Cells from the
Mucous Membrane of the
Hard Palate and (Esophagus
of the Frog. Dilute alcohol
and picro-carmine, x 300.

the circular brass disc and the cover-
glass which covers in completely the
aperture in the brass box. In this way
the gas or vapour can be applied to a pre-
paration still in a normal fluid medium.

(«.) If carbon dioxide be used, observe
that it rapidly arrests the movement of

...

r
..

J
.

the cilia and renders the cells granular,
probably from the precipitation in them
of paraglobulin.

isoiate d. Ciliated Epithelium and
Goblet-Cells (Frog) (H).—Scrape off a little of the epithelium
from the mucous membrane of the palate of a frog, which has
been macerated for twenty-four hours in dilute alcohol and after-

Fig. g6. Isolated
Ciliated Cell from the
(Esophagus of a Frog,
c. Cilia; p. Clear
disc. ; n. Nucleus;
m. Irregular extre-
mity and iodised
serum, x 1000.

wards stained by picro-carmine. Diffuse the
cells in glycerine, put in a hair, cover, and
examine.

(a.) Observe an isolated ciliated cell; it is
short and columnar, perhaps tapering or divided
at one end, while the other end is beset with
cilia, resting on a clear, transparent, refractile
disc ; the protoplasm is granular, and encloses
an oval red-stained nucleus with, usually, one
bright excentrically-placed nucleolus (fig. 95).

Besides the ciliated cells, there are others
without cilia, oval or elongated, pointed at one
end. These are from the deeper layers of the
ciliated surface (fig. 99).

(b.) Numerous goblet or chalice cells will
also be seen. They are cup-shaped cells, with
an open mouth, and containing mucus. There
is a small amount of protoplasm at one end of
the cell—the end by which it is fixed—which
encloses a spherical, oval, or compressed nucleus.

The cells may also be isolated or dissociated
by macerating the membrane in iodised serum
(p. 24). A cell isolated in this way, and mag-
nified 1000 diameters, is shown in fig. 96.

8. Isolated Ciliated Cells (Mammal). —Use the trachea of a
cat or other mammal, and macerate small pieces in dilute alcohol
(twenty-four hours). Stain it in bulk in picro-carmine. The
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isolated cells are examined in glycerine or glycerine-jelly. If
the trachea of the ox be used, observe

(a.) The tall narrow ciliated cells (fig. 97), each with its cilia
and clear disc. The ends of the cells may be pointed
or branched. Amongst these may be seen oval
or battledore-shaped cells (a), the younger cells
which exist in the deeper layers of the mucous
membrane.

9. Ciliated Epithelium (L and H).—Mount a
vertical section of the respiratory mucous mem-
brane of the septum of the nose of a cat or other
animal. The tissue has been previously hardened
in Muller’s fluid, or in chromic and spirit fluid, or,
what is better, a saturated watery solution of corro-
sive sublimate for two or three hours. In the last
case, every trace of the metallic salt must be re-
moved by prolonged and frequent washing with
alcohol. Stain the section with logwood and mount~■. 0 1 jit in balsam ; or picro-carmine can be used.

fig. 97.—ciliated.

Ceil from the
dilute a\cohoi
and picro-car-
mine, x 3°°-

(a.) Observe several layers of cells (fig. 98), but only the super-
ficial layer of cells is furnished with cilia, which are placed on
a clear disc on the
free end of the cell.
Notice the shape of
the cells in the sub- Cell.

Disc.

jacent layers. Those
of the lowest layers
are nearly spherical,
while in the inter-
mediate layers they
are more elongated,
and are described as

Intermediate
Forms.

Deepest Layer
of Cells.

FIG. 98.—V.S. of Ciliated Epithelium.

battledore-cells, arranged in between the others. They replace
the ciliated cells when the latter are
shed.

10. Isolated Goblet-Cells (H). —These
are readily obtained by macerating
the stomach of a frog in dilute alcohol
for twenty-four hours. Scrape the sur-
face and diffuse the cells in glycerine.
They may be stained with picro-carmine,
or they may be diffused in salt solution
and stained with metlrvl-violet, but the
latter preparation cannot be preserved

FIG. 99. Various Forms of
Goblet-Cells from the Mucous
Membrane of the Hard Palate
and (Esophagus of the Frog.
One of the cells shows mucus
exuding from the open mouth
of the cell. Dilute alcohol
and picro-carmine, x 300.

in glycerine. Numerous goblet-cells will be found in 7.
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(a.) Observe the isolated cells (fig. 99). Each cell is filled for
more than three-fourths of its capacity with mucus, while at
the lower tapering end there is a nucleus embedded in a small
quantity of protoplasm. Sometimes a plug of mucus may be
seen exuding from the open mouth of a cell.

( b .) With a high power the interior of the upper part of these
cells may be seen to contain a fine network of fibrils. In the
meshes is a substance, mucigen, and when this is acted on by
water it yields mucin. In a certain sense these bodies are uni-
cellular muciparous glands.

ADDITIONAL EXERCISES.
11. Cover-Glass Preparation of Goblet-Cells. —Place the oesophagus or

stomach of a frog in dilute alcohol for twenty-four hours. Scrape the mucous
surface and compress the scrapings between two cover-glasses. Separate the
cover-glasses, allow the film adhering to each glass to dry, and then stain
it with eosin or aniline-water-methyl-violet, or saffranin-O. Wash off the
surplus stain with absolute alcohol, allow the film to dry, and mount it in
xylol balsam.

Perhaps a better plan still is to stain the cover-glass preparations for
twenty-four hours in Ehrlich-Biondi fluid. It is prepared thus

Ehrlich-Biondi Fluid.

Saturated watery solution of orange . . . . 100 cc.
~ „ acid fuchsin . . . 20 „

„ „ methyl-green
. . . 50 „

The solutions used, however, must be saturated. When used as a staining
agent, this strong fluid is diluted with about forty volumes of water.

(a.) Observe the goblet-cells with their characters retained intact. In the

Fig. ioo.—Y.S. Ciliated Epithelium of
Frog’s Tongue m. Muscular fibres.
Corrosive sublimate and picro-car-
mine,X 250.

Ehrlich-Biondi preparation the protoplasm
is stained red, the nuclei and nucleoli
bluish.

12. Cover-Glass PreparationofCiliated
Epithelium.—The mucous membrane of
the oesophagus of a frog is placed for
twenty-four hours in dilute alcohol. A
cover-glass preparation is made of the
epithelium, and stained as described under
11, with methylene - blue, saffranin-O,
gentian-violet, or Ehrlich-Biondi fluid, and
mounted in xylol-balsam.

13. T.S. Tongue of Frog (H). —By
means of hedgehog-spines, pin out the
tongue of a frog on a thin layer of cork
with a small hole in it. Harden it for
two hours in a saturated watery solution
of corrosive sublimate ; remove every

trace of the sublimate by prolonged washing in alcohol—not water. Stain
in bulk in picro-carmine or borax-carmine (p, 54). Make transverse sections—
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best by the paraffin interstitial embedding method (p. 38)—and mount the
sections in balsam.

(a.) Observe the fibro-muscular basis of the tongue, covered on the surface
with ciliated epithelial cells ; between the ciliated cells the goblet-cells, each
with an open mouth and its plexus of fibrils with mucigen in its meshes.

(b.) Observe, too, how the expanded ovoid goblet-cells compress the ciliated
cells and cause the latter to have a peculiar shape, a broad expanded top and
a narrow body.

(c.) The young cells at the base of the ciliated cells.
If the specimen be stained in picro-carmine and mounted in balsam, the

yellow colour of the picric acid can be retained by putting a little picric acid
into the alcohol used to dehydrate it, or by picric acid placed in the clove-oil,
or xylol used to clear up the section.

LESSON YII.

KARYOMITOSIS OR KARYOKINESIS.
Mitosis, Karyomitosis, or Karyokinesis.— By these terms is

meant the remarkable series of phenomena which take place in
cells—animal and vegetable—when they undergo a process of
indirect division. In this connection it is important to remember
the constitution of a cell and some of the terms which have been
applied by different authors to its several parts. A cell may or
may not possess a distinct cell-wall, hut the cell-body appears
to be made up of two substances, which Flemming names as
follows ;—One composed of threads, seldom forming a network,
and called by him cyto-mitoma or mitoma (/hvoc, thread), and
the other, homogeneous and lying in the meshes of the latter, is
the paramitoma. The cell-contents are generally described as
consisting of a finely - granular soft substance, the so - called
protoplasm (fig. 101). This protoplasm consists of a network,
sometimes called a “filar mass,”
which lies embedded in a homo-
geneous ground - substance or
11 interfilar mass.” The filar
mass corresponds to the viitoma
of Flemming and to the
spongio-plasma of some other
authors, while the interfilar
mass corresponds to the para-
mitoma, or the liyaloplasma, or
paraplasma of some authors.

Protoplasm,

-NuclearMembrane,
■Nuclear Network.

Nucleus.

■Nucleoli.

Pig. ioi.—Connective-Tissue Corpuscle from
the Skin of a Salamander.

The nucleus (fig. xoi), bounded by a nuclear membrane, com-
posed of two layers, an outer one, which does not stain (achro-
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matic), and an inner . one, which does (chromatic). Within the
membrane is a nuclear network or karyomiton a kernel)
or karyomitoma, consisting of a reticulum of threads or fine
fibres, arranged sometimes in the form of a regular network. As
these threads stain readily with certain dyes, e.g., saffranin, they
have been called chromatin. In the meshes of this more or less
perfect network lies the nuclear fluid, which, however, does not
stain with certain pigments: it has been called achromatin.

In the meshes of the reticulum lies one—usually more than
one—nucleolus. It is more retractile than therest of the nucleus.
Generally, however, as stated, two or more nucleoli are present,
and they seem to differ in their chemical constitution, so that
Flemming speaks of principal and accessory nucleoli. Many of
the bodies described as nucleoli are really parts of the intranuclear
fibrillar network seen in optical section. Other observers have
applied different terms to these structures, but here it is not
necessary to multiply terms.

The great majority of cells reproduce themselves by indirect
cell-division or mitosis, and in this process the network within
the nucleus plays a most remarkable part. Starting from the
resting nucleus, where the threads are not well developed, soon
two poles appear in the nucleus, and then the threads grow
thicker, more numerous and tortuous, forming the convolution
stage. The various stages are indicated in the following scheme:—

Indirect Cell-Division, Karyolcinesis or Mitosis.
Mother Nucleus.

1. Network.
2. Convolution.
3. Wreath, spirem, or rosette.
4. Aster (pithode).

Daughter Nuclei.
8. Network.
7. Convolution.
6. Dispirem.
5. Diaster.

Equatorial grouping of chromatin.
and the significance of these terms is shown in fig. 102, where

Fig. 102.—Various Stages in the Mitotic
Division of a Nucleus.

(a) represents the condition of
the network in the resting
nucleus; (h and c) convolution ;

{d) wreath stage; (e, /) the
aster or monaster; (g and h)
the equatorial division of the
fibrils, and their arrangement
withreference to the polesof the
nucleus. In thepreparations one
readily finds examples of these
and the other stages of mitosis.

Mitosis.—By far the best animals to use for studying the
process of mitosis are the larvm of the water-salamander. The
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young animals must be carefully fed, else the mitotic figures are
not well seen. They are killed at various stages, when they
vary in length from xto inch in length. They may be har-
dened in -g per cent., chromic acid.

A very good hardening reagent is one-sixth p. c. chromic acid. If
Flemming’s mixture (p. 30) be used,
the tissues must remain in it twenty-
four hours or less. Some prefer
Rabl’s mixture (12-24 hours) (p.
30), others absolute alcohol or picric
acid.

1. T.S. Tail of Larva of Salaman-
der (H).—Stain a section for 12-24
hours, or even longer, in a solution
of saffranin (p. 63). Wash it in dis-

Fig. 103. —Y.S. Epidermis of a Young
Salamander with Resting Nuclei,
Monaster and Diaster Stages of
Dividing Nuclei. Chromic acid
and saffranin, x 300.

tilled water and place it in acid alcohol (100 cc. absolute alcohol
to 5-8 drops of hydrochloric acid). This rapidly decolorises it
(|—l min.). The section is then transferred to absolute alcohol
and clarified, and mounted in xylol-balsam.

(a.) Observe the layers of epithelium of the epidermis (fig. 103).
In several of the nuclei
the characteristic mitotic
figures are to be seen, and
in one or two sections it
is not difficult to pick out
examples of nearly all the
stages of nuclear division.

2, Surface-Scraping of
the Epidermis or External
Gills.—Instead of making
a section, scrape the sur-
face of the skin of the tail,
or break up the external
gills in water, or stain

EiG. 104.—Mitotic Figures from the Epidermis
of a Young Salamander. Chromic acidand
saffranin, x 300.

(saffranin) and mount the cornea in xylol-balsam. Stain either
with saffranin or logwood, mount in balsam, and numerous
mitotic figures will be found (fig. 104).

ADDITIONAL EXERCISES.

Mitosis, however, can also be studied in mammalian tissues.
3. Mitosis in Omentum of New-Born Rabbit.—Orth recommends the

omentum of a new-born rabbit. Harden it for twenty-four hours in Flem-
ming’s fluid (p. 30) ; wash it thoroughly, and stain it in saffranin-0 ; wash in
water, and remove the surplus dye, if necessary, by means of alcohol acidu-
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lated with hydrochloric acid (p. 55). In the cells of the milk spots and in
the walls of the blood-vessels it is easy to detect mitotic figures, but they are
much smaller than in the salamander.

4. Mitosis in the Amnion.—One of the readiest sources is the amnion of a
pregnant rat, as recommended by Solger. After the rat is killed, the uterus
is excised and placed in a saturated watery solution of picric acid. The
uterus and the membranes round each foetus are opened under the picric fluid.
Harden for twenty-four hours ; wash well in water, and harden in the various
strengths of alcohol, beginning with 70 per cent. Better results are, I think,
obtained by removing the picric acid by washing in alcohol instead of water.
Select the amniotic membrane and tinge a small part of it in Ehrlich’s acid
hrematoxylin (p. 59) diluted one-half. The membrane may also be hardened
in Flemming’s fluid and stained with saffranin.

5. Method of Martinotti and Resegotti.—Small pieces of the tissue, e.g., a
rapidly growing tumour, are hardened in absolute alcohol. Sections are made
and coloured in a watery solution of saffranin-O. The decolorisation. how-
ever, is obtained by a hydro-alcoholic solution of chromic acid. Take one to
two parts of a 1 per cent, solution of chromic acid to eight or nine of alcohol.
After it is sufficiently decolorised—i.e., the colour is removed from every part
except the fibrils of the nuclei—wash the section in absolute alcohol, clarify
in oil of bergamot, and mount in balsam. This method yields excellent
results.

LESSON YIII.

CELLULAR AND HYALINE CARTILAGE.
Cartilage. —The varieties of cartilage are classified as fol-

lows :
1. Cellular or Parenchymatous occurs in the chorda dorsalis,

ear of mouse and rat.
2. Hyaline encrusts the articular ends of bones, occurs in costal,

tracheal, bronchial, laryngeal (except epiglottis and corni-
cula laryngis), nasal cartilages, external auditory meatus,
and in the “ temporary ” cartilages of the foetus.

(a.) White fibro-cartilage.
(b.) Yellow fibro-cartilage.3. Fibrous.

(a.) White jlhro-cartilage occurs in the intervertebral discs,
interarticular fibro-cartilages, as marginal cartilages
on the edge of joints (hip, shoulder), lining tendon
grooves, in sesamoid bones, the sacro-iliac synchon-
drosis and symphysis pubis.

( h.) Yello'W fihro-cartilage occurs in the epiglottis, cartilages
of Wrisberg and Santorini, external ear, and Eusta-
chian tube.

Cellular Cartilage (H).—Kill a rat or mouse; snip off the ear.
With a stout pair of forceps remove the skin and the other
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tissues from the ear until the thin lamella of cartilage which
forms the basis of the ear is exposed. Harden the cartilage in
absolute alcohol. Mount a thin part of the cartilage in Farrant’s
solution.

1. Cellular Cartilage (H).
(a.) Observe the clear cells (fig. 105, c) ; some of them may be

spherical, but most are polygonal in shape, closely pressed to-
gether, and united by a very small amount of matrix or inter-
cellular substance (m). By focussing, rows of them
in several planes may be seen. Usually no
nucleus is visible in the cells.

If desired, a section can be stained with hsema
toxylin and mounted in balsam.

11. Hyaline Cartilage.—This consists of cells
or corpuscles embedded in a hyaline matrix.

2. Cartilage of Newt (L and H).—Snip off a
small piece of the thin cartilage of the sternum
of a freshly-killed newt, and with a scalpel scrape
away any fibrous tissue or muscle adhering to it.

Fig. 105.—Cellular
Cartilage from
the Ear of a
Rat. Absolute
alcohol, X 250.

Mount it in normal saline solution or per cent, solution of alum
(a.) Observe a homogeneous matrix (fig. 106, m), like ground

glass, in which are embedded here and there cartilage-cells or
corpuscles (c). The matrix is comparatively small in amount,
and hyaline.

(h.) Each corpuscle consists of a spherical mass of transparent,
finely-granular cell-substance (c). Some-
times the protoplasm contains retractile
granules of oil, and in it is placed a spherical
granular nucleus (11). Near the margin of
the preparation may be seen cavities or
capsules from which the cell-contents have
fallen out; others where the cell-contents
have shrunk from their capsule ; while at
other places the cells completely fill the
spaces in which they lie. On focussing
through the thickness of the tissue, the cells~ ——

j

are seen to be two or more layers deep,
i.e. , in a section of moderate thickness they
lie in several planes.

Fig. io6. —• Hyaline Car-
tilage. m. Matrix; c.
Body of cartilage-cell;
n. Nucleus, X 250.

3. Effect of Acetic Acid (H).—Irrigate with a 2 per cent,
solution of acetic acid.

(a.) Observe that the nucleus becomes more distinct and
granular, the cell-contents clearer, and it shrinks from its cap-
sule, so that a space is left between the capsule and the irregular
shrunken cell-contents.
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4. Action of Gold Chloride (H).—Mount in Farrant’s solution
a section of articular cartilage from the head of the femur of a
freshly-killed frog which has been stained by the gold chloride
method (p. 65).

(a.) Observe the matrix faintly stained, and the corpuscles or
cell-contents stained of a purple hue. The cell-contents have
shrunk very little. Here and there an empty cartilage-capsule
may be seen. The gold chloride has a special affinity for the
protoplasm of the cartilage-cells, so that they stand out dis-
tinctly in contrast to the less-stained matrix in which they lie
embedded. This preparation represents, as it were, the “positive
picture,” in contrast to that obtained by the use of silver nitrate,
which yields the “negative picture” (p. 123).

As a general rule, it may be stated that gold chloride stains
the cellular elements, whilst silver nitrate stains the cement
substance, e.g., connective tissue, cornea, &c.

5. Costal Cartilage (L and H).—With a razor make a thin

FIG. 107. —T.S. Human Costal Cartilage, z. Cell
shrunk from the wall of its cavity, h ; 1. Two
cells in one cartilage-capsule, k ; at a: is thecommencement of a separation wall; 2, Five
cartilage-cells within one capsule, but the
lowest cell has fallen outof its cavity; 3. Car-
tilage-capsule cut obliquely, so that itappears
thicker at one side; 4. Cartilage-capsule not
opened into; g. Hyaline matrix; /. Fibrous
matrix, x 300.

transverse section of a fresh
rib cartilage, e.g., of a dog,
cat, or rabbit, and examine
the section innormal saline.

(a.) (L) Observe the cir-
cular or oval outline of the
section surrounded by the
perichondrium firmly ad-
herent to the cartilage,
which consists of cells em-
bedded in a hyaline matrix.

(6.) (H) Observe that the
cells are smaller and flat-
tened near the periphery,
fusiform farther in, oval or
spherical nearer the centre
of the section. They may
lie singly, or in croups, or

} o x -7

in rows.
(c.) The matrix is gene-

rally hyaline, but in some
places it may be fibrous
(/) (%• io 7)-

(cl) Around each cell, or,
it may be, each group of

cells (fig. 107, 3 or 2), look for a cartilage-capsule. It is
firmly united to and continuous with the matrix; but by
tilting the mirror slightly, so as to modify the light, it may
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be seen distinctly as a well-defined membrane bounding the
cell-cavity.

6. Hardened Costal Cartilage.—Mount a transverse section of
costal cartilage which has been hardened in a saturated solution
of picric acid. The picric acid is removed by washing in alcohol.

(a.) Stain a section with picro-carmine and mount it in Tar-
rant’s solution.

( h.) Stain a section in hsematoxylin and mount it in balsam.
The matrix is stained of a light blue, and the corpuscles of a
deeper tone.

(c.) A very good stain for hyaline cartilage is Merkel’s indigo-
carmine stain (p. 57). The preparation can be mounted in bal-
sam, and is not too transparent.

( d.) Carmine.—Place a similar section for twenty-four hours
in a strong solution of ammoniacal carmine (p. 54). Wash away
the surplus carmine, and allow a drop of strong glacial acetic
acid to fall on the section. After a minute or so, wash the section
thoroughly in water to remove all the acid, and mount it in
Tarrant’s solution.

Observe the same arrangement of the cells as before, but the
cells are stained red while the matrix is colourless. The connec-
tive-tissue corpuscles of the perichondrium are also red. Round
each cartilage-cell is a thin outline deeper stained than the rest,
indicating the presence of a cartilage-capsule.

7. Fat in Cartilage-Cells ( H ).—Place a section of costal cartilage
(preferably made from a piece of costal cartilage taken from a
person over fifty years of age) in 1 per cent, osmic acid for an
hour, wash it in water, and mount in Tarrant’s solution.

(a.) Observe in some of the cells small and somewhat larger
black spots, which are globules of oil blackened by the osmic
acid.

8. Eosin (H). —Stain with a watery solution of eosin a section
of human costal cartilage from an adult. The section becomes
uniformly red. Wash it in dilute acetic acid and mount it in
Tarrant’s solution.

(a.) The cells are more deeply stained than the matrix, and
numerous cells will be seen in groups or in rows due to the pro-
liferation of cartilage-cells. The cartilage-capml.es are usually
more deeply stained than the surrounding matrix. Look for a
part of the matrix which has become fibrous. It is deeply stained.
If the mirror be slightly tilted, or the light shaded from the pre-
paration by the hand, the cartilage-capsules are usually distinctly
seen.

9. Articular Cartilage—Decalcify the head of a long bone {e.g.,
the femur) of a cat or other animal in picxlc acid or chromic and
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nitric acid, with the precautions indicated at p. 33. When it is
thoroughly decalcified, make—by freezing—vertical sections, so

the calcified ma-
trix begins. In
the matrix note
the cartilage-cells,

Fig. 108.—Y.S. Articular Cartilage.
Chromic and nitric fluid picro-
carmine.

flattened at the circumference—i.e., next the
joint cavity—in small groups deeper down,
and in vertical rows in the substance of the
cartilage.

( b .) (H) Study the shape of the cells from
the free or joint surface downwards. At the
circumference they are flattened or fusiform,
and deeper down they are more or less poly-
hedral and arranged in vertical rows. Some
of the cells may be somewhat shrunk within
their capsules. A row of cells may be seen
partly in the hyaline and partly in the calcified
matrix. Note the finely granular character
of the calcified matrix.

as to include the encrusting cartilage
and the subjacent cancellous bone.
Place some sections in i per cent,
osmic acid for twenty-four hours, and
stain others in picro-carmine. Mount
examples of both in glycerine-jelly,
as glycerine or Farrant’s solution
make the tissues rather too trans-
parent.

(a.) (L) Observe the layer of en-
crusting cartilage fixed upon the can-
cellated bone beneath (fig. 108), a
bold, irregular, wavy line separating
the cartilage from the bone, but the
one dovetails into the other. In the

, m ,cartilage notice two areas, an upper
and larger one, with a hyaline ma-
trix ; and a lower, narrower one,
with a more granular matrix. The
latter is the zone of calcified cartilage.
A fine wavy delicate line indicates
where the hyaline matrix ends and

V
Cartilage of Loiigo.
togwood.

ld ’ e°sln ’ and

Hyaline
Cartilage.

Calcified
Cartilage.

Bone.

(c.) Observe the bone with its lamellae and bone-corpuscles,
and its open meshes containing bone-marrow.

10. Cartilage of Cuttlefish (H). —Mount in Farrant’s solution
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a section of the cephalic cartilage of a cuttlefish. The cartilage
must have been hardened previously in picric acid, alcohol, or
osmic acid.

(a.) Stain a section in picro-carmine. Observe that the cells lie
in groups of three or four, and from the periphery of the group
processes are given off which anastomose with processes from
adjoining groups of cells (fig. 109).

Eosin and Hsematoxyiin.—Stain a section slightly with a
dilute solution of eosin and afterwards with dilute hsematoxyiin.
Mount in Farrant’s solution. The matrix is reddish, and the
cells and their processes purplish in hue.

ADDITIONAL EXERCISE.
11. Silver Nitrate and Cartilage Matrix (H). —Rub a piece of solid silver

nitrate upon the cartilaginous end of the freshly-excised femur of a frog.
Expose the cartilage in water to sunlight. It rapidly becomes brown. Make
a thin surface section with a razor, and mount it in Earrant’s solution.

(a.) Observe the matrix stained brown, and a large number of unstained
spaces apparently empty. The latter are the cavities in which the cells lie,
but the cells themselves are too transparent to be readily seen. This picture
is the reverse of that obtained with gold chloride (p. 120).

LESSON IX.

THE FIBRO-CARTILAGBS (WHITE AND YELLOW).

111. Fibro-Cartilages.
A. White Fibro-Cartilage.
1. Intervertebral Disc.—Decalcify in chromic and nitric acid

fluid (p. 33) or picro-sulphuric acid (p. 29) an intervertebral disc
and its adjacent pieces of bone (rabbit or cat). By freezing make
vertical sections to include the disc and its adjacent bones ; place
the sections for twenty-four hours in 1 per cent, osmic acid,
wash them thoroughly in water, and mount in Fan-ant's solu-
tion or glycerine-jelly.

(a.) (L) Observe the decalcified bones, and between them the
disc (fig. no). The bone consists, for the most part, of cancel-
lated bone, and the disc stretches between the two plates of
denser bone which cover the ends of the vertebrae. At certain
points on the surface of this may be seen remains of a thin layer
of hyaline cartilage.
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(h.) The disc itself is of considerable thickness, and consists
of many parallel bundles, between which, and at right angles to

Fig. no.—V.S. Intervertebral Disc of Cat. B. Bone;
B. Disc. Chromo-nitric acid fluid and osmic acid, x 15.

them, are other bun-
dles cut transversely,
the fibres of adjoin-
ing bundles being ar-
ranged sometimes in
a zigzag fashion (fig.
no). In these bun-
dlesare cartilage-cells,
more numerous in the
central bundles and
fewer in the outer
ones. In the centre
of the disc may be
seen a more pulpy
tissue, the remains of
the chorda dorsalis.

(c.) Externally on
both sides is a liga-
ment of connective

tissue which passes from one vertebra to the other. It gradually
shades into the fibres of the disc.

(d.) (H) Observe the fibres, with a greater or less number of
large oval cells lying between them. The fibres can perhaps be

Fig. hi.—From Human Intervertebral Disc,
m. Matrix or fibrous ground-substance;
c Cartilage-cell; k. Capsule surrounded
with calcareous particles. Kleinenberg’s
fluid and borax-carmine, X 250.

traced into the matrix of the
bone.

( e.) The cells—oval and with
a hyaline capsule—are most
numerous in the central part
of the disc, and usually there
is no difficulty in seeing groups
and cells of hyaline cartilage
forming a thin coating on the
bone. The boundary-line be-
tween the disc and the bone is
never straight, but wavy. This
can readily be made out by
tilting the mirror slightly.

2. White Fibro - Cartilage
(H).—Snip off a small piece
of the intervertebral disc of
an ox or sheep or man, after

hardening a small portion for a day in a saturated solution of
picric acid or spirit, or picro-sulphuric acid (twenty-four hours).
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The hardening is completed in the various strengths of alcohol.
Tease it with needles in Tarrant’s solution.

(a.) Observe the fibrous matrix, consisting of very fine, wavy
unbranched fibrils (fig. m), and between them oval or spherical
nucleated cells, each one with a distinct thick hyaline capsule.
In some of the latter, concentric rings indicating the deposition
of successive capsules, may be seen.

(b.) The bundles of fibres run in various directions, and each
fibril is unbranched. The cells—-with thick capsules—are not
very numerous, and lie either singly or in groups of two or three
between the fibres.

3. Another Method. —The cells of this cartilage do not stain
very readily, but the following method gives good results :
Harden the cartilage—small pieces—for a day or so in Kleinen-
berg’s fluid (p. 29), and after washing the pieces free from the picro-
sulphuric acid, place them for several days in borax-carmine, and
stain them en masse. Concentrate the pigment in the cells by
placing the pieces in acid alcohol for twenty-four hours (p. 55).
Sections can be made eitherby freezing or embedding in paraffin.
The cells are stained bright red.

B. Yellow Fibro-Cartilage. —(i.) Harden the epiglottis of a
sheep, dog, or cat for forty-eight hours in absolute alcohol.

(ii.) Harden a part of the ear of a pig in a saturated solution
of picric acid for twenty-four hours. Wash away the picric acid
with alcohol, and in the various strengths of alcohol complete the
hardening.

By freezing make sections of the epiglottis and ear.
4. Epiglottis.— Stain a section in picro-carmine and mount it

in Tarrant’s solution.
(a.) (L) Neglecting the stratified epithelium and glands which

are present, observe the perichondrium (fig. 1 12 c, /), embracing the
mass of cartilage, and firmly adherent to the latter, which has a
fibrous, yellow-stained matrix, studded with cells—stained red—

embedded in it. The mass of cartilage may appear to be inter-
rupted, or it may even be perforated.

(6.) (H) Observe the perichondrium, composed of connective
tissue, with numerous elastic fibres; the latter can be traced
into, and becomes continuous with, the elastic fibres of the matrix
(fig. 112, e,f). The matrix consists of fine branched and anastomos-
ing fibres of elastic tissue, stained yellow with picric acid. Where
the fibres are cut transversely, they appear as yellow dots or
granules. In addition to these, however, there are numerous
granules of elastin scattered in the matrix. In this meshwork
notice the nucleated cells stained red. Each cell has a capsule,
but near the perichondrium they are smaller and flattened (i),
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while in the substance of the cartilage they are larger, oval, or
spherical (r).

5. Double Staining of the Epiglottis. —(i.) Stain a section
with picro-carmine, and then faintly with logwood. Mount in

PIG. iis.—T.S. Epiglottis of a Dog. a.
Eat-cells in perichondrium, c; e.
Elastic fibres ; i. Superficial layers of
smaller cells ; r. Layer of larger
cells with elastin granules, I.; f. Peri-
chondrium. Alcohol and picro-car-
mine.

balsam. To preserve the yellow
colour of the fibrils, the clove oil,
with which the section is cleared
up, must be made yellowish by
dissolving in it a little picric acid.
The fibres are yellow, the cells red,
and the nuclei purplish.

(ii.) Stain another section with
dilute eosin - hsematoxylin, and
mount it in Tarrant’s solution or
balsam. The cells take the log-
wood tint, and the fibres the colour
of eosin.

6. Ear of Pig.—Stain a section
in picro-carmine, and mount it in
Tarrant’s solution.

(L and H) Observe the skin,
its glands and muscles. Neglect
these, and note the perichondrium
enclosing the cartilage with a
characteristic arrangement of the
cells. The cells near the surface
are small, flattened, and parallel
to it, while those in the centre are
larger and arranged across the
long axis of the section. Between
the cells is a matrix, which may
be partly hyaline and partly yellow
fibrous.

7. Transition of Hyaline to
Elastic Cartilage ( H ). Dissect
out the arytenoid cartilage of an
ox or sheep. Harden and pre-
serve it in alcohol. Cut sections

through the part where the hyaline cartilage merges into the
elastic variety. Stain a section with picro-carmine, and mount
it in Tarrant’s solution. On making a section of such a cartilage
in the fresh condition, one part has the pale-bluish colour of
hyaline cartilage, and the other part is very faintly yellow.

(a.) At one part observe hyaline cartilage, whose matrix gra-
dually becomes fibrous. At first only a few scattered granules of
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elastin are seen, then the hyaline matrix is traversed by elastic
fibres, and gradually the matrix loses its hyaline character and
becomes distinctly fibrous. Around each cell there is a clear area
—hyaline—devoid of fibres.

LESSON X.

CONNECTIVE TISSUE.
The group of Connective Tissues includes cartilage, ordinary
connective tissue (with adipose tissue), adenoid or retiform tissue,
mucous tissue, bone and dentine. (1) These all subserve more or
less mechanical functions in the organism; (2) they all have
much in common in structure, i.e., they are composed of cells
and an intercellular matrix, but usually the development of the
matrix exceeds that of the cells; and (3) they are all developed
from the mesoblast of the embryo.

ORDINARY CONNECTIVE TISSUE.
It consists of the following structural elements:

A. Structural Elements.
White or gelatinous.
Yellow or elastic.Fibres.

Fixed.
Wandering or migratory (leucocytes).
Plasma cells of Waldeyer (coarse granules).

Corpuscles.

B. Arrangement of these Elements.
{a.) Areolar, e.g., subcutaneous and submucous tissues.
(6.) Bundles in parallel groups, e.g., tendon and fasciae,
(c.) Fenestrated fibrous membranes, e.g., omentum.
(d.) Compact bundles crossing in all directions, e.g., skin.

Yellow or Elastic Fibres occur in the ligamentum nuchse (large
fibres); lig. subflava; stylo-hyoid ligament; connective tissue
generally; in the walls of the air-tubes and lungs; the larger
blood-vessels, especially arteries; the vocal cords and some liga-
ments of the larynx; many organs, e.g., spleen.

1. Yellow or Elastic Fibres—Thick Fibres (H).—Tease out
in water a fragment of the ligamentum nuchse of an ox; cover
and examine it. It can be mounted in Farrant’s solution.

(a.) Observe the broad fibres with a definite outline, yellow in
colour, refracting the light strongly, branching and anastomosing,
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and sometimes curling at their ends where they are broken across

(fig. 113,/). A small quantity of white fibrous tissue will be
found between and supporting the fibres (b ).

(6.) Measure the size of one of the larger fibres. They are

Fig. 113. —f. Elastic fibres from the ligamentum
nuchre; b. Fine white fibrous tissue, X 3°°-

about 7-8 ft
inch) in diameter.

(c.) Irrigate with
acetic acid. The fibres
are not affected, and no
nuclei are revealed in
them. They consist of
the substance elastin,
which is unaffected by
acetic acid.

Make longitudinal
sections of the ligamen-
tum nuchse (hardened
in alcohol) and also
transverse ones. Stain
both in picro-carmine
and mount in Tarrant’s
solution.

2. L.S. Ligamentum
Nuchse (H).— Observe

the fibres (yellow), with a small amount of connective tissue (red)
between them.

3. T.S. Ligamentum Nuchse (H).—Observe the polygonal ends
of the coarse fibres—yellow—and nearly as broad as, or broader

FIG. 114.—T.5. Ligamentum
Nuchse of Ox. a. Elastic
fibres; c. Connective tissue
between them; n. Nuclei
of connective-tissue cor-
puscles. Alcoholand borax-
carmine, X 300.

than, a coloured blood-corpuscle, sometimes
single, mostly in groups of three or more
(fig. 114, a)—homogeneous throughout.
A small amount of connective tissue (c)
(red) between the groups.

4. Another section may be stained with
a watery solution of magenta and mounted
in Tarrant’s solution. The fibres are
stained red, but the pigment is apt to
diffuse into the Tarrant’s solution.

5. A better plan is after hardening the
ligamentum nuchse in alcohol to stain it
in borax-carmine for several days, with the

precautions stated at p. 55. Transverse sections show the white
fibrous tissue between the elastic fibres, with its nuclei stained
red (fig. 114) »)•

6. Fine Yellow Elastic Fibres (H). —Harden the mesocolon
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or mesentery of a young rabbit in Flemming’s fluid, and stain it
in methyl-violet as directed under Lesson X. 12, or stain it with
magenta, when the elastic fibres are stained red; or with saff-
ranin after hardening in chromic acid.

(a.) Observe the network of fine elastic fibres. Many of the
fibres have a diameter equal to one-sixth, or less, of that of a
coloured blood-corpuscle (1 /i or inch in
diameter). The fibres branch and anastomose, and
by carefully focussing, one can observe that the
fibres do not all lie in the same plane (fig. Ixs).

7. Fenestrated Membranes (H).—Sometimes
the elastin is so arranged as to form sheets or
plates of elastic tissue, e.g., in the large arteries ;

at other times these are perforated with holes,
and are called fenestrated elastic membranes.

With a pair of forceps tear off a little of the
endocardium from a sheep’s heart, spread it on a
slide, and treat it with caustic potash. Or use
the basilar artery, slit it up and scrape away the
outer coats, and use caustic potash as before.

Fig. 115.—Fine Net-
work of Elastic
Fibres from the
MesocolonofRab-
bit. Flemming's
fluid and saffranin.

(a.) Observe near the margin of the preparation the elastic
membrane with holes in it (fig. 116).

8. White Fibres of Areolar Tissue (H).—Dissect off a thin
lamella from an intermuscular septum, or remove a little of the
subcutaneous tissue of a rabbit
or rat. Place it on a dry slide,
and rapidly spread it out into
a thin film, but do not let it
become dry, which can easily
be avoided by breathing on the
preparation. This is known as
the “ half-drying ” or “ semi-
desiccation ” method, and is a

very useful one, especially for
sections containing much con-
nective tissue. Place a drop of
normal saline solution on the
cover-glass and apply it to the
preparation.

(a.) Observe the white fibres,

Fig. xi6. —Network of Thick Elastic Fibres,
n, passing into a fenestrated membrane,
m. Human endocardium. Fresh and
caustic potash.

wavy in their course, with a faint, ill-defined outline, &c., crossing
each other in various directions. They are colourless, of feeble
refractive power, and transparent. The fibres are striated longi-
tudinally, and are seen to be made up of excessively delicate fine
unbranched fibrils. The fibres vary from 6 to B,a in diameter
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(x inch)- They may be round or flattened, and are of
indefinite length. Amongst the white fibres may be seen a few
fine elastic fibres (E), recognised by their sharper contour, and

ITG. i 17.—Subcutaneous Tissue,
Areolar Tissue from aRabbit.
Fresh in normal saline. E.
Elastic fibres ; L. Leucocy-
tes ; P. Plasma cells ; C. Con-
nective tissue corpuscles.

by the fact that they branch and
anastomose. It is not often that
the corpuscles are visible without the
action of special reagents. The cor-
puscles are best seen in young ani-
mals (fig. 117, C).

(b.) Irrigate with a 2 per cent,
solution of glacial acetic acid ; observe
that the white fibres swell up, become
clear, gelatinous, and homogeneous ;

the elastic fibres being unaffected,
come clearly into view. The latter
have a sharply-defined outline, branch
and anastomose, and sometimes curl
at the ends.

The corpuscles, or at least their nuclei, come into view. Ob-
serve the oval or fusiform nuclei of the fixed connective-tissue
corpuscles (C)—they may be surrounded with some soft pro-
toplasm—and the much smaller compound nuclei of the wan-
dering cells or leucocytes (L). In the rat especially one is almost
sure to find the very granular nucleated cells known as plasma
cells (P). They frequently lie along the course of the small
blood-vessels. Do not preserve this specimen.

If the areolar tissue be taken from the sub-arachnoid space of
the brain and treated with dilute acetic acid, the fibres lose their
fibrillated structure, nuclei appear, and the fibres themselves may
be seen to swell up here and there, while they are constricted at
irregular intervals by a thin fibre (B). This is due to these fibres
being partly embraced by connective-tissue cells, which have long
branches which partly encircle the fibre.

ADDITIONAL EXERCISES.
9. Martinotti’s Reaction for Elastic Fibres (H). —Harden elastic tissue,

e.g., ligamentum nuchse, or an organ containing elastic fibres, e.g., skin, artery,
lung, trachea, in .2 per cent, chromic acid for three weeks. Cut sections and
place them for twenty-four to forty-eight hours in a saturated alcoholic solu-
tion of saffranin-O. Wash them in acid alcohol (p. 55), and then in absolute
alcohol, to remove the surplus dye ; clear in xylol, and mount in xylol-
balsam.

(a.) All the elastic fibres, and they alone, are now either purplish, or, if
the fibres be fine, black. This is a most excellent method for differentiat-
ing elastic fibres. The one thing of importance is to secure a good sample of
saffranin ; some samples are quite inactive.
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10. Elastic Fibres ( Herxkeimer's Method). —Place the sections containing

elastic fibres in an alcoholic solution of hsematoxylin, to which is added a few
drops of a saturated solution of lithium carbonate. Stain them for a few
minutes. Place them for five to twenty seconds in tincture of perchloride of
iron, which rapidly decolorises all except the elastic fibres, which remain
bluish or blackish. Wash in water and mount in balsam. This method is
admirably adapted for demonstrating the longitudinal layer of elastic fibres
in the trachea and bronchi.

11. Areolar Tissue—Permanent Preparations.
(i.) By means of a hypodermic syringe (fig. xiB) make an interstitial injec

Tig. 118.—Hypodermic
Syringe for making a
Subcutaneousor Inter-
stitial Injection.

Fig. 119.—Coarsely Granular
Cells, the “Mastzellen ’’ of
German authors, fromRat.
/. Fat cells ; v. Vein ; m.
“ Mastzellen.”

ITS. 120.—Cell-Spaces in Areolar
Tissue. Silver nitrate.(ii.) An excellentplan

is to inject picro-car-
mine interstitially, and to leave the bulla several
hours before snippingout a small part of itand mount-
ing it in formic glycerine. In this preparation con-
nective-tissue fibres with constrictions at intervals
(tig. 117) B) are frequently seen.

tion of silver nitrate
(1 ; 1000) into the sub-
cutaneous tissue of a
dog or rabbit. In this
wayan artificial cedema
is produced and the
tissues are “ fixed.”
With a pair of scissors
curved on the flat, snip
out a little of the now
(edematous connective
tissue and stain it with
picro-carmine. It re-
quires some time to
stain, and the prepara-
tion should be left for
ten to twelve hours in
a moist chamber (fig.
67), and then the
picro-carmine is slowly
displaced by acid gly-
cerine, i.e., glycerine
slightly acidulatedwith
formic acid. In this
way the various ele-
ments fibrous and
cellular are usually
brought distinctly into
view ( Ranvier).

(iii.) A fibre may be stained with acid hsematoxylin and mounted in
glycerine (p. 59).

12. Coarsely Granular Cells (“ Mastzellen ” of the Germans).—Place part
of the omentum of a young rabbit—or the fat from around the kidney of a rat
or rabbit—in a watery solution of gentian-violet, to which a filtered watery
solution of aniline-oil has been added. Heat the whole in a capsule uniil the
vapour begins to rise, and allow it to cool.

After staining for twenty-four hours, remove the tissue and wash it in acid
alcohol until most of the blue is gone. Dehydrate it in absolute alcohol, clear
with xylol or clove-oil—better the former—and mount it in xylol-balsam.
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(H) Search for a blood-vessel, and along its course will be found large oval
cells crowded with numerous granules stained blue (fig. 119). These cells are
found also apart from the blood-vessels.

13. Gentian-Violet and Carmine Preparation.—The preparation may be
double stained, thus : After washing in acid alcohol, stain the preparation in
lithium-carmine for a few minutes, and again extract with acid alcohol. Mount
as before in balsam. Observe the granules of the cells, blue as before, the
nucleus red. All the other nuclei in the field are now red.

14. Cell-Spaces in Areolar Tissue ( H ).—From a freshly-killed rabbit snip
out a small piece of the subcutaneous tissue as free from fat as possible.
Spread it upon a dry slide, and drop on it from a pipette a half per cent, solu-
tion of silver nitrate. Allow the silver to act for ten to twelve minutes, remove
it, cover the film with glycerine and expose it to light. It rapidly becomes
brown. It is better to use connective tissue from a calf, but the layer used
must not be too thin.

(a.) If successful, note a brownish ground—the cement substance—and in
it clear branched spaces corresponding in shape to the fixed connective-tissue
corpuscles. These are the cell-spaces (fig. 120).

LESSON XL
TENDON.

Tendon is characterised by being composed of white fibres
arranged longitudinally and parallel to each other, as well as by
the small amount of elastic fibres it contains. The fibres are
arranged in bundles, the tendon-bundles, which are held together
by a sheath and septa of connective tissue. The fibres are united
to each other by a cement substance, and on the primary bundles
of the fibres are placed the tendon-cells, which vary in their shape
and arrangement in different tendons. It is supplied by few
blood-vessels.

Tendon.—Harden a small tendon of a calf, dog, or cat, in
Muller’s fluid, and complete the hardening in alcohol. Make
transverse and longitudinal sections.

1. T.S. Tendon (L).—(a.) Mount a section in Tarrant’s solu-
tion. Observe the sheath (fig. 12 i,s), composed of connective tissue
arranged circularly, sending septa (t) into the substance of the
tendon, thus breaking it up into polygonal areas of differentsizes,
which are filled by the cut ends of the longitudinally-arranged
fibres.

(6.) The branching stellate spaces, interfascicular spaces (fig.
121, c), between the fasciculi or bundles of fibres. If these spaces
contain air, they appear somewhat dark. These spaces can readily
be seen as branched dark spaces if a transverse section is made—-
by means of a knife, not a razor—of a small tendon dried at the
ordinary temperature.
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(c.) (H) Observe the cut ends of the fibres (I), which appear

almost homogeneous, but amongst them here and there may be
seen a few dots, which are the transverse
and the branched tendon-spaces (c), some
of them with a nucleated branched cell.

sections of elastic fibres,

2. L.S. Tendon.—Stain a section with
logwood, and mount it in balsam. (H)
Observe the longitudinal arrangement of
the fibres, and between them rows of fusi-
form tendon-cells.

3. Fibrils in Tendon (H).—Macerate
a tendon from the tail of a rat for twenty-
four hours in a saturated solution of
picric acid, or for 3-4 hours in baryta
water. Tease a small part, and examine
it first in water. Mount it in Tarrant’s
solution. This is apt, however, to render
the fibrils too transparent. Perhaps a
better method is to place the fine tendons
for twenty-four hours in equal parts of
1 per cent, osmic acid and 1 per cent,
silver nitrate. Mount a teased prepara-
tion in Farrant’s solution.

I'XG. i2x. —T. S. Tendon, s.
Sheath, with 6. Blood-ves-
sel ; t. Trabeculae or septa ;
c. Branched spaces in the
tendon for tendon - cells;
I. Matrix or cut ends of
the fibres, x 50.

(a.) Observe the isolated fibrils inch in diameter), ex-
cessively fine, wavy, and unbranched (fig. 122).

4. Tendon of Eat (Gold Chloride Method).—Kill a rat, cut off
its tail, forcibly rupture the tail, when a long leash of fine white
glistening threads or tendons will be
obtained. Prepare the tendons by one
of the gold chloride methods. One of
the best methods is the lemon - juice
method of Ranvier (p. 65), but the
boiled formic acid and gold method has
also yielded excellent results.

Tease a small part of the gold tendon
in Farrant’s solution.

(a.) (H) The fibres are swollen up
and transparent, and lying on them are
rows of tendon cells (fig. 123, hb) stained
of a violet tint. Each cell is somewhat
oblong with a distinct nucleus, and
bears a flattened wing-shaped expan- fig. i22.—Fibriisof Tendon of Rat

. .
,

® .4 . r Isolated byPicric Acid, x 300.sxon (fig. 124). Along the cells is usually
to be seen a stripe or ridge (fig. 124), produced by the cells being
compressed between several adjoining fibres. This ridge may be
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seen to be interrupted in some of the cells. The nuclei of the
adjacent cells may be seen to be close together.

(6.) If a side view of the cells is obtained (fig. 123. a), they
partially clasp the fibre, but never envelop it completely; in
this respect these cells differ from endothelium.

5. T.S. of Gold Tendon (H).—Remove the skin from the tail
of a rat, cut out a piece of the tail a quarter of an inch in length
with its tendons, and subject it to the gold chloride process (p. 65).
When, after reduction, it has become purple or brownish, decalcify
the bone, harden it in alcohol, and make transverse sections.
Mount one in balsam.

(a.) Many tissues will be seen, including muscle, nerve, fat,
and bone. Neglecting these, observe the small rounded areas at
the circumference, the transverse sections of the small tendons,
each surrounded by its own sheath of connective tissue (fig. 125, t).

Pig. 123.Gold Chloride
Tendon Tail of Rat. a.
Tendon-cells seen on
edge and embracing a
fibre ; bb. On the flat,the cells with a ridge.

FIG. 124.—Tendon-Cells, Tail of Rat. c. Cells ;
P- Lateral prolongation or expansion of the
cell protoplasm; n. Nucleus; a. Stripe or
ridge,

In each observe the branched stellate spaces (fig. 125,0),frequently
anastomosing with each other. These interfascicular spaces are
purplish in colour; they contain the tendon-cells, and also a
purplish deposit due to the gold chloride acting on the lymph
which they contain in the fresh condition.

6. Endothelial Sheath of Tendon (L and H). —Silver a leash
of the fine tendons from the tail of a rat. Mount a short length
of one of them in balsam.

(a.) Observe the tendon made up of parallel fibres, and note
on their surface a single layer of endothelium. The squames
are large, polygonal, and mapped out by “silver lines.”

7. Fresh Tendons and Acid Logwood (H). —Place three or four
tendons (rat’s) inches long, on a dry slide, and fix their ends
with paraffin, so as to keep them extended. Make a solution of
acid logwood by adding one part of x per cent, glacial acetic acid to



TENDON. 135
three parts of logwood solution. This solution is red. Place a
drop of it on a cover-glass, and lay it on the tendons. The acid
brings into viewrows of narrow, granular, nucleated cells between
the fibres of the tendon, while at the same time the logwood

FIG. 125.—T.5. of a Small Ten-
don, Tail of Rat. t. Sheath ;

c. Interfascicular spaces
with tendon - cells. Gold
chloride.

Era. 126.—Layer of Endo-
thelial Cells on the Sur-
face of a Tendon, Tail of
Rat. Silver nitrate.

stains them. Instead of acid logwood use picro-carmine or acid
haematoxylin (p. 59). Displace the dye with water and mount
in glycerine. The tendons are purposely taken longer than the
breadth of the cover-glass, so that they may remain stretched.

ADDITIONAL EXERCISES.
8. Tendon of Rat (DogieVs Method). —Very good preparations are obtained

by placing the fresh tendons for several days—the longer the better—in
Grenadier’s alum-carmine (p. 57). This fluid stains but slowly. The cells,
however, are stained, and if a tendon be teased, isolated cells, and cells on the
fibres are easily seen. It is a good method for showing the relations of the
cells to the fibres.

9. T.S. Tail of Rat ( Corrosive Sublimate and Borax-Carmine). —Harden
short lengths of the tail of a rat, the skin being first removed, in corrosive
sublimate (p. 31) for three hours or so. Remove every trace of the mercuric
salt by prolonged washing in alcohol. Stain the tissue in bulk in borax-car-
mine, and then decalcify it in dilute hydrochloric acid. Make transverse
sections, after embedding it by the interstitial method in paraffin. Sections
may also be made by freezing, but they are apt to fall asunder. This method
also yields beautiful preparations, comparable to those by the gold chloride
methods. The transverse sections of the tendonsare very characteristic.

10. Cell-Spaces ( Saft-Candlchen) inCentral Tendon ( Silver Method). —Place
the central tendon or the whole diaphragm for five minutes in per cent,
silver nitrate. Remove it, and with a camel’s-hair pencil brush both surfaces
of the tendon to remove the endothelium. Replace it in the silver solution
for fifteen minutes. Remove it; wash it in water, and expose it to light to
reduce the silver. One piece may be mounted in balsam ; another piece
should be stained with acid logwood or picro-lithium carmine (in this case use
dilute hydrochloric acid), and mounted in balsam.

(a.) Observe a large number of clear, branched anastomosing spaces, sur-
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rounded by brown areas of ground-substance. The former are the cell-spaces
and Saft-Oandlchen, or juice-canals, and some of the latter may be seen to
communicate with the lymphatics (fig. 127).

(6.) In the stained specimen, stained nuclei

Pie. 127.—Ce11-Spaces in the Cen-
tral Tendon of the Diaphragm

Celhspaces. *S&ilitSte. *'

are seen in the spaces, i.e., the nuclei of the
cells which occupy these spaces.

11. Cell-Spaces {lron Sulphate Method).--
Using the fresh central tendon of the dia-
phragm of a mouse or guinea-pig or rat, place
it for a few minutes in 1 per cent, sulphate of
iron. Pencil away the surface endothelium,
and leave it in the iron solution for five to
seven minutes., Remove it, wash it, and place
it in 1 per cent, ferricyanide of potash, in
which it becomes blue. Mount it in Tarrant’s
solution or balsam. In this preparation the
cell-spaces and juice-canals are again clear, but
the ground-substance is blue.

12. Cell-Spaces in Rat’s Tendon. —The fine
tendons are placed in silver nitrate ([ per cent.)
[ or mmutes, and then the epithelium is
brushed off by a camel s-hair pencil. I ive or

six sweeps of the brush usually suffice. The tendons are stained for other ten
minutes in silver, washed, and exposed to light in alcohol. Rows of clear,
somewhat quadrangular spaces in a brownish matrix are obtained.

LESSON XII.

ADIPOSE, MUCOUS, AND ADENOID TISSUES—-
PIGMENT CELLS.

ADIPOSE TISSUE (FATTY TISSUE),
1. Fat-Cell.—lt consists of a membrane enclosing a globule of

oil, which, pushes the oval flattened nucleus (surrounded by a small
amount of protoplasm) to one side, so that it lies close under the
cell-wall. Size, 40 utoBo a inch).

Pat-cells are arranged in groups, which form lobules, and these
again form lobes. Each lobule has an afferent artery, one or
two efferent veins, and a dense network of capillaries between the
fat-cells, each capillary surrounding one or more fat-cells.

Fat-Cells. —Cut out a small piece of the omentum of a cat,
selecting a piece that contains a little fat, and mount it in normal
saline.

(a.) (L) Observe the large, highly refractive fat-cells (fig. 128).
(b.) (H) The large fat-cells of variable size—some of them

polygonal—highly refractive contents, but no nucleus visible;
connective tissue passing between some of the cells.
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2. Action of Osmic Acid (H). —Place a small part of the

omentum in per cent, osmic acid for an hour. Wash it
thoroughly, and mount in Tarrant’s solution.

(a.) (H) Observe the fat-cells, which have become brown or
black, and ultimately become quite black.

3. Membrane and Nucleus of Fat-Cells (H). —Place a piece
of the omentum or subcutaneous adipose tissue in absolute
alcohol for several days, and afterwards in ether for a day or
two; or the tissue may be boiled for a few
minutes first in alcohol and then in ether.
Transfer a small piece to hyematoxylin and
allow it to stain for several hours. Wash
it in water and place it in absolute alcohol.
Extract it with turpentine, clear it up with
clove-oil, and mount it in balsam.

(a.) Observe the collapsed membrane of
the fat-cells, with a small oval blue-stained
nucleus immediately under the cell-wall. A
small quantity of protoplasm surrounding the
nucleus may be visible.

FIG. 128.—Fat-Cells, some
showing a Nucleus. The
central one shows crys-
tals of margarine, x 100.

4. Envelopes and Nucleus (H).—Harden a small piece of the
omentum of a rat or other animal in absolute alcohol. Select a
piece which contains some fat. Stain it for twenty minutes in
lithium-carmine, then place it in acid alcohol (1 per cent, hydro-
chloric acid in 70 per cent, alcohol); place
it in absolute alcohol; clear it up with
clove-oil or xylol, and mount in Canada
balsam.

(a.) Observe the envelopes of the fat-
cells and the nuclei of the fat-cells, the
latter stained bright red. Other red-
stained nuclei are visible, but they are
the nuclei of blood-capillaries between the
fat-cells.

5. Margarine Crystals (H). —Place a
small piece of fat for forty-eight hours in

.FIG. 129.—Empty Envelopes
of Eat-Cells. Alcohol and
ether.

glycerine. Tease a piece in Farrant’s solution.
(a.) Notice the large cells, some of them with granular con-

tents, others with a stellate arrangement of needle-shaped crystals
of margarine (fig. 128). If the star of crystals be broken up,
then the needle-shaped crystals are distributed throughout the
cell.

6. Blood-Vessels of Adipose Tissue (L and H).—Make a section
of a mass of adipose tissue in which the blood-vessels have been
injected. This can be done by injecting the blood-vessels of a
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rabbit with a carmine-gelatine mass. As the fat is very soft, the
best method of obtaining such sections is to saturate the tissue with
paraffin and cut it in paraffin. Mount sections—not too thin—in
balsam. A section which has been saturatedwith paraffin and cut
in this substance must have the paraffin removed by soaking in
turpentine or xylol, which dissolves out the paraffin; the section is
afterwards mounted in balsam.

(L) Observe the very vascular small lohules, composed of fat-
cells. To each lobule there passes one artery, and from it emerge
one or two veins.

(H) Observe the loop of capillaries round each fat-cell or
around several fat-cells.

7. Development of Fat-Cells. —These may be studied in the
subcutaneous tissue of a newly-born rat, or in the omentum of a

Fig. 130.—Developing Fat-Cells from
the Subcutaneous Tissue of a
Foetus. Osmic acid.

newly-born rabbit. Stain a small
piece of any of these tissues in osmic
acid.

(a.) (L) Observe the fat-cells in
groups surrounded by connective
tissue.

(h.) (H) Observe the shape of the
cells, with small globules of oil—-
black scattered throughout the
protoplasm, the nucleus pushed to
one side in the more developed fatty
cells by a globule of oil, which is
stained black (fig. 130).

8. Atrophic Fat-Cells. These
are readily obtained from the

yellow bone-marrow of an old person who has died from some
wasting disease, or from the sub-pericardial fat of a person who
has died from phthisis.

(H) Observe the envelope of the fat-cell, now no longer com-
pletely filled with fat, but containing a little protoplasm and some
serous fluid.

MUCOUS TISSUE.
Mucous Tissue.—ln the embryo it exists under the skin • it

forms Wharton’s jelly of the umbilical cord, and in the adult
it forms the vitreous humour. It is essentially an embryonic
tissue.

9. Mucous Tissue (H).—Harden the umbilical cord of a three
months’ foetus in Muller’s fluid and then in alcohol. Make
transverse sections by freezing, and stain them in picro-carmine
or hsematoxylin or gentian-violet. Mount in Farrant’s solution.
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(a.) Observe the large, branched, granular, nucleated cells,

which anastomose with each other. Between the cells is a fluid
which contains mucin, and according to the stage of development
of the cord, there is a greater or less number of fibres. The
older the cord, the more the fibres increase in number, and its
characters approach those of ordinary connective tissue. A
better view of the finer processes is obtained by examining the
tissue in normal saline (fig. 131).

ADENOID TISSUE.

10. Adenoid or Retiform Tissue consists of a reticulum or net-
work of fine fibrils, which runs in all directions, forming a mesh-
work. Some regard it as made up of branched corpuscles, the
processes of which anastomose. In the meshes are leucocytes or
lymph - cells, which usually
occur in such numbers as to
obscure the presence of the
fine meshwork in which they
lie.

It is very widely distributed,
e.g., in lymphatic glands,
simple and compound, tonsils,
solitary glands, and Beyer’s
glands; in the bronchial, phar-
yngeal, nasal, intestinalmucous
membrane, spleen, thymus, and
a few other situations.

11. Adenoid Tissue of Lym-
phatic Glands.—This may be
prepared in several ways.

Fig. 131. —Mucous Tissue of Umbilical Cord of
Foetus. Muller’s fluid and logwood, x 300.

(i.) Harden an abdominal lymphatic gland of a calf or kitten
for two weeks in Muller’s fluid. Make sections, and shake up
one in a test-tube with some water; this dislodges the lymph
corpuscles, and in places leaves the fine reticulum visible.

(ii.) A better plan is to inject into a fresh lymph gland a \

per cent, solution of osmic acid, or per cent, solution of silver
nitrate. In either case an oedema is produced which separates
the parts and reveals the network. The injection is made by
means of a hypodermic syringe (fig. 118). The syringe is filled
with the solution, and the sharp nozzle is thrust into the gland,
and the contents of the syringe rapidly injected haphazard into
the organ. It passes in, and forms, as it were, an oedema, and
separates, and at the same time hardens, the constituent parts of
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the organ. This is the method of interstitial injection, one which
is frequently employed.

(iii.) The gland may be hardened for twenty-four hours in
picric acid, and the sections stained with eosin-hsematoxylin and
mounted in balsam.

(H) Observe some parts crowded with lymph corpuscles, but
where these are wanting, note the very fine network of fibres,
with nuclei here and there at the points of intersection (fig. 132).

Pigment-Cells and Guanin-Cells.—These may be studied by
pinning out on a frog-board one of the webs between the toes of
a frog (Lesson XIX. 11, e).

(a.) (L and H) Observe large, branched, corpuscles loaded with

Branched
corpuscles.

Network.

leucocytes.

I'iG. 132,— Adenoid Tissue. Human Lymphatic
Gland. Picric acid and eosin-hsematoxylin.

Pig. 133.—Pigment and Guanin-Cells of
Frog. A. Contracted ; B, C. Partially
relaxed pigment-cells. G. Guanin-
cells.

black granules of melanin (fig. 133, B), also smaller black spots,
which are cells with their processes retracted. Every inter-
mediate stage between these two states may be seen.

A permanent preparation is readily made by stripping off the
skin from the web of the toe of a dead frog, hardening it in
alcohol, and mounting in balsam.

In such a preparation, not only will pigment-cells be found,
but guanin-cells also, i.e., small oval cells filled with white re-
fractive granules of guanin (fig. 133, G).

For pigmented connective-tissue corpuscles from the choroid,
see Lesson on Eye.



BONE, OSSEOUS TISSUE, ETC. 141

ADDITIONAL EXERCISE.
Fat-Cells.—ln the preparation Lesson X. 11, perhaps a few fat-cells may

be found. If so, the envelope of the fat-cells is usually very distinct in them,
as a quantity of fluid appears to pass by osmosis into the cells, thus separat-
ing the envelope slightly from its original contents.

LESSON XIII.

BONE, OSSEOUS TISSUE, &c.
The essential elements of osseous tissue, of which bone consists,
are a fibrous calcified matrix, with cells or bone-corpuscles em-
bedded in it; the latter are lodged in spaces called lacunae. A
bone, however, is a complex organ. The following scheme may
facilitate the comprehension of its minute structure ;

BONE.

In a section of a long bone, observe —

Compact or dense bone, the substantia dura (with Haversian
canals).

Cancellated or spongy bone, the substantia spongiosa (with
Haversian spaces and cancelli).

Medullary cavity with marrow.
Peripheric or circumferential.
Haversian or concentric.
Intermediary, interstitial or ground.
Perimedullary.

Lamellce

white.
yellow.Sharpensperforating fibres

Haversian System.

Dry hone. Recent hone.
Blood-vessels, connective tissue,

lymphatics, osteoblasts.Haversian canal
Between the lamellae, branched

bone-corpuscles.~ lamellae
Processes of bone-corpuscles,

and lymph.Lacunse
Canaliculi Lymph.
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i. External layer, fibrous, with the larger
blood-vessels.

Periosteum 2. Internal or osteogenic, with finer blood-
vessels, and osteoblasts, and sometimes
osteoclasts.

Osteoclasts or myeloplaxes of Robin.
Blood-vessels, nerves, and lymphatics.
Development

PIG. 134.—T.5. Human Metacarpal Bone.
a. Peripheric lamellfe ; b. Perimedullary
lamellae ; c. Haversian canals sur-
rounded by their Haversian lamellae ;

d. Intermediary Lamellae; e. Lacunae,
X 20.

1. Endochondral in cartilage.
2. Intra-membranous or periosteal,

1. T.S. of Dense or Compact
Bone.—ltis better to buy a pre-
pared transverse section of the
shaft of a small, dry, long bone.
In it most of the smaller spaces,
being filled with air, appear
black.

(a.) (L) Observe the medul-
lary cavity, bounded by a ring
of bone, less dense internally.

(h.) Sections of tubes which
appear round, or oval—Haver-
sian canals—surroundedby con-
centric lamellae (fig. 134, c), and
between these lamellaeare lacunae
(e), with fine channels passing
from them the canaliculi.
Some lamellae are arranged
parallel to the circumference of
the bone—the peripheric (a) —

while others of larger radius are
incomplete, and jammed in be-
tween the Haversian system:
they are intermediary. Around
the medullary canal are the peri-
medullary lamellae (&).

(c.) (H) Observe the shape of
the lacunae—flattened branched
spaces—with their numerous
wavy branching canaliculi, and
how adjoining canaliculi anas-
tomose by traversing the lamellae
(figs. 136, 134, e). At the outer
part of each Haversian system,
some of the canaliculi of the
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outermost row of lacunae will be found to form loops and open
into the lacunae from which they arose : these are recurrent cana-
liculi (fig. 136, a). The canalicular system is for the distribution
of lymph to all the parts of the calcified fibrous matrix. Notice
also that the intermediary lamellae are parts of circles with a
much larger radius than those of the Haversian system. Each
Haversian canal, with its system of lamellae, lacunae, and canali-
culi, forms a Haversian
System. The greatest
diameter of the lacunae
is about 14 it (T7Sinch).

(d.) The lamellae in
a Haversian system on
transverse sectionappear
as thin concentric bands,
a clear transparent one
alternating with one
which looks more granu-
lar. These are not due
to different kinds of
lamellae, but in the clear
ones one looks upon the
long axis of the fibrils
composing the lamella,
and in the others upon
the ends of the fibrils.

Fig. 135.—T.S. The Shaft of a Human Femur. JI.
Haversian canals; s. Haversian lamella;; si. In-
termediary lamellae, x40.

2. L.S. of the Dense Bone, prepared in the same way.
(a.) (L) Observe Haversian canals running chiefly in the long

axis of the section, with here and there oblique, short, junction
canals. Near the surfaces some open externally, and others com-
municate with the medullary cavity. The lamellae of any Haver-
sian system run parallel to its own Haversian canal. In the
system of canals—each 20-100 wide—the canals frequently
divide dichotomously, and ultimately form a network in the com-
pact bony substance.

(&.) If the section be near the surface of the bone, so as to
include the peripheric lamella;, canals for blood-vessels, perforating
the lamellae and not surrounded by lamellae as in the Haversian
systems, may be seen. They are called Volkmann’s canals, and
contain the perforating vessels. They are connected with the
Haversian canals proper. They are well seen in sections of the
femur of a guinea-pig.

(c.) (H) Observe the flattened oval lacunae with their canali-
culi; their arrangement, as well as that of the lamellae (fig. 137)-
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3. T.S. Decalcified Shaft of a Bone.—The bone, cut into short
lengths, must be decalcified in picric acid or chromic and nitric
fluid, with the precautions laid down at p. 33. When sufficiently

Fig. 136. — T.S. Shaft of Human Femur. H. Haversian
canals; c. Lacunse with bone-corpuscles; a. Lacunae
with recurrent canaliculi; s. Intermediary lamellae with
Sharpey’s fibres,h ; p. Large fibres of Sharpey in inter-
mediary lamellae; I. Confluent lacunae. These Ranvier
supposes are bone-corpuscles and lacunse undergoing
atrophy, x 300.

cent, osmic acid for twenty-four hours and
mount them in glycerine-jelly.

(a.) (L) Observe the periosteum (fig. 138),
embracing and adherent to the bone. In the
bone itself the lacunse, and especially the cana-
liculi, are no longer black, and are not so visible
as in the non-decalcified bone. Each lacuna con-
tains a highly refractive, branched, nucleated,
and stained corpuscle.

Bone-Corpuscles. —Observe their arrangement
following that of the lamellae, but the latter are
not so distinct as in dry bone. Several lamellae
lie between two consecutive rows of bone-cor-

soft ascertained
by pricking it with
a pin—it is har-
dened in alcohol in
the usual way. Sec-
tions are best made
by freezing.

(i.) Stain a sec-
tion in picro-car-
mine and mount it
in glycerine - jelly.
Glycerine or Far-
rant’s solution
tends to make the
preparation rather
too transparent.

(ii.) Place some
sections in 1 per

Fig. 137. —L.S. Dense
dry bone, x 40.

puscles. The Haversian canals contain blood-vessels, connective
tissue, and other cells, or osteoblasts.

(&,) (H) The periosteum consists of an external layer stained
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red and composed chiefly of white fibrous tissue. Attached to it
may be found small fragments of striped muscle. The internal
layer contains many elastic fibres, and, especially in young bones,
there may he seen one layer or more of flattened or cubical cells,
called osteoblasts (fig. 143, c). The latter may be seen not only
under the periosteum, but also passing along with blood-vessels
into the Haversian canals.

Fibres may be seen passing from the deep surface of the
periosteum into the bone—the perforating fibres of Sharpey.

(c.) Observe the lamellae, but their outline is not very distinct,
while the canaliculi will not be distinctly visible, being indicated
by fine lines traversing the lamellae. The bone-corpuscles are
nucleated refractive cells, each lying in a lacuna. In such a

Periosteum.
- Peripheric lamellae.
Haversian

canals.

Haversian
lamellae.

Interstitial lamellae.

Perimedullary
lamellae.

Marrow.

PIG-. 138.—T.S. Part of a Human Metacarpal Bone, X 50. h. Haversian space with
marrow. Dilute nitric acid.

preparation, one cannot make out that they send processes into
the canaliculi.

4. Perforating Fibres. —(i.) From a membrane bone of the
skull (e.g., the parietal or frontal bone, which has been softened
in 2 per cent, hydrochloric acid or in v. Ebner’s fluid (p. 33),
and from which the acid has been removed by steeping in
water, and subsequently in spirit) with forceps remove the
periosteum, and tear off a thin lamella of osseous tissue. Place
its under-surface uppermost on a slide in water or v. Ebner’s
fluid.

(H) Observe fine tapering fibres like nails—perforating fibres
—projecting from the surface. Some apertures may be found
from which corresponding fibres have been withdrawn.

(ii.) These are far better developed in the bones of the skull
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of birds. Soften the vault of the skull of a fowl in v. Ebner’s
fluid and harden in alchohol. Make not too thin sections, and
with needles tear the lamellae asunder. Examine it in v. Ebner’s
fluid, or make sections of a human frontal bone softened in dilute
hydrochloric acid, and examine it in water.

(H) Numerous perforating fibres passing between the sepa-
rated lamellae, and, it may be, the sockets from which they have
been withdrawn, will be seen (fig. 139). In some of the sections

branched perforating fibres
are visible. The important
point is to make the sections
as nearly as possible parallel
to the course of the fibres.
The preparation is apt to be
made too transparent by Ear-
rant’s solution, so that the
fibres are not so distinctly
seen in this medium as in
water or v. Ebner’s fluid.
Observe that there are no

Pig. 139.—Sharpey’sPerforating Fibres.

Sharpey’s fibres in the Haversian systems.
5. Blood-Vessels of Bone (L).—These are not easily injected.

Inject with a fluid carmine mass (p. 74) the posterior half of the
body of a rabbit. Do this from the abdominal aorta. It requires
considerable pressure to cause the injection to traverse the blood-

FIG. 140. —A. Cancellated bone; C. Canceling:
T. Trabecula; CC. Calcified cartilage; B.Bone; 0. Osteoblast.

vessels of bone. Therefore
clamp the inferior vena cava
to prevent the exit of the
injection mass. Decalcify
the injected bone, and after-
wards make T.S. and L.S.
The sections, however, must
not be too thin. L.S. are
the most instructive, and are
mounted in glycerine-jelly.

(a. ) Observe that the blood-
vessels lie in the Haversian
canals,andfollowthearrange-
ment of the latter. If the

marrow of the bone be preserved, fine blood-vessels may be seen
in it. Perhaps “ perforating vessels ” lying in Yolkmann’s canals
maybe noticed, especially in transverse sections (p. 143).

6. Cancellated Bone (L and H). —In the vertical section of the
head of a long bone showing articular cartilage a view of the
open lattice-work will be obtained (Lesson XIY. 3). Or a T.S.
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may be made across the head of a long bone, e.g., a femur, pre-
ferably of a young animal. Stain a section in hsematoxylin, picro-
carmine, or eosin-logwood, and mount it in glycerine-jelly.

(a.) (L) Note the network of osseous trabeculse (fig. 140)
bounding the spaces or cancelli. In the latter lies red marrow,
and on their walls are osteoblasts. In the centre of some of the
trabeculae may be seen a deeper stained irregular bar, the remains
of calcified cartilage (fig. 140, cc). On the calcified cartilage is
deposited osseous tissue.

(b.) (H) In each trabecula note the fibrous matrix and the
bone-corpuscles. In the interior of some of the trabeculae the
remains of unabsorbed calcified cartilage. Note also how the
osseous tissue with spherical bulgings advances upon the calcified
cartilage. By carefully
shading the light, it will
be seen that a more or
less spherical mass of
osseous tissue surrounds,
and in fact is formed by,
each bone-corpuscle (fig.
141). There are thus

spherical masses cell-
territories, as it were—

and in the centre of each
a bone-corpuscle.

Fig. 141.—Small Part of Fig. 140, x 300. CC. Calcified
cartilage; B. Bone; O. Osteoblast; BC. Bone-cor-
puscles.

7. Fibrillar Structure of Lamellae (H). —Decalcify a bone
in v. Ebner’s fluid (10-15 P er cen h sodic chloride and 1-3
per cent, hydrochloric acid). Either this fluid or that given at
p. 33 may be used. Scrape off a thin lamella and examine it in
water.

(H) Observe the fibres of which it consists. They are com-
posed of fibrils arranged in bundles. They are best seen near
the edge. Fibres in different planes cross each other at a right
or obtuse angle.

ADDITIONAL EXERCISE.
Bone in Polarised Light.-—Examine a non-decalcified transverse section

of the shaft of a long bone in polarised light (Lesson XYI. 15). When the
Nicols are crossed, each Haversian system has a bright cross on a dark ground,
while the lamellae are alternately bright and dark. The crosses are also seen
in decalcified bone, so that they are produced by the organic basis or ossein
of the bone.
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LESSON XIY.

BONE AND ITS DEVELOPMENT.
Bone is developed either in connection with cartilage or mem-
brane. The former is called endochondral and the latter intra-
memhranous ossification. With the exception of a part of the
skull—its sides and vault—and nearly all the facial bones, all
the bones are laid down in hyaline cartilage.

1. Development of Bone—T.S. of Foetal Bone.—Decalcify the
shaft of the femur or other long bone, e.g., the radius and ulna,

EiG. 142.—T.S. Radius and Ulna of an Embryo Dog. I. Interosseous ligament; p. Peri-
osteum; me. Medullary cavity; msp. Subperiosteal tissue; to. Osseous trabeculae;
n. Point where the ligament enters the hone; ri. Union of ligament with the
periosteum. Observe that at first the interosseous membrane is inserted into a
depression in the hone ; when the membrane becomes ossified a ridge is formed.

of a newly-born kitten in picric acid (p. 33). Make transverse
sections, and stain them with picro-carmine. Mount one in
Farrant’s solution.

(a.) (L) Observe the periosteum (fig. 143, a, b), composed ex-
ternally of connective tissue, with fusiform corpuscles stained red.
Under this, one or more layers of cubical or somewhat flattened
nucleated cells, osteoblasts (c). Theypass into and line the Haver-
sian spaces, thus reaching the cancelli and medullary cavity, which
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they also line, so that every spicule or surface of young bone is
covered by them. From them the bone-corpuscles are formed.

(6.) The osseous tissue is stained red, and forms an anasto-
mosing series of trabeculce bounding large spaces—Haversian
spaces —containing blood-vessels and marrow, and lined by osteo-
blasts. Processes from the trabecuke project into the deeper
layer of the periosteum. At this stage a concentric arrangement
of the lamella; leading to the formation of Haversian systems has
not yet taken place. In the bone matrix, the bone-corpuscles (I),
irregular, refractive, nucleated cells, each lying in a lacuna.

(c.) (H) Under the periosteum and in the spaces may be seen
larger multinucleated cells.

Osteoclasts or Myeloplaxes (fig. 143, k). —The cells are much
larger than the osteoblasts, con-
tain many nuclei, and lie in little
depressions of the bone eroded
by themselves. These depres-
sions are called Howship’s
lacunae. These cells are con-
cerned in the removal of bone.

2. Intra- Cartilaginous For-
mation of Bone (L and H). —

Decalcify in picric acid the pha-
langeal bones of a four-months
foetus. Make longitudinal ver-
tical sections, stain in picro-
carmine, and mount inFarrant’s
solution.

(a.) (L) At the head of the
bone observe a mass of hyaline
cartilage (fig. 144)? an(l lower

Fig. 143.—T. S. Foetal Bone of Kitten, a, b.
Superficial and deep layers of peri-
osteum ; c. Layers of osteoblasts, with
k. Osteoclasts ; m. Matrix of bone; I.
Lacunae, with bone-corpuscles.

down bone, and where the two are continuous an irregular fes-
tooned margin, the line of ossification.

(6.) The cartilage at the upper part is hyaline, with the cells
small, and arranged singly or in groups, while deeper down the
cartilage-capsules are beginning to be arranged in rows, and below
this are larger cartilage capsules with clearer contents, and a
somewhat refractive matrix between them.

(c.) Under this, the line of ossification, with its festooned
margin, are spicules of calcified cartilage passing downwards
towards the medullary cavity. In the bony part, the primary
medullary spaces, with their osteoblasts, blood-vessels, osteoclasts,
and the newly-formed bone deposited on the calcified cartilage.

(d.) The first bone is formed under the periosteum (fig. 144), by
means of the subperiosteal osteoblasts. As these osteoblasts
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become embedded in the bone matrix they become bone-cor-
puscles. This piece of bone is perforated by blood-vessels, which
pass into the primary medullary spaces in the hollowed-out
cartilage.

(e.) (H) Examine the several parts. Search for an osteoclast
lying in a little cavity—Howship’s lacuna—and notice that while
the margins of the trabeculae, covered by recently-formed bone,
are stained of a deep red colour by the carmine, no such red stain

Enlarged cartilage-capsules.
Calcified cartilage in the formofOsteogenic tissue

Endochondral bone Pointed processesprojecting into
the primary

Blood-vessel Medullary spaces.

Perichondral bone
Perichondral bone.

Enlarged cartilage-capsules

Fig. 144.—Dorso-CarpalLongitudinal Section of the Second Phalanx of the Finger of
a Four-Months Foetus.

is seen where the osteoclast is embedded. It, in fact, is eroding
or eating away bone.

3. Epiphysis and Epiphysial Cartilage (L and H) .—Make
longitudinal vertical sections of a young rabbit’s femur or tibia
to show the epiphysial cartilage. Stain it in picro-carmine and
mount in glycerine-jelly; or, better still, double stain it in haema-
toxylin and picro-carmine or hsematoxylin and eosin. In the last
case the cartilage will be blue, the rest red or copper-red. The
method of double staining is particularly valuable for the study
of bone development.

(a.) (L) Observe the thin layer of encrusting cartilage on the
head of the bone (fig. 145, C), and under it the cancellated bone
of the head of the tibia. This cartilage is continuous below
with—
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(b.) A broad layer of cartilage between what is to be the head
of the bone—the epiphysis (A) —and the future shaft or diaphysis
of the bone (D).

(c.) In the epiphysial cartilage (EC) the vertical rows of carti-
lage-cells, smaller above, and larger and more quadrilateral below
(fig. 145 and fig. 146, C).

(d.) The shaft with longitudinal spaces—the primary medul-
lary spaces (fig. 146, MS)—bounded by trabeculse of calcified
cartilage partly covered by bone (fig. 146, h). The spaces con-
tain young marrow (c).

(e.) (H) Study specially the cells of the epiphysial cartilage
(fig. 146, G), and notice that the cells and capsules are smaller
above and larger below—zone of enlarged cartilage-capsules.
Some of the enlarged car-
tilage-capsulesof thelowest
row may be seen opening
into the primary medullary
spaces. The line of ter-
mination of these spaces is
called the line of ossifica-
tion. The bone grows in
length by the proliferation
of the epiphysial cartilage-
cells.

(/.) Bounding the pri-
mary medullary spaces,
directive trabeculae of cal-
pitied cartilage (h'\ with aemeu carcnage \u ) WIUI a
deposit of bony matter on
them. Note specially the
osteoblasts(p) partially em-

-FIG - ms-—V.S. Head of Tibia of a Young Rabbit,
greatly reduced to show details. C. Encrusting
cartilage ; E. Epiphysis ; EC. Epiphysial car-
“K,£JSS*£i£ Sert““um > MS'

bedded in the osseousmatter which they themselves secrete or form.
When they become embedded in the osseous products of their own
activity, they are then called bone-corpuscles. Note also that the
bone on the cartilage is bounded by convex surfaces which fit
into corresponding depressions in the cartilage. On the larger
trabeculse may be found osteoclasts lying in little cavities—How-
ship’s lacunae —which they have eroded. The spaces themselves
are filled with red marrow (c) and blood-vessels (v).

4. Intra-MembranousFormation of Bone ( H and L). —Take the
parietal bone of a foetus when the parietal bone is only partially
ossified ; scrape off the periosteum from a part near the periphery
of the ossified part; stain in picro-carmine and mount in Far-
rant’s solution.

(a.) Observe at one part the fibrous matrix, and shooting from
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it calcified fibres of connective tissue, these covered with osteo
blasts (fig. 147).

Marrow of Bone.—lt fills the medullary cavity of long bones,

Fig. 146.—L.5. Head of a Metacarpal Bone of
a Babbit, aged three months. C. Epiphy-
sial cartilage; 0. Bone; a. Bow of carti-
lage-cells ; b. Cartilaginous trabeculae ; m.
Primary medullary space; n. Osseous
deposit; h'. Directive cartilaginous trabe-
culae ; p. Bone-corpuscle being embedded
in the osseous matrix; c. Marrow-cells ; v.
Injected blood-vessel, x 240.

the cancelli of spongy bone,
and it occurs in some of the
largerHaversian canals. There
are two varieties, yellow and
red, the difference in colour
being due to the former con-
taining a large amount of fat-
cells.

Yellow marrow occurs in
the medullary cavity or canal
and the larger cancelli of long
bones. Besides a small amount
of connective tissue and blood-
vessels, it consists principally
of fat-cells.

Red marrow (H) occurs in
the spongy tissue at the ends
of long bones, in the short
bones of the hands and feet,
flat bones of the skull, epi-
physes of long bones, clavicle,
ribs, and in the medullary
canal of the long bones of
some animals, e.g., guinea-pig,
rat, rabbit. It consists of
delicate connective tissue with
blood - vessels and numerous
cells of several varieties.

(1.) Medullary or Marrow Cells (fig. 148, a, b, c).—They are
the most numerous, and are nucleated cells, not unlike large leu-
cocytes. They are spherical, with finely granular protoplasm and
a spherical pale nucleus. Sometimes they contain two nuclei.
Examined quite fresh in serum, no nucleus is visible, but it is
revealed by the action of acetic acid or dilute alcohol. The
protoplasm of some of them contains numerous highly refractile
granules, and that of others some brownish granules. There is
also a smaller variety of corpuscle. They exhibit amoeboid move-
ments under proper conditions.

(2.) Cells with Budding Nuclei (fig. 148).—Far less numerous,
but easily distinguished, are large finely granular cells, each with
a single large, often twisted, nucleus, which in some looks as if
it were composite, in others it would seem to consist of several
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parts united by some substance like the nucleus itself. There is
very great variety in the shape of these nuclei, which are visible
in the fresh condition of the cell. These cells are not amoeboid
(fig. 148, h, i).

(3.) Myeloplaxes.—These are larger than the foregoing, con-
sisting of a finely granular protoplasm with numerous nuclei
(fig. 148, m). What relation there is between (2) and (3), or if
there is any relation at all, is entirely unknown.

(4.) There are to be found cells smaller thanbut not unlike (1),
with a homogeneous protoplasm which has a reddish tint and a
spherical nucleus. Some
of them have a small bud
at the side (fig. 148, /, g).
They are regarded as cells
from which coloured blood-
corpuscles are formed. They
are regarded by Bizzozero
as similar to the nucleated
red blood-corpuscles of the
embryo.

(5.) Always a few fat-
cells.

FIG. 147.—Surface Section of a Parietal Bone of a
Human Embryo, x 240.

Connective tissue bundles.

Osteoblasts. Calcified. Ron-calcified.

(6.) Numerous red blood-corpuscles from the blood-vessels in
the red marrow.

(7.) Sometimes osteoblasts may be detached along with the
other constituents of the marrow.

Lay open a rib or a long bone of a guinea-pig or rabbit; remove
a little of the red mar-
row and diffuse it in
blood-serum or normal
saline. With a high
power search for ex-
amples of each of the
foregoing kinds of cells
The vertebra of a calf
may be used, and from
it the red marrow is
readily expressed by
squeezing it in a vice.

The nuclei in some
of the cells are best
revealed by the action
of dilutealcohol (p. 24).

ITG. 148.Cells from the Red Marrow of the Tibia of a
Young Rabbit, a, b, c. Marrow-cells examinedin nor-
mal saline ; d, e. Marrow-cells after dilute alcohol;
f,g. After dilute alcohol; h, i. Large cells with bud-
ding nuclei; m. Myeloplaxes, x 300.

5. Red Marrow.—(i.) Squeeze out some of the red marrow
from a rib of a guinea-pig or rat; shake it in a test-tube con-
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taining normal saline tinged with methyl-green, aldehyd-green,
or aniline-green. The marrow will fall as a precipitate. Examine
a little of this in normal saline. Stain some in picro-carxnine,
and mount in dilute glycerine.

(H) Observe the various forms of marrow and other cells met
with, the nuclei tinged red. The large myeloplaxes with nume-
rous nuclei have their protoplasm green and the nuclei red. The
fat-cells are quite green (fig. 148).

(ii.) Place some of the red marrow for 12-24 hours in dilute
alcohol, mount and stain the cells with picro-carmine. In this
way the nuclei of all the cells are stained red, their protoplasm
yellowish, while nucleoli are revealed.

(hi.) Harden some of the red marrow in Hayem’s fluid for
twenty-four hours. Wash the deposit, stain (picro-carmine) and
mount a little in glycerine. This is a good hardening medium
for this purpose ; the red blood-corpuscles can be readily distin-
guished, while the nuclei in all the cells are distinct.

ADDITIONAL EXERCISE.
6. Cover-Glass Preparation of Red Marrow ( H ).—As described for blood,

spread the red marrow in a thin layer on a cover-glass and stain it for
twenty-four hours in Biondi’s fluid (p. 114). Mount the cover in xylol-balsam.
If desired, clear it up with oil of cloves in which a little eosin is dissolved, and
remove the clove-oil by xylol. This method yields most beautiful preparations.

LESSON XY.

MUSCULAR TISSUE.
Muscle histologically occurs in two varieties—(l.) Non-striped ;

(2.) Striped, Non-striped muscles are involuntary, while striped
muscles, as a rule, are voluntary; but the heart-muscle is an
exception, for though striped it is involuntary.

1. Non-Striped (smooth, involuntary). Occurs in the outer-
coats of the lower half of oesophagus ; muscular coat and muscu-
laris mucosae of stomach and intestines; villi; ureter, bladder,
and urethra; pelvis and capsule of kidney ; trachea (trachealis
muscle) ; bronchi; oviduct; uterus ; iris, ciliary muscle ; erector
pili muscles of skin; coats of blood- and lymph-vessels; capsule
and trabeculae and ducts of some glands, &c.

It consists of nucleated elongated fusiform contractile cells,
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held together by a clear cement. Each cell is from 4tolo im
(Wdit—jsVo- in°h) in breadth and 40-200 /x (^ inch) in
length.

1. Non-Striped Muscle (H).—Place thin strips of the muscular
coat of the intestine for forty-eight hours in a 25 per cent, solu-
tion of nitric acid, which softens the connective tissue and ren-
ders the tissue yellow. Wash it thoroughly in water. Tease a
small part in Farrant’s solution.

(a.) Select an isolated fibre. It is spindle-shaped, elongated,
or fusiform, tapering to both ends, and in its centre there is an
oval nucleus, distinguished by its being rather more refractive
than the rest of the cell (fig. 149). At
the poles of the nucleus there may be a
few granules.

It is very difficult to stain these cells
after the action of nitric acid, but this
may be done with magenta, provided the
nitric acid be entirely washed out of the
tissue beforehand. Each cell is said to
have a sheath, but that cannot be seen
in fibres prepared in this way.

2. Muscle-Cells from the Frog’s Blad-
der (L and H).—Distend the frog’sbladder
with dilute alcohol thus. Transfix the
skin on each side of the anus with two
pins, and tie round them a thread so as
to occlude the anus; open the abdomen,
make a slit into the large intestine, clear
out any residues it may contain, and inject
dilute alcohol (p. 24) through the intestine

Fig. 149. —Isolated Smooth
Muscular Fibres. Nitric
acid, X 300.

into the bladder. When the latter is “full, ligature it at the
neck, and suspend it for twenty-four hours in a large quantity
of dilute alcohol. Then open the bladder, and with a camel-
hair brush pencil away all the lining epithelium. Stain a portion
of the bladder in logwood and mount it in balsam, or stain in
picro-carmine and mount it in Farrant’s solution.

(a.) Observe the thin membrane, traversed in every direction
by thicker or thinner trabeculae of smooth muscle (fig. 150, a).
The trabeculae consist of numerous long fusiform nucleated cells
(c)—the nuclei, long, narrow, and oval. Some of the cells are
triradiate (h ). Oval nuclei with blunter ends are seen in the
fibrous covering of the bladder (d). They are the nuclei of con-
nective tissue cells.

3. T.S. Non-Striped Muscle (H). —This is obtained by making
transverse sections of the circular muscular coat of the small in-
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testine (cat), previously hardened in chromic acid and spirit,
or Muller’s fluid. Stain a section in hsematoxylin and mount in
balsam.

(a.) Observe polygonal areas of unequal size, mapped out from

Fig. 150.—Bladder of Frog. a. Large strands
of smooth muscle; b. Triradiate, and c.
Fusiform muscle-cells; d. Nuclei of con-
nective tissue-corpuscles.

4. L.S. of Non-Striped Muscle

each other by a refractive (fig.
151) cement substance. Each
area corresponds to the trans-
verse section of a fibre. Some
of the areas contain a nucleus
(■n ), others not. Surrounding
groups of these areas are fine
septa of connective tissue (s),
which map out the fasciculi or
bundles of cells. The fibres
are arranged in bundles or
fasciculi, each surrounded by
an envelope of connective
tissue. The fasciculi are large
or small according to the num-
ber of fibres entering into their
composition.

(H). —This maybe obtainedby
making a longitudinal section of the longitudinal coat of the in-
testine, but it is better to strip off a thin lamella of this coat
from the intestine of a rabbit hardened in spirit or Miiller’s

FIG. 151.—A. T.S. non-striped muscle, intes-
tine of cat; B. Longitudinal strip of in-
testine of rabbit; c. Cell; n. Nucleus;s. Septum of connective tissue. Chromic
and bichromate fluid, hsematoxylin.

fluid. Stain in hsematoxylin
and mount in balsam.

(a.) Observe the oval fusi-
form nuclei (fig. 151, n) lying
in narrow fusiform areas—the
cells. The boundary-lines be-
tween the cells are usually not
well defined.

5. Cement Substance ofNon-
Striped Muscle (H).—Withdis-
tilled water wash out the con-
tents of the small intestine of a
freshly-killed rabbit, or the large
intestine of a frog. Tie one
end of the gut, and fill it with
.5 per cent, solution of silver

nitrate, and tie the other end of the gut. Suspend the whole in
per cent, solution of silver nitrate for ten minutes or so. Slit

up the gut along the line of attachment of the mesentery. Wash
it in water and expose it to light. It soon becomes brown. Lay
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it on a glass plate, mucous surface uppermost, and with a scalpel
scrape away all the mucous and submucous coat, which is very
easily done, especially if the intestine
has been macerated for about twenty-
four hours in water. There remain
only the muscular and thin serous
coats. Harden in alcohol. Snip out
a piece, dehydrate completely in abso-
lute alcohol, and mount in balsam.

(a.) Observe the narrow elongated
fusiform areas bounded by silver lines
(fig. 152); they indicate the outline
of the fusiform cells. On focussing
upwards and downwards, notice the
longitudinal and circular direction of
the fibres crossing each other. In
this preparation also many lymphatic

Fig. 152.—Cement Substance of
Smooth Muscle, 1 Intestine of
Rabbit. Silver nitrate.

paths lined by sinuous epithelium may be seen. They are recog-
nised by the dilatations in their course, and by the character of
the endothelial cells lining them. By focussing deeply, the silver
lines of the endothelium of the serous membrane may be seen.

ADDITIONAL EXERCISE.
6. Fibrillar Plexus in Muscle-Cells (H)-—Kill a newt, open its abdomen,

and pin out its intestine and mesentery on a thin piece of cork with a hole in
it corresponding to the mesentery. Place it for twenty-four hours in a 5 per
cent, solution of ammonium chromate. After this wash away all the chromate,
stain a piece of the mesentery in logwood, and mount it in balsam.

(a,) In the membrane observe narrow strands of non-striped muscle com-
posed of very large fusiform cells. In the large nuclei a plexus of fibrils,
while a leash of fine fibrils will be seen in the perinuclear part stretching from
the poles of the nucleus to the ends of the fibre.

LESSON XYI.

STRIPED OR STRIATED MUSCLE.

Striped Muscle—sometimes called voluntary or skeletal muscle
—occurs in the muscles of the skeleton, pharynx, upper half of
the (Esophagus, diaphragm, the sphincter of the bladder, external
anal sphincter, and the muscles of the outer and middle ear.
The muscular fibres of the heart are also striped, but they are
involuntary.
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A Muscular Fibre is cylindrical in form, and tapers at its
extremities. They vary in breadth from 10 to 50 /x (0-4VO “ TFo
inch), but they are broadest in the muscles of the extremities.
The fibres are 1 to i|- inches in length.

A muscular fibre consists of the following parts :
(1.) Sarcolemma, or elastic sheath,
(2.) Sarcous substance, which is transversely striated.
(3.) Muscle-corpuscles.
1. The Sarcolemma (H). —(i.) To avoid the effect of the con-

tractility of the muscle, kill a frog several hours before it is
required. Dissect out the sartorius muscle, because it is com-
posed of parallel fibres. Tear off a thin strip, and with needles
tease it in distilled water.

(a.) Observe the cylindrical shape of the fibres, marked trans-
versely by alternate light and dim stripes. Run the eye along

Fig. 153.—A. Striped Muscle of Frog; sarcolemma raised in the form of a bleb. B.
Ruptured fibre with sarcolemma ; C. Fibre ruptured by a hair; D. Effect of acetic
acid on a muscle-fibre ; E. Muscle-discs. Ammonium carbonate.

the edge of a fibre, and perhaps a clear, transparent bulla or bleb
will be seen. If so, it is the sarcolemma raised from the subjacent
sarcous substance by water diffusing into the fibre (fig. 153, A).

(b.) The sarcolemma is a clear, transparent, colourless, homo-
geneous elastic membrane, forming a tubular sheath for the
sarcous substance. It is allied to, but not identical with, elastic
tissue. It is much tougher and less easily ruptured than the
sarcous substance which it contains.

This method is often unsatisfactory, and frequently causes the
demonstrator a good deal of trouble before he finds a satisfactory
result.

(ii.) A much better plan is the following:—Tease out a few
fresh muscular fibres on a slide in normal saline, and across the
direction of the fibres place a hair. Cover, and press the cover-glass
down firmly on the fibres. The hair ruptures the sarcous sub-
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stance, which retracts and leaves the tougher unbroken sarco-
lemma between the ends of the ruptured fibre. Remove the
hair, and the now empty sarcolemma will be seen (fig. 153, C).

(iii.) Another excellent method is to leave the muscle in a
saturated solution of ammonium carbonate. The sarcolemma
will be seen raised for long distances from some of the fibres,
with a little of the sarcoglia sometimes adhering here and there
to its under-surface.

2. Muscle-Corpuscles, or Nuclei (H). —Tease a piece of a fresh
frog’s muscle, and irrigate it with 2 per cent, acetic acid.

(a.) Observe the sarcous substance becoming swollen up and
more homogeneous, while a number of fusiform, somewhat
shrivelled or shrunken nuclei, with their long axis in the long
axis of the fibre, come distinctly into view. They are now
slightly more refractive than the altered sarcous substance, hence
they are seen with greater distinctness. Focus carefully, and
note that these nuclei lie not only under the sarcolemma, but
also in the substance of the fibres. Had a mammalian muscle
been used instead of one from an amphibian—in the case of most
muscles—the nuclei would have been found directly under the
sarcolemma only. The presence of the nuclei is merely revealed
by the action of the acid, which alters the refractive index of the
sarcous substance, and thus brings the nuclei into view. Some-
times faint longitudinal striation is exhibited by such a fibre.

3. Isolated Muscular Fibres. —(i.) Pith a frog, and plunge it in
a beaker of water at 55

0 C. Leave it in the water, and allow the
water to cool gradually (Ranvier). It will now be found that the
fibres of any muscle can be dissociated with great ease ; the
muscles to be preserved in 70 per cent, alcohol until they are
required. By careful manipulation very long fibres may be
isolated from the sartorius. These muscular fibres exhibit the
ordinary characters of striped muscle. This is by far the easiest
method of obtaining isolated fibres.

(ii.) Place small pieces of a fresh muscle in the following
mixture, u Nitric acid saturated with potassic chlorate. There
must be crystals of the latter in the fluid. The tube or vessel
is speedily filled with yellow nitrous fumes. It is usually advised
to leave the muscle several hours in this fluid. I find, however,
if this be done, that the muscle is dissolved. Half an hour is
usually sufficient. With glass rods remove the now softened
orange-coloured muscle, and place it in water. It becomes
whitish. Shake it in a tube with water. The fibres fall asunder
quite readily, and after having all the acid removed by prolonged
washing, they can be stained and mounted.

4. Fibrillse of a Muscular Fibre (H). —Place a frog’s or mam-
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mal’s muscle in water (two hours), and afterwards in dilute
alcohol for twenty-four hours. Tease a small fragment of the
now softened muscle in glycerine.

Select a fibre, and note that at its free end it splits up longi-
tudinally into a large number of very fine fibrils

I A or fibrillse, each of which is transversety striated
sgwadL like the original muscular fibre (fig. 157).rym 5. Muscle-Discs (H).—The usual directions for

obtaining these are to place dead muscle for
several days in dilute (.2 per cent.) hydrochloric

M acid. The muscular fibre then cleaves trans-

I’M. 154. —Rela-
tionof a Tendon
S. to its Muscu-
lar Fibre, the lat-
ter with a Coni-
calTermination.

per cent, alcohol. Tease
out the muscular fibres,
when their conical ends
will be seen ending ab-

ruptly and the small tendons beginning
as abruptly.

7. Crab’s Muscle (Sarcous Substance)
(H).—Plunge the living muscles of a crab
—or better still, use a stag-beetle—into
absolute alcohol for twenty-four hours.
Stain a fragment in dilute eosin-hcerna-
toxylin, and mount it in Farrant’s solution
or balsam. In the latter case the clari-
fying reagent must contain a little eosin
to restore the eosin colour to the prepara-
tion.

(a.) Observe the fibre striped as in fig.
155, with alternate light and dim discs,
the dim discs (a) stained of a logwood

versely. I have not found this to be a very satis-
factory method. A much better plan is to place
small pieces of the muscle in a saturated solution
of ammonium carbonate for several hours.

(a.) Not only will the sarcolemma be seen, but
inside it, here and there, the sarcous substance will
be seen cleft transversely into discs (fig. 153, E).

6. Ending ofMuscle in Tendon. —This isreadily
seen by taking the lower end of the sartorius with
its tendon from a frog treated as in Lesson XVI. 3,
(i.), and which has been afterwards placed in 70

FIG. 155.—Muscular Fibre of
Great Adductor of Babbit,
Living and Extended, a.Dim disc ; 6. Light disc ;

c. Intermediate or Dobie’s
line; n. Nucleus seen in
profile. Examined in itsown juice, x 300.

tint, while the light discs are of a faint eosin tint.
(b.) In the light disc (6) observe a fine line or series of dots

running transversely, sometimes called Dobie’s line or inter-
mediate line (fig. 157, 155, c), dividing the light disc into two
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equal parts, these adhering to the ends of the dim disc. They
are then called lateral discs.

(c.) The dim disc may exhibit slight vertical striation, indicat-
ing a tendency to cleave longitudinally. If transverse cleavage
be associated with simultaneous longitudinal cleavage, small

A similar pre-
paration of an
insect’s muscle
may be stained
in picro - car -

mine. Tease it
so as, if possible,
to isolate a fib-
ril, Mount in
formic glyce-

Fig. 157.—Crab’s Muscle, partly schematic.
A. Ron-stretched ; C. Extended; B. Con-
tracted; F. Fibrils; D. Dim; L. Light
stripes.

rine. The dim disc is stained red (fig. 155, a), and
if the fibre be stretched, the details of its struc-
ture can be better seen, especially if a very high
objective be used (fig. 156).

8. T.S. of Muscle. —Make transverse sections
of asmallmamma-
lian muscle which
has been kept
stretched and har-

Fig. 158.—T.S. Muscle.

“elements” are obtained, which
were called “ sarcous elements ”

by Bowman.
(d.) Nuclei may be seen.

clened in 0.5 per
cent, chromic acid
and afterwards in
alcohol. Stain one
in logwood and
mountit in Canada
balsam.

Fig. 156. Fibril
of Muscle of
Hydrophilus. a.
Dim, c. Light
disc ; b. Inter-
mediate line, x
2000. Picro-car-
mine and formic
glycerine.

(a.) (L) Observe the sheath of
connective tissue or perimysium
surroundingthe wholemuscle, and
that from it septa pass between

groups or fasciculi of the muscle-fibres, and also a small amount
between the muscle-fibres, forming the endomysium (fig. 159).

The ends of the muscular fibres somewhat polygonal or rounded,
with stained nuclei (one, two, or three) immediately under the
sarcolemma. In amphibian muscles (fig. 159, A) and in a few
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mammalian muscles, e.g., the semi-tendinosus of the rabbit, nuclei
also occur within the sarcous substance.

(b.) (H) The ends of the fibres appear finely dotted with clear
interspaces, the dots corresponding with the ends of the bundles
of fibrils or muscle-prisms, while the clear areas are due to what
is called sarcoglia.

9. L.S. Injected Muscle (L). —Make a longitudinal section of
an injected muscle, i.e., parallel to the direction of its fibres. It
is better to inject the whole of the posterior half of the body, e.g.,

FIG 159. —A. T.S. muscle fibre of newt; B.Of mammal; C. T.S. muscular fibres
(mammal), with endomysium ; b. Blood-
vessel ; F. Fasciculus ; P. Perimysium.

FIG. 160.—CapillaryPlexus in Muscles,
a. Artery; v. Vein; c. Capillaries,

X 250.

of a rabbit, from the aorta. The preparation made for injected
bone will yield injected muscle. Mount it in balsam.

(a.) Observe the elongated quadrilateral meshes of capillaries
between the muscular fibres, but outside the sarcolemma, and that
capillaries run between the fibres with short transverse connecting
branches. Trace their origin from an artery and their termina-
tion in a vein (fig. 160).

10. T.S. Injected Muscle.—Mount, either stained or unstained,
in balsam. In this the cut ends of the capillaries between the
fibres will be seen (fig. 161).
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11. L.S. Red Muscle of Rabbit Injected (L).—Use the semi-

tendinosus or soleus of a rabbit. This shows the same general
arrangement of the blood-vessels, but some of the transverse
branches and some of the veins have small dilatations or ampullse
upon them, while the capillaries are usually more tortuous than
those of the pale muscles.

12. Cardiac Muscle (H). —Harden small pieces of the heart in
20 per cent, nitric acid (forty-eight hours), or 2 percent, potassic
bichromate or ammonium chromate for thirty-six to forty-eight
hours. Tease a small piece in Farrant’s solution.

(a.) Observe the faintly transversely-striated fibres made up of
short quadrilateral pieces with short oblique processes, which join
other muscular fibres. The muscle-cells therefore branch and

FIG. 161.—T.5. Muscle In-
jected. M. Muscle, with
n. Nuclei, 6. Blood-vessel
(capillaries).

Fig. 162.—Muscular
Fibresof theHuman
Heart.

Fig. 163.—T.5. of a
Fresh Frozen Muscu-
lar Fibre, showing
Cohnheim’s areas.

anastomose. A rather indistinct line of clear cement joining
the ends of adjacent cells.

(6.) There is no sarcolemma, but a well-defined nucleus lies
in the substance of the fibre, while the transverse striation is
much less distinct than in skeletal muscles.

13. T.S. Frozen Muscle (H).—With a freezing microtome
make a transverse section of a muscle taken from a recently-
killed animal.

(a.) The ends of the fibres are mapped out into a large number
of small polygonal areas—Cohnheim’s areas—separated from each
other by a clear network of lines. The darker areas correspond
to the ends of a bundle of fibrils—the so-called muscle-prisms,
while the clear material between them is the sarcoglia (fig. 163).
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ADDITIONAL EXERCISES.
14. Living Muscle (H). —Remove, with as little injury as possible, some of

the muscular fibre from the leg of a water-beetle (Dytiscus or Hydrophilus),
place the muscle on a slide without the addition of any other fluid, and cover it.
Examine it as quickly as possible, and with the highest available objective.

(a.) Observe the alternate cross stripes, some of which will be distinctly
seen, while at other parts they may be very close together, or the fibre may
exhibit contraction waves.

The dim disc or band may exhibit slight longitudinal striation, while a
dotted line—Dobie’s line —will be seen running across the bright or light disc,
dividing it into two so-called lateral discs.

The nuclei, surrounded by a small quantity of protoplasm, may be visible.
15. Crab’s Muscle (Methyl-Violet).—Stain a fragment of a crab’s muscular

fibre (hardened in alcohol or Muller’s fluidand spirit, p. 27) with methyl-violet
as described for fibrin (Lesson 111. 16). Decolorise it with Lugol’s solution
of iodine in iodide of potassium, clarify it in aniline-oil and xylol, and mount
it in balsam. Use all the precautions detailed under Weigert’s method for

FIG. 164.—A. Polariser to fit into Zeiss’s large stand in a frame under Abbe’s condenser
B. Section of A showing arrangement of the prisms.

fibrin. In successful portions, the dim disc, and it alone, will be obtained of
a deep violet.

Do this with a contracted fibre, one extended, and one relaxed. In the
extended fibre observe that it is chiefly the light disc which has been elongated
by the extension (fig. 157, C). In the contracted muscle, the discs are closer
together and narrower, while the fibre is broader at the contracted part.

16. Polariscope.—An ordinary microscope can be fitted with a polariscope,
which consists of two Nicol’s prisms; one is placed below the object, and is
called the polariser (fig. 164), while the other, the analyser, is placed above
the ocular.

The light reflected from the mirror as it passes through the polariser is
polarised. With the analyser in position, look into the ocular, and slowly
turn the analyser. The best forms are provided with a graduated circle to
indicate the extent of the rotation. There are two positions of the analyser in
which the field is quite dark, caused by the polarised rays being cut off. This
occurs when the planes of polarisation of the two prisms are at right angles to
each other, i.e., when the Nicols are crossed. Between these two positions
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of the analyser a greater or less amount of polarised light is transmitted.
Certain transparent histological preparations when placed on the stage of the
microscope are dark when the Nicols are crossed, others under the same con-
ditions cause the light to reappear, and appear bright on a dark field. They
are said to be doubly refractive. The dim disc is doubly refractive or aniso-
tropous, while the light disc is singly refractive, and is isotropous.

Either a preparation of fresh muscle or a balsam preparation may be used.
It is well to take a muscle which has broad and distinct stripes to see the
phenomena, one set of bands bright and refractive, and the others dark on a
dark ground, i.e., with crossed Nicols.

Instead of a glass-cover slip, cover the preparation with a thin slip of mica,
or place a thin plate of gypsum under a preparation of striped muscle. The
field shows various colours, red, pink, green, &c., according to the thickness
of the mica plate, the position of the Nicols, and the relation of the axis of
the mica to that of the Nicols. Suppose the general tint of the field to be
pink, then any doubly refractive substance assumes a tint complementary to
the pink, i.e., of a greenish hue. On turning the analyser, the tint of the field
varies, and with it the colour of the anisotropous substance, while the isotro-
pous substance, being singly refractive, and having no effect on the direction
of the polarised ray, has the same colour as the field.

The doubly refractive property is possessed by bone (p. 147), smooth
muscle, and the white fibres of connective tissue.

LESSON XYII.

NERVE-FIBRES.
Nerve-fibres are of two kinds, medullated and non-medullated ;

the former occur chiefly in the white matter of the nerve-centres
and the cerebro-spinal nerves, while the latter occur chiefly in the
sympathetic system.

I. Medullated Nerve-Fibre. —The essential part is the axis-
cylinder, a soft, transparent rod or thread running from end to
end of the fibre, and composed of primitive fibrils. It is covered
by one or more sheaths. The myelin, white substance of
Schwann, or medullary sheath envelops the axis-cylinder every-
where except at the termination of the fibre and at the nodes of
Ranvier (fig. 165). The myelin gives the nerve-fibre its highly
refractive appearance and its double contour, and it can be shown
to consist of a stroma or network of fibrils of a peculiar chemical
substance called neuro-keratin, enclosing a semifluid fatty-like
substance, containing, amongst other chemical substances, prota-
gon, a complex phosphorised fat. Histologically it consists of
cylinder-cones or medullary segments, whose ends are bevelled
and fit one into the other, but separated from each other by
oblique clefts or incisures.

Outside the medullary sheath is a thin, transparent, tough
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FIG. 165. Medullated nerve-
fibre. Osmic acid.

elastic sheath, the primitive sheath,
sheath of Schwann, or neurilemma. It
is not present in all nerve-fibres, being
absent from the fibres of the central ner-
vous system.

Between the axis-cylinder and the
myelin is a thin layer of matter, called
by Iviihne axilemma. By others it is
regarded as an albuminous cement.

At fairly regular intervals along the
course of a fibre are constrictions, the
nodes of Ranvier, where the myelin is
absent, so that the neurilemma appears
to produce a constriction at these points.
The part beween any two successive nodes
of Ranvier is an interannular segment,
or internode, and about the centre of
this, under the neurilemma, is a flattened
oval nucleus nerve - corpuscle sur-
rounded by a small quantity of proto-
plasm, and lying in a slight depression
of the myelin. Nodes of Ranvier are
absent from the nerve-fibres of the brain
and spinal cord. Osmic acid blackens
the myelin; silver nitrate produces the
so-called Eanvier’s crosses. The manner
of their production is given in the text.
Nerve-fibres do not branch except towards
their terminations.

The fibres vary greatly in diameter,
some being only half as broad as a red
blood-corpuscle (4 /j., i others
as broad (8 ft, inch)> an d others
broader still; so that they vary in dia-
meter from 2 to 20 fi.

11. Non-Medullated Nerve-Fibres.—
They occur specially in the sympathetic
system, but are also present in the
cerebro-spinal nerves. Each fibre con-
sists of a bundle of fibrils enclosed in
a transparent structureless sheath. The
fibres are somewhat flattened; theybranch
and anastomose, and in their course are
oval nuclei (fig. 166). As they have
no myelin, they are not blackened by

Node of
Ranvier.

Primitive
sheath.

Interannular
segment. Nerve

corpuscle.

Axis-cylinder.

Whitesubstance
of Schwann.

Node of
Ranvier.
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osmic acid, so that this reagent serves to distinguish the two
kinds of fibres.

Nerve-trunks consist of bundles or funiculi of nerve-fibres,
each bundle containing a greater or less
number of fibres. Several bundles are
held together by a common connective
tissue sheath—the epineurium. The sheath
around each funiculus is composed of
lamellated connective tissue, covered on
both surfaces by endothelial cells, and is
called the perineurium or lamellated sheath.
Lymph spaces exist between the lamellae.
Delicate fibrils of connective tissue lie be-
tween the nerve-fibres, and constitute the
endoneurium. The larger blood- and lymph-
vessels lie in the epineurium and perineu-
rium, while the endoneurium supports the
few capillaries which are distributed to the
nerve-fibres (fig. 17^).

The term Sheath of Henle is applied
to the prolongation of theperineurial sheath
—usually a single lamella—around a small
branch, or even one or two nerve-fibres.

The following statement may facilitate
the study of the parts to be investigated :

Nerve-Fibres.
I. Medullated (chiefly in cerebro-spinal

system).
11. Non-Medullated (sympathetic or

fibres of Remak).
A. Medullated Nerve-Fibre consists

of—

Fig. 166. Non-Medullated
Nerve-Fibre,Vagus of Dog.
b. Fibrils ; n. Nucleus; '[>■
Protoplasm surrounding it.

(i.) Primitive sheath, sheath or Schwann
(or neurilemma).

(2.) Nerve-corpuscles occur under the
primitive sheath.

(3.) White substance of Schwann, mye-
lin, or medullary sheath (with
cylinder cones and incisures).

(4.) Axis-cylinder, composedof primitive
fibrils (surrounded by a sheath called the axilemma).

(5.) Nodes of Ranvier and internodal or interannular segments
between two successive nodes.
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Ranvier s C7'osses and Fromann’s lines, obtained by using
nitrate of silver. The neurokeratin netioork in the myelin.

Sheath of Henle.
Sheaths of a Nerve-Trunk. —Epineurium, perineurium, and

endoneurium.
B. Non-Medullated Nerve-Fibres consist of—-

(i.) A bundle of fibrils, usually enclosed in
(2.) A transparent sheath or neurilemma.
(3.) On the fibres are oval nuclei.

1. Medullated Nerve-Fibres (H). —Select a
small nerve, e.g., the sciatic or one of its branches,
of a frog. Cut out half an inch of it, and place it
on a dry slide, but add no fluid. Fix one end of
the thread by pressing on it with any thin blunt
object, e.g., the flat surface of a mounted needle,
and fray out the opposite end in a fan-shaped
manner with a mounted needle, so as to isolate
some nerve-fibres. To prevent it
from drying, breathe on the speci-
men from time to time. Add a
drop 'of normal saline, cover, and
examine (fig. 167).

(a.) Observe highly refractive
medullated nerve-fibres of variable
size, some as broad as a red blood-
corpuscle and others narrower.
Each fibre has a double contour, i.e.,
two thin lines on each side of the
centre. The double contour may

be interrupted here and there. The double con-
tour is due to the white substance of Schwann,
medullary sheath, or myelin.

(&.) In the centre a clear bright rod, the axis-
cylinder.

(c.) Outside the myelin is a thin transparent
sheath, primitive sheath or neurilemma, scarcely
to be detected as such unless the fibre is ruptured
or the sheath raised from the myelin, or stretching
as a funnel-shaped prolongation from the end
of a torn fibre.

(d.) Selecting a fibre isolated for a considerable
distance, trace its outline, and observe at intervals
slight constrictions—nodes of Ranvier—where the myelin is
absent.

(e.) A small quantity of delicate connective tissue—endo-

Fig. 167. Fresh
Nerve-Fibre Ex-
amined in Nor-
mal Saline, a. A
short piece of
the axis-cylinder
projecting; b.
Myelin drops.

Fig. 168.—Nerve-
Fibre of Frog. a.
Banvier’s node ;
b. Nucleus ; i.Incisures ; m.
Myelin blacken-
ed. Osmic acid,
X 400.
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neurium—with, perhaps, a capillary and a few blood-corpuscles
between the fibres.

(/) The myelin tends to exude from the rup-
tured ends of the fibres, and appears as highly
refractive spherical droplets—myelin drops—often
with concentric markings, but there is no nucleus
in them (fig. 167, h).

Stain the preparation with picro-carmine, and
note that this reagent diffuses into the fibres at
their cut ends and at the nodes of Ranvier. It
stains the axis-cylinder red, and also the nerve-
nuclei or corpuscles which lie just under the
neurilemma.

2. Nerve in Osmic Acid (H). —A nerve-fibre is
rapidly blackened by osmic acid, as can be shown
by applying a drop of 1 per cent, solution to a
fresh nerve, but for good permanent preparations
it is well to stain the nerve after the action of
the osmic acid Place a small piece of nerve in a
small glass thimble along with 2 cc. of .5 per
cent, osmic acid. Cork the thimble, and after
twenty-four hours thoroughly wash the prepara-
tion ; tease it a little, and place it for twenty-four
hours in a solution of picro-carmine. In fact, if
it be left for days in this dye it is better, as the
fibres can then be more readily dissociated. Tease
a small fragment, and mount it in glycerine acidu-
lated with formic acid.

(a.) Observe in each fibre the myelin stained
black. Search for a node of Ranvier, a narrow
constriction, and note that the myelin is absent
at the constriction, although the axis-cylinder and
neurilemma are present (figs. 168 a, 169). Find
the next node, and, between the two adjoining
nodes, the stretch of nerve—the internodal or
interannular segment (fig. 165).

(&.) In the interannular segment, just under
the neurilemma, and lying in a slight depression of
the myelin (fig. 168,h), an oval red-stained nucleus
surrounded by a small quantity of protoplasm,
and about midway between the two nodes (fig.
169, n). The axis-cylinder stained red, and con-
tinuous throughout the fibre.

(c.) In the myelin what look like oblique slits
—incisures—running obliquely outwards from the axis-cylinder

FIG. i6g.—Nerve-
Fibre (Osmic
Acid.) a. Axis-
cylinder; r.Node
ofRanvier; i. In-
cisures ; n. Nu-
cleus ; p. Proto-
plasm ; s. Neuri-
lemma.
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to the neurilemma (fig. 169, i). They correspond on each side,
and break up the myelin into a number of short lengths—-
cylinder cones —-the bevelled end of one cylinder-cone fitting into
the oppositely bevelled end of the next cylinder-cone. Many
cones lie in an internode.

(' d.) Some of the fibres are broad, and others narrow, about
half the breadth of the others.

(e.) Some fibres are not blackened by osmic acid at all. They
appear as flattened bands with oval nuclei at intervals in their
course. , They are non-medullated nerve-fibres, which, as they
have no myelin, are not blackened by the osmic acid.

(/.) A small quantity of connective tissue and capillaries. To
get a good view of the incisures and nodes, the best plan is to
stretch the sciatic or other nerve of a frog on a match before
placing it in osmic acid. In this way the fibres are kept straight,
and the cylinder-cones pulled asunder as far as possible, thus
making the incisures wide and distinct.

3. Ranvier’s Crosses ( H ).—Rapidly tease out on a dry slide one
of the branches of the sciatic
nerve (frog), and stain it for
five minutes with .3 per cent,
solution of silver nitrate. Wash
off the silver, apply a drop of
glycerine, and expose it to day-
light. It rapidly becomes brown.

(a.) Observe the fibres, but at
each node will be seen a brownish
black cross (fig. 171); the silver
nitrate diffuses into the nerve-
fibre only at the nodes, stains the
cement joining one internode

with another, thus making the transverse bar of
the cross, and as it diffuses along the axis-cylinder it stains some
cement substance on the latter, and thus makes the vertical bar
of the cross. Occasionally a number of transverse (fig. 171) lines
—Fromann’s lines—are seen on the axis-cylinder, i.e., on the
vertical bar of the cross (p. 173).

4. Intercostal or other Small Nerve.—(i.) It is well also to
stain with silver nitrate one of the small intercostal nerves of a
rat or some other small nerve. Stain the whole nerve in silver
nitrate.

Fig. 170. Nerve
with Farmer's
Crosses. Silver
nitrate, x 30.

Fig. 171. Nerve-
Fibre. a. Node
and cross of ilan-
vier with Fro-
mann’s lines, x
zoo. Silvernitrate.

(ii.) Open the abdomen of a frog, remove the abdominal viscera,
so as to expose the nerves coming from the vertebral canal. Pour
on the nerves .3 per cent, silver nitrate. After three minutes, cut
out the nerves and place them for half an hour in fresh .3 per
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cent. AgNOg. Wash in distilled water, tease a piece in glycerine,
and expose it to light.

(a.) The crosses are seen as before, but above them is the
endothelial sheath of the nerve-fibre,
composed of polygonal squames (fig.
172).

5. Axis-Cylinder.—Harden for two
or three days a nerve in chromate
of potash, tease a piece, and stain
it in carmine. Observe the axis-
cylinder stained red (fig. 172).

6. T.S. of a Nerve.
—Select a rather large
nerve, e.g., the human
sciatic, and harden
about an inch of it in
picric acid for forty-
eight hours, or in 2
per cent, ammonium
bichromate for two
weeks. Wash out the
bichromate. Complete
the hardening in alco-
hol. Sections may be
made, and stained with logwood or carmine, but
they are very apt to fall to pieces. It is preferable,
therefore, to stain the hardened tissue “in bulk.”
Place it in borax carmine for three days, then
transfer it to acid alcohol, and pass it through
absolute alcohol and turpentine, and embed it in
paraffin (p. 39). Cut sections, when the paraffin
keeps all the parts in their places. Fix a section
on a slide with white of egg (p. 33), remove all
the paraffin by placing the slide in turpentine,
clear it up in clove-oil, and mount in balsam.

(a.) (L) Observe the connective-tissue sheath—-
epineurium—or sheath surrounding the whole
nerve, sending processes into the nerve,—nume-
rous bundles—some large, others smaller—or funi-
culi of nerve-fibres, each surrounded by a lamellated
sheath—perineurium —which sends fine septa—

endoneurium—into each funiculus. In each bundle
the cut ends of the fibres are directed towards the
observer.

Fig. 172.—IntercostalNerve ofMouse,
Ranvier’s Crossesand Endothelial
Covering. AgNOs , x 300.

Fig. 173. Peri-
pheral Nerve-
Fibre. a. Axis-
cylinder; b. llan-
vier's node ; c.
Nucleus. Chro-
mate of potash
and carmine, x
200.

The large blood-vessels are in the epineurium, and a few in the
endoneurium.

NERVE-FIBRES.
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(b.) (H) Select a bundle. Observe the perineurium, made up
of several concentric lamellse with nuclei between them. The

cut ends of the fibres
varying in diameter.

(c.) Note in each
fibre the section of the
stained axis - cylinder.
Surrounding thisaclear
transparent ring, indi-
cating the position of
the myelin, which has
been dissolved out in
the process of prepara-
tion.

Fig. 174.—T.5. of Several Funiculi of the Median
Nerve, p. Perineurium ; ep. Epineurium ; ed. En-
doneurium.

(d.) Outside this a
thin circle—the primi-
tive sheath. Between
the nerve-fibres a small
quantity of connective
tissue or endoneurium.

7. Non-Medullated
or Sympathetic Nerve-
Fibres. —(i.) These are
readily found in the
large splenic nerve of

the ox The nerve has a pretty thick sheath. Cut this open, and
cut off a small piece. Tease it in normal saline.

(H) Observe that there are very few medullated fibres, the
great majority being non-medullated. Their
outlines are not verydistinct• theyare faintly
striated longitudinally, and have oval nuclei
at intervals. They may be stained with
picro-carmine.

(ii.) Jrlace the cervical symparneuc nerve
of a rabbit in .25 per cent, osmic acid for
twenty-four hours. Wash it in water, and
stain it for several hours in picro-carmine.
Tease a fragment in glycerine.

(iii.) Or tease the vagus of a rabbit upon
a dry slide, taking care that the nerve does
not become dry. Cover it for 5-10 minutes

with 1 per cent, osmic acid, wash away the osmic acid, add picro-
carmine, and place the whole for 24—48 hours in a moist chamber
(fig. 46), and afterwards displace the picro-carmine by glycerine,
as recommended at p. 67.

Fig. 175.—Non-Medullated
Nerve - Fibres, Sympa-
thetic Nerve of Babbit
X2OO.



XVII.] NERVE-FIBRES. 173
(H) Observe a few small medullatedfibres (blackened by 0s04),

and numerous non-medullatedfibres, some of which may be seen to
branch. Note the oval nuclei on the fibres (fig. 175). If the
part be taken from near a ganglion, often nerve-cells may be seen.

ADDITIONAL EXERCISES.
8. Neurokeratin Network and Axis-Cylinder.—Place the fresh sciatic

nerve of a frog in a dilute solution of ferric chloride consisting of—

Liquor ferri perchloridi . . . . 1 part
Distilled water or spirit .... 3-4 parts.

Leave it in this fluid for three or four days. Wash every trace of the iron salt
out of the preparation, and preserve it in alcohol. Place small pieces of the
nerve several days in a saturated solution of dinitrosoresorcin in 75 per cent,
alcohol. Tease a fragment, dehydrate it with alcohol, clarify
with xylol, and mount in balsam [Plainer). This is an excel-
lent method.

(a.) Observe the axis-cylinder stained green. It can be
seen with the utmost distinctness passing from one internode
to the next one, and across the nodes of Ranvier, which are
particularly sharply defined. In the myelin a network of

fibres—the neurokeratin network—stained
green. The axis-cylinder appears as dis-
tinct as in fig. 173.

9. Fromann’s Lines and Ranvier's
Crosses (H). —Place a fresh nerve in .5-1
per cent, silver nitrate for forty-eight
hours, and keep it in the dark. Wash it
in water, and expose it to light for 2-3
days in equal parts of formic acid, water,
and glycerine, and preserve it in glycerine.
Tease a piece in glycerine.

(a.) Observe the crosses of Ranvier
sharply defined, and on the axis-cylinder
well-defined transverse markings, extend-
ing for a long distance along the axis-
cylinder. Fromann’s lines.—lf an axis-
cylinder be dislodged from its fibres, a
biconical swelling may be seen (a). It
corresponds to that part of the axis-cylinder
opposite a node of Ranvier (fig. 176).

10. T.S. Nerve, Osmic Acid (H). —

Stretch a nerve on a piece of wood, and place it—wood and all—for two days
in .5 per cent, osmic acid, or, better still, in Flemming’s mixture for one day.
On the second day add a little more osmic acid to Flemming’s mixture, and
harden the nerve for another day. It is better to embed the nerve in paraffin
and make transverse sections. The sections are fixed on a slide by a fixative,
the paraffin is extracted by turpentine, and the sections mounted in balsam.
They may be stained with a watery solution of Bismarck brown.

Fig. 176. - Fro-
mann’s Lines
on an Axial
Cylinder.

FIG. i77.—Periphe-
ral Nerve-Fibre
ofFrog; a. Lon-
gitudinalfibrillse
inaxis-cylinder;
h. T S. of nerve-
fibre. Osmioacid
and Bismarck
brown, x 1000.
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(a.) Note the axis-cylinder in the centre surrounded by a dark ring (fig.
177, b), the myelin blackened by the OSO4. If the section of a nerve-fibre is
through incisures, the double contour of the myelin may be seen sometimes
with a narrow black edge, at others with a broad black edge externally.

(b.) If a piece of the nerve be placed for forty-eight hours in a solution of
Bismarck brown, and then teased, the appearance shown in fig. 177, a, is
obtained, when the axis-cylinder presents a longitudinally striated appearance.

LESSON XVIII.

NERVE-CELLS, NERVE - GANGLIA, AND PERI-
PHERAL TERMINATIONS OF MOTOR NERVES.
Spinal Ganglia.—Harden a spinal ganglion of a cat or dog in

2 per cent, ammonium bichromate for three weeks, and subse-
quently in alcohol. Make transverse and longitudinal sections
of the ganglion, stain with logwood or carmine, and mount in
balsam.

1. L.S. Spinal Ganglion (L).—(a.) Note the capsule (fig. 178, c)
surrounding the ganglion; nerve-fibres (a) enter the ganglion at

PIG. 178.—L.S. Spinal Ganglion, a. Nerve-fibres ; b. Nerve-cells
c. Capsule of the ganglion.

one end and leave it at the other. They run in groups through
the ganglion, so that they are cut in different planes.

(&,) Numerous spherical cells (fig. 178, h) lying singly or in
groups between the nerve-fibres.

(*) (H) Select a single ganglion-cell; note its spherical
shape, its granular contents, and single, large, distinct, excen-
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trically-placed nucleus, often with one or more distinct nucleoli
(fi g- r 79>-

(d.) Around each cell is a capsule, which is lined by a single
layer of flattened cells, hut only the nuclei
of these cells are seen. The cell-substance is
frequently somewhat retracted from the cap-
sule, so that a space may intervene between
the two.

2. Isolated Cells of a Spinal Ganglion (Mam-
mal) ( H).—lnto a dorsal ganglion of a young
rabbit make an interstitial injection of osmic
acid (2 per cent.). Tease a small piece in
picro-carmine and mount the preparation in
glycerine. Sometimes a cell with its single
process may be found. The cells are unipolar.
It is more difficult to find the connection of
the issuing axis-cylinder with a nerve-fibre, forming what Ran-
vier has described as T-shaped nerve-fibres.

3. Spinal Ganglion of Frog.—These ganglia lie under cover of
the small white calcareous sacs situated on each side of the verte-
bral column, which are seen at once when the abdominal cavity
is opened and the abdominal viscera removed. Remove the white
chalky mass, and the greyish semi-transparent small ganglion will
be seen. With sharp-pointed forceps it is not difficult to tear
away the capsule of the white calcareous mass. These sacs con-
tain arragonite; some of the crystals are large, but the smaller
arragonite particles when examined in water exhibit Brownian
movement. Treat it in the same way as directed for the frog’s
Gasserian ganglion.

(H) In a carefully-teased specimen (use a dissecting micro-
scope, p. 22), it is by no means difficult to find large unipolar
cells, each cell with a distinct hyaline capsule, and the cell itself
with a relatively large nucleus and well-defined nucleolus. More-
over, the continuation of the body of the cell with a nerve-fibre
is not difficult to establish.

Fig. 179.— Two Cells in
a Spinal Ganglion
(Human), theProto-
plasm shrunk from
the Capsule, x 200.

4. Spinal Ganglion of a Skate.—Make an interstitial injection
of osmic acid (2 per cent.) into such a ganglion. Stain a piece
in picro-carmine and tease it in glycerine. Bipolar cells are
readily found.

5. Gasserian Ganglion.—The Gasserian ganglion of a sheep
does very well; harden it in the same way as for spinal ganglia
or in Muller’s fluid. The same general arrangement of fibres and
cells is seen, only the cells are larger, and their protoplasm fre-
quently contains granules of a yellow pigment. Very instructive
results are obtained by double-staining it with eosin and hsema-
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toxylin, first with hsematoxylin and then with eosin, or use
eosin-hsematoxylin (p. 60), and mount in balsam. The nuclei
are blue, the other parts reddish. If a cell be isolated after
interstitial injection of osmic acid, as recommended for spinal
ganglia, the cells have the form shown in fig. 180.

FIG. 180.—Nerve-Cell from Gfasserian
Ganglion, n. Nuclei of the cell-cap-
sule ; t. Fibre dividing at a node of
Kanvier, f-shaped fibre.

6. Gasserian Ganglion of Frog.
—Destroy the brain and spinal
cord of a frog, remove the lower
jaw, divide the skull into two longi -

tudinally by a vertical incision.
Tear off the mucous membrane
covering the roof of the mouth.
From a foramen just behind the
eyeball there issue a few fine
threads, branches of the fifth nerve.
Scoop out the brain. These threads
are readily recognised by being
usually somewhatpigmented. With
a pair of scissors make a snip in
the base of the skull at right angles
to the cut already made. Turn up
the bone, and on the fifth nerve,
which runs towards the foramen
behind the eyeball, will be found
a small oval swelling surrounded
by a tough capsule. Divide the
latter and remove the ganglion. I
have usually found that the little
ganglionic swelling is somewhat
pigmented. At any rate, it is easily
found! by tracing the fifth nerve
backwards. The nerve is accom-
panied by an artery.

Tease the ganglion in ,25 per
cent, osmic acid, and let it stain in
this fluid for two hours. Stain it
for several hours in picro-carmine
(under a moist-chamber, p. 67),
tease a fragment in glycerine. Try
to find a cell with its single process

prolonged into a nerve-fibre. In most of the cells, however,
the process is apt to be detached.

7. Sympathetic Ganglia (Frog).—Lying in contact with the
spinal column of the frog is a row of small semi-transparent gan-
glia, the sympathetic chain, and between them and the roots of
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the spinal nerves pass fine nerve-filaments. Open the abdomen of
a freshly-killed frog, remove the intestinal tract and liver, cut
through the peritoneum above the kidneys, raise the kidneys
and excise them. There will be seen the white nerves issuing
from the cord. Between these and the sympathetic ganglia fine
nerves run transversely. Cut out the sympathetic ganglia and
treat them with chloride of gold by the method (p. 65, hi.); or cut
out the aorta and the adjacent tissues, and subject them to the
gold chloride method. After the piece of tissue has acquired a
purplish colour, examine it with a low power to find nerve-cells.
The nerve-cells may be isolated or arranged in groups. It re-
quires great care to get a satisfactory preparation. Note the
pyriform shape of the cell, each with a large nucleus, the cell-
substance continued into a straight process, which may be seen
to be encircled by a spiral process. The body of the cell is
surrounded by a well-marked capsule, which is continued over
the cell-processes, and has nuclei on its inner surface.

8. Sympathetic Ganglion (Mammal) (H).—Harden the first
sympathetic ganglion of a man or rabbit in 2 per cent, ammonium
bichromate (2-3 weeks), and subsequently in alcohol. Make
transverse sections. Stain in picro-carmine or a watery solution
of nigrosin (several hours), and mount the former in Farrant’s
solution, and the latter in balsam.

(a.) Observe the fibrous capsule of the ganglion ending in

septa, and numerous bundles of non-medullated nerve-fibres cut
obliquely or transversely, A few blood-vessels.

(&.) The nerve-cells, each with a capsule, showing nuclei.
The nucleated cell-substance is frequently somewhat shrunk
from its capsule, and at one side
it usually contains some yellowish-
brown pigment granules, espe-
cially if the human cervical gan-
glion be used. It is difficult to
see the process, which becomes
continuous with a nerve - fibre,
but with care it may be seen
passing out of one or more of the
cells (fig. iSr).

(c.) The veins have long fusi-
form dilatations upon them; this
is not unfrequently seen in teased
preparations of a human ganglion.

9. Isolated Multipolar Nerve-Cells of the Spinal Cord.—
There are several ways of preparing these.

(i.) Cut out a small part of the anterior cornu of the spinal

Fig. iBi.—Human Superior Cervical Sym-
pathetic Ganglion. A. Small artery ;

C. Capillary ; V. Vein ; K. Capsule ;

JY. Nerve-cell, X3OO.
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cord of an ox, calf, sheep, or other animal, and place it in very-
dilute chromic acid (.ox per cent.) or .2 per cent, potassium
bichromate for a few days, and do not change the fluid. Wash,
and place it for twenty-four hours in strong carmine solution
(p. 54). Place a little of the red pulp on a slide, and, with the
aid of a dissecting microscope, try to isolate one or more multi-
polar nerve-cells.

(ii.) Or, what is a better method, take small fragments of the
anterior cornu of the spinal cord of an ox or calf, and place them
in dilute alcohol for forty-eight hours. Shake the fragments in
the dilute alcohol, and allow the debris to subside. Pour off the

alcohol, and “fix” the
cells with .25 per cent,
osmic acid (one hour);
pour this off, and stain
the cells for forty-eight
hours withpicro-carmine.
Pour off the picro-car-
mine and replace it by
glycerine - jelly. When
the glycerine - jelly is
warmed, a drop of the
fluid placed on a slide
is almost certain to con-
tain one or more isolated
multipolar nerve-cells.

With a low power find
a cell.

(O.(H) Observe the
large size of the cell (100
/a, g-Q-fj- inch, and there-
fore visible to the naked
eye), with numerous pro-

cesses—branched processes—which run in all directions(fig. 182).
The processes branch; and then branch again and again to form
a fine protoplasmic system of processes—the protoplasmic pro-
cesses. One process is always unbranched, it is by no means
difficult to see—the axis-cylinder process—which becomes con-
tinuous with, or in fact is, or becomes, the axis-cylinder of a
nerve-fibre (fig. 182, a).

(h.) The cell itself has no cell-wall, and it contains a large,
conspicuous, spherical, nucleolated nucleus, the latter with a
distinct envelope. The protoplasm is fibrillated, and the fibrils
may be seen to stretch into the branched processes. Some-
times the cells contain pigment (fig. 182, h).

Fig. 182.—AMultipolar Nerve-Cell from theAnterior
Cornu of the Grey Matter of the Human Spinal
Cord. a. Axis-cylinder process; b. Pigment,Xl5O.
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10. Cover-Glass Preparation of Multipolar Nerve-Cells.—(i.)

From a perfectly fresh cord of a sheep or ox snip off a small
piece of the anterior cornu; press it between two cover-glasses,
so as to form a thin film. Separate the cover-glasses and allow
the film adhering to each to dry. Float the cover-glass—film
surface downwards—on a concentrated watery solution of methy-
lene-blue for several hours. Wash the cover-glass in water,
drain it, allow it to dry, and mount it in balsam if desired; the
cover-glass can be passed through absolute alcohol, cleared with
xylol, and mounted in xylol-balsam. The multipolar nerve-cells
are all deeply stained blue (Thanhoffer).

(ii.) If the use of aniline colours be objected to, the following
method gives good results :—For three or four days macerate
a small part of the grey matter of the anterior cornu in 20 cc.
of water, containing 1 gram of each of the following;- Neutral
ammonium chromate, potassic phosphate and sodic sulphate,
Landois’ fluid (p. 25), and then stain it in bulk for 24-48 hours in
equal parts of the above solutionand strong ammoniacal carmine.

Squeeze a little of the red pulp between two cover-glasses, and
treat it as recommended for the methylene-blue preparation. It
would be difficult to get preparations that surpass in beauty those
prepared by the methylene-blue method of Thanhoffer.

(iii.) Make a cover-glass preparation from a fresh spinal cord.
Heat one of them by passing it two or three times through the
flame of a Bunsen-burner. Thereby the proteids are coagulated
and partially charred. In some of these preparations good views
of the blood-vessels may also be obtained.

(a.) Observe—especially in the methylene-blue preparation—-
the large cells with numerous branched processes; some of them
are very long, and each shows distinct fibrillation.

(6.) The unbranched axis-cylinder process.
(c.) The body of the cell, nucleated and nucleolated, with its

cell-contents, traversed by blue-stained fibrils, running in certain
definite directions through the cell.

Other forms of nerve-cells are referred to under Cerebrum and
Cerebellum.

additional exercises.
11. Motor Nerves to Muscles.—(i.) If the skin over the sternum of a small

frog be divided longitudinally, on raising the skin a small thin muscle—-
musculus cutaneus pectoris—will be seen running from the skin to the
sternum. Keep the muscle stretched and “fix” it by pouring on it a little
osmic acid. Cut out the muscle, and after dehydrating, mount it in balsam.
It is apt to darken on exposure to light.
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(L) Observe the nerve—black—sending branches over the muscular fibres ;

trace these onwards over the muscular fibres until a single nerve-fibre is
found.

(H) Note that when a nerve-fibre divides, it does so always at a node of
Ranvier. The nerve-fibre can be traced to a muscular fibre, but it apparently
stops abruptly, because the myelin stops where the nerve pierces the sarco-

lemma. Other methods are required to see the ter-
mination within the sarcolemma.

(ii.) Mays’ Method. —Select a thin muscle, e.g., the
cutaneus pectoris, sartorius, mylo-hyoid, &c., and place
it in water containing 2 per cent, glacial acetic acid for
twelve hours. Make—fresh —the following mixture:

\ per cent, potassio-gold chloride . 1 cc.
2 ~ osmic acid. . .

. 1 „

2 ~ glacial acetic acid . , 50 ~

and place the muscles in it for 2-3 hours. Then transfer
them to the following mixture :

Glycerine .
. . .

. . 40 cc.
Water .

. . .
.

. 20 ~

Hydrochloric acid (25 per cent.). . 1 „

for several hours. They become very transparent, and
can be investigated in glycerine or Tarrant’s solution.

12. Nerves of Frog’s Sartorius. —Suppose the sartorius
to be selected. A beautiful view of the distribution of
the motor nerves—black-—is obtained (fig. 183).

The single nerve-trunk enters the muscle on the median
aspect and on its under surface about the level between
the middle and lowest thirds. Several large branches—-
usually two—run nearly parallel towards both ends of the
muscle—two longer, towards the upper end of the muscle
A—and two or three shorter, towards its lower end, the
latter following a slightly more oblique course. Nume-
rous branches form elongated quadrilateral meshes. At
two points in the muscle, towards its ends, there are
more fine branches than elsewhere. The fibres form
plexuses and divide. Note specially that the knee and
pelvic ends are devoid of nerve fibres.

12. Motor Nerve-Endings.—(i.) Take a thin muscle,
e.g., the eye-muscles or intercostal muscles of a small
mammal, the thin leg muscles of a lizard, or the thin cuta-
neous muscles which pass between the skin and the wall

of the chest in snakes, and stain them with gold chloride by the formic
acid gold chloride method (p. 65). They must remain in the gold solution
about one hour. The gold may be reduced, either in water acidulated with
acetic acid, by exposure to the light, or in the dark, in 25 per cent, formic
acid.

Fig. 183.—Distribu-
tion of Nerve-
Fibres in the
Frog’s Sartorius.
A. Upper, B.
Lower end; aa
and bb. Numer-
ousfine branches;
P.Pelvicend, and

' K. Knee end, with
no nerve-fibres.

(H) Tease a piece of the purplish-violet muscle in glycerine, and search for a
purple nerve-fibre termination in an arborescent branched end-plate lying on
the sarcous substance of the muscle (fig. 184). Nuclei are present in the
protoplasm of the end-plate.

(ii.) Golgi’s Method.—Place the muscles of a newly-killed lizard for a
minute or two in a .5 per cent, solution of arsenic acid, and directly afterwards
in a solution of .5 per cent, solution of chloride of gold and potassium for 15-20
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minutes, and reduce the tissue in sunlight in a 1 per cent, solution of arsenic
acid. Instead of the above gold solution, use the following mixture, devised by
Kuhne :

Arsenic acid (.5 per cent.) . . . . . . 60 cc.
Osmic acid (2 per cent.) . . . . . . 3 „

Chloride of gold and potassium (1 per cent.)
. .

. 12 „

The tissue is then placed in x per cent, arsenic acid, and reduced by exposure

End-plate.

Muscle nucleus

Nerve-fibre.

Fig. 184.—Termination of a Nerve-Fibre in End-Plate of a Lizard’s Muscle.

to sunlight. The process may be greatlyhastened by doing the reduction process
at a temperature of 50° 0., but it must be done in the direct rays of the sun.
The pieces of tissue can be preserved in the following fluid, devised by Mays :

Glycerine . . . • .60 cc.
Arsenic acid (l per cent.) . . 10

~

Methylic alcohol . . . 10 „

Water . . . . 20 „

In working with solutions of gold, do not use steel
instruments. They must be either glass, platinum-
iridium, or the substance known as “nickeline.”

In birds reptiles, and mammals the nerve-fibres
terminate in “ end-plates,” which are disc-shaped
bodies lying under the sarcolemma, i.e., they are hypo-
lemmal in position, 40-60 y, long and 40 A 4 broad.
They consist of a finely granular protoplasm with
nuclei. As the gold chloride stains only the axis-
cylinder, one sees its branched arborescent termina-
tions in the protoplasm (fig. 185). A good plan
to see the unaltered end-plates is to examine the
muscle in a freshly-prepared 1 per cent, solution of
sulphate of iron or ammonio-sulphate of iron (Kuhne,

Mays).

Fig. 185.—End-Plate of
a Lizard’s Muscle.
One end - plate seen
in profile, the other
from above, with a
nerve-fibre axis-cylin-
der terminating in it.
Gold chloride, Golgi’s
method.

13. Frog’s Motor Nerve-Endings.—There is no “end-plate,”as in mamma-
lian muscles, but the axis-cylinder splits up into bayonet-shaped branches
under the sarcolemma. The myelin is continued up nearly to the sarcolemma,
but as the nerve-fibre perforates the sarcolemma and becomes hypolemmal,
the myelin stops, so that within the sarcolemma the branches are pale, and
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consist of branches of the axial-cylinder only. The gold method (p. 65) may
be used. A simple method is to stain a small piece of a fresh muscle ( e.g

.,

sartorius, near its middle, not at the ends) with Delafield’s logwood. It
stains the hypo-sarcolemmal nerve-terminations. The mode of termination
of nerves in sensory surfaces will be found under Skin, Eye, and the sense-
organs generally.

14. Pyriform Nerve-Cells (Frog). —These are most readily found in the
ganglion of the vagus as it issues from the skull. Pith a frog, distend its
oesophagus by pushing a small test-tube into it, place the frog on its belly,
reflect the skin over the shoulder-blade, divide the trapezius and remove the
fore-limb. The vagus will be seen coming out, along with the glosso-pharyn-
geal, through a large foramen immediately in front of the occipital condyle.
Clear away the muscles from the region of this foramen, snip and excise a
small part of the bone, so as to trace the nerve as far back as possible. Its
greyish gelatinous semi-transparent ganglion is seen. Remove the nerve with
the ganglion and place it for twenty minutes in I per cent, osmic acid and
then stain it in picro-carmine. Tease a small piece in glycerine, and it is by
no means difficult to find pyriform cells, each with a large nucleus, usually
near the broad end of the cell. The protoplasm frequently contains large
refractile granules. The straight process from the cells is readily seen, and
with care the spiral process also can be seen.

LESSON XIX.

THE HEART AND BLOOD-VESSELS.

Heart. —The wall of the heart consists of—(1.) Pericardium;
(2.) Myocardium; (3.) Endocardium.

The pericardium covering the heart is a serous membrane
composed of fibrous tissue, with numerous elastic fibres, and
covered on its surface with endothelium. It is sometimes called
epicardium. The fibrous tissue is continuous with that which
invests the bundles of muscle of the myocardium itself. Under-
neath the epicardium are the blood-vessels, nerves (ganglia), and
the lymphatics.

The myocardium is composed of striated muscular fibres, whose
characters have been described already (Lesson XVI. 12). The
fibres are arranged in bundles separated from each other by a
greater or less amount of connective tissue, in which run the
blood-vessels and nerves.

The endocardium in structure resembles the pericardium, but
it is thinner. It consists of a fibrous basis, with elastic fibres
covered by a single layer of endothelium. It contains a few
smooth muscular fibres.

An artery is usually stated to consist of three coats :
(r.) Tunica intima, or inner coat, composed of a single layer
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of endothelium resting on an elastic lamina composed of elastic
networks, or an elastic membrane. In many arteries, however,
there is a layer of connective tissue between the epithelium and
the elastic lamina—the sub-epithelial layer.

(2.) Tunica media, or middle coat, consists of a varying
number of layers of circularly-disposed, short, smooth, muscular
fibres; but in most arteries, and chiefly in the large ones, it is
intermixed with elastic fibres or laminae.

(3.) Tunica adventitia, composed of fibrous tissue with elastic
fibres, the latter especially numerous near the middle coat.

There are, however, great variations in structure in arteries,
according to their size and other conditions.

Veins.—Speaking broadly, the veins have the same general
structure as the arteries. They are, however, much thinner, and
some of them have valves. They consist of three coats; the
inner coat is thinner than in arteries, and the elastic lamina

Fig. 186.A. Fibres of the heart cut longitudinally ; B. Transverse sections of the
heart-fibres; c. Cell; n. Nucleus; a. Connective tissue ; v. Vein.

thinner and often incomplete. The shape of the endothelial cells
is different (fig. 192, V). The middle coat is also thinner, and
has less muscular and elastic tissue, and relatively more connec-
tive tissue. The outer coat is relatively very strong, and is
composed of fibrous tissue, which sends processes into the middle
coat. There are, however, great variations in the structure of
veins.

Capillaries.—They form networks of fine tubes of uniform
diameter, sufficient to allow blood-corpuscles to pass along them
freely in single file. The arrangement of the network varies in
different tissues. The walls, when examined fresh, appear to be
homogeneous, but they are composed of flattened epithelial cells
or endothelial cells united to each other by their edges by cement
substance, which is blackened by silver nitrate.

1. Heart.—Harden small pieces of the heart (human) in
alcohol. Stain a small piece in bulk in borax-carmine, and then
place it for twenty-four hours in acid alcohol. It is best to cut
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sections by the paraffin method (p. 39), and mount them in
balsam.

Sections may be cut by means ox a freezing microtome, and
then stained with picro-carmine, and mounted either in Farrant’s
solution or balsam. In both cases it is well to include a section
of the pericardium and also of the endocardium. Transverse
sections of the papillary muscles are very instructive.

(a.) (L) Observe the branched and anastomosing fibres, but in
addition some of them will be cut obliquely, and others trans-
versely, with the nuclei stained (comp. p. 163).

(.h.) (H) The faint transverse striation, short branches, absence
of sarcolemma, the nucleus in the substance of the fibre, and the
indistinct cement substance (fig. 186).

(c.) The fibrous character of the pericardium, which sends
fine septa between the bundles of muscular fibres. If the peri-
cardium be not included in the section, still connective tissue will
be seen between the bundles of fibres, especially in transverse
sections of these (fig. 186, B).

2. Purkinje’s Fibres (H) occur under the endocardium in the
heart of the sheen and some other animals. Open a ventricle of

a sheep’s heart, observe the net-
work of fine glistening lines; strip
off the endocardium, snip out a
little piece of the heart-muscle,
and place it for thirty-six hours in
dilutealcohol or 5 per cent, ammo-
nium chromate for two days. Tease
a very small piece in picro-carmine
and moxmt in glycerine.

(a.) Search for isolated poly-
gonal cells, each with usually two
nuclei, and the edges only of the
cells striated. These are heart-
cells apparently arrested in the
process of striation (fig. 187).

3. Endocardium (H).—Harden a part of the ventricle of the
human heait in alcohol or potassic bichromate. Make sections
to include the endocardium.

Fig. 187.—Purkinje’s Fibres. Dilute
alcohol, x 300.

(a.) Observe oval nuclei on the surface, the nuclei of the endo-
thelial cells. Under this a superficial layer of fibrous tissue (fig.
188, a), with a few smooth muscle-cells {ml), and underneath
this fibrous tissue the basis of the membrane (tc).

( b.) Outside this is the myocardium (me).
4. T.S. Heart-Valve (H).—Harden a cusp of a human tri-

cuspid valve in chromic and spirit fluid (two weeks), make
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transverse sections, stain in logwood, and mount in balsam.
Alcohol does well as a hardening reagent, and the sections can
then be readily stained
in picro-carmine.

(a.) On the surface,
toward the auricle (A),
note a superficial layer
of lamellated connective
tissue, which is covered
with endothelium (fig.
189, a), and underneath
this a fibrous basis with
elastic fibres (re).

( b .) If the section passes through the insertion of one of the
chordse tendinese, it presents the appearance shown in fig. 189, ct.

5. Aorta.—(i.) Make transverse (and longitudinal) sections of
the human aorta, or of that of an ox, which has been hardened
in alcohol or, preferably, in 2 per cent, potassic bichromate
(ten days). Stain a section in picro-carmine, and mount it in
glycerine.

(ii.) Another good method is to slit up any large artery, pin

Fig. 188.—Endocardium of Left Ventricle (Human).
a. Superficial layer ; ml. Smooth muscular fibres;
tc. Fasciculated fibrous tissue; me. Muscle of
heart, X 150.

Fig. 189.—T.5. of the Cusp of the Human Tricuspid Valve, vertical to the axis of the
cusp. A. Auricular, B. Ventricular surface; a. Superficial lamellated layer of the
auricular, and a'. Of the ventricular surface; ct. T.S. of one of the chordae tendinese,
where it is inserted into the valve; re. Fibrous tissue, the basis of the valve, X 100.

it, inner surface upwards, upon wood. The pins must be close
together to prevent too great shrinking of the tissue. Place it in
a dry, well-aired place, say near a fire, so that it dries within a
few hours. Make transverse sections with a sharp razor. This
is best done by making a slit in a cork and clamping the dried
membrane in the slit. Place the sections in water; they swell
up greatly. Remove them, stain with picro-carmine, and mount
in formic glycerine.
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(a.) (L) Observe the subdivision into three coats (fig. 190),
the tunica intima (inner), media (middle), and adventitia (outer).

(b.) (H) The inner coat is lined by a layer of squames, whose
nuclei may be detected as slight oval swellings (not seen in the
dried specimen). Under this several layers of yellow elastic
membrane, with a small amount of pink-stained connective tissue

between them. The outermost layer of
elastic membrane is generally thicker than
the others, and marks the outer limit of
this coat.

(c.) The middle coat, composed also of
numerous elastic laminae, stained in this
casehright yellow, and between them patches
of smooth muscle with a somewhat brownish
tint, and some connective tissue stained
pink. The colour of these two tissues is
quite distinct.

(d.) The outer coat, composed of white
fibrous tissue (pink), some elastic laminae, and a few smooth
muscular fibres.

FIG. 190.—L.S. Human Thor-
acic Aorta. A. Internal,
B. Middle, and C. Exter-
nal coat, X2O Drying,
picro-carmine, and acid
glycerine.

It is obvious, therefore, that elastic tissue enters largely into
the structure of the larger arteries.

6. Fenestrated Membrane of Henle.—Tear off a thin lamella
from the inner surface of a large artery, e.g., the aorta of a sheep.

Irrigate it with acetic acid, or place
it in 35 per cent, caustic potash,
and mount it in Farrant’s solution.

(H) Observe the elastic laminse,
some of them with holes in them
(fig. x 16). These laminse tend to
curl up at their edges. (See also
Lesson X. 7.)

7. T.S. Medium-Sized Artery,
e.g., the femoral artery of a child,
prepared and stained as the aorta.

(a.) (L) Note the three coats.
(<h.) (H) The inner coat, with its

endothelium and internal elastic
lamina. In many arteries a layer

of sub-epithelial connective tissue lies between the endothelium
and the elastic lamina. The elastic lamina is thrown into folds
in an empty artery owing to the contraction of the middle coat
(fig. 191).

(c.) The middle coat is composed of several layers of smooth
muscle arranged circularly. In a Canada balsam preparation

Fig. 191.—T.S. Artery. I. Tunica
intima; M. Media; K Externa.
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the nuclei stand out distinctly. Amongst the muscle-fibres
are twisted elastic fibres (fig. 191).

(d.) The outer coat, chiefly composed of white fibrous tissue
intermingled with elastic fibres, some of which are cut trans-
versely. The elastic fibres are more numerous towards the inner
part of this coat. Here and there a section of a blood-vessel may
be seen.

8. Endothelial Lining of Veins and Arteries.—Cut open the
external jugular vein of a rabbit just killed. Pin it to a piece of
cork —inner surface uppermost—by means of hedgehog-spines.
Wash the internal surface with distilled water, and then apply
to it for five minutes \ per cent, solution of silver nitrate. Wash
off the silver, place the vein in water or alcohol and water, and
expose it to light. Do the same with any large artery.

(A.) Snip out a small portion of the vein, and mount it in
balsam, inner surface uppermost.

(H) Observe the “silver lines,” indicating the existence of a
layer of polygonal squames composing part of the inner coat. The

Fig. 192.—A. Epithelial lining ofan artery of a calf, and V. of the jugular vein ofa
rabbit. The arrows show the direction of the blood-stream. Silver nitrate.

long axis of the squames lies across the long axis of the vein itself
(fig. 192, V).

By focussing through the thickness of the wall, narrow fusi-
form areas, bounded by black lines, may be seen, indicating the
existence of the smooth muscular fibres in the middle coat.

(B.) With a razor shave off a thin layer from thebrown inner
coat of the artery. Mount it in balsam.

(H) Observe the elongated lancet-shaped endothelial cells
(fig. 192, A); the long axis of each cell in the long axis of the
tube. The variation in the shape of the epithelial lining of
vessels seems to have relation to the velocity of the blood-stream
in these vessels.

9. Pia Mater, Capillaries, Small Arteries, and Veins (H).—
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Carefully remove a small piece of the pia mater from the brain of
a sheep recently killed. Lay it on a glass plate, outer surface
lowest. With a camel’s-hair pencil dipped in normal saline solu-
tion brush away all the brain matter, leaving a somewhat villous-
looking surface. Cut out a small part of the membrane, and
mount it in normal saline.

(a.) Find a capillary, note its diameter, uniform calibre, and
oval nuclei bulging slightly into the lumen of the
tube. The rest of the wall is homogeneous (fig.
193). Trace it backwards until the small artery
or arteriole with which it is continuous is found.

(6.) A small artery or arteriole with a thin outer
coat, and a middle coat composed of a single
layer of smooth muscular fibres arranged circu-
larly (fig. 195).

(c.) Select a small vein which is somewhat
thinner than the corresponding artery; the muscular coat is very
imperfect. Irrigate with 2 per cent, acetic acid. Nuclei wherever
present come distinctly into view.

(d.) The oval nuclei of the lining endothelium, the long axis of

Kia. tq3. Capil-
laries of Brain,
fresh, x 100.

FIG. 194.—A. A small artery with the
lumen in focus. B. Small arteriole
just before it passes into a capil-
lary, x 300.

Fig. 195.—Small Artery from
Human Brain, Figment
Granules in the Adven-
titia, x 150.

the nuclei in the long axis of the vessel. Inside this the elastic
lamina appears as a somewhat refractive membrane with longi-
tudinal folds.

(e.) The vessel crossed transversely by the long, oval nuclei of
the muscular fibres of the middle coat (fig. 195). Note in some
cases they are not distributed at equal distances, but in groups
(fig. 194)- One point must be particularly studied, viz., to focus
through the thickness of a small vessel, and observe carefully
that the appearance of the vessel varies with the position of the
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lens, i.e., whether the upper surface, lumen, or deeper part of the
artery is in focus.

(/.) In the outer coat the elongated fusiform nuclei of the
connective tissue cells are arranged longitudinally.

For a permanent preparation, the pia mater after being re-
moved is hardened in 2 per cent, potassic bichromate and pre-
served in alcohol. A thin piece is selected and stained with
logwood or with eosin-logwood, and mounted in balsam.

10. Injection of Silver Nitrate into Blood-Vessels.—(i.) From
the aorta inject the blood-vessels of a rabbit with .25 per cent,
silver nitrate. Slit up the intestine, wash out its contents, and
expose it to light in alcohol and water. Scrape away the mucous
membrane, leaving on the muscular coats. Dehydrate a small
piece and mount it in balsam. It is easy to find large and
small vessels as well as capillaries.

(a.) (H) Select a small artery, and note in it the endothelial
lining (fig. 197, E) and the circular muscular fibres mapped out
from each other by silver lines (in).

Arterioles and Small Arteries,—-(a.) (H) Select a small artery
or arteriole. Note the layers already described. If the circular
muscular fibres be arranged in one layer,
note that the fibres are arranged in alter-
nate groups on opposite sides of the vessel
(fig. 194, A).

(h.) Trace an arteriole into a capillary,
and note the change in structure, especially
how the muscle disappears (fig. 194, B).

(c.) Select a larger vessel, and in it
observe the structure already described and
fihnwn in fi°r . iq6.

(d. ) Find capillaries, and note the endo-
thelium of which they are composed (fig.
198). In order to see the nuclei of these
cells, the preparation should be stained
with logwood.

(ii.) Instead of a rabbit, the blood-
vessels of a frog may be injected in the
same way from the aorta. The bladder
and mesentery are particularly serviceable
for obtaining small vessels and capillaries.

11. Circulation of Blood.—A day be-
fore the frog is required, let the brain of
the animal be destroyed. An hour before the web is to be
examined, place two or three drops of a .5 per cent, watery
solution of curare under the skin of the animal’s back. The drug

Fig. 196. —Middle-sized Ar-
tery of Brain, a. Endo-
thelium ; b. Fenestrated
membrane ; c. Middle or
muscularcoat ; d. Adven-
titia; e. Pigment, X 300.



PRACTICAL HISTOLOGY. [XIX.

should not act too rapidly. After an hour or so it paralyses the
extremities of the motor nerves, and thus makes the frog motion-

less. A small dose of the drug
is given in order not to affect the
calibre of the blood-vessels.

Make a frog-plate by taking a
piece of stout cardboard or thin
slip of wood 15 cm. long (6 inches)
and 5 cm. (2 inches) broad. At
one end of it cut a triangular
slit whose base is 2 cm. less in
width. Tie a thread round the
tip of, e.g., the third and fourth
toes of the hind-limb, place the
frog on its belly on the board,
and by means of the two threads
gently stretch the web across
the triangular slit. It must not
be drawn too tightly. The threads
can be fixed in slits made in the
horns bounding the triangular
aperture. To prevent evapora-
tion from the frog, it had better
be placed in a moist cotton rag
or surrounded with moist blot-
ting-paper. Moisten the web with
a drop of
water, and

cover it with a narrow fragment of a cover-
glass. In selecting a frog, choose a light-
coloured one.

FIG. 197.—Arterioleof the Rabbit’s Small
Intestine, if. Endothelial cellsof the
intima; m.Circular muscular fibres,in-
dicated by silver lines, x 200. Nitrate
of silver.

(a.) (L and H) Find an artery, and note
that the blood flows from larger into
smaller vessels with what appears to be
considerable velocity. Contrast it with
a vein, in which the blood flows in an
opposite direction, i.e., from smaller vessels
—capillaries—to larger ones, but the cur-
rent is slower in the veins than in the
arteries. The walls of the vein are slightly
thinner than those of the artery.

(b.) The capillaries, small and of uni-
form diameter, with the corpuscles moving in single file. The
flow is uniform.

(c.) In the arteries and veins note the red rapid central

Fig. 198.—Capillaries Injec-
ted with Silver Nitrate.
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stream, or axial zone of coloured corpuscles, and next the wall,
on either side, the peripheral zone or space of Poiseuille, narrow
and free from red corpuscles, but containing a few white ones
rolling lazily along the vascular wall (H).

(d.) If a red corpuscle happen to he arrested at the bifurcation
of a capillary, other corpuscles impinge on it and bend it. As
soon, however, as it is dislodged it regains its shape, so that they
are highly elastic.

(e.) Numerous pigment-cells, some of them contracted, others
expanded, are visible (fig. 133).

If desired, the phenomena of inflammation can readily be
studied by applying some irritant to the web, eg., mustard or
creosote (one minute).

ADDITIONAL EXERCISES.

12. Elastic Fibres in Arteries ( Martinotti).—Harden the blood-vessel in
chromic acid, make sections, and stain them with saffranin as directed in
Lesson X, 9. All the elastic fibres are purplish or black.

13. Herxheimer’s Method (p. 131) also yields good results.
14. Development of Blood-Vessels.—(i.) Harden the omentum of a newly-

born rabbit in Flemming’s fluid for twenty-four hours. Wash it thoroughly to
remove all the hardening solution. Stain a piece for 24-36 hours insaffranin.
Remove the surplus stain in the usual way with acid alcohol. Mount in
balsam.

(ii.) Kill a rabbit five days old with chloroform ; do not bleed it. Open
the abdomen, remove the stomach and spleen, and attached to them the
amentum. Biace all in a saturated
watery solution of picric acid for one
hour ; wash away all the picric acid, cut
out a small piece, stain it in logwood
and then with eosin, or double stain it
at once in eosin-hsematoxylm. ZVluunt
in Tarrant’s solution.

(a.) (H) Search for a network of capil-
laries, which is easily found. Try to
find one of them which gives off a long,
narrow, blunt process. The process may
be found partially channelled (fig. 199)-
By the union of two such processes, which
ultimately become hollow, new capillary
arches are formed. The blood-corpuscles in a preparation of (ii.) are stained
with eosin.

FIG. 199. Capillaries and Developing
Blood-Vessels from the Omentum of
a New-Born Babbit. Flemming’s
fluid and saffranin.

15. Nerves and Nerve-Cells in a Frog’s Heart.—Pith a frog, expose its

heart, cut away the pericardium, divide the frsenum which connects the pos-
terior surface of the ventricle to the pericardium ; raise the heart, find the
sinus venosus, ligature the inferior and two superior vense cavse which open
into the latter, make an incision into one of the aortte, and into it tie a fine
glass cannula. Inject normal saline so as to wash out the cavities of the
heart. Distend the heart-cavities with the following mixture :—Pour parts
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of gold chloride (2 per cent.) and one of formic acid boiled together and
allowed to cool. Ligature the other aorta, so as to get the heart-cavities fully
distended. Place a ligature below the cannula, cut out the heart and place it
for -|-i hour in 5 cc. of the gold mixture. Open the auricles, wash out the
heart in water, and expose it to light in distilled water—50 cc.—containing
three drops of acetic acid. Reduction of the gold takes place slowly in 3-4
days. Cut out the auricular septum and examine it in glycerine.

Pyriform nerve-cells, each with a straight and a spiral process, will be
found along the course of the nerves in and near the auricular septum.

The nerve-fibres in the auricular septum are readily found by using instead
of the gold a .2 per cent, solution of osmic acid.

LESSON XX.

THE LYMPHATIC SYSTEM-SPLEEN-
THYMUS GLAND.

The lymphatic vessels have thin translucent walls, and in all
essential respects resemble veins in structure. There are three
coats in the larger vessels. The muscular fibres are abundant in
the middle coat, and the epithelium of the inner coat is in some
situations sinuous in outline. Valves are numerous in some
situations. The larger vessels spring from so-called lymph capil-
laries, which are usually wider than blood-vessels, and they unite
with each other and form an irregular plexus. They often pre-
sent dilations and constrictions, and consist of a single layer of
endothelium with sinuous outlines. They are without valves, and
open into the smallest regular lymphatic vessels.

Lymphatic Glands.—These vary much in shape, size, and
colour, but they are frequently oval or kidney-shaped. At one
part is a depression—the hilum—where the medullary part of
the gland comes to the surface, and where the blood-vessels enter
the gland and the efferent lymphatic vessels leave it. There is
usually only one efferent vessel and several afferent lymphatics ;

the latter perforate the capsule and enter the gland on its convex
side. On making a section of a gland, with the naked eye one
can see that it is divided into a cortical and a medullary part.
The gland is invested by a fibrous capsule, which in some animals
contains smooth muscular fibres. It consists of two layers, the
outer of coarser and the inner of finer connective tissue. It sends
somewhat flattened, large, usually unbranched, septa or trabe-
culae into the cortex, thus dividing it into a series of compart-
ments or alveoli (fig. 200). These trabeculae are continued into
the medulla, where they branch, become finer, and anastomose
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to form an irregular network. The lymphoid tissue lies in the
meshes of this trabecular framework, but everywhere separated
from it by a lymph sinus or lymph channel.

In the cortex the alveoli are arranged in a regular manner,
and the greater part of each alveolus is occupied by a mass of
adenoid tissue crowded with leucocytes ; but this follicular sub-
stance is everywhere separated from the capsule and trabeculae
by a lymph sinus, traversed by a network of branching cells
with somewhat flattened expansions, which anastomose with each
other. The network is coarser than that of the adenoid tissue,
and it contains a few leucocytes. It, as well as the trabeculae, is
covered by a layer of sinuous endothelium. The medulla is also
occupied by adenoid tissue crowded with leucocytes, but the
lymphoid tissue forms branching and anastomosing cords— medul-

Fig. 200.—L.5. Cervical Ganglion of Dog. c. Capsule ;s. Lymph sinus ; F. Follicle ; a.
Medullary cord ; b. Lymph paths of the medulla ; V. Section ofa blood-vessel; HP.
Fibrous part at the hilum, x 10.

lary cords—each one surroundedby its lymph sinus. The medul-
lary cords are continuous with the follicular substance in the
cortical alveoli. Near the centre of the lymphoid tissue of the
alveoli are clearer areas, the lymph-knots. In them mitosis
goes on rapidly, but it requires a high power to discern the
stages of the division of the nuclei. The lymph sinuses are con-
tinuous throughout the gland, and they are the channels through
which the lymph moves. Some glands are pigmented.

LYMPHATIC GLANDS.

1. Lymphatic Glands. —Harden in 5 per cent, ammonium
bichromate or alcohol the lymphatic glands of the mesentery of
a cat or calf, or those found in the neck or under the jaw of a
cat. Make sections including both poles of the gland and the
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hilum. Stain them with logwood and then with eosin. Mount
in balsam.

(a.) (L) Observe the capsule (fig. 200, c) surrounding the
gland, and sending at fairly regular intervals septa or trabeculse
into the substance of the gland. The trabeculse are flattened
in the outer part or cortex, and divide it into compartments —

follicles or alveoli (F). The trabeculse are continued into the
central part or medulla, where they form a network of smaller,
branched, more rounded trabeculse.

(6.) The compartments in the cortex are nearly filled by
leucocytes lying in a meshwork of adenoid tissue constituting the
follicles (cortical nodules) of the cortex (fig, 200, F). Between
the trabeculse of the medulla the leucocytes are equally abundant.
Owing, however, to the arrangement of the trabeculse, they form
medullary cords, but everywhere the adenoid tissue is continuous
throughout the gland.

(c.) The lymph channels (s) exist between the capsule and the
follicles, and between the trabeculse and the lymphoid tissue of
the cortex and medulla (fig. 201). They form an anastomosing
system of paths or channels throughout the gland, and are
traversed by a fine network of coarse adenoid tissue with com-
paratively few leucocytes in its meshes.

(d.) (H) The capsule and trabeculse, chiefly composed of con-
nective tissue, and in some animals (ox) with smooth muscular
fibres. Continuous with its under surface is a delicate network
of adenoid tissue, which stretches across the lymph channel to
the follicle, where it becomes continuous with the adenoid tissue
supporting the leucocytes (fig. 201). Between the trabeculse and
the medullary cords in the cortex similar lymph paths with an
adenoid network.

(e.) The follicles and medullary cords, everywhere crowded
with leucocytes.

2. Adenoid Reticulum.—(i.) As this is largely obscured by
the presence of the leucocytes, these must be got rid of. This is
readily done by making sections of the lymph gland of an ox,
hardened for two or three days in 5 per cent, ammonium bichro-
mate, and then shaking the sections in a test-tube containing
water, or the leucocytes may be 11 pencilled ” out by a camel’s-
hair pencil.

(ii.) A better method, perhaps, is to inject by the puncture
method (p. 131) a per cent, solution of silver nitrate into the
lymph gland of an ox. The fluid being driven in forcibly, causes
an artificial oedema and forces the parts asunder. Harden in
alcohol, stain in logwood and eosin, and mount in balsam. The
reticulum in the ox has a brownish appearance from the deposi-
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tion of a brownish pigment. Sinuous outlines of endothelialcells
may be seen on the trabeculae, and branched cells of the lymph
sinus (fig. 201), and even the follicular substance. It is con-
tinuous with the endothelial lining of the lymphatic vessels.

3. Injection of the Lymph
Channels.—Fill a hypoder-
mic syringe with a watery
solutionof Berlin blue, force
the nozzle of thesyringe into
a small lymph gland of an
ox, and inject the blue fluid
haphazard into the gland.
The blue passes into the
lymph channels. Harden
in alcohol. Make sections
by freezing, stain them with
picro-carmine, and mount
in Farrant’s solution.

(L) The channels are
filled with a blue mass, while the leucocytes are red and the septa
yellowish-red.

4. Central Tendon of Diaphragm. —Lave the central tendon
of the diaphragm of a newly-killed rabbit in distilled water.

Fia. 201. —Lymph Sinuses from the Medulla of a
Lymphatic Gland. T' and T. Trabeculae. L.
Lymph-path. M.C. Medullary cord. Silver
nitrate and hsematoxylin, x 300.

Fig. 202.—Lymphatic Vessels of the Central Tendon of the Diaphragm of a Rabbit, the
lining endothelium shown. Silver nitrate, X 20.

Place it for an hour in .2 per cent, silver nitrate in a dark place.
Bemove it, wash again, and place it for twenty-four hours in
water containing a drop of carbolic acid (xo per cent., toprevent the
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formation of fungi). Maceration in water enables the endo-
thelium on the surface to be readily pencilled off. Mount in
balsam.

(L) Examine the pleural surface with the naked eye or with
a lens, and a plexus of lymphatic vessels—clear on a dark-brown
ground—will be seen (fig. 202). The vessels anastomose, and
lead into narrow vessels, which run more or less parallel to each
other, and correspond to inter-tendinous spaces.

(H) Observe the dilations and constrictions in the finer lym-
phatic vessels, and their sinuous epithelium (fig. 203, L), and the

Fig. 203. —Pleural Surface of the Central Tendon of Diaphragm of Rabbit. L. Lym
phatic vessel lined with sinuous endothelium ; c. Cell-spaces of connective tissue.
Silver nitrate, x no.

communications between the cell-spaces and the lymphatics.
(Lesson XL 10.)

5. Septum Cistern* Magnse Lymphatic*.—Open the abdomen
of a newly-killed frog and remove the intestines. Turn the frog
on its belly. Cut through the vertebral column at its lower end,
raise it, and cut out a square window—about f inch in diameter,
including the whole of the posterior body-wall. This exposes
the dorsal surface of a thin membrane, the septum of the great
lymph sac. It is attached to the kidneys on each side. Pin the
membrane, by means of hedgehog-spines, to a thin ring of cork
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with a hole in it. Wash the membrane with distilled water and
place it for ten minutes in .5 per cent, silver nitrate solution.
Wash it—still on its ring of cork—in distilled water, and
expose it to light. After it has become brown, cut it into
pieces, and mount them in Farrant’s solution, one with the
peritoneal surface uppermost, the other with its dorsal surface
uppermost.

A. (H) Peritoneal Surface.—Observe the slightly sinuous
“ silver lines,” indicating the existence of a single layer of
endothelium. Here and there small
stomata or openings, which lead from
the peritoneal cavity to the great lymph
sac (fig. 204). The stomata may be
closed or open, and are recognised by
their brownish appearance. They are
surrounded by a few finely-granular
brown-stained cells—germinating epi-
thelium. The pointed angles of several
of the larger endothelial cells radiate
from these apertures.

Focus through the thickness of the
membrane, and note its fibrous char-
acter. On the deeper surface another
layer of endothelial cells comes into
view. They are more sinuous and
narrower than those on the peritoneal surface.

B. The Dorsal or Cisternal Surface.—Observe the more sinuous,
polygonal, and broader endothelial cells covering this surface of
the membrane; and the other openings of the stomata.

The serous cavities communicate by means of stomata ivith the
lymphatic system. Stomata occur on the pleura, under surface
of the diaphragm, and mesentery.

FIG. 204. Endothelium and
Stomata of the Peritoneal
Surface of the Septum Cis-
tern® Lymphatic® Magna;
of the Frog, X 200.

THE TONSILS.

6. Tonsils. —Use those of rabbit or cat, as the human tonsil
does not give such good results. Harden them in Kleinenberg’s
fluid (twelve hours), and then in gradually-increasing strength of
alcohol. Make sections and stain them with logwood or logwood
and eosin, and mount in balsam.

(L) Observe on the surface the stratified squamous epithelium,
and under it numerous round or oval aggregations of adenoid
tissue. These form but imperfect nodules. Pit-like recesses are
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seen, lined by stratified epithelium, and into them mucous glands
sometimes open.

(H) Trace some of the leucocytes of the adenoid tissue upwards

PIG. 205.—Single Follicle of Tonsil, X 20. 1. Cavity of follicle; 2. Epithelium infil-
trated with leucocytes; 3. Adenoid tissue; /i, 2, and 3. Follicles cut in various
directions,fi with a lymph-knot; 4. Fibrous sheath; 5. Sectionof duct of mucous
gland; 6. Blood-vessel.

between the epithelial cells, so that the epithelial layer is at
places infiltrated with leucocytes.

THE THYMUS GLAND.

This gland is very large in the embryo and infant, but it
begins a retrograde development about the sixth year, and is
eventually replaced by fat and connective tissue. It is composed
of a number of lobes, and these again of smaller lobules. A
capsule composed of connective tissue holds all together, and
sends in septa—carrying blood-vessels and lymphatics—between
the lobes and lobules, and also fine prolongations into the interior
of the latter. There are no smooth muscular fibres in the septa.
Each lobule consists of a cortical and a medullary part. Within
each lobule is a delicate network of reticular connective tissue,
finer and more like adenoid tissue in the medulla. It appears to
consist of branching cells, and is coarser in the cortical part. The
meshes are crowded with leucocytes, which, however, are most
abundant in the cortex. The medullary substance contains the
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concentric corpuscles, like nests of concentrically-arranged flat-
tened epithelial cells (fig. 206). The blood-vessels run along
the septa and form a capillary
plexus within the lobules.

7. Thymus Gland.—Harden
the thymus of a young animal
or child in Muller’s fluid (three
weeks), and then in gradually-
increasing strengths of alcohol.
Sections stained with logwood
are mounted in balsam.

(a.) (L) Observe the capsule
sending septa between the p IG 20g—Section of a Few Lobules of a
larger lobules, and finer septa Child’sThymus, C. Cortical, M. Medul-
• , iii ,i i i • • i larypart; c. Concentric corpuscles, X2O.into the lobules, thus subdivid-
ing them into smaller secondary lobules. Each such small lobule
is about 1 mm. in diameter, and as one is exactly like the others,
it suffices to study one.

( h.) A darker, denser peripheral zone, the cortex, and a more

FIG. 207.- -InjectedLobules of Thymus
of a Cat. a. Cortex; b. Medulla;
c. Blood-vessels; d. Septum of con-
nective tissue.

Fig. 208.—Elements of the
Thymus Gland, a. Leu-
cocytes ; h. Concentric
corpuscle, x 300.

open light central part or medulla, the former surrounding the
latter (fig. 206).

(c.) (H) The septa consist of fibrous tissue with some elastic
fibres, with numerous blood-vessels and slits; the latter are the
lymphatics. The lobule consists of adenoid tissue—the mesh-
work not visible because it is crowded with leucocytes.
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(id.) A variable number of concentrically-striated bodies, con-
centric corpuscles or Hassall’s corpuscles. Sections of capillaries
amongst the adenoid tissue (fig. 208).

THE SPLEEN.

The spleen, like the thymus, thyroid, and some other glands,
is a “ductless gland,” and is invested by a fibrous capsule. The
capsule consists of an outer layer of connective tissue covered by
endothelium—the serous or peritoneal covering—and a deeper
layer of connective tissue with networks of elastic fibres, and in
some animals (dog, cat, pig) smooth muscular fibres. From the
deeper surface of the latter flattened or rounded trabeculae pass
into the organ, and as they do so they branch and anastomose,
thus forming a spongy meshwork with a labyrinth of communi-
cating spaces. These spaces are filled with a reddish-purple soft
substance, the splenic pulp. The red colour is due to the large
number of blood-corpuscles. The trabecular framework is con-
tinuous with the connective tissue entering the organ along with
and covering the blood-vessels—“adventitial sheath”—at the
hilum of the organ. In the splenic pulp are small spherical
whitish bodies—Malpighian corpuscles (0.2-0.7 mm.). The Mal-
pighian corpuscles are small groups of leucocytes developed here
and there in the adventitia of the splenic artery. In the guinea-
pig the lymphoid mass forms almost a continuous covering.

The Malpighian corpuscles occur chiefly at the bifurcations of
the artery, so that the artery perforates them usually at one side,
and thus the mass is arranged in a lob-sided manner on the
artery. In structure they resemble the follicular substance of
lymphatic glands, and in the centre of some of them is a lymph-
knot, in which mitosis occurs.

The splenic pulp consists of a meshwork composed of branched
cells with membranous expansions, and the processes of neigh-
bouring cells anastomose to form a fine reticulum, which occupies
the irregular chambers of the trabecular framework, and with
which it is continuous. The meshes of this fine network are
occupied by cellular elements in considerable variety. This reti-
culum is permeated by blood-corpuscles—in fact, the blood
stream of the spleen seems to bear the same relation to this
reticulum that the lymph stream bears to a lymph gland.
Besides red blood-corpuscles there are larger cells called splenic
cells; some of these often contain degenerated blood-corpuscles
or pigment. There are also leucocytes (fig. 210). The arteries
enter the spleen at the hilum, and run for a short part of their
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course in the trabeculae, which they soon leave, enter the reticu-
lum, and break up into pencils or groups of small arteries.
Some of these open into true capillaries in the Malpighian cor-
puscles ; other fine branches open directly into the reticulum.
The endothelial lining, instead of forming acontinuous membrane,
leaves apei'tures between the cells, through which the blood
escapes. The veins arise from the spaces of the reticulum, and
rapidly pass into the trabeculae. The lymphatics are not very
numerous. For the nerves see Lesson XYII. 7.

8. Spleen.—Tie the blood-vessels at the hilum of the spleen
of a cat, so as to keep the
blood in the spleen. Cut
it out and place it in a large
volume of Muller’s fluid (two
weeks). Wash it thoroughly
in running water for an hour
or two. Cut out small pieces
and harden them in alcohol.
Make transverse sections, i.e.,
across the long axis of the
organ ; stain one in logwood,
and mount in balsam. Other
sections are to be stained in
picro-carmine and mounted
in Farrant’s solution, and a
thin set placed in 1 per cent,
osmic acid (twenty - four
hours), and mounted in Far-
rant’s solution. Thissharpens
the outlines of the elements.
Stain other sections in eosin-
logwood or saffranin (forty-
eight hours).

„
,Capsule,

Trabeculfc

corpuscles' 1

Pulp -

Trabecula,

Artery.

FIG. 209. —T.S. Part of the Human Spleen.
Muller’s fluid, hsematoxylin, x 10.

9. T.S. Spleen (L) {Cat;
hcematoxylin ). The Mal-
pighian corpuscles are visible
as small blue spots to the naked eye.

(a.) Externally the capsule, fibrous, thick, firmly adherent
and closely applied to the organ, sends trabeculae into the spleen,
where they branch and anastomose to form a trabecular frame-
work. Some of them will be cut longitudinally, others obliquely,
and some transversely. In the larger trabeculae, sections of large
blood-vessels (fig. 209). Note that there is no lymph space
between the capsule and the gland substance, as is the case in
lymph glands.
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( h.) Filling the interstices of this network, the splenic pulp,
and in it oval or rounded bodies—Malpighian or splenic cor-
puscles—as blue-stained bodies contrasting with the yellowish-
brown pulp in which they lie. In each corpuscle a section of a
small artery lying excentrically in the mass. The splenic cor-
puscles are small lob-sided aggregations of lymphoid tissue around
branches of the splenic artery. They are relatively more numerous
than in the human spleen. The track of the blood is mapped out
by the yellow blood-corpuscles.

(c.) (H) The capsule and trabecuke, composed of fibrous tissue,
with elastic fibres and smooth muscle. The Malpighian corpuscles,
consisting of leucocytes in an adenoid reticulum. The centre is
lighter in tint than the circumference, which is more condensed.

(d.) In the pulp irregular rows of coloured blood-corpuscles—-
yellow—and between these leucocytes and other cells.

Fig. 210. —Elements of Human Splenic
Pulp. i. Leucocytes ;2. Epithelial
cells ; 3. Coloured blood-corpuscles ;

4.'Cellscontainingpigment-granules.

FIG. 2ii.—Reticulum of
the Splenic Pulp.

The exact structure of the pulp can only be properly studied in
a section which is very thin, and especially at the edges of the
section, or best of all in a section of a dog’s (or cat’s) spleen,
whose blood-vessels have been washed out, and cleared of all
blood-corpuscles by a warm stream of normal saline solution.
The vessels are then injected with a 5 per cent, solution of am-
monium bichromate, and the organ hardened in a large quantity
of the same fluid, and subsequently in alcohol.

(e.) In a section prepared in this way, or at the edges of a very
thin section, the fine reticulum of branching cells may be seen
(fig. 211) with the cells of the splenic pulp washed out of it.

10. Human Spleen.—Harden this in the same way as 8. Note
that, as a rule, the Malpighian corpuscles are less numerous. In
other respects the general structure is the same.

11. Injected Spleen. —lt is very difficult to inject the finer
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splenic blood-vessels. They should be washed out first with
normal saline, and preferably a watery solution of Berlin blue
should be used as the injection. Note that capillaries exist
in the Malphigian corpuscles, but the splenic pulp seems to be
infiltrated with a blue mass. The capillaries open into this
system of labyrinthine blood-passages.

LESSON XXI.

TONGUB-TASTE-BUDS-SOFT PALATE.

TONGUE.
Place small portions in Muller’s fluid or 2 per cent, potassic
bichromate for fourteen days, and complete the hardening in
alcohol, or harden it in mercuric chloride. Make vertical trans-
verse sections. It is well to have the tongue of a small cat or
kitten, and parts of the human tongue also—the former because
a complete transverse section can be put on a slide. The structure
will vary according as the section is made through the anterior
or posterior part of the organ, as the latter contains many lymph
follicles and mucous glands. The sections may be stained in
logwood and mounted in balsam.

1. T.S. Tongue.—(a.) (L) Observe the papillse, of various shapes,
on the dorsum of the
tongue, andcovered by stra-
tified epithelium. TJ nder
this the connective tissue
of the mucous membrane
(fig. 212).

(6.) MuscularFibres.—
Many cut transversely and
arranged in groups under
the dorsal mucous mem-
brane and elsewhere;
others which run from
the vertical mesial plane
or septum horizontally out-
wards, and some which pass vertically. The last may be seen
to become conical and end in the connective tissue of the mucous
membrane. Some of these fibres branch. (The methods of
isolating branched fibres are referred to in Lesson XVI. 3.)

Fig. 212.—T.S. of One-half of the Tongue of a Cat.
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(c.) Lingual Papillae. —The dorsum of the tongue is beset with
elevations of the mucous membrane covered by stratified epithe-
lium, and constituting three varieties of papillae.

Fig. 213. —Filiform Papillae, x 30.
1. Primary papilla; 2. Secon-
dary papillae on its summit; 3.
Epithelial process on papilla ;
4. Singleprocess, with entangled
loose epithelial cells.

(i.) Filiform (.7-3 mm. long), by
far the most numerous, and are placed
all over the dorsum. They are conical
elevations of the mucous membrane,
the upper end of which is beset with
five, fifteen, or thirtysecondarypapillae.
Each papilla is composed of fibrous
tissue with elastic fibres, and covered
by many layers of stratified epithe-
lium, the superficial cells of which are
often corneous (fig. 213).

(2.) Fungiform (0.5-1.5 mm. long),
are not nearly so numerous as the fore-
going, and are scattered over the
dorsum. Each papilla is club-shaped
or lenticular, with a constricted base.
The apex is beset with secondary pa-
pillae, but the epithelium covering
them is thinner than in (1) (fig. 214).

(3.) Circumvallate (1-1.5 mm. high and 1-3 mm. broad),
are confined to the posterior part of the tongue, where they
(8-15 in number) are arranged in the form of a V, the apex
of the V being directed backwards. Each circular elevation

is raised above the
level of the tongue
and surrounded by a
circular trench or
fossa. Secondary pa-
pillae occur only on
their surface. Taste-
bulbs occur in thewall
of the papilla directed
toward the fossa.
They are the organs
of taste, and are sup-
plied by the glosso-
pharyngeal nerve. It
may requix-e several

sections to obtain views of all three forms of papillae.
(d.) (H) The stratified squamous epithelium covering thepapillae

and sides of the tongue. The superficial cells are very thin.
(e.) Glands, in the back part mucous glands with clear con-

Secondary
papillae.

Fungiform
papillae.

Nerve in
its axis.
Simple,
papilla

Fig. 214.—Fungiform Papillae, x 30.
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tents, and it may be also serous glands in which the acini are
more granular (fig. 215).

(/.) Fat-cells, like padding between the striped muscular fibres
here and there. Near
the lower surface, sec-
tions of the lingual
artery and nerves.
In the latter gangli-
onic cells may some-
times be seen.

At the back part
of the tongue are
little depressions of
the mucous mem-
brane called crypts
(fig. 215). In the
walls of these are
spherical masses of
adenoid tissue, and
iuto some crypts open
the ducts of small
mucous glands (fig. 215),

Epithelium.
Lymphatic
follicles.

' Lymphatic
, follicles.Clypt

Mucous
glands.

Mucous
glands.

Fig. 215. —Crypt from Back of Tongue, with Cluster
of Lymphatic Follicles.

2. The mucous glands occur chiefly at the base of the tongue
and along its edges. They have the same structure as the salivary
glands of the same name (fig. 215), i.e., their acini are lined by
a single layer of mucous cells, but
there are no demilunes. They
are small compound tubular mu-
cous glands.

3. The serous glands occur
onlynear the circumvallate papillae
and taste-bulbs. Their acini are
granular and resemble those of
the parotid gland in structure
(fig. 218, d).

4. T.S. Tongue (Double-
Stained). —Stain a section from
the posterior part of the organ,
first with methyl-green and then
with eosin. Mount in balsam.
The connective tissue and papillae
are reddish ; the serous glands are
reddish also, while the mucous glands have a purplish -green
colour.

Eig. 2x6.—T.S. Injected Tongueof Cat.

5. T.S. Injected Tongue (L). —This is obtained when the head
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or whole body is injected. Observe the very vascular muscular
portion and the papillae, each with an artery entering it. If
the papillae be compound, i.e., beset with other smaller secondary
papillae, a small capillary loop passes into each of these secondary
papillae; sections of large blood-vessels in the connective tissue of
the mucous coat (fig. 216). If desired, another section may be
faintly stained with logwood and mounted as above.

TASTE-BUDS.

6. Taste-Buds, or the peripheral organs of taste, occur on the
fungiform papillae and lateral surface of the circumvallate, soft
palate, posterior surface of the epiglottis, and a few amongst the
epithelial cells on the dorsum and sides of the tongue. It is more

however, to study them in the rabbit. On either
side of the posterior part of the rabbit’s tongue are two oval
patches with transverse ridges and intervening furrows, the papillae
foliatae (fig. 217).

(i.) Cut out these parts and harden them for fourteen days or
so in Muller’s fluid.

(ii.) The excised organ, with as little adherent muscle as pos-
sible, is placed for one hour in i per cent, osmic acid, or pinned

on a cork and exposed for the same time to the
vapour of osmic acid. Fine sections are made
across the laminae, and stained with logwood and
mounted in balsam.

(a.) (L) Observe the sections of the laminae,
each one with a central papilla or projection of
connective tissue (fig. 218, I). This is covered
by many layers of stratified epithelium.

(b.) Between the laminae a furrow, and em-
bedded in the epithelium, on each side of this
furrow, the taste-buds ( g), which are oval in
shape, and composed of epithelial cells, whose
bases touch the connective tissue of the mucous
membrane, where they receive a branch of the
glosso-pharyngeal nerve. The apex has an open

mouth—gustatory pore —which communicates with the furrow.
The cells composing the bud are arranged somewhat like the
staves in a barrel.

Fig. 217. —Tongueof
Rabbit. P.F.
Papilla; foliatse.

(c.) Gland-ducts open at the bases of the furrows, and if these
ducts be not seen, sections of their acini—serous gland—are sure
to be seen deep in the corium (fig. 218, d). The corium has what
look like secondary papillae on it, but they are really septa (/').
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(d.) (H) Study a single taste-bud (80 long and 40 broad).
It is composed of two kinds of elongated epithelial cells.

(1.) The sustentacular cells, which are most numerous. They
are elongated, flattened,
and either of uniform
breadth or narrowed at
their base. They form
a protective covering for
the true gustatory cells,
which lie between and
within them.

(2.) The gustatory
cells consist of narrow
fusiform nucleated cells,
whose lower pointed end
is continuous with a
branch of the axial cylin-
der of a nerve - fibre,
while the free end is con-
tinued into a fine point
or cilium, which projects
through the gustatory
pore. Fig. 21S. —Papillae Foliatse in the Rabbit. I, V. Pri-

mary and secondary septa; g. Taste-buds ; n.
Medullated nerve ; d. Serous gland ; a. Its duct;
M. Muscular fibres, x 80.

If it be desired to
study the mode of ter-
mination of the nerves in these organs, use the lemon-juice gold
chloride method, with subsequent exposure of the tissue to sun-
light in water acidulated with acetic acid.

SOFT PALATE.

1. T.S. Soft Palate.—Harden the soft palate of a rabbit or
dog in Muller’s fluid, alcohol, or corrosive sublimate. Make
transverse sections by freezing.

(a.) (L and H) One of the most beautiful methods of staining
is that recommended by List, viz., to stain with aniline-green
and eosin, and mount in balsam. Even with the naked eye the
thick layer of mucous glands can be seen.

(b .) The stratified epithelium and connective tissue are rosy-
red, the nuclei blue. The glands are bluish, and are seen to be
mucous in character, lined by a single layer of mucous cells
without demilunes.
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LESSON XXII.

TOOTH—CESOPHAGUS.

TOOTH.
A tooth consists of dentine, which forms the chief mass of the

organ. It is capped by enamel, and the root or fang is invested
by a layer of bone, the crusta petrosa. All three tissues are
calcified, and contain much calcareous matter, especially calcic
phosphate. The enamel, however, is an epithelial structure,

and consists of modified and
calcified epithelial cells, while
the dentine and crusta petrosa
belong to the connective tissue
group.

(b.) The dentine surrounding
the pulp cavity, the enamel
covering the dentine of the
crown, and the crusta petrosa
or cement covering the dentine
of the fang. The wavy black
lines in the dentine or dentinal
tubules are really tubules filled
with air, hence they appear black.
Note their direction from the
pulp cavity towards the outer
margin of the dentine. Quite
at the apex of the crown of the
tooth they run vertically; in
the fang they run nearly hori-
zontally, and in the part of the

dentine intermediate between both they gradually become more
and more oblique from the centre of the crown.

Fia. 219.—V.5. Tooth in Jaw. E. Enamel:
D. Dentine; P.M. Teriodontal mem
brane; P.C. Tulp cavity; C. Cement;
B. Bone 'of lower jaw ; V. Vein; a.
Artery; N. Nerve.

Unsoftened Tooth.—This is
one of the few preparations
which had better be bought.

1. Longitudinal Section of a
Dry Tooth (fig. 219).

(a.) (L) Observe the crown
and fang, and, connecting the
two, the neck.
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Arched or curved lines—incremental lines or Schreger’s lines—-

may sometimes be seen crossing the course of the dentine tubules.
(c.) The enamel covering the dentine on the crown of the

tooth; somewhat brownish-coloured concentric lines may be seen
in it.

(d.) (H) The enamel consists of striated prisms, hexagonal
when seen in transverse section (fig. 221).

The dentinal tubules lie in a homogeneous matrix, and are
wavy tubes, which divide dichotomously, and give off lateral
branches which anastomose with other lateral branches from
adjacent tubules. At the outer part of the dentine are irregular
interglobular spaces, which appear black when they contain air
(fig. 222).

The crusta petrosa consists of bone—a thin layer—composed
of lamellee and bone-corpuscles, but no Haversian canals (fig. 222).

FIG. 220. —Enamel
Prisms.

FIG. 221. —Their hexa-
gonal ends.

FIG. 222.—T.5. Fang of Tooth, a. Crusta pet-
rosa, with bone-corpuscles; h. Dentinal
tubules; c. Granular or interglobular
layer.

2. Softened Tooth.—Select the jaw of a small mammal, e.g.,
a cat, and decalcify a short length-—{--inch—of the lower jaw in
chromic acid and nitric acid. It will take two or three weeks
to remove all the bone-salts, and the decalcifying fluid must be
frequently renewed. The tooth is sufficiently soft to be cut when
a needle can be pushed into it. Make vertical sections through
the whole jaw and a tooth in situ.

Stain one section in picro-carmine, another in osmic acid
(twenty-four hours), and mount both in Farrant’s solution or
in glycerine-jelly.

. (*) (L) Observe the tooth in the alveolus or depression of
the jaw in which it is fixed. The enamel has disappeared (fig.
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220). The bone of the jaw with its periosteum, lining the alveolus
and forming there the periodontal membrane (fig. 219, P.M).

FIG. 223. Diagram of Early
Stage of the Development
of a Tooth, a. Epithelium
of dental ridge on lower
jaw; b. Portion of epithe-
lium about to be modified
into enamel(enamel organ);
c. Beginning of germ of
dentine in the tooth papil-
la ; d. Laminationof corium
about to form tooth sac.

(■b .) Next the latter on the fang the
cement (0), the dentine, pulp-cavity and
its contents. If the section passes
directly through the middle of the tooth,
the orifice in the fang of the tooth may
be seen.

(c.) (H) The dentinal tubules, not so
distinct as in the dry tooth. If they
are cut obliquely, they appear merely
as tailed dots in a homogeneous matrix.

{d.) The pulp-cavity contains blood-
vessels and fine connective tissue, but
next the dentine there is a layer of large
cubical cells—odontoblasts —which give
off fine processes which enter the den-
tinal tubules—the fibres of Tomes. They
are best seen, however, in a tooth which
has not yet cut the gum.

3. Development of Tooth. —Without entering into all the
details of the development of the teeth, the following directions
will suffice as to the method of preparing sections so as to show

Fig. 224.—Second Stage of Tooth Develop-
ment. a. Dental ridge ;b. Enamel 01 -

gan, now divided into three layers—i.
A superficial one, lining the tooth sac;
2. A middle gelatinous layer, whose
cells have become stellate ; 3. The layer
becoming enamel prisms ; c. Papilla of
tooth, with vessels of pulp and elon-
gating osteoblasts on the surface; d.
Tooth sac ; e. Secondary enamel germ.

FIG. 225. —Later Stage, showing g.
Dentine ; h. Interval between
the uncalcifying part of the
enamel organ and the calcified
surface of the enamel (/); k.Layer of odontoblasts.

the various stages. What may be called the first stage—that
shown in fig. 223—is to be obtained from the lower jaw of a
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sheep’s embryo 7 cm. in length. At this stage only a very
littlebony matter exists. Harden the whole jaw in corrosive sub-
limate and decalcify in dilute hydrochloric acid. Stain in bulk in
borax-carmine, embed in paraffin, and make T.S. across both rami
of the jaw and the tongue.

The second stage, fig. 224, is obtainable from the upper jaw of
an embryo sheep 15 cm. long. It is treated in the same way.

The third stage, fig. 225, is obtained from the lower jaw of a
dog six days old or thereabout.

With a high power it is easy to observe the structure of the
several parts, and to see the odontoblasts lining what is to be the
pulp-cavity. If the latter happen to be partially detached, their
processes—fibres of Tomes—may be seen partially withdrawn
from the dentinal tubules in which they lay.

(ESOPHAGUS.

The (Esophagus consists from within outwards of—
(1.) Mucous coat, composed of stratified squamous epithelium,

into which project small simple papillae from the corium or con-
nective tissue basis of the membrane. At the outer part of the
corium is a narrow layer of smooth muscular fibres—muscularis
mucosae —arranged for the most part longitudinally.

(2.) Submucous coat, consisting of connective tissue and the
larger blood-vessels and some nerves. In those animals {e.g., dog)
in which glands occur, the acini of the glands lie in the sub-
mucous coat, so that their ducts have to perforate the muscularis
mucosae and traverse the mucous membrane before they open on
the surface of the epithelium.

(3.) Muscular coat.—This will vary with the animal used. In
man this coat in the upper third of the oesophagus is composed of
striated muscular fibre, the lower two-thirds of smooth muscle.
The outer layer of fibres runs longitudinally, the inner circularly

(4.) Fibrous coat, composed of fibrous tissue.
4. The (Esophagus. —Cut out a piece of the oesophagus of a

dog or cat—2 cm. in length—and harden it in equal parts of
chromic acid (-J per cent.) and spirit, or Muller’s fluid (fourteen
days), or mercuric chloride, and then in alcohol. Make trans-
verse sections ; stain one in picro-carmine and mount it in Tar-
rant’s solution, and another in logwood and mount it in balsam.
Perhaps even more instructive sections are obtained from a
small animal, such as a rat, where the whole oesophagus (with
trachea) can be stained “in bulk ”in borax-carmine. Cut sections
of both tubes to show their structure and relations.
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(a.) (L and H) The circular tube has several coats, the inner-
most one being thrown into folds. The mucous membrane
covered by stratified squamous epithelium, under this the con-

nective tissue with fine simple papillae.
In the deeper part of the mucous mem-
brane are several layers of non-striped
muscle, constituting the muscularis mu-
cosae (fig. 226, M.M).

(b.) Outside this is loose submucous
connective tissue with a few blood-vessels,
and in the dog the acini of mucous
glands. The ducts from the latter tra-
verse the coats lying internal to the
glands, and open on the inner surface by
funnel-shaped openings.

(c.) Outside this, again, is the mus-
cular coat, which varies in the upper
and lower parts of the tube, and also
with the animal examined. In the
upper part there is striped muscle, in
the lower part two layers of non-striped
muscle, an inner circular and an outer
longitudinal. Between the two layers
may be seen ganglionic cells of Auer-
bach’s plexus.

(d.) Outside all is the fibrous coat or
adventitia, composed of coarser connec-

tive tissue, with elastic fibres and blood-vessels.

FIG. 226. T.S. Small Part of
(Esophagus of Dog. E. Epi-
thelium ; M.M. Muscularis
nmcosEc ; G. Glands; C. Cir-
cular, and E, L. External or
longitudinal muscular coat;
F. Fibrous layer. Muller’s
fluid, picro-carmine.

Eor the epithelial cells lining the oesophagus see Lesson IY. 5.
It is to be remembered that there are very great differences

as regards the presence of glands in the oesophagus. Some
animals have a considerable number— e.g. dog—and others very
few.

LESSON XXIII.

THE SALIVARY GLANDS AND PANCREAS.
THE SALIVARY GLANDS.

The Salivary Glands.—All these glands have not the same
structure, hence it is necessary to classify them.

Mucous Glands.—One may use the sub-maxillary and sub-
lingual glands of the dog.
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Serous Glands.—The parotid of man and mammals, and the
sub-maxillary of the rabbit.

Muco-Salivary or Mixed, e.g., the human sub-maxillary, or
failing this, the retro-lingual gland of the dog or sub-maxillary
gland of the guinea-pig.

The salivary glands are compound tubular glands, i.e., the duct
is branched, while the acini or alveoli—-the true secretory parts
of the glands—are tubular in form. Each gland consists of
lobes, which are held together by connective tissue, and each
lobe in turn is made up of numerous smaller lobules also held
together by connective tissue, which carries the blood-vessels,
nerves, lymphatics, and larger ducts. From mutual pressure
the lobes and lobules are usually polygonal in shape. The main
duct is made up by the convergence of ducts from the lobes—-
lobar ducts—while from each lobule there is a duct—lobular duct.
Each lobule is made up of a number of alveoli or acini. Each
alveolus, which has a closed extremity, leads into or discharges
its secretion into a fine duct or ductule, and these ductules by
their union form the intralobular ducts. Practically the arrange-
ment of the ducts is the same in all this set of glands; the
differences in structure are in the alveoli. The alveoli consist
of a basement membrane, which by appropriate means can be
shown to consist of branched cells forming a reticulated or
basket-like membrane. This is lined internally by the secretory
epithelium, leaving a larger or smaller lumen in the centre,
which leads into a fine duct or ductule by means of a narrow
junctional piece or intermediary part or ductule, in which the
epithelium is somewhat flattened. Usually several alveoli open
into one intermediary tubule or ductule. The ducts with a
fibrous wall are lined by a single layer of columnar epithelium,
which is striated or “ rodded 1 in its outer part, and granular
towards the lumen of the tube (fig. 229); a little inwards from
the centre of each cell is a nucleus.

In mucous glands the acini (35 y in diameter) are lined by a
layer of polyhedral clear cells, whose broader bases rest on the
basement membrane, while their apices abut on the lumen, which
is small (fig. 227). Usually in a transverse section of an acinus
five or six cells are seen. The appearance of these cells varies
according as a gland is at rest or in a state of activity, i.e.,
whether the gland is “loaded” or “charged” (resting phase),
or “ unloaded ”or “ discharged ” (active phase). In a resting
gland the mucous cells are clear, for the most part, while at the
outer part of the cell is a flattened nucleus surrounded by a very
small quantity of granular protoplasm. The clear part is tra-
versed by a network of fibrils, which includes in its meshes
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mucigen. The granular matter and nuclei stain readily with
the ordinary dyes, while the clear part does not do so.

Here and there between the bases of some of these cells and
the basement membrane are groups of small, granular, nucleated
cells, the group having a somewhat crescentic shape ; they are
called demilunes or crescents of Gianuzzi (fig. 228). They stain
readily with dyes, and are darkened by osmic acid, and contain
two or more nuclei.

In the discharged or active gland, the acini are smaller, the
lumen wider, the clear part of the cell diminished in volume,
while the outer part of the cell is wider, and appears to have
encroached on the clear part. The nucleus is usually spherical,
and placed nearer the centre of the cell.

In serous or albuminous glands the chief differences are in
the cells lining the alveoli. In serous alveoli there is but one
layer of cells, and nothing corresponding to the demilunes. The
cells are somewhat smaller than mucous cells; they are more
granular, and stain more uniformly with dyes. The nucleus is
spherical, and placed neai’er the centre of the cell. The differ-
ences between active and passive phases are not so marked as in
mucous acini.

During activity the cells become smaller, and the “ granules ”

disappear from the outer part of the cell; the cells become more
sharply defined, while the nuclei are large and spherical.

1. Mucous Salivary Glands.—-These must be prepared in
several ways.

(i.) Small pieces of a perfectly fresh dog’s sub-maxillary gland
are placed for an hour in 75 per cent, alcohol, then for five hours
in absolute alcohol, which is then changed, and the hardening
is completed in fresh absolute alcohol in twenty-four hours.
Sections are to be made of the unstained gland, but they are apt
to fall into small pieces, although the small pieces show the
structure sufficiently well. A part of the alcohol-hardened
gland should be stained “in bulk ” in borax-carmine, and sec-
tions made by the paraffin method (p. 37). In this way the
relative position of the parts is retained.

(ii.) Harden very small pieces for twenty-four hours in 1 per
cent, osmic acid j wash them thoroughly, and complete the hard-
ening in alcohol,

(iii.) Harden other pieces in Flemming’s mixture, and stain
“ in bulk ” in borax-carmine as in (i.).

(iv.) Heidenhain’s Method. —This method is also applicable to
the pancreas. Small pieces of a gland hardened in alcohol (i.) are
placed for 6-8 hours in 10 cc. of 0.5-1 per cent, watery solution
of heematoxylin; and then for an equal period in 0.5-1 per cent.
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potassic bichromate, or i per cent, watery solution of alum.
The pieces look quite black when they are removed from the
second fluid. In this method, the union of the reagents takes
place in the tissue itself. The nuclei are bluish-black, the cell-
substance a steel-

grey, while the demi-
lunes stand out dis-
tinctly. This is an
excellent method for
these glands. The
paraffin method for
sections is to be re-
commended.

(a.) (L) Observe
the capsule, which
sends off thin septa
of connective tissue
into the substance of
the gland, mapping
it out into polygonal lobes, which are further subdivided by finer
septa into lobules. In the larger septa, sections of blood-vessels
and gland-ducts (fig. 227).

(.b .) Within each lobule aggregations of acini or alveoli, which
make up the smaller lobules. The shape of the lobule depends
on the way it has been
cut. Branches of the
finer gland-ducts—few
—between the lobules.
Some of the acini ap-
pear to be crowded with
cells inside the base-
ment membrane. The
gland-ducts have a dis-
tinct lumen.

jFig. 227.—5ma1l lobule of a Sub-Maxillary Gland, Dog.
L. Lobule ; D. Duct. Osmic acid.

(c.) (H) Although
numerous alveoli or
acini are visible, only
those that have been
cut across so as to show
the lumen are satisfac-
tory ; the others appear
merely to be filled with cells, and vary much in size, according to
the plane of section through the alveolus. Each alveolus has a
clear, transparent basement membrane, and inside, and on it, is
arranged the secretory epithelium.

Fig. 228.—Sub-Maxillary Gland, Dog, showing Duct
Communicating with an Alveolus by a Narrow
Ductule. The alveoli with mucous cells and dense
demilunes. Osmic acid and hematoxylin, x 300. ,
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(d.) The mucous cells form a single layer, and are large, clear,
cubical cells. Each has a nucleus which is usually flattened and
placed near the attached end of the cell. In borax-carmine pre-
parations, the nucleus, surrounded by granular protoplasm, is
stained red, while the rest of the cell appears clear, and traversed,
it may be, by fine threads or fibrils. In reality, the cell-substance
consists of a network containing a clear substance—mucigen.

(e.) The demilunes lie singly next the basement membranes.
Two or three may be seen in the section of each alveolus as more
granular deeply-stained bodies, sometimes with two nuclei. As
their name indicates, they are somewhat half-moon shaped, but
they send processes between the mucous cells. As they are
deeply stained by pigments and also darkened by osmic acid,
their shape and distribution are readily recognised.

(/.) The lumen of each acinus is a small more or less regular
space in the centre of the acinus, but, as before mentioned,
many acini may be so divided as not to show it. It is difficult
to find the connection between the lumen of an acinus and a
duct (fig. 228).

(g.) Duct. —This is best studied in a transverse section, which
is easily found in the finer ducts lying irregu-
larly within the lobules and the larger ones
in the septa (fig. 229). The wall consists of
circularly disposed connective tissue, and is
lined by a single layer of tall, narrow, cylin-
drical epithelium. The outer part of each cell
is distinctly striated or “rodded,” and each
cell has its spherical nucleus placed about the
middle of the cell.Rig. 229.—T.5. Duct,

showing only the
“Rodded ” Epithe-
lium Lining it,
X 300.

2. Active Gland.—The student should exa-
mine a section of a sub-maxillary gland which
has been in action for several hours. He can-

not without a license prepare such a gland for himself. It is
prepared, however, by stimulating at intervals for several hours
the chorda tympani of a dog. In this way the gland is kept
secreting. It is then removed from the body and hardened in
one of the ways stated on p. 214. It is essential that the active
and non-active glands be hardened in the same way, so as to show
that such differences as exist are not due to the method of
hardening.

(H) Observe that the mucous cells are not so clear as in the
passive gland, but are more granular and smaller, while in stained
sections part of their cell-substance is stained by the pigments,
and thus there is less difference between the demilunes and the
mucous cells. The nuclei become more spheroidal. All the
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acini in the section are not necessarily in the same phase of
activity, so that the appearances in any two acini may not be
identical.

3. Serous Salivary Glands.—Use the parotid of any mammal,
rabbit, cat, or dog, or the sub-
maxillary gland of a rabbit. Har-
den small parts of the gland
exactly in the same way and by
the same means as for mucous
glands. I find that Flemming’s
mixture is specially good for the
sub-maxillary gland of the rabbit.
Sections are made and stained—-
the hardened gland stained “in
bulk ”—just as for mucous glands.

(a.) (L) Observe the capsule,
septa, lobes, and lobules as in the
mucous glands, but the alveoli or
acini are smaller. More sections
of gland-ducts will also be seen.

FIG. 230.—Resting Serous Gland, Rabbit.
Alcohol and carmine.

{b.) (H) Observe an aiveoLus. It is lined by a layer of poly-
hedral cells, leaving a very small lumen. The cells are very
granular, with a spheroidal nucleus placed near the centre of the
cell (fig. 230). The numerous sections of ducts, some cut trans-
versely, other longitudi-
nally. They are like
those of mucous glands.

4, Muco- Salivary
Glands, e.g., the sub-
maxillary of man or the
retro-lingual of the dog,
are treated as the other
salivary glands.

(L and H) Observe
that some of the acini
are like those of mucous
glands, and others like
serous acini. Acini,
serous and mucous, may
be found lying side by
side (fig. 231).

FXG. 231. —HumanSub-Maxillary Gland. On the right
groups of mucous, and on the left of serous
alveoli, x 300.

5. Sub-Maxillary Gland (Double-Staining).-—(i.) Stain sec-

tions of a dog’s sub-maxillary gland, hardened in alcohol, first
in a watery solution of aniline green and subsequently in eosin.

An easier plan is to stain first in aniline green, rapidly dehy-
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drate the section in alcohol, taking care that all the green is not
washed out of the gland-cells, and clarify with clove-oil in which
is dissolved some eosin. Mount in balsam. This gives a beautiful
result. The mucous cells are green, the demilunes pinkish, while
the nuclei generally are green. The cells of the ducts are green
and the interlobular connective tissue pinkish.

(ii.) Stain sections in aniline blue, to which is added a satu-
rated watery solution of picric acid. Mount in balsam. The
cells of the acini are blue while the ducts are yellowish-green.

(hi.) Schiefferdecker’s method is also to be recommended. Add
a few drops of a 5 per cent, alkaline alcoholic solution of eosin to
a watch-glassful of alcohol. Allow the sections to stain in this
for half an hour or so, and place them for a few minutes in 1 per
cent, watery solution of aniline green, and mount in balsam.

THE PANCREAS.

The pancreas, speaking broadly, resembles the salivary glands
in the arrangement of its capsule, lobes, lobules, and duct, with
its branches. The epithelium of its ducts, however, is not so
distinctly striated. It is a compound tubular gland. Curious
groups of cells, each supplied by a glomerulus-like tuft of capil-
laries, lie in the interlobular septa. The alveoli, tubular or flask-
shaped, with a very small lumen, consist of a basement membrane
lined by a single layer of columnar or pyramidal cells, each showing
two zones; an outer zone nearly homogeneous, and staining with
logwood and some other dyes, and an inner zone crowded with
“granules.” The spherical nucleus lies about the middle of the cell.

This gland, like other glands, should be examined in different
phases of physiological activity. One, the active state (“ dis-
charged ”), when the gland is removed from the body (rabbit) two
or three or four hours after a full meal; and the other, the
passive, or better, the resting state (“ charged ” or “ loaded ”),
when the pancreas is not secreting actively, which can be secured
by allowing an animal to fast for fourteen hours (dog or rabbit).
The human pancreas is rarely satisfactory.

(i.) One of the best methods of hardening the pancreas is
i per cent, osmic acid or Flemming’s mixture for twenty-four
hours. It is then to be thoroughly washed and hardened, first
in 75 per cent., and afterwards in absolute alcohol.

(ii.) A piece hardened in absolute alcohol and stained in bulk
in borax-carmine or Heidenhain’s logwood (p. 214), and after-
wards cut as directed for the salivary glands (p. 214), shows well
the general arrangement.
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(iii.) Harden a small piece in corrosive sublimate, and, after the

usual precautions, stain the sections with picro-carmine. Mount
the osmic acid sections in glycerine, and the stained ones in
Tarrant’s solution or balsam.

6. Resting Pancreas. —(a.) (L) Observe the capsule (thinner),
septa (thinner), lobes, and lobules, as in salivary glands. This
arrangement is best seen in the carmine specimen (fig. 232, C).

(b.) (H) In the os-
mic acid preparation
observe the alveoli (fig.
232, A), with a base-
ment membrane lined
by a single layer of
columnar cells, taper-
ing somewhat at their
central ends, leaving
a small irregular cen-
tral lumen.

(c.) In each cell a
crowd of dark “ gran-
ules,'” occupying about
the inner two-thirds
of each cell, while the
outer third or zone is

j'p;. 232- —x.s. Pancreas, Dog. A. Acinus; C. Capsule;
-D. Duct. Corrosive sublimate and picro-carmine,
X 3 °°’

comparatively homogeneous and free from granules (fig. 232).
The nuclei of the cells are apt to be obscured by the presence
of the granules. In the borax-carmine preparation the nuclei
are stained red; the outer zone, about one-third, is also stained
red, the inner two thirds being either not stained or only faintly
so, and granular, but the granules are not so
sharply defined as in the osmic acid preparation.

(d.) The ducts (few), lined by a single layer
of columnar epithelium, with either very faint
or no longitudinal striation (fig. 232, D).

7. Active Gland (H).—The cells of thealveoli
are less granular, so that each cell shows an outer
zone with no granules, occupying about one-half
of the cell, and an inner granular zone with gran-
ules, which, however, are not nearly so nume-
rous as in the resting alveoli. The nucleus
(sometimes with a nucleolus and accessory

FIG. 233. —T.S. of the
Acini of a Fresh
Pancreas.

nucleoli) is distinct, and near the centre of the cell. It is to be
noted, however, that all the alveoli are not in the same phase.

8. Fresh Pancreas.—A very good idea of the granular character
of the inner zone of the pancreatic cells is obtained by examining
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a piece of fresh pancreas teased in normal saline. It is easy to
observe the difference between the outer homogeneous zone and
the inner granular one. Many of the granules are liberated in
the process (fig. 233).

ADDITIONAL EXERCISES.
9. Isolated Mucous and Demilune Cells.—(i.) Place fragments of a fresh

dog’s sub-maxillary gland in 5 per cent, ammonium chromate (4-6 days).
Tease a small piece in the same fluid. Note the isolated mucous cells, each
with its fibrillar network, spherical nucleus embedded in protoplasm, and
what was the attached end of the cell prolonged into a process.

(ii.) The cells, membranes, &c., are readily isolated in 33 per cent, caustic
potash.

10. Mucous Granules. —See a paper by Langley in Journal of Physiology,
vol. x. p. 433.

LESSON XXIV.

THE STOMACH.

The walls of the stomach, like the remainder of the intestinal
tract, are composed of four coats, named from within outwards—

(1.) Mucous coat.
(2.) Submucous, composed of loosely-arranged connective

tissue, the larger blood-vessels,lymphatics, and nerves.
(3.) Muscular, composed of three layers of non-striped

muscle—(a.) longitudinal, (Ik) circular, (c.) oblique.
In some situations only two layers exist.

(4.) Serous, from the peritoneum.
The mucous coat is lined by a single layer of tall, narrow,

cylindrical mucous cells—in reality mucus-secreting goblet-cells,
for they have open mouths and contain mucigen. The cardiac
portion of the mucous membrane is composed of tubular glands
placed side by side, and called fundus glands by Heidenhain.
Several gland-tubes may open into one common duct. The
duct is short, and is lined by cells like those covering the sur-
face of the stomach. The secretory part is lined throughout
by a layer of polyhedral or short columnar, granular, nucleated
cells, called chief, principal, inner, or delomorphous cells. At
various places between these and the basement membrane of the
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gland are large, angular, very conspicuous, granular cells—outer,
parietal, adelomorphous, or oxyntic. The lumen of the gland is
small and ill-defined.

The pyloric mucous membrane is beset with pyloric glands,
which have a long duct, and are usually branched at their lower
ends. The duct is lined by a layer of cells like those lining the
stomach, and the secretory part by a single layer of short, finely
granular, columnar cells. The lumen is well-defined. There is
more connective tissue between the glands than in the cardiac
portion. Masses of adenoid tissue are not unfrequently seen
between the bases of the glands.

The Stomach.—(i.) Select a cat or dog that has hungered for
a day. Kill the animal and open the stomach, and preserve small
parts of the cardiac and pyloric ends (all the coats) in equal parts
of chromic acid per cent.) and spirit. Change the hardening
fluid within twelve hours. Usually 7-10 days suffice to harden
the tissue. Complete the hardening process in alcohol. Make
vertical sections of moderate thickness, and others very thin.

(ii.) From the same organ cut out very small pieces of the
cardiac and pyloric mucous membrane (|- inch cubes) and place
them in 1 per cent, osmic acid for twenty-four hours. Harden
further in alcohol.

(iii.) Harden pieces of the pyloric and cardiac mucous mem-
brane for 2-3 hours in mercuric chloride. Take care to remove
all the salt by prolonged washing in alcohol.

(iv.) Absolute alcohol is also a good hardening medium, but
new alcohol must be used after two or three hours.

To bring out all the chief characters of the glands, some
sections are to be stained in logwood and mounted in balsam.
Stain others in picro-carmine, and mount them in Farrant’s
solution; others in dilute carmine for twenty-four hours, to be
similarly mounted. Stain others with 1 per cent watery solution
of aniline-blue (Nicholson’s No. 1) for twenty minutes. Wash
the sections in glycerine and water, and mount them in Farrant’s
solution.

Other methods of staining are given at p. 225.
1. V.S. Cardiac End.
(a.) (L) Observe the relations, relative thickness, and structure

of the several coats.
The mucous coat, with its gastric or cardiac glands, or glands

of the fundus, set vertically like so many tubes in a rack (fig. 234).
The open mouths of the glands, with ridges between them. Some
of the glands are branched; at their bases is delicate connective
tissue, adenoid tissue, and blood-vessels. Below the closed ends
of the glands, in the cat, a clear homogeneous layer of condensed
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connective tissue, and under this two or three thin layers of non-
striped muscle—the muscularis mucosas. The clear layer of con-
densed tissue is not present in the rabbit, dog, or man.

(b.) The submucous coat, composed of loose connective tissue,
with large blood-vessels and a few fat-cells. If the mucous
membrane be folded and rugae are present, the connective tissue
will be seen to run up into the fold.

(c.) The muscular coat consists of two or three layers of smooth
muscular fibres. The appearance varies according to the manner
in which the plane of the section cuts them, for the stomach has

Mucous
coat.

Mm

Sub-
mucous

coat.

Muscular
coat.

Serosa.
FIG. 234. —V.S. Wall of'Human Stomach.

E. Epithelium ; G. Glands; Mm. Mus-
cularis mucosa;, x 15.

an outer longitudinal and an
inner circular, and in some
places an oblique muscular coat.

(d.) Outside all a thin layer—-
peritoneumor serous coat—con-
sisting of fibrous tissue covered
by a layer of endothelium.

(e.) (H) Study specially the
mucous coat. Observe the col-
umnar epithelium lining the
stomach, covering the ridges
between the glands, and dipping
intotheir mouths or gland ducts,
whichare slightly funnel-shaped.
The cells are tall and narrow,
and if the section be not too
thin, the ends of them may be
seen as verysmall, clear, sharply-
defined, polygonal areas. As
they secrete mucus, they have
been called mucous cells. The
upper two-thirds or so of the
cell is much clearer than the
lowest third, which tapers away
to a point. Each cell contains
an oval nucleus in its lowest
third, i.e. , near its attached end.

(/.) Select a fundus gland (fig. 235). Trace its duct down-
wards, and note that perhaps it is common to two secretory
portions. In the true secretory part, note the large ovoid,
border, parietal, or outer cells, lying next the basement mem-
brane,—ovoid in shape, granular in appearance, and containing
an ovoid nucleus. They do not form a continuous layer. At
the upper part of the gland-tube the ovoid cells are smaller,
and placed nearer each other, while towards the fundus or base
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of the gland they are larger and further apart, the interval
between any two being occupied by the inner or central cells.
The ovoid cells are deeply stained by aniline-blue and carmine,
while in a logwood-stained section the inner cells are usually
more deeply stained.

Observe a continuous layer of cells—inner, central, or chief
—lying internal to the ovoid cells. They are smaller, and
belong more to the columnar type of cell, but they are not of
uniform height throughout; thus they are shorter over an ovoid
cell, and larger between two ovoid cells.
Each cell contains a spherical nucleus.

The lumen of the gland-tube is very
narrow, and on comparing the relation
between the duct and the secretory part,
the latter is much longer.

(g.) Arrange the preparation on the
stage so that the lower ends of the glands
come into view. Note their closed ex-
tremities, and if the glandular epithelium
have shrunk somewhat, the basement
membrane of each gland-tube may be
seen; very probably transverse or oblique
sections of the lower part of the gland
will be found (fig. 236).

(Ji.) At the bases of the gland-tubes,
but outside their basement membrane,
note the delicate connective tissue or
adenoid tissue, with a greater or less
number of leucocytes. If the section be
made from the stomach of a cat, a clear
homogeneous layer runs outside this.

(i.) Outside this the muscularis mucosae
composed of at least two layers of non-
striped muscle arranged in opposite direc-
tions. Especially in a balsam specimen,
fine strands of muscular fibres are always

Pig. 235. —Y.S. Mucous Mem-
brane of the Stomach, Cat.
Osmic acid.

to be seen passing from the muscularis mucosae inwards towards
and between the glands. Usually these fine strands pass inwards
between groups of glands. In the osmic acid preparations, the
ovoid cells are much darker than the central cells.

(j.) There is nothing particular to note in the structure of the
other coats.

2. T.S. of Fundus Glands. —Make a section parallel to the
surface of the mucous membrane, stain it with logwood, or picro-
carmine and aldehyde-green.
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(H) Observe that all the gland-tubes are not cut at the same

arranged in
groups as
shown by the
connective
tissue sur-
rounding sev-
eral tubes.

Fia. 236.—T.5. Duct of Gland of Fundus, a.
Chief, h. Parietal cells ; r. Adenoid tissue;
c. Capillaries.

I® 3. Fresh Fundus Glands. —From the mu-
cous membrane of the stomach of a newly-
killed guinea-pig make a thin vertical sec-
tion with scissors, and tease it in normal
saline to isolate some of the glands. This
animal is selected because its gland-tubes
are short, but a rabbit does very well. The
elevations of the basement membrane due to
the bulging of the parietal cells are usually
well seen.

4. V.S. Pyloric Mucous Membrane (fig.
237)-

(a.) (L) Observe the same arrangement of
coats as in the cardiac end; but notice that
the muscular coats are thicker; while the
mouths of the gland-tubes are wider and
longer, the secretory part more branched and
shorter than in the cardiac portion.
* (*■) (H) Observe the wide mouth of the
glands, lined by narrow columnar epithelium,
the secretory part branched, several branches
opening into one gland-duct. The secretory
part lined by a single layer of cells, somewhat
cubical, but there are no ovoid cells.‘ 7 J. V. M.J. V. V. V.

. V.V.iA.,-.

(c.) There is much more connective tissue
between the tubes. A mass of adenoid tissue
—a solitary follicle—may be seen in the

level; some are divided through
the duct, others through the
secretory part of the tube. In
the latter observe the large ovoid
cells—few in number—and in-
side these a complete layer of
inner cells with the small lumen
of the tube (fig. 236). The
glands are

ITIQ. 237. —y.s. Pyloric
Mucous Membrane. D.
Duet; S. Secretory part
of gland ; C. Connective
tissue.

deeper part of the mucous coat. In some cases its pointed apex



XXV.] THE STOMACH. 225
may be seen reaching nearly to the surface of the mucous
membrane.

Study a section of the mucous membrane hardened in osmic
acid and mounted in Farrant’s solution.

5, Blood-Vessels of the Stomach.—Make vertical sections of
an injected stomach; the sections must not be too thin, and are
best mounted in balsam. Note the large vessels in the sub-
mucous coat, and from them smaller vessels proceeding vertically
upwards, splitting up into capillaries between the tubules, and
forming a capillary network round the mouths of the glands.

6. Pyloro-Duodenal Mucous Membrane.—It is well to have a
section through the pyloric valve to include the mucous mem-
brane on its gastric and duodenal boundaries. To ensure this,
the mucous membrane or entire thickness of the stomach must
be pinned out on cork before it is hardened by any of the
methods (p. 221). It is treated like the sections of the stomach.
On one side of the thickened pyloric valve—the increased thick-
ness being due chiefly to an increase of the circular muscular
fibres—one sees the pyloric structure, and on the other that of
the duodenum. It would seem that the glands of Brunner in the
latter are in line with the pyloric glands.

ADDITIONAL EXERCISES.
7. Double-Staining of the Stomach.—One method is given at p. 223.

The following method of Flesch gives good results. Harden the stomach in
Muller’s fluid, and stain the sections in Merkel’s indigo-carmine (p. 57) for
twenty-four hours, and afterwards extract the excess of pigment by steeping
them for half an hour in a saturated solution of oxalic acid. Mount in War-
rant’s solution or balsam. The parietal cells are grey or blue, the central ones
coloured, but with red nuclei, and the smooth muscle blue with red nuclei.

8. Isolated Cells of Gastric Glands.—Macerate fragments of the mucous
membrane of the stomach of a newt for twenty-four to forty-eight hours in
5 per cent, ammonium chromate. Stain a small piece in picro-carmine, and
tease it in glycerine. Numerous isolated cells both from the ducts and
secretory parts of the glands are obtained.

LESSON XXV.

THE SMALL AND THE LARGE INTESTINE.

SMALL INTESTINE.
It has the usual four coats—mucous, submucous, muscular,
and serous. The mucous coat alone requires special considera-
tion. In man, in certain parts, there are permanent folds of
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the mucous membrane— valvulae conniventes—and everywhere
the surface is beset with small conical elevations—the villi.
At the bases of the villi is a layer of simple tubular glands—

Lieherkiihn’s glands—embedded in an adenoid tissue matrix.
Underneath this is the muscularis mucosse, usually consisting
of three thin layers of smooth muscle.

A villus consists of a central core, enclosing a lacteal, and
covered by a single layer of columnar epithelium with goblet-
cells. The characters of this epithelium are referred to in
Lesson Y. The body of a villus consists of a tissue like adenoid
tissue with leucocytes and other cells. The central lacteal is
really a lymphatic, and begins by a closed extremity. Several
strands of smooth muscle pass from the muscularis mucosse into
the villus, and reach its upper extremity. It is very vascular,
and the blood-vessels are distributed immediately under the
epithelium. The mucous membrane also contains solitary fol-
licles, and in some situations Peyer’s patches.

The Small Intestine.—Make transverse sections of a small
piece of the small intestine of a cat or dog hardened in a mixture
of potassic bichromate and chromic acid, Klein’s fluid, -• per
cent, chromic acid, or mercuric chloride.

(i.) Stain a section in hsematoxylin and mount it in balsam,
(ii.) Stain another in picro-carmine and mount it in Farrant’s

solution. All the parts and their relations are best preserved by
staining a small piece of the hardened intestine in borax-carmine,
steeping it in acid alcohol, and after passing it through turpen-
tine and embedding it in paraffin, sections are cut and treated as
directed at p. 37.

(iii.) Place some sections in 1 per cent, osmic acid. This
sharpens the outlines of many of the structures.

1. T.S. Small Intestine (L). —Observe the same number of
coats as in the stomach, i.e., serous, muscular, submucous, and
mucous (fig. 238).

(a.) In the mucous coat, the surface beset with small conical
projections—villi—which may be either extended or retracted ;

in the latter case they are thrown into wrinkles on the surface.
At the bases of the villi a single layer of simple test-tube-like
glands, the glands of LieberkUhn, or intestinal glands. Outside
this the muscularis mucosae.

(b.) The submucous coat, composed of fibrous tissue with nerves
and blood-vessels.

(c.) The muscular coat, composed of two layers, an outer longi-
tudinal and an inner circular layer. In the cat, for example, the
latter is much thicker than the former.

( d.) The serous coat.
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(e.) (H) In a villus observe the single layer of columnar
epithelium, each cell with its free end covered by a clear disc,
traversed by vertical striae (tig. 238). The succession of these
free clear borders looks like a clear hem round the circumference
of the villus. The cell-substance is granular, and contains a
nucleus placed about the junction of the
lowest with the middlethird of each cell.
Occasionally leucocytes may be seen be-
tween the cells.

(/.) The chalice or goblet-cells scattered
irregularly among the former (fig. 238).
They may be seen from the side, or their
open rounded mouths may be directed
toward the observer. When seen from
the side, they are ovoid, with a larger
and clearer upper part containing mucin,
and a smaller, lower, granular, nucleated
part (Lesson Yi). Sometimes a plug of
mucus may be seen protruding from the
mouth of a cell, and stained blue with
logwood.

(g.) In the centre of the villus a
vertical space, the radicle of a lacteal,
with a thin nucleated wall. The sub-
stance of the villus consists of adenoid
tissue beset with leucocytes. Close under
the epithelium, perhaps, sections of capil-
laries, and a little farther in one or more
strands of non-striped muscle, which
can be traced to the apex of the villus,
and downwards to the muscularis mucosae
(fig. 238, MM).

(h.) The glands of Lieberkiihn lined
by short columnar nucleated cells, the
nucleus near the attached end of the cell.
There is a gradual transition from these

.

& - . -.t atcells to those covering tne villi. A clear
border may be seen on their free ends.
The lumen of each gland is distinct, and,
especially if the lining cells be raised

Fig. 238. —T.S. Small Intestine
(Cat). V. Villi; LG. Lieber-
kiilm’s glands ; MM. Mus-
cularis mucosa;; C and L.
Circular and longitudinal
fibres of muscular coat; S.
Serous coat.

slightly, the basement membrane of the gland-tube may be seen.
Between the gland-tubes numerous leucocytes and adenoid tissue ;

in fact, the glands are set in a meshwork of this tissue.
(i.) The muscularis mucosae, often containing leucocytes, and

sending delicate processes into the villi. This is best seen in
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balsam specimens, by the arrangement of the fusiform nuclei
of the smooth muscle cells.

(j.) A solitary gland or a Peyer’s patch may be cut, but it is
better to have special preparations for these.

2. Peyer’s Patches or Lymph Pellicles. Make a section
through a hardened Peyer’s patch.

(L) Observe a group of oval or roundish masses of adenoid
tissue crowded with leucocytes. The conical apices of some of
them may be seen projecting upwards quite to the mucous surface,
covered only by a layer of columnar epithelium, and colourless

Fig. 239,—Solitary Follicle of Human Small Intestine, a. Lymph follicle, covered with6. Epithelium ; c. Villi denuded of epithelium ; d. Lieherkiihn’s glands ; e. Muscularismucosas; /. Submucous tissue.

corpuscles which have wandered from the adenoid mass between
the epithelial cells. The lower ends of the masses usually pass
down into the submucous coat. No villi exist over the apices
of these masses of adenoid tissue if they project well into the
mucous layer.

A solitary follicle—exactly like one of the numerous follicles
which compose a Peyer’s patch—may be seen in one or other of
the sections (fig. 239).

3. Blood-Vessels of the Small Intestine.—Make a pretty
thick transverse section of a well-injected small intestine (cat).
Mount in balsam.
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(L) Observe that the mucous coat is the most vascular part;
the larger vessels lie in the submucous coat, and few vessels lie
in the muscular coat.

(H) In each villus an artery, which runs quite to the upper
part of the villus and gives off a plexus of capillaries, a vein
descending on the opposite side. A rich plexus of capillaries
between Lieberkiihn’s glands. If the section pass through a
solitary follicle, note that the capillaries pass into it and form
loops (fig. 240).

The general distribution of the blood-vessels is shown in fig.

Villi with
blood-vessels.

Solitary
follicle.

Mucous mem
brane with
villi.,

Blood-vessels.

Muscular coat.

Fig. 240.—Mucous Membrane of Small Intestine (Rabbit), Injected, x 50.

241, which is designed to show how the blood-supply reaches the
various coats.

4. Surface View of Injected Villi. —To see the general arrange-
ment of the blood-vessels in the mucous membrane, inject the
blood-vessels of a rabbit with a red gelatine mass. Mount in
balsam a small part of the wall of the small intestine, and place
the mucous surface uppermost.

(L) Note the villi, and trace the artery to its origin from a
larger artery in the submucous coat (fig. 242). The artery runs
on one side of the villus quite to the apex of the latter, and the
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vein—a wider vessel—descends on the opposite side. There is a

Glands.

mucosa.

Muscular coat.
Fig. 241. —Scheme of the Distribution of

Blood-Vessels in the Small Intestine of
a Dog. MM. Muscularis mucosa;.

dense plexus of capillaries (0)
placed close under the epithelial
covering.

5. Nerve - Plexuses in the
Intestine.—These are easily pre-
pared thus ;—After washing the
small intestine of a rabbit with
normal saline, fill it with lemon-
juice or 5 per cent, arsenic acid,
and keep it in lemon-juice or
acid for five minutes. Allow the
juice to escape, wash the gut in
water, fill it with 1 per cent, gold
chloride, and place it for thirty
minutes in per cent, gold chlo-
ride solution. Remove it, wash
it in water, and keep it in the
dark in 25 per cent, formic acid
for forty-eight hours. Usually
at the end of this time, not
only is the reduction of the gold
complete, but the tissues have
been so macerated that it is easy

to separate the coats of the intestine from each other. Wash

Fig. 242. —Injected Villi of Small Intestine ofBabbit, seen from above and laterally.
A. Artery; V. Vein ; C. Capillary network.

the gut in water to remove all the acid, and with a pair of forceps
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strip off the longitudinal muscular coat (Auerbach’s plexus adheres
to this); it separates quite easily from the circular coat. Preserve
what remains. Mount a small part of
the longitudinal muscular coat in Far-
rant’s solution.

6. Auerbach’s Plexus lies between the
muscular coats, but when they are sepa-
rated it usually adheres to the longitu-
dinal coat. The general arrangement of
the plexus can he seen quite readily with
the naked eye (fig. 243),

(L) The polygonal meshwork of pur-
plish stained fibres, with slight swellings
at the points of intersection (fig. 244).

(H) The meshes are so large that only
a part of them comes into the field of
view at once. Note the fibres, and ar
the nodes groups of nerve cells. From

Pig. 243. — Auerbach’s Plexus
(Rabbit). Lemon-juice and
gold chloride, x 8.

the plexus numerous fibres are given off to supply the smooth
muscle of the intestine.

FIG. 244. —Auerbach’s Plexus (Dog).

7. Ganglionic Cells.—In a vertical section of the gut (hard-
ened as in 1) it is by no means difficult to see groups of ganglionic
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cells in the submucous coat and between the two layers of muscular
fibres (fig. 245).

8. Meissner’s Plexus.—Spread what remains after removal of
the longitudinal muscular coat on a slip of glass, mucous surface
uppermost. With a knife gradually scrape away the mucous

PIG. 245. —Auerbach’s Plexus in Section, a. Ganglionic cells ; b. Nerve-fibres ; c. Circular,
and d. Longitudinal muscular fibres.

coat. With care—observing the preparation from time to time
under a low power of the microscope—the progress of the pro-
cess of denudation can be easily observed. By and by the plexi-
form arrangement of Meissner’s submucous plexus will be seen.
Mount in Tarrant’s solution (fig. 246).

Fig. 246.—Meissner’s Plexus Intestine (Piabbit). Lemon-juice and gold chloride.

(L) Observe the large wide meshes of the plexus. Compare
the general arrangement of the plexus with that of Auerbach’s
plexus. The fibres are finer, and the groups of nerve-cells
smaller.
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(H) Note specially the ganglionic nerve-cells at the nodes
(fig. 246).

9. Brunner’s Glands.—
As these glands are con-
fined to the duodenum, a
vertical section of this part
of the gut near the pylorus
must be made. Proceed
exactly as recommendedfor
the small intestine.

(L and H) Besides villi,
Lieberkiihn’s glands and
the usual number of intes-
tinal coats. In the sub-
mucous coat are the acini
of the glands (fig. 247),
each composed of a base-
ment membrane lined by
cubical or short columnar
cells. A duct leads from
each group of acini, and
if nprfm-ntp l? the mn«en-it penuiaues wie museu

laris mucosse, passes up be-
~ - j ,- ii itween the intestinal glands,

FIG. 247. —Y.S. Duodenum of Cat. c, I. Circularand
longitudinal layers of muscle; Lg. Lieberktlhn’s
glands; Bg. Brunner’s glands; g. Ganglion-
cells ; v. Yilli.

.Mucous
coat.

Muscularis
mucosa;.

Submucous
coat.

Muscular
fcoat.

and opens on the free surface. It has a distinct lumen, and is
lined by low cubical epithelium.

LARGE INTESTINE.

Large Intestine.—Harden it in the same way as the small
intestine, and make vertical transverse sections. The details of
the structure will necessarily vary with the animal used, but
perhaps the cat is as convenient an animal as any to employ.
Repeat exactly the processes recommended for the small in-
testine, i.e. , stain one section in hsematoxylin, and mount it in
balsam; stain another in picro-carmine, and mount it in Far-
rant’s solution.

10. T.S. of Large Intestine (fig. 248).—As the large intestine
is wide, it is necessary in making the section to select a portion
of the great gut which shows the longitudinal coat. The coat is
not a continuous one, but the longitudinal fibres are grouped
for the most part into three flat bands of fibres arranged lon-
gitudinally.
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Epithelium -

Lieber-
>■ktihn’s
glands.

Mucous
membrane.

Capillary.

Muscularis
mucosae.

Solitary
follicle.

. Submucous
coat.

Circular
fibres.
Muscular
coat.

Longitudi-
nal fibres.

Pig. 248. —L.S. of Large Intestine.

(L) Beginning from without inwards, observe the usual num-

Fig. 249. Lower
End of a Lieber-
ktihn’s Gland,
Large Intestine
of Dog. G. Gob-
let-cells.

ber of coats in the intestine. In the muscular
coat, note the peculiarities of the longitudinal
coat and the thick well - marked continuous
circular coat. There is nothing special about
the submucous coat, unless it be the exist-
ence of solitary follicles, which, however, are
not confined to the large intestine (fig. 240).
The mucous coat is characterised by negative
characters. There are no villi. It may ex-
hibit folds, into each of which there runs a
projection of the submucous coat. Lieberkiihn’s
glands, cut vertically, and some of them obliquely
or horizontally.

(H) In the mucous coat the glands of Lieber-
kiihn, larger than those of the small intestine,
and lined by cubicaocells, with nuclei near their
attached ends. cells have no clear disc,

but amongst them are very many goblet-cells (fig. 249).
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ADDITIONAL EXERCISES.
11. T.S. of a Villus.—-Stain a hardened villus of a dog or cat “in bulk”

in borax-carmine or Kleinenberg’s logwood, embed in paraffin, and make
transverse sections, which must be fixed on a slide with a fixative (p. 52), the
paraffin removed by turpentine, the
sections clarified with clove-oil, and
mounted in balsam. Many of the
villi will be cut obliquely.

(H) Observe the lacteal (L) in the
centre, and round it the structure
of the core or stroma of the villus,
with several groups of non-striped
muscle-cells (m) close to and sur-
rounding the lacteal. In some ani-
mals (dog) there is a double row of
these smooth muscles (fig. 250). The
capillaries lie immediately under
the epithelium (c), the smooth
muscular fibres parallel to the lac-
teal, and the stroma—-composed of
anastomosing fine trabeculae with
parenchymatous cells and leucocytes
—make up the elements present in
the core of a villus.

FIG. 250. —T.S. Villus (Dog). L. Lacteal;
n. Muscle; c. Capillaries, X 400.

Great differences exist in the relative size of the stroma and lacteal in villi.
In the dog and cat the lacteal is relatively small, and the stroma abundant ;
in the rabbit the lacteal is very large, and the stroma scanty.

12- Non-Striped Muscle in Villi. —This has already been referred to
(p. 227), but the following method of Kultschitzky enables the course of the
fibres to be more clearly traced. Harden (for
twenty-fourhours) a piece of dog’s smallintestine
in the following fluid : —A saturated solution of
potassic bichromate and copper sulphate in 50
per cent, of alcohol (in the dark), to which, im-
mediately before using, is added 5-6 drops (to
100 cc.) of acetic acid. The preparation and
fluid must be kept in the dark. Complete the
hardening in absolute alcohol. Make sections,
and stain them in acid chloral-hydrate carmine,
which is made as follows Make a solution
consisting of chloral hydrate, 10 grams ; hydro-
chloric acid (2 per cent.), 100 cc. Add to this
dry carmine (.75 to 1.5 gram), according to the
strength of stain desired. Boil for one and a
half hours, preventing evaporation by means of
a cooling apparatus. Allow it to cool and filter.
If the preparations stained with this dve be
washed in 2 per cent, alum, the nuclei and other
tissues become violet.

Sections stained thus show the course of the
smooth muscle from the muscularis mucosse
obliquely between Lieberklihn’s glands into the

Fig. 251.—Villusof Dog’s Intes-
tine, with Lactealand Non-

teal^ usc*e' *J‘ ac ’

ea ’ x 2S °"

villi, where they are arranged in several bundles near the lacteal. They curve
as they ascend in the villus, the concavity looking outwards, and are fixed or
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inserted close under the epithelium. They pass quite to the apex of the villus,
becoming thinner as they go, where they each split up into a pencil of fibres,
the fibres being inserted close under the epithelium.

13. Heidenhain’s Method. —Harden small pieces of the small intestine,
e.g., dog or cat (twenty-four hours), in a .5 solution of common salt saturated
with mercuric chloride. Place it for twenty-four hours in alcohol 80, 90, and
95 per cent., and finally in absolute alcohol. Saturate with xylol, embed in
paraffin, and cut thin sections, which are fixed on a slide with a “fixative.”
After the paraffin has been got rid of by turpentine or xylol, and the turpen-

FIG. 252.—Section of Intestine of
Frog. Absorption of fat. Osmic
acid.

tine displaced by alcohol, the sections are
stained on the slide with Ehrlich-Biondi’s
fluid (p. 114), diluted with 40 or 50 volumes
of water. It requires 10-12 hours to stain
the sections, which are then mounted in
balsam. This preparation is particularly
valuable for studying the various forms of
cells that occur in the stroma of a villus.

14. Mitosis in Lieberkiihn’s Glands.
Mitotic division of cells can be seen in the
epithelial cells of Lieberklihn’s glands. In a
section of a small intestine hardened in mer-
curic chloride, staining with acid fuchsin and
methyl-green colours the resting nuclei blue,
and those in active mitosis green. The
small intestine of the mouse is very service-
able. Harden it in picric acid, and stain
the sections with hsematoxylin and potassic
chromate (p. 214) or strong alum carmine.

15. Absorption of Fat. —(i.) Feed a frog
on fat bacon ; after two days kill it, and tease
a small portion of the mucous membrane of

the intestine in normal saline, or dissociate it in dilute alcohol. Observe the
isolated columnar cells crowded with fine granules of oil, which are blackened
on the addition of osmic acid.

(ii.) A better plan is to stain the mucous membrane in osmic acid (twenty-
four hours), and embed it in the usual way in paraffin. It is to be remem-
bered, however, that steeping the mass or sections of it in paraffin discharges
in part the black colour of the fatty granules.

(H) Observe the projections like folds of the mucous membrane. The
columnar cells covering them are crowded with blackened particles —fatty
granules blackened by osmic acid (fig. 252).

LESSON XXYI.

LIVER.
The liver is composed of a large number of lobules (x mm. or
Yy inch in diameter), held together by a greater or less amount
of connective tissue. Each lobule practically resembles its neigh-
bour, and is composed of a mass of polyhedral or cubical liver-
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cells which have in relation with them blood-vessels and bile-
ducts. The liver is covered by a capsule, which sends processes
into the organ at the portal fissure, forming Glisson’s capsule,
which lies between the lobules in theportal canals, and surrounds
the portal vein, bile-duct, and hepatic artery. The liver is sup-
plied with blood by the vena portae and hepatic artery; they
enter the liver at the portal fissure, and the former divides into
branches which ramify between the lobules, constituting the
interlobular veins. From these veins capillaries pass into and
traverse the substance of the lobule, and converge to a veinlet in
the centre of each lobule—the central or intralobular veins or
rootlets of the hepatic vein, which form sub-lobular veins, and
these in their turn form the hepatic vein which carries the blood
away from the liver to the inferior vena cava. The substance of
each lobule between the capillaries is composed of liver-cells (20
1 ?y-(J7y inch in diameter), which form anastomosing columns, being
more radiate next the centre of the lobule. Between the liver-
cells, but always separated from the blood-capillaries by hepatic
cells or part of a cell, is a fine polygonal plexus of tubules—the
bile capillaries, which become continuous with interlobular bile-
ducts at the margin of
thelobule. Thesmaller
interlobular bile-ducts
form larger bile-ducts,
which are lined by
columnar epithelium,
and in the walls of the
largest of them are mu-
cous glands. The hepa-
tic artery accompanies
the branches of the bile-
duct and portal veins,
so that these three
structures lie together
in portal canals. It sup-
plies with blood chiefly
the connective tissue
between the lobules.

FIG. 253. —Liver of Pig, showing Lobules. P. C. Portal
canal, containing bile-duct, hepatic artery, and por-
talvein (P. V); S. Septa; S. V. Suhlobular vein; I.V.Intralobular vein.

The Liver.—It is well to harden portions of the liver from
different animals. Harden small pieces of the liver of a pig,
rabbit, cat, and man in Muller’s fluid or 2 per cent, potassic
bichromate for 10-14 days. After washing away the surplus
chrome salts, harden portions in gradually increasing strengths of
alcohol. Sections should be cut parallel to the surface of the
organ, and others at right angles to it, and the latter should
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include the capsule. The sections can be stained in hsematoxylin
and mounted in balsam ; or picro-carmine, picro-lithium carmine,
and Farrant’s solution may be used.

If unstained sections are mounted, the outlines of the tissues
will be much better defined if they be soaked in i per cent, osmic

Fig. 254. —Columns of Liver-Cells
from a Starving Dog.

acid for twenty-four hours previous to
being mounted in Farrant’s solution.

1. Liver of Pig (.Hcematoxylin and
Balsam).

(a.) (L) Observe the polygonal
lobules (fig. 253) mapped out from
each other by a network of septa of
connective tissue, or Glisson’s capsule
(fig. 253, S). in the centre of each
lobule a small thin-walled vein, a
rootlet of the intralobular or hepatic
vein (1.V.).

(h.) At the periphery of each lobule sections of branches of the
portal or interlobular vein ; if possible, find a transverse section of
the latter, and it will be found to be accompanied by similar
sections of the bile-duct (one or more) and hepatic artery (fig.
255, P.V.). Branches of all three structures always lie and run

Fig. 255.—T.5. Portal Canal with Glisson’s Capsule,
enclosing Portal Vein (P.F.), Bile-Duct andHepatic Artery ( 11.A. ). The slit is a lymphatic.
C. Capillaries, l.c. Liver cells.

together in the portal
canals, and are sur-
rounded by Glisson’s
capsule.

(c.) Capillaries—for
the most part empty
—running from with-
out inwards in each
lobule. Radiating from
the hepatic veinlet
columns of liver-cells,
forming a network of
secretory cells inter-
twining with the capil-
lary plexus within the
lobule.

(d.) (H) The columns of hepatic cells radiating from the
hepatic veinlet, composed of polygonal or cubical cells, with
granular contents and an excentrically-placed spherical nucleus.
At the outer part of the lobule there is also a network of cells,
but the shape of the network is more polygonal there. It corre-
sponds to the arrangement of the blood-vessels. Between the
columns of cells, capillaries, sometimes with a few blood-cor-
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puscles. The vessels, however, are not as distended as normal ;

transverse branches running between adjoining capillaries, and
the whole interwoven with the cellular network.

With the low power find a portal canal with its contents; fix
them under the microscope and examine with (H).

(e.) One or more sections of bile-ducts, lined by a single layer
of shorter or taller columnar cells ; outside themconnective tissue,
disposed circularly and continuous with that of Glisson’s capsule
(fig. 255). A section of a branch of the hepatic artery and—the
largest opening of all—of the portal vein. Some slits may he
seen in Glisson’s capsule; they are lymphatics.

Sublobular
vein.

Intralobular
vein.

Bile ducts.

Interlobular
veins.

FlGt. 256.—Section of Human Liver, showing Liver Lobules and the Radiate Arrange-
ment of the Hepatic Cells from the Centre of each Lobule, x 20.

2. Human Liver.— Stain in hsematoxylin or logwood and
mount in balsam sections of the liver of the rabbit, cat, and
man.

(L) Observe in all these sections the greater fusion of the
lobules, most marked in man. In the rabbit here and there is
some connective tissue slightly mapping out the lobules, but it
no longer forms a continuous layer, as in the pig. Practically,
the arrangements of blood-vessels and cells in other respects is
the same as in the pig’s liver (fig. 256). If the liver is ansemic,
the intralobular blood-capillaries are narrow, and the liver-cells
appear to compress and narrow them.

3. Liver of Frog or Newt.—Harden a small piece in absolute
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alcohol or \ per cent, osmic acid for twenty-four hours. Stain
the mass “ in bulk ” in Kleinenberg’s logwood or borax-carmine,
and mount the sections in balsam. A section may be made of
the part in osmic acid, and mounted in Farrant’s solution with-
out staining, or sections may be stained in saffranin (forty-eight
hours).

(a.) (L) Observe the anastomosing system of gland-tubes
made up of hepatic cells. Between them the narrower blood-
capillaries, many of them filled with blood-corpuscles. Here

Fig. 257.—Liver of Frog. C. Capillaries.
Osmic acid, x 300.

and there black patches of pig-
ment—melanin—especially in
winter frogs (fig. 257).

(b.) (H) Each cell is poly-
gonal, with a large spherical
nucleus; the contents may be
more or less granular, accord-
ing to the phase of secretory
activity of the cells. In some
conditions the granules within
the cells may be arranged next
the capillary ; in others they
are more regularly scattered
throughout the cell substance.

The cells are arranged round the bile-capillaries. This is best
seen in transverse sections of the latter, which appear as very
small circular apertures bounded by four or five cells (fig. 257).
When the tubes are cut longitudinally, the bile-capillaries are
seen to pursue a zigzag course between the cells, but this will be
better seen in the injected specimen.

(c.) The blood-capillaries with theirnucleated blood-corpuscles,
and note that there is always a cell or part of a cell between
the blood-stream with its wide lumen, and the bile-channels
with very narrow lumina. Any fatty granules present in the
osmic acid section are black.

4. Blood-Vessels of the Liver Opaque Injections. —Mount
in balsam a section of a pig’s liver, with the portal vein injected
with a red opaque mass, and the hepatic vein with a similar
yellow mass. Such preparations are rarely made now-a-days, but
they are very instructive.

The light from the reflector must be turned off, and light
focussed on the preparation by a condenser (fig. 16).

(a.) (L) Observe the polygonal lobules, the branches of the
portal or interlobular veins around the periphery of the lobules,
and sending fine branches into the latter. In the centre of the
lobules the hepatic veinlets yellow, with capillaries converging to
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them. The system of capillaries within the lobules partly filled
with red and partly with yellow mass, connecting the portal and
hepatic venous systems.

(b.) Sometimes a longitudinal section of a lobule may be seen.
Trace the veinlet to a larger branch under the lobule, i.e., to
a sublobular vein. The sublobular veinlets lie between the
lobules, but they differ from branches of the portal vein in not
being accompanied by a branch of the hepatic artery and bile-duct.

5. Transparent Injections—Liver of Pig.—Mount in the same
way a transparent injection of the liver of a pig. P.Y. blue, and
H.Y. red.

(a.) (L) The hepatic veinlet in the centre of the lobule. If
cut transversely, it is circular; if oblique, oval; and if the lobule
be cut longitudinally, it appears as a central channel joining a
sublobular vein. Trace outwards from this a radially-arranged
capillary network, with its cross-branches, right out to the outer
part of each lobule. Notice that the shape of the meshwork of
capillaries is different at the centre and periphery. Between the
lobules and outside each lobule branches of the portal vein.

6. Liver of Eabbit, Injected (fig. 258).—The student ought
to be provided with sections of the liver of a cat (or rabbit),
with its blood-vessels injec-
ted with different colours,
e.g., red (carmine gelatine)
and blue (Berlin-blue gela-
tine), and also a section
where all the blood-vessels
are injected with a mass of
one colour. In a double
injection the red and blue
masses do not always occupy
the area corresponding to
the blood-vessel into which
they were injected, but with
care such a piece can be
found in an injected liver.

Fig. 258. —Injected Blood-Vessels of a Lobule of
a Babbit’s Liver.

The arrangement of the blood-vessels corresponds to that seen in
the uninjected specimens, only in the former the blood-vessels
are more prominent than the cells.

(a.) (L) Observe the interlobular veins round the periphery
of the lobule, the central or intralobular vein, and the plexus of
capillaries connecting the two. The capillaries converge towards
the centre of the lobule, where the meshes are more elongated.
At the periphery of the lobule the capillary meshwork is more
polygonal.
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7. Injected and Stained Section.—ln this section the hepatic
cells are somewhat compressed and rendered clear by the balsam.
A beautiful preparation is obtained by staining a section (blue
injection) with picro-lithium carmine. In it the vessels are blue,
the cells yellow, and the nuclei of the latter red.

Yery instructive sections also are those where only one
system of vessels is injected, e.g., the portal or hepatic. They
serve to show the capillaries that belong to each area within
a lobule.

8. Bile-Ducts.—Mount in balsam a section of a rabbit’s, or
better still, a guinea-pig’s liver in which the bile-ducts have been
injected with a watery solution of Berlin-blue. It is very diffi-
cult to get a perfect injection, but it is easy in the guinea-pig to
inject the large bile-ducts. They are injected from the common
bile-duct after ligature of the cystic duct.

(a.) (L) Large Bile-Ducts.—Numerous sections of these be-
tween the lobules. Each is lined by columnar epithelium, and
lies in a portal canal (p. 238). In the walls of the largest ducts
are mucous glands.

(6.) (H) The bile-capillaries are within the lobule, and appear
as a fine hexagonal network of blue
lines between the surfaces of the
hepatic cells (fig. 260). If cut
transversely, they appear as mere
blue specks between adjacent cells.
Theyare not to be confounded with
the blood-capillaries, which are
much wider and are arranged in a
different way.

(c.) The columnar epithelium
lining the interlobular bile-ducts
(fig. 259) and the fibrous walls of
the latter.

Columnar
epi e mm.

waii°US

Fia. 259.—interlobular Bile-Duct.

9. Auto-Injection of the Bile-Ducts. —Place a piece of indigo-
carmine, about the size of a split pea, under the skin of the fore-
arm of a pithed (brain destroyed) frog. Tie the slit to prevent
its escape. After twenty-four hours the whole frog will appear
quite blue. Kill it and rapidly remove the liver, cut it in small
pieces and place it at once in absolute alcohol, which fixes the
blue colour. After it is hardened, make sections and mount
them in balsam.

(a.) (H) The blood-vessels are yellow, with gland-tubes be-
tween, but the bile-capillaries are blue. They can be seen as
blue zigzag fine streaks between the cells when the tubes are
cut longitudinally, and as very small dots when cut transversely.
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A thin section gives a clear view of the relation of blood-capil
laries, cells, and bile
capillaries.

A very good plan is
to clarify an unstained
section with clove-oil
containing eosin. The
cells are stained red and
form a sharp contrast to
the blue. A watery
solution such as picro-
carmine cannot be used
to stain the cells, as it
rapidly extracts the blue
from the bile-channels.

10.Fresh Liver-Cells.
—Scrape the surface of
a perfectly fresh liver,
and observe the cells in
normal saline.

(H) Observe the pale,
FIG. 260. —Lobule of Rabbit’s Liver. Vessels and bile-

ducts injected. P.V. Portal, and IT. V. Hepatic
vein ; B.JD. Bile-duct, and B.C. Bile-capillaries.

nucleated, polygonal, or cubical faintly-granular cells, often con-
taining small refractive globules of oil. Sometimes the cells are
broken up. There are always many blood-corpuscles in the field.
(Lesson V. 3, fig. 90.)

ADDITIONAL EXERCISES.

11. Glycogen in Liver-Cells.—Harden the liver of a well-fed frog in osmic
acid, make a thin section, and irrigate it with iodine. The granules ofglycogen
in the hepatic protoplasm are stained brownish.

12. Connective Tissue Stroma.—With a camel’s-hair brush pencil away
as many as possible of the hepatic cells from a thin section of any properly-
hardened liver. The connective tissue network may be afterwards stained
with picro-lithium carmine or eosin.

13. Tizzoni’s Reaction for Iron.—Select the liver of a young animal, and
harden it in alcohol. Place sections in the following fluid, which should be
freshly-prepared;

Water . . . • • . . . . 90 cc.
Hydrochloric acid (25 per cent.)

. . . . 1.5 ~

Ferricyanide of potash (l : 12)
. , . . 3 „

Mount the sections in balsam. Particles of free iron are coloured blue.
Particles of free iron are seen in the spleen, liver, and kidney by this
reaction.
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LESSON XXVII.

TRACHEA—LUNGS—THYROID GLAND.
The trachea, a fibro-muscular tube, the wall of which contains
16-20 C-shaped pieces of hyaline cartilage held together by a
fibrous membrane. Behind the rings are deficient, and the
trachea is membranous, and is strengthened by smooth muscle,
which stretches between the ends of the cartilages. The trachea
is lined by a mucous membrane covered by ciliated epithelium,
and this mucous membrane is united to the outer fibrous coat by
a submucous coat. The mucous coat consists from within out-
wards of—(1.) Stratified, columnar, ciliated epithelium; (2.)
Basement membrane; (3.) A basis of connective tissue with
capillaries, and infiltrated with adenoid tissue; (4.) A layer of
elastic fibres arranged longitudinally. Outside this is a loose
submucous coat, in which lie the acini of the glands.

The intra-pulmonary bronchi are lined by ciliated epithelium
resting on a basement membrane. Outside this is a basis of
fibrous tissue, with numerous longitudinally-arranged elastic
fibres, and some adenoid tissue. Outside this, again, is a com-
pletely circular layer of smooth muscle— bronchial muscle. Then
follows the submucous coat with its vessels, glands, and in some
animals (cat) masses of adenoid tissue. Most externally is the
fibrous coat, in which are embedded several pieces of hyaline
cartilage of irregular shape. As the bronchi pass into the lung,
they divide and form smaller and smaller tubes, until they end
in terminal bronchi or bronchioles. Each bronchiole, with thin
walls, no glands or cartilage, and the epithelium cubical and non-
ciliated, opens into several wider expanded parts —infundibula or
alveolar passages —which are beset with air-cells or alveoli. The
alveoli are spherical or polygonal vesicles, which open by a wide
opening into the infundibula; the air-vessels, however, do not
open into each other. The air-cells are lined by a layer of
squames—large, flattened, irregular plates—with small granular
cells here and there between them.

Blood-Vessels. —The branches of the pulmonary artery accom-
pany the bronchial tubes, and finally terminate in a rich capillary
plexus over and outside the basement membrane of the air-
vesicles. The blood is returned by the pulmonary veins. The
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bronchial vessels seem to supply chiefly the connective tissue along
the bronchi and in the septa. Numerous ganglia exist on the
intra-pulmonary nerves. Lymphatics are numerous.

THE RESPIRATORY ORGANS.
(i.) Harden small portions of the trachea of a cat and the

human trachea in .2 per cent, chromic acid (fourteen days), and
afterwards in gradually increasing strengths of alcohol.

(ii.) Fill the lungs of a cat with . 2 per cent, chromic acid, and
after closing the trachea suspend them in a large quantity of the
same fluid. After two days cut them into small portions and
keep them (14-20 days) in fresh chromic acid solution and com-
plete the hardening in alcohol.

(iii.) Harden small parts of the human lung—as fresh as pos-
sible—in the same fluids.

Trachea.—Make transverse sections across the trachea of a
cat, and also longitudinal vertical sections, so as to include the
cartilage of two or three rings. This is best done by freezing.
Stain T.S. and L.S. sections
in hsematoxylin, and mount
in balsam ; others in picro-
carmine, and mount in Far-
rant’s solution.

1. T.S. Trachea (fig. 261).
(a.) (L) Observe inter-

nally the mucous coat, out-
side it the submucous coat,
and external to this an in-
complete ring of hyaline
cartilage embedded in the
outer or fibrous coat. The
fibrous coat becomes con-
tinuous with the submucous
coat.

I'M. 261.—T.5. Trachea of Cat, x 15.

( b .) (H) The fibrous coat of connective tissue, and embedded
in it an incomplete ring of hyaline cartilage. Notice the arrange-
ment of the cartilage cells in the latter. The ring is deficient
posteriorly, but bridging over the gap and extending between the
ends of the cartilage there is a transverse band of smooth muscle,
the trachealis muscle. Outside it are muscular fibres cut trans-
versely. The coats just inside the muscle are apt to be thrown
into folds in a trachea detached from all its surroundings. Sec-
tions of nerves—perhaps with ganglionic cells—may be seen near
the muscle.
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(c.) The submucous coat, composed of more open connective
tissue, and continuous with the former. In it are the acini of

mucous glands; but
as the glands are
more abundant in
the spaces between
the cartilages, their
distribution is better
seen in a longitu-
dinal section. It is
rare to find a duct, as
they pierce the mu-
cous coat obliquely,
and open on its
inner surface.

(d.) The mucous
coat, composed ofFig. 262.—L.5. Mucous Membrane of Trachea of Cat.

fibrous tissue covered by stratified ciliated epithelium. Under
the epithelium is a longitudinal layer of elastic fibres, which are
therefore cut across transversely. Within this, a basis of con-
nective tissue infiltrated with adenoid tissue, and internal to this
again a structural basement membrane, best seen in very thin

Bronchia/ Muse/e.
v r

Cacti/aSe
Bronchia/ Artery.

G/anctacini & duct.
Pig. 263. —T.S. Intra-Pulmonary Bronchus of Cat. PA and PV. Pulmonary artery and

vein ; bv. Bronchial vein; V. Air-vesicles.

sections, and best of all in a human trachea. Resting on the
basement membrane the ciliated epithelium. It occurs in several
layers, but only the superficial layer of cells is ciliated. In the
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lower layers of cells—three or four layers—some are pear-shaped
and the lowest more oval. Very frequently a thin layer of
mucus is adherent to the cilia. The arrangement of the cells of
the mucous layer is the same as in the bronchus (fig. 264).

2. L.S. Trachea (fig. 262) (L and H). —Compare these with the
previous section. The coats are the same, but several oval pieces
of hyaline cartilage are seen one after the other embedded in the
fibrous coat. The elastic fibres are now seen in their longitudinal
arrangement. The acini of the mucous glands are most numerous
in the interspaces of the mucous coat between the cartilages, and
amongst the acini may be seen leucocytes and some adenoid tissue.
If a gland-duct be found, it opens by a funnel-shaped expansion
on the free surface of the mucous membrane.

3. T.S. Human Trachea (L and H).—Observe the general
similarity to the previous preparation. Here, however, the glands
are well developed, the basement membrane well marked, and in
picro-carmine specimens stained
red. Some of the superficial epi-
thelial cells are apt to be detached.

4. T.S. Intra-Pulmonary Bron
chus.—Make transverse sections
of a bronchus after it has entered
the lung (fig. 263).

(a.) (L) Observe thefibrous coat,
and outside it the vesicular tissue
of the lung. In the fibrous coat
isolated—two or three—pieces of
hyaline cartilage. The submucous
coat, with its glands.

( b .) Inside this a complete
ring of smooth muscle—bronchial
muscle—perforated here and there
by the ducts of the glands. Im-
mediately inside this, in the
mucous coat , several layersof longi-
tudinal elastic fibres cut trans-
versely. Most internal ciliated
epithelium, like that lining the

Pig. 264. —T.S. Mucous Membrane of
Human Bronchus, a. Mucus; b.
Ciliatedcells ; c. Deep cells ; d. Base-ment membrane; e. Longitudinal
elastic fibres; /. Bronchial muscle ;

g. Connective tissue, with leucocytes
and pigment.

trachea, and resting on a basement membrane. The mucous
membrane is frequently thrown into ridges or folds.

(c .) In the fibrous coat, external to the cartilages, search for
sections of two large vessels—the pulmonary artery and vein—and
of smallbranches —the bronchial vessels. Also several sections of
nerves; in the course of some of them may be found ganglionic
cells.
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(Id.) (H) Study specially the mucous membrane. Note the
epithelium, basement membrane, and the longitudinal layer of
elastic fibres under it (fig. 264).

5. Vesicular Structure of the Lungs. —Make sections by freez-
ing through the pleura and subjacent lung. Stain in hsema-
toxylin, and mount in balsam.

(a.) (L) Observe the pleura, with its two layers, the deeper
layer sending fine septa —interlobular septa—into the lung be-
tween its alveoli (fig. 265).

(b .) The alveoli or air-cells cut in every direction; some appear
as an open network, and others with a base. The outline of the

FiGf. 265. —V.S. Human Lung. p.
Pleura; a. Epithelium of a bron-
chus ; b. Blood-vessel; s. Inter-
lobular septum ; v. Air-vesicles.

alveoli may be somewhat irregular,
according to the extent of disten-
sion of the lung. Here and there,
between groups of alveoli, may be
seen a wide passage —the infundi-
bulum.

(c.) (H) In each alveolus oval
stained nuclei, belonging to the
squamous epithelium lining it, but
the outline of the squames them-
selves cannot be seen. Sections of
the capillaries on the wall of the
alveolus and their nuclei stained.
In the thin walls, separating adjoin-
ing alveoli, fine elastic fibres.

6, Epithelium of the Alveoli.—
Remove the lungs from a young
kitten, and fill them with a per
cent, solution of silver nitrate. The
fluid can be run in quite easily with
a pipette provided with a bulb on
its stem. Pump the lungs from
time to time to remove as much
air as possible. After half an hour
replace as much as possible of the
silver solution by means of alcohol.
Tie the trachea, and suspend the
lungs in alcohol till they are har-

dened. Cut sections by freezing, mount them in Farrant’s
solution, and expose the section to light. It soon becomes
brown. If desired, sections can be stained in hsematoxylin or
picro-carmine.

(H ) Select an alveolus which is so divided as to have a base,
and observe the silver lines showing the boundary-lines of the



XXVII. ] THE RESPIRATORY ORGANS. 249

squamous epithelium which lines it. At the junction-points of
some of these are groups of two or three small, polyhedral,
granular cells stained of a deep
brown (fig. 266).

7. Blood-Vessels of a Mam-
malian Lung.—Mount sections
of an injected lung in balsam.

(L and H) Observe the
alveoli, each beset with a dense
plexus of capillaries (fig. 267),
and especially where the edge
of an alveolus is seen, the wavy
course of the capillaries passing
from one side to the other
of the inter-vesicular septa.
Search for the termination of
a branch of the pulmonary
artery and the commencement
of the pulmonary vein.

8. Fresh Lung. —Tease a
small piece of lung in normal
saline. It is difficult to get
rid of all the air, but this may
be done by beating the tissue
with a needle.

FIG. 266.—Alveoli ofLung of Kitten, Silvered.
a, b. Squames; d. Granular cells; c. Young
epitlielium-ceil; e. Alveolar wall.

(H) Observe the large number of elastic fibres, which branch.
They can be rendered more evident by running in a little dilute
caustic potash (2 per cent.) under the cover. This destroys to a
large extent the other elements.

9. Dried Lung. —With a dry razor make thin sections of a
dried and distended lung. Examine
the section in water, taking care that
it does not curl up, which it readily
does. Get rid of the air-bubbles
by pressing on the section with a
needle.

(a.) (L) Observe the air-vesicles,
and the thin partitions between them.
Also sections of the infundibula or
alveolar passages. Connective tissue
septa may be seen. Of course the

Fig.’267.—Capillaries of Human
Lung, Injected, x go.

finer details of structure cannot be made out (fig. 268).
10. Foetal Lung. —This serves very well for showing the lobu-

lated structure of the lung, i.e., that a lung is made up of lobules.
Harden in Muller’s fluid (fourteen days) the lungs from a human
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foetus (12 cm. in length). Cut sections and stain them either
in hsematoxylin or picro-carmine.

Fig. 268. —T.S. Dried Lung. a. Vesi-
cles ; 1. Infundibula.

(a.) (L) Observe the pleura send-
ing into the lung well-marked septa,
thus defining the lobules, which
are polygonal, about 1 mm. in
diameter, and separated from each
other by connective tissue.

(h.) In each lobule sections of
bronchi, which can be seen occa-
sionally to terminate in several
vesicles, thus presenting a very
gland-like arrangement (fig. 269).
Many of the alveoli are cut across,
and appear like sections of tubes
lined by columnar epithelium.

There is much embryonic connective tissue between the alveoli.
(H) Select an alveolus, and note that it is lined by a layer of

low, columnar, granular epithelium, while individual alveoli are

FIG. 269.-—T.S. Foetal Lung, showing a Bronchus Terminating In Air-Vesicles, x 75.B. Epithelium lining an alveolus, x 300. Muller’s fluid and hematoxylin.

separated from each other by much embryonic connective tissue,
with numerous cells, and as yet few or no elastic fibres.

THE THYROID GLAND,

Harden pieces of the human thyroid, or the complete thy-
roid of a cat or dog, in Miiller’s fluid (three weeks) and then in
alcohol. Sections are stained with hsematoxylin and mounted in
balsam.
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11. T.S, Thyroid Gland.—(a.) (L) Composed of small poly-

gonal lobules united to each other by loose connective tissue. In
each lobule a large
number of completely
closed acini held to-
gether by loose connec-
tive tissue.

(b.) (H) The spherical
acini (fig. 270) lined by
a single layer of low
cubical epithelium, and
containing a homogene-
ous fluid. This fluid,
however, is often of a
colloid nature and is
then a pathological pro- Fig. 270. —T.S. Thyroid Gland, a. Closed vesicle.

duct. Numerous sections of blood- and lymph-vessels outside
the basement membrane of the acini.

12. Injected Thyroid (thickish section in balsam). —(L) Nume-
rous large vessels in the connective tissue, with a plexus of
capillaries over the acini, but outside their basement membrane.

ADDITIONAL EXERCISES.
13. Lung of Newt.—(i.) This is a simple sac, and is of comparatively

simple structure. Fill a lungwith gold chloride (.5 per cent.), and suspend it
in a few cc. of the same fluid for twenty minutes. Reduce the gold by ex-
posure to sunlight in water feebly acidulated with acetic acid. Mount a por-
tion of the thin wall in glycerine.

(a.) (L) Observe islands or small groups of epithelial cells. They lie in
the intercapillary spaces. The capillaries are wide, and form an anastomos-
ing network. Outside this capillary layer is a layer of smooth muscle, and
one of fibrous tissue.

(ii.) If the gold chloride be reduced by formic acid (25 per cent, in the
dark), the epithelium lining the lung is shed, and then the nerves to the lung

with many ganglia in their course—can be seen.
14. Lung of Frog. —(k) Fill a lung with dilute alcohol, suspend it in the

same fluid (twenty-four hours), lay open the lung and pencil away the inner
lining epithelium and mount in I arrant s solution,

(a.) (L) Observe the large, coarse, but short primary septa, which project
inwards from the wall of the lung towards the large central cavity. From
them secondary septa pass to form a trabecular arrangement, thus giving the
interior of the lung a honeycomb-looking appearance. The trabecula; consist
chiefly of smooth muscle.

(ii.) The nerves of the frog’s lung are readily demonstrated by the gold
chloride formic acid method. The numerous ganglionic cells in the course of
the nerves have a straight and a spiral process.
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15. Elastic Fibres in Trachea and Lung.—(i.) Stain a longitudinal section
of the hardened human trachea according to the method described in Lesson
X. 10. The elastic fibres become black.

(ii.) Use the safiTanin method (Lesson X. 9). This shows beautifully the
arrangement of the fibres, now of a purplish or black tint.

16. Elastic Fibres in the Lung. —(i.) I have devised the following two
methods, which give good results ;—Make sections of a dried and distended
lung, stain a section in dilute magenta, and allow the section to dry completely
on a slide ; add balsam and cover. The elastic fibres are red, and their
arrangement can be seen with the utmost distinctness.

(ii.) Or, stain a section in methyl-violet, and clarify it with the aniline-oil
and xylol mixture (p. 99).

LESSON XXYIII.
KIDNEY—URETER—BLADDER

KIDNEY.

If a kidney be divided longitudinally, it is easy to distinguish
a cortical and a medullary part, the latter consisting in different
animals of one or more pyramidal portions—the pyramids of Mal-
pighi—whose apices project into the pelvis of the kidney, while
their bases are surrounded by cortical substance. The medullary
portion is subdivided into the boundary or intermediate zone and
the papillary portion (fig. 271). The kidney is covered by a loosely
adherent capsule. It is a compound tubular gland, consisting of
numerous uriniferous tubules closely packed together with very
little connective tissue between them, the connective tissue carry-
ing the blood-vessels, lymphatics, and nerves. The uriniferous
tubules pursue a straight course in the medulla, but they exhibit
a contorted or convoluted arrangement in the cortex, although
bundles of straight tubules—the medullary rays or pyramids of
Ferrein—pass into the cortex from the medulla (fig. 271). Each
uriniferous tubule consists of a basement membrane lined by a
single layer of epithelium. The tubules alter their character
and course in different parts of the organ. The tubules begin
in the cortex in a globular dilatation—the Malpighian capsule—-
which encloses a tuft of vessels—the glomerulus (fig. 272). The
capsule leads into a narrow neck, which passes into the first
or proximal convoluted tubule, which in turn is continued into
the spiral tubule. After this it narrows suddenly and runs into
the medulla as the descending tubule of Henle, where it forms
a narrow loop-loop of Henle—and passes in the reverse direc-
tion towards the cortex as the ascending tubule of Henle. In
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the cortex it has a zigzag course— irregular tubule—and again
becomes wider and convoluted—second or distal convoluted
tubule—which leads into a straight tube—junctional tubule—

which joins a straight or collecting tubule. This passes straight
through the cortex and medulla, receiving other similar tubes
as it goes; and becoming wider, it opens as a discharging
tubule(duct of Bellini)
on the apex of a Mal-
pighian pyramid. The
tubes arelinedthrough-
out by a single layer
of epithelium, which,
however, changes its
characters at the dif-
ferent parts of the
tube. The Malpighian
capsule is a globular
expansion (200 p),
composed of a base-
ment membrane lined
by a layer of squam-
ous epithelium. In
the convoluted tubules,
proximal and distal,
the epithelial cells are
somewhat cubical, but
their outlines are not
well defined. They
each contain a spheri-
cal nucleus, and their
protoplasm is “rod-
ded,” especially at the
outer part. In the
spiral titbule the cells
are not unlike those of
the convoluted tubule,

FIS. 271.L.S. of a Pyramid of Malpighi PF. Pyramidsof Ferrein; HA. Branch of renal artery with an in-terlobular artery ; 11 1'. Lumen of a renal vein receiv-ing an interlobular vein ; VH. Vasa recta; PA. Apexof a renal papilla; 66. Embrace the bases of thelobules.

'Cortex

Boundary or
marginal
zone.

. Papillary
zone.

but they are not so tall, and therefore leave a more distinct
lumen, and they are not so markedly “rodded.” In the descend-
ing part of the loop and the loop itself—very narrow (10—15 /z.)
—the cells are clear and flattened, with a bulging opposite
the nucleus, and these projections alternate with those on the
opposite side of the tubule. The ascending limb (30 g wide)
has somewhat cubical cells, which leave a regular lumen. They
are striated, and often present an imbricate arrangement. The
irregular tubule bends on itself with sharp angles, and is wide,
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with an irregular lumen. Its cells stain deeply with staining
reagents, and are conspicuously striated in their outer part.
The distal convoluted tubule is like the proximal. The junctional

Sub-cap-
sulax1 layer.

x 2. Junc-
tional tu-
bule.
ix. Convolu-
ted tubule,
xo. Irregu-
lar tubule.
A. Cortex.

3. Proximal
convoluted
tubule.4. Spiral tubule.

13 and 14. Collecting
tubule.

9. Ascend-
ing tubule.
2. Neck.

4. Spiral
tubule.
1. Capsule
and glome-
rulus.

8. Spiral part of
ascending limb.

B. Boundary Zone.
5. Descending limb
of Henle’s tubule.

7 and 8. Ascending
part of Henle’s loop.

6. Henle’s loop.

15. Discharging
tubule.

C. Papillary Zone.
FIG. 272.—Diagram of the Course of Two Uriniferous Tubules.

and collecting tubules are lined by low, columnar, clear, trans-
parent cells with small nuclei. The cells do not stain readily.
In the discharging tubules the cells have the same general
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character, but they are taller and more columnar. Fig. 272
shows the general arrangement of the tubules, and from it
it is easy to see in what part of the kidney each kind of tubule
is placed.

Blood-Vessels. —The renal artery enters the kidney, splits into
branches which run towards the cortex, and at the junction of
the cortex and medulla form incomplete arterial arches (fig.
271). From these arches arise the radiate or interlobular
arteries, running in the cortex between two medullary rays in
a radial direction towards the surface. They give off at inter-
vals on all sides short, slightly-curved vessels— vasa afferentia
—which run without branching to end in the Malpighian
capsules, and there form the glomeruli. The vas efferens
comes out of the Malpighian capsule close to where the affe-
rent vessel enters it and at the pole opposite to the origin
of the uriniferous tubule. The efferent vessel splits up into
capillaries, which ramify amongst the tubules of the cortex. The
blood is returned from the cortex by interlobular veins (fig. 271),
which run alongside of the corresponding arteries. The medulla
is supplied by leashes of vessels—vasa recta—which also proceed
from the arterial arches. The vasa recta are pencils of arterioles
(10-15), splitting up into capillaries which ramify between the
tubules of the medulla; the medulla, however, is not so vascular
as the cortex. The blood is returned by corresponding veins.
The connective tissue is very scanty in the cortex, but abundant
in and near the apices of the Malpighian pyramids.

(i.) Harden small pieces of the kidney in the same way as the
liver, e.g., in a 2 per cent, solution of potassic bichromate (18-20
days) or Muller’s fluid. Corrosive sublimate is also very good.
The pieces should not be large, and should be cut according as a
longitudinal or transverse section is desired.

(ii.) Another good plan is to place the kidney, or small pieces
of it, in boiling water and then complete the hardening in
Muller’s fluid or alcohol. Corrosive sublimate also answers well.

(iii.) In all cases the pieces of kidney should include both the
cortical and medullary portions, and should not be more than
half-an-inch in thickness.

Make radial sections from the cortex to the apex of a Mal-
pighian pyramid. For a general view stain a section in haema-
toxylin and mount it in balsam. Another one should be stained
in picro-carmine or picro-lithio-carmine and mounted in Farrant’s
solution. For unstained sections, steeping them for twenty-four
hours in 1 per cent, osmic acid before mounting them in Farrant’s
solution is excellent. The best way is to begin with a section of
the entire kidney of a small animal, such as a mouse, rat, or
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guinea-pig. In this way a good view is got of the entire organ
in section.

1. Eadial Section of Kidney. —lt is better to use the kidney
of a small mammal.

(a.) (L) Observe the capsule; it is thin and apt to fall off ;

the cortical and medullary portions of the parenchyma. The
medulla, composed of straight tubules, some thicker than others,
and running radially from the pelvis of the kidney outwards.

(.b .) Trace some of the straight tubules outwards through the
intermediate layer, in bundles—the pyramids of Ferrein or
medullary rays—into the cortical layer (fig. 271, PF). Many
medullary rays pass from a Malpighian pyramid, and they run
radially outwards in the cortex nearly to itsmiter part—although
they do not reach the surface—becoming narrower as they are
traced outwards.

(c.) In the cortex, between every two medullary rays, are con-
voluted tubes, twisted and cut in every direction, and two rows
of glomeruli, enclosed in their capsules. Here and there a
glomerulus may have fallen out, and the space it occupies be left
as a round aperture. The regular arrangement of the glomeruli
will only be seen provided the section runs parallel to the course
of the medullary rays. The glomeruli are confined to the cortex,

FIG. 273.—GlomerulusandJSeotions of Con-
voluted Tubules of a Kidney, x 300.

but none of them reach quite to
the free surface of the organ.

(d.) ( H ) In the cortex, observe
the Malpighian capsules, each
enclosing a tuft of capillaries
or glomerulus. The Malpighian
capsule, end-capsule, or Bow-
man’s capsule consists of a struc-
tureless membrane lined by a
layer of squames. The oval,
flattened nuclei of the latter are
seen lying on the inner surface
of the capsule. Inside each
capsule a cluster of capillaries—-
glomerulus—arran ged in several
groups. Although the squamous
lining of the capsule is reflected
over the capillaries, it is not easy
to distinguish the nuclei of these

cells from the very numerous nuclei of the capillaries themselves
(fig. 273). The basement membrane of the capsule is continuous
by a narrow neck with the basement membrane of a convoluted
tubule, but it is only in the rare case where the section cuts the
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capsule at this level that this connection is seen. This connection
must usually be made out on isolated tubules, although not un-
frequently it is seen in sections of a mouse’s kidney.

(e.) The convoluted tubules, with a sinuous or twisted course.
Some are cut longi-
tudinally and others
transversely. Each
tube is lined by a
single layer of cells,
the individual cells not
sharply mapped off
from each other, and
leaving a small lumen
in the centre. The

Fia. 274.—Rodded Epithelium of a Convoluted Tubule.
Ammonium chromate.

outer part of each cell is striated or “rodded,” and near its
centre it contains a spheroidal nucleus (fig. 274).

(/.) Irregular Tubules.—Here and there in the cortex may he
seen zigzag portions of tubules of
unequal width, and usually more
deeply stained than the rest, and
the epithelium distinctly rodded
(fig. 21 k).

(g.) Note the small amount of
FIG. 275.—Irregular Tubule, Kidney of

Dog. Muller’s fluid.

connective tissue between the tubules of the cortex. It is best
seen just outside the Malpighian capsules. It is far more
abundant in the medulla.

(h.) In the medulla, the straight tubes, which are largest
and widest where they are about to open on the apex of a Mal-
pighian pyramid—discharging tubules—but it is not so easy to
get a section showing this, as from their radial arrangement they
are apt to be cut obliquely. The collecting and discharging tubes
have a wide lumen, and are lined by a layer of clear columnar
cells with ovoid nuclei. Trace the straight tubules outwards
towards the surface; they become smaller, still their lumen re-
mains distinct, and they are lined by clear nucleated short
columnar or cubical epithelium.

(i.) In the medullary rays in the intermediate layer very
narrow tubes-—the descending portion of the looped tubule of
Henle (fig. 278), not unlike fine capillaries—may be seen, and
also the wider, more deeply stained ascending portion of the same
tubule.

2. T.S. of the Apex of a Malpighian Pyramid ( Hcematoxylin
and Balsam).

(a.) (L and H) Observe the large amount of connective tissue.
The large collecting tubules are cut across, so that their large



258 PRACTICAL HISTOLOGY. [XXVIII.

lamina and the clear columnar epithelial cells lining them are
distinctly seen (fig. 276, A). Not infrequently the epithelium
falls out, and then the connective tissue appears as a network
with round or oval holes.

3. T.S. Medullary Hay.—Sections should be cut in various
directions and at different levels in the cortex. One of the

itg. 276. ts. Apex of a Malpighian
Pyramid. A . Large collecting tubules;
B, c, D. Wide and narrow parts of
Henle's tubule ; E, F. Blood-vessels.

most instructive is to cut a sec-
tion across the direction of the
medullary rays. In it will be
seen groups of transverse sections
of the various tubes—collecting,
ascending, and descending por-
tions of the looped tubule of Henle
—which make up a medullary
ray. Between the rays there are
sections of glomeruli and convo-
luted tubules.

Blood-Vessels of the Kidney.
—The sections should be cut from
a kidney injected with carmine
gelatine or Berlin-blue gelatine;
they should be radial, not too
thin; best from the kidney of a
small mammal, and mounted in
balsam.

4, T.S. Injected Kidney. —(a.) (L) Between the cortex and
the medulla, i.e. , in the boundary or intermediate layer, sections
of the larger branches of the renal artery and vein will be seen
(fig. 271, BA), i.e., along the “line of vascular supply.” From
these the interlobular arteries and veins (fig. 277, a), running
outwards in the middle between every two medullary rays (fig.
271). From these are given off on all sides, at short inter-
vals along the course of the vessels, short arteries—the vasa
afferentia. Each vas afferens, after its very short course, runs
to a Malpighian capsule, and splits up into capillaries to form
the glomerulus.

( b .) If the capsule is cut at the level wdiere the artery enters,
the short efferent vein or vas efferens will be seen coming out
at the same pole, and after a similar short course breaking into
a network of capillaries, which surrounds the tubules of the
cortex. Around the convoluted tubules the meshes of the net-
work are somewhat polygonal, but in the medullary rays in the
cortex they are more elongated.

(c.) From this capillary network arise short veins, which join the
interlobular vein (fig. 277). Quite at the upper end of the inter-
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lobular artery a few branches are
given off, which end directly in
this capillary network without
the intervention of glomeruli. At
the surface the small veins are
arranged in a stellate manner,
constituting the venae stellatoe (fig.
277, S).

(d.) Passing again to the “ line
of vascular supply,” the short
vessels which break up into leashes
or bundles of small blood-vessels
(fig. 277, r), the vasa recta (ar-
terise rectse, vense rectse), which
run between the medullary rays
into the medulla, where they form
an elongated capillary meshwork
between the straight tubules of
the medulla. The medulla is not
so vascular as the cortex, and it
has no glomeruli.

5. Injected and Stained T.S.
Kidney. —A thin injected section
—say it is injected with a blue
mass—may be stained with picro-
carmine, which makes the tubu-
lar structures more distinct by
staining their nuclei.

6. Fresh Kidney Basement
Membranes of the Tubules and
Glomeruli.—Let a fresh kidney
lie exposed to the air for a day
or two according to the tempera-
ture. Cover it to prevent too
great evaporation. Tease a small
part of the medulla and cortex
in normal saline.

(a.) (H) Observe the long,
partly empty, structureless, base-
ment membranes of the tubules,
often exhibiting folds; also iso-
lated cells of the tubules.

(b.) Isolated glomeruli, whose
numerous nuclei are easily re-

vealed by the action of dilute
acetic acid. The glomerulus con-
sists of several tufts of capillaries.

Cortex.

Medulla.

Fig. 277. —Blood-Vessels of the Kidney.
A. Capillariesof cortex; B. Of medulla;

a. Interlobularartery; 1. Vas afferens ;

2. Vas efferens; r, e. Vasa recta; VV.
Interlobular vein; S. Origin ofa stellate
vein; i, i. Bowman’s capsule and glome-
rulus ; P. Apex of papilla; C. Capsule
of kidney; e. Vasa recta from lowest
vas efferens.
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(c.) Narrow tubules, not unlike blood-capillaries, but they
possess a wall lined by a layer of squames, the nucleated part of

Fig. 278.—Part ofDe-
scending Looped
Tubule of Henle.

the squames alternating on opposite sides of the
tubule. These are the descending part of the
looped tubule (fig. 278).

7. Isolated Cells of the Different Tubules.—
Place very small pieces (size of a split-pea) 24-48
hours in a 5 per cent, solution of neutral ammo-
nium chromate. Wash them in water, and tease
small fragments in a 50 per cent, solution of
potassic acetate, or, without washing, tease a
fragment in the chromate solution.

(a.) (H) Note specially the cells of the convo-
luted tubules and those of the ascending limb

of Tlenle’s loop. They show the “ rodded ” character of the
outer part of the protoplasm. Adjoining cells tend to interlock
with each other (fig. 279).

8. Isolated Tubules.—Place small pieces (size of a pea) of the

1
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U
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at
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with

interlocking pro-
cesses
Ammonium duo-

kidney of a guinea-pig for 3-4 hours in pure
hydrochloric acid, wash them in water and allow
them to lie in water for 18-24 hours. They
swell up, and their constituents readily fail
asunder. Place a fragment in water slightly
tinged with iodine and gently tap the glass slide.
This in many cases is sufficient to cause the
tubules to fall asunder.

(L and H) In a part from the cortex observe
a convoluted tubule still connected with its cap-
su] e> the twists on the tube itself, and the tran-
sition to the narrow part of the looped tubule
of Henle. Isolated straight tubules from the

medullary part. To preserve this preparation, suck away the
fluid and replace it with glycerine.

The Ureter and Bladder.—Harden small pieces in Muller’s
fluid for fourteen days, or in corrosive sublimate for 5-6
hours, and then in gradually increasing strengths of alcohol.
Make transverse sections of the one and vertical sections of
the other. Stain some sections in hsematoxylin and mount in
balsam; and others in picro-carmine and mount in Tarrant’s
solution.

A better plan, both for the ureter and bladder, is to stain them
“in bulk” in borax-carmine, and to cut sections in paraffin. The
ureter of a cat or monkey does very well, and it is well to use
the contracted bladder of a small mammal.

9. T.S. Ureter (fig. 280).—(a.) (L) Externally is a thin fibrous
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coat or adventitia, consisting of connective tissue with the large
vessels and nerves.

(6.) The muscular coat consists of an outer layer of smooth

Adventitia.

Muscular
coat.
Mucous
coat.

FIG. 280.—T.5. Lower Part of Human Ureter, e. Transitional epithelium; s. Sub-
mucosa ; I and r. Longitudinal and circular smooth muscular fibres; t. Tunica
propria. Muller’s fluid, x 15.

muscle arranged circularly, and inside this a longitudinal coat
arranged in bundles, which are, of course, divided transversely.
In the lower part of the
ureter there is an incom-
plete longitudinal mus-
cular coat outside the cir-
cular coat.

(c.) The submucous
coat is thin, and passes
gradually into

(d.) The mucous coat,
which is thrown into
ridges or folds, and is
lined by transitional epi-
thelium.

(e.) (H) Observe the
transitional epithelium,
and the variation in the

Fig. 281.—V.5. Epithelium of the MucousMembrane
of a Human Bladder. Muller’s fluid, x 560.

Cylindrical
cells.

Leucocyte.

Tunica
' propria.

shape of the cells arranged in several layers, from the free
raucous surface outwards.

KIDNEY,
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10. V.S. Bladder (fig. 281). —(a.) (L) Most externally is a thin
fibrous coat, in some places covered by a serous coat.

lb.) The muscular coat, composed of longitudinal and circular
smooth fibres. Usually there is an outer and an inner longitu-
dinal layer with a circular layer between. The appearance of
these layers will depend on the plane of the section.

The submucous and mucous (H) coats are like those of the
ureter.

(c.) (H) Observe the transitional epithelium and the great
variety in the shape of the cells from below upwards. Occa-
sionally amongst the epithelial cells are leucocytes (fig. 281).

It is important to observe that the thickness and shape of the
lining transitional epithelium will necessarily vary with the state
of distension or contraction of the bladder.

11. T.S. Penis, e.g., of a monkey or other small mammal,

Fig. 282.—T.5. Penis of Monkey. CC. Cor-
pus cavernosum; CS. Corpus spongiosum;
s. Septum ; u. Urethra; DV. Dorsal vein ;
BA. Dorsal arteries; N. Nerves.

Harden it in alcohol or Flem-
ming’s fluid. Make transverse
sections and stain them with
saffranin.

(a.) (L) It consists of the
two corpora cavernosa , placed
dorsally, one on each side of
the middle line, and interiorly
the corpus spongiosum. In the
centre of the latter is the
urethra as a transverse slit.
In the prostatic part the mucous
membrane is lined by transi-
tional epithelium, but in the
body of the penis it is lined
by the columnar variety, except
at the meatus, where it is
stratified.

(h.) Note the trabeculse of
connective tissue bounding

wide spaces—in the cavernous part. The whole is surrounded
by a tough capsule, in which, dorsally, are sections of blood-
vessels—one vein (DV) and two arteries (DA) —and nerves (fig.
282, N).

SUPKAEENAL CAPSULE.

The suprarenal capsule is a ductless gland, consisting of a
cortical zone and a medulla. It is invested by a fibrous capsule
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which sends- septa into the gland. Especially in the cortex,
these septa run so as to give a columnar
arrangement to the cells which lie between
them. The parenchyma of the organ consists
of cells which vary in their characters in
different regions. The cells of the cortex
(15 fh) are polyhedral, nucleated, granular,
yellowish-coloured cells, arranged under the
capsule in rounded groups—zona glomeru-
losa. Next this is the widest zone—the
zona fasciculata. Next the medulla is the
zona reticularis. In the medulla the cells
are often irregular or polygonal with a clearer
protoplasm, which is often tinged of a yel-
lowish or brownish colour. There are nume-
rous vessels and nerves, the latter with gan-
glionic cells.

Harden the suprarenal capsules of a guinea •

pig in Klein’s fluid (seven days), and then in
alcohol.

It is well to have a human suprarenal
hardened for twenty-four hours in Klein-
enberg’s picric acid fluid, and then in alcohol.
Make radial sections, and stain some in hsema-
toxylin, and others in picro-carmine.

12. V.S. Suprarenal Capsule.—(L) Ob-
serve the arrangement already described.
It is to be noted, however, that there are

FIG. 283. —V.S. Supra-
renal Capsule.

great variations in the structure of these organs in different
species of animals.

(H) Examine the cells in the various zones (fig. 283).

LESSON XXIX.

SKIN AND EPIDERMAL APPENDAGES.

THE SKIN

The skin consists of the epidermis and cutis vera, dermis, or
corium. The epidermis consists of many layers of stratified
squamous epithelium. The corium is composed of a basis of
fibrous connective tissue—white and yellow fibres—and its sur-
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face is thrown into a number of papillae, which differ in size,
number, and form in different parts of the body. Undivided coni-
cal elevations are called simple papillce, but when these are beset
with smaller papillae, they are called compound papillce. The
epidermis completely covers in the apices of the papillae, and also
dips down into the furrows between adjoining rows of papillae,
so that the surface of the skin is smooth. The structure of the
epidermis is stated at p. 266. The dermis consists of fibrous
tissue, but just at its upper part, next the epidermis, it forms a
very thin modified layer with scarcely any fibrils and no cor-
puscles. This acts the part of a basement membrane, and is
continuous with the basement membrane of a sweat-gland. The
bundles of white fibres interweave with each other, and form
a dense tissue; at the lower part of the skin it becomes more
open in texture, and gradually passes into the subcutaneous
tissue. Elastic fibres in the form of networks exist in large
numbers in the cutis; they are finer in the papillae, and coarser
lower down. The subcutaneous tissue consists of a complex
system of trabeculae of fibrous tissue, and in some of the meshes
are lobules of fatty tissue forming a fatty layer, constituting the
stratum adiposum.

The arrangement of the blood-vessels is stated at p. 272. There
are also numerous lymphatics and nerves—some of the latter
with peculiar terminations—glands (sweat and sebaceous), and, in
some situations, hairs embedded in hair-follicles.

The skin must be prepared in various ways according to the
particular part of it which it is desired particularly to study. For
a general view of the parts of the skin proceed as follows Pro-
cure as fresh a portion as possible of human skin from the palm of
the hand or sole of the foot, cut it into pieces about 1 cm. square,
and remove most of the subcutaneous fat; pin it, epithelial sur-
face downwards, on a piece of cork, and harden it for twelve
hours in absolute alcohol. Renew the alcohol for another twenty-
four hours. Sections may be cut by freezing, and then stained
with hsematoxylin or picro-carmine (the latter to be mounted in
Farrant’s solution). Better still, stain the whole “in bulk ”in
borax-carmine, and pass it through acid-alcohol, alcohol, turpen-
tine, and embed it in paraffin. Mount in balsam.

1. V.S. Skin, Palm of Hand.
(a.) (L) Observe the epidermis, consisting of many layers of

stratified squamous epithelium, resting on the cutis vera, dermis
corium, or true skin. The latter consists of connective tissue,
and is provided with finger-shaped elevations or papillae, which
project into the deeper layers of the epidermis, the latter dip-
ping in between the papillae (fig. 284).



265XXIX.] THE SKIN.

(h.) The epidermis, composed entirely of stratified epithelial
cells. Proceeding from the outside (fig. 285), observe—_

(i.) The stratum corneum, of variable thickness, consisting of
many layers of flattened or slightly fusiform clear cells united to
each other. As the cells are seen on edge, they are very thin.
They are devoid of nuclei. Those on the surface are about to be
shed, and consist of keratin.

(ii.) The stratum lucidum, a thin, narrow, clear, homogeneous
layer, composed of two or more layers of flattened cells, containing
sometimes a rod-shaped nucleus. The cells do not stain well with
dyes.

(hi.) The stratum granulosum, a somewhat thicker layer, com
posed of ovoid cells two or three
rows deep. Each cell is distinctly
granular, and usually this layer
stands out bright red, because its
granules of Eleidin are stained with
the carmine. The cells, like the
foregoing, are devoid of “prickles.”

(iv.) The stratum Malpighii, seve-
ral layers of more plastic cells. At
the lowest part, where they rest
on the papillae of the true skin, the
cells are smaller and columnar in
shape (with oval, vertically-placed
nuclei), but above this they become
more spheroidal or polygonal, and
each one is distinctly nucleated.

(c.) The cutis vera. The papillae,
conical elevationsprojecting into the
Malpighian layer. They consist of
compact fibrous tissue. The rest of
the skin consists of bundles of white

Fig. 284. —Y.S. Skinof Palmar Surface
of Finger. P. Fat. P. T.S. Pa-
cinian corpuscle.

fibrous tissue interwoven with networks of elastic fibres, and at its
lower part masses of fat-cells. The connective tissue and fat-cells
below become continuous with the subcutaneous tissue, which is of
a more open texture; but there is a gradual transition from the
one to the other. The nuclei of the connective tissue corpuscles
appear as red oval dots.

In sections of the sudoriferous glands, their coils (in the deeper
layers of the corium), their ducts running vertically through the
skin, and a corkscrew passage in the epidermis may be seen. In
some of the papillae observe a touch-corpuscle (p. 267), and in the
subcutaneous tissue sections of Pacinian bodies (p. 268).

(d.) (H) Observe in the epidermis the shape and characters of
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the successive layers of epithelium. In the Malpighian layers,
“prickle-cells,” i.e., cells connected with each other by fine “inter-
cellular bridges,” are better studied in an osmic acid section
(fig. 84). (See also Lesson IV. 6, 8.)

(i.) In the stratum Malpighii the lowest cells are arranged in
a single layer of elongated, somewhat columnar cells (6-12 (/.),

with large oval nuclei surrounded by granular protoplasm.

Stratum
corneum.

Stratum
lucidum.

_
Stratum
granulosum.

.Stratum
Malpighii.

Fig. 285.—-V.S. Human Epidermis with Ter-
minations of Nerve-Fibrils, n. Nerve ;
d. Dermis; h. Branches of nerve-fibrils.

The lower ends of the cells
frequently exhibit processes
which fit into the dermis.
The remainder of the cells
of this layer are irregularly
cubical, and exhibit prickles
(Lesson IV. 7, and p. 268).
In the darkraces the particles
of melanin, which give the
dark colour to the skin, are
present in the cells of this
layer, especially in the deepest
layer of cells. Nuclei are
sometimes seen in process of
division.

(ii.) The cells of the stratum
granulosum are arranged in
two or more layers, and are
flattened horizontally, so that
they are lozenge-shaped, de-
void of prickles, and are
crowded with granules of
eleidin, a peculiar chemical
substance, apparently one of
the stages on the way to the
body keratin. These cells
stain deeply with picro-car-
mine, hsematoxylin, and osmic
acid.

(iii.) The stratum lucidum
is composed of two or more layers of flattened transparent cells,
with no prickles, and free from granules, but with a horizon-
tally-placed, rod-shaped nucleus. They do not stain readily.

(iv.) The stratum corneum or horny layer consists of horny
squames composed of keratin (Lesson IV. 6).

(e.) The sweat-glands are most numerous in the palm of the
hand and sole of the foot. Each gland is a simple tube coiled up
at its lower extremity into a coil inch in diameter. To see
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their whole course—coil and duct—the sections must not be too
thin, and should be parallel to the course of the gland. The coil
of the gland lies in the subcutaneous tissue. The secretory part of
the tube consists of a basement membrane lined by a single layer
of nucleated transparent cubical or columnar cells surrounding
a small but distinct lumen. Between the epithelium and the
basement membrane is a longitudinally-disposed layer of smooth
muscular fibres. The coil also contains a part of the sudoriferous
canal or duct (fig. 286). The latter is narrower than the
secretory part, and consists of a basement membrane lined by
several layers of polyhedral
cells. There is no muscular
layer, but internal to the
epithelial lining there is a
delicatemembraneor cuticle.
Trace the coil into its died,
which runs vertically through
the cutis vera with a slightly
wavy course. It has a base-
ment membrane lined by two
or three layers of short cubi-
cal cells, which, if traced
upwards, become continuous
with those of the Malpighian

FIG. 286.—Section of Part of Coil of a Sweat-
Gland. D. Duct; S. Secretory part, x 300.

layer of the epidermis, looking like a funnel-shaped expansion.
The lumen of the duct is distinct. The basement membrane
becomes continuous with the altered superficial layer of the
corium just under the epidermis. The lumen of the duct is
continued upwards in a corkscrew spiral through the epidermis.
A complete view of its course is only obtained in a thickish
section. In a thin section the twistings are of course divided.

2. V.S. Skin of Negro (H) . —-Harden this in alcohol, and stain
the sections very slightly in eosin. Mount in balsam. Observe
the pigment-granules of melanin in the deepest layers of the
epidermis.

3. V.S. Skin of Finger (Double Stained).—Stain a section first
in methyl-green iodide and clarify it with clove-oil coloured with
eosin. Wash out the clove-oil with xylol and mount in balsam.
The stratum corneum is green, and so are the nuclei of the other
epidermic and connective tissue cells.

4. Prickle-Cells and Touch-Corpuscles. —Harden for twenty-
four hours in 1 per cent, osmic acid a very small piece of fresh
skin from the palmar surface of a finger. Wash it well in water
and complete the hardening in alcohol. Make vertical sections
and mount them in Farrant’s solution.
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(a.) (H) Observe the various layers of the epidermis, but in
the Malpighian layer note the prickle-cells. The cells appear to
be joined by their edges by fine striae, the striae leaving small
spaces between them (fig. 84). The striae are fine “ intercellular
bridges,” stretching from one cell to another, and it is only when
the epidermis is dissociated and the bridges broken that these
"cells appear as cells beset with fine spines, and hence they were
called “prickle-cells.”

(b.) In a papilla search for a Wagner’s touch-corpuscle (fig.
329). It is an oval body, with its long axis in the long axis of
the papilla, but they are not present in all papillae (fig. 328).
They consist of a fibrous-looking material, with flattened nuclei
arranged transversely. To their lower end passes a medullated
nerve-fibre, which usually twists round the corpuscle before it
enters it. The ultimate distribution of the nerve is best seen in
a gold chloride preparation (Lesson XXXIV. 1).

The prickle-cells are very well shown in osmic acid preparations
of the yellow skin covering the base of the upper mandible of the
bill of a duck.

5. V.S. Foetal Skin for Sweat-Glands and Pacinian Corpuscles.
—Harden the skin of the tips of the fingers of a foetus or infant
in alcohol and make vertical sections. Double-stain them with
hsematoxylin and eosin.

(a.) (L) Observe the general arrangement already described,
but notice that the sweat-glands are much more closely placed
than in adult skin, and that there is less intervening connective
tissue. A child at birth has its full complement of sweat-glands,
and hence they must be more crowded together than in the adult.

(6.) In the subcutaneous tissue are masses or lobules of fat and
sections of Pacinian corpuscles. The latter appear to consist of
concentric laminae surrounding a central core.

(c.) (H) Observe two or three layers of more or less cubical
cells lining the duct of the gland, while the true secretory portion
is lined by a single layer only of low, clear, columnar cells.

In the subcutaneous tissue sections of Pacinian corpuscles
(Lesson XXXIV. 5).

Hair-Follicles.—To see their structure, use the scalp. Vertical
sections must be made parallel to the course of the hair-follicles,
which requires some care, and others must be made across the
follicle at different levels; but in this case care must be taken
not to make the section parallel to the surface of the skin, but at
right angles to the course of the hair-follicle. If an oblique
section be cut, the hair-follicles are cut at different levels.

Harden a small piece of the human scalp (2 cm. square) in
200 cc. of Muller’s fluid and afterwards in alcohol. Stain a
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section in logwood, or first with logwood and then with picro-
carmine. Mount in balsam.

6. V.S. Hair-Follicle.—(a.) (L and H) Observe the very thin
epidermis, the thick cutis vera, and deep down the subcutaneous
masses of fat; the hair-follicles running obliquely through the
skin, each one with a hair in it, and at the lower part the hair
has a bulbous end implanted on a papilla; the various coats of
the hair-follicle, some continuous with the corium, and others
with the epidermis. The following scheme shows the layers of
the hair-follicle;

Coverings of a Hair-Follicle from Without Inwards.

I. Fibrous layers . \ Longitudinally-arranged fibrous tissue.
u ( (0.) Circular!y-arranged spmdie-cells;

2. Glass-like or hyaline membrane.

!{a.) Outer root-sheath.
(

Henle’s layer.
(6.) Inner root-sheath. < Huxley’s layer.
(c.) Cuticle of the hair. ( Cuticle of root-sheath.

4. The hair itself.
(h.) Dermic Coverings.—(l.) (a.) The outer fibrous sheath is

denser than and is continuous with the corium. The fibres run
for the most part longitudinally. (&.) The innerfibrous sheath of
fibrous tissue has a more circular arrangement and is seen as
fibres cut across transversely, with a few nuclei interspersed.

(2.) The hyaline or basement membrane, clear, structureless, and
well marked. It separates the dermic from the epidermic cover-
ings of the hair.

(3.) The Epidermic Coverings.—(a.) The outer root-sheath—-
the most obvious part of the covering—consisting of several
layers of nucleated cubical cells, continuous with and resembling
those of the Malpighian layer.

(6.) The inner root-sheath, much narrower and paler, consisting
of three layers of cells of different characters, is present only in
the lower part of the follicle, i.e., below the sebaceous gland.

(4.) The hair with its cuticle.
(a.) At its lowest part the bulbous enlargement of the hair,

with the papilla of the hair-follicle (fig. 287) projecting into it,
and continuous with the corium.

(b.) The sebaceous gland or glands. In a balsam preparation
its acini are yellowish and clear, opening by a duct into the hair-
follicle at about its upper third (fig. 287, T).

(c.) The arrector pili muscle (smooth muscle) stretching ob-
liquely from the deeper part of the hair-follicle to the upper part
of the corium (fig. 287, . A).
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7. T.S. of Hair-Follicles (Scalp),
(a.) (L) In the human scalp the hair-follicles are arranged in

groups of three or four, with interweaving strands of connective

FIG. 287.—V.5. Hair-Follicle of Human Scalp. 1 and 2. Outer and inner fibrous sheaths
of hair-follicle; 3. Hyaline layer ; 4. Outer, and 5 and 6. Inner root-sheaths ; p. Root
of hair, with its papilla; A. Arrector pili muscle ; C. Cutis vera; a. Subcutaneous
tissue, with fat globules ; 6. Epidermis (horny layer); d. Rete Malpighii; g. Blood-
vessels ; v. Lymphatics of papillae; h. Fibrous part, i. Medulla, k. Cuticle of hair;
K. Sweat-gland and its coil.

tissue between them. The various coverings—dermic and epi-
dermic—can now be distinctly seen, especially if the section be
through the lower half of the hair-follicle.
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(b.) (H) Observe both the Y.S. and T.S. sections to see the
structural elements forming the outer coverings of the hair-
follicles.

(i.) The inner root-sheath consists of an outer layer of cells,
clear and non-nucleated—Rente's layer—and an inner nucleated
layer— Huxley's layer. Both are
best seen in transverse sections.

(c.) The hair has a cuticle, while
the hair itself may or may not have
a medulla.

Carefully compare the structures
of the hair-follicle in the T. and
V. sections.

(d.) The sebaceous gland, its acini
lined by cubical cells, containing
fat, and rendered clear by the
balsam.

The epithelium of the duct con
tinuous with that of the outer root
sheath.

8. Sebaceous Glands. Harden
the alse of the nose of a new-born
child in corrosive sublimate. Make
vertical sections and stain them
with picro-carmine. Large seba-
ceous glands opening free on the
surface without any hair-follicle are
found. In other situations they
open into the neck of a hair-

Fig. 288.—T.5. One-halfof aHairin its
Follicle, a. Outer, c. Inner fibrous
sheath; b. Blood-vessels; d. Hya-
line layer; e. Outer, /, g. Inner
root-sheath (/. Henle’s layer, g.
Huxley’s layer); h. Cuticle; I.
Hair.

follicle. They are saccular glands with oval alveoli, which lead
into a short duct. The alveoli are lined by a layer of polyhedral
cells, and internal to this are larger cells containing fatty matter.
The sebaceous secretion is formed by these cells undergoing
disintegration and liberating the fatty matter they have formed
and contain. They are developed from the outer root-sheath.
Examined in balsam they are clear, but in water they appear
dark and granular.

9. Human Hair (H). —Place it in water or normal saline, cover,
and examine. A rod-shaped body covered by a single layer of
thin, non-nucleated, transparent imbricate scales arranged trans-
versely—cuticle. In some hairs it is seen merely as fine, more
or less transverse, irregular, or wavy lines joining each other.
These indicate where the one cell overlaps the other. The sub-
stance or cortex of the hair, composed of horny, fibrous substance
—hair fibres—finely striated longitudinally, with, in some hairs,

THE SKIN.
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fine pigment-granules scattered along the course of the hair
between the hair-fibres. In some hairs a darker central core or
medulla composed of polyhedral cells.

10. Elements of a Hair (H).—Place a small piece of a hair in
a drop of strong sulphuric acid. Cover and press lightly with a
needle. The hair disintegrates. Be careful to avoid letting a
drop of the acid fall on the brasswork of the microscope. The hair
splits up longitudinally into what look like fibres, but by gentle
tapping on the cover they split into cells, so that a hair is
composed of epithelial cells joined together, having previously
undergone conversion into keratin.

11. Babbit's Hair (H).—Mount in balsam. This hair con-
tains one or more rows of cubical cavities containing air. The
cavities appear black, and are surrounded by a small quantity of
cortex.

12. Wool (Lesson I. 10).
Blood-Vessels of the Skin.—Vertical sections of a piece of skin

FIG. 289.—-V.S. Injected Skin, Palmar
Surface of Finger.

in which the blood-vessels have
been injected should be made. They
must not be too thin. A section
should be mounted from the palmar
surface of a finger, and another from
the general surface of the body
(balsam). A whole hand or foot is
injected and the blood-vessels of the
skin are readily filled by a carmine
gelatine mass or indian-ink. After
injection the skin is hardened in
Muller’s fluid and afterwards in
alcohol (three weeks). A thick un-
stained section shows the general
arrangement of the blood-vessels.

A good injection is a watery
solution of china-ink. It is rubbed
down on a hone until a moderately
thick black solution is obtained, so
that when a drop is placed on blot-
ting-paper it holds together, and no
grey ring is formed round the drop.

It has this advantage, that it is not changed by exposure to light,
but the tissue must be hardened before sections are cut.

13. V.S. Injected Skin, e.g., Palm. —The section should include
the subcutaneous tissue (fig. 289).

(a.) (L) The arteries of the skin are branches of the larger
arteries in the subcutaneous tissue. A branch may be seen run-
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rung towards the surface. In its course it gives off three inde-
pendent sets of branches, which end in capillaries;—

(i.) The lowest to the groups of fat-cells, where it forms a net-
work of capillaries around and between the fat-cells.

(ii.) The short branch to the coil of a sweat-gland, forming a
rich network of capillaries between the coils of the tube.

(iii.) The highest is from the terminal branches of the artery,
and splits up into capillaries, which form a network chiefly in
the upper part of the corium, and from this branches pass which
form capillary loops in the papillae of the skin. From it also
proceed branches to the hair-follicle and its sebaceous gland.

(b.) The vein arises from the capillaries of the papillae and the
branches of the arteries to the upper part of the cutis, and in
its course—running near the corresponding artery—it collects
the veinlets from the coil and masses of fat.

THE NAILS.

The body of the nail rests on the nail-bed, the root of the nail
on the matrix, and the part at the root and sides from which the
nail springs is the nail-groove. The body of the nail is made

Fig. 290.—T.5. Through Half the Nail, Injected, a. Nail
substance; b. More open layer of cells; c. Stratum
Malpighii; d. Transverse sections of ridges; e. Nail-
groove;/. Horny layer of e projecting over the nail;
g. Papilla; of skin.

up of numerous clear
horny cells, each con-
taining a rod-shaped
nucleus. The nails
are really the stra-
tum lucidum, the
stratum corneum be-
ing absent, and this
rests on the Malpig-
hian layer like that
of the epidermis.
The corium or nail-
bed, on which the
nail rests, is beset
with very vascular
longitudinal ridges,
papillae beingabsent.

Harden the nail of a child and its subjacent bed in alcohol.
Make transverse and longitudinal sections. Stain some in
hsematoxylin (balsam), and others in picro-carmine (Farrant’s
solution).

14. T.S. Nail (L and H).—Observe the substance of the nail
(fig. 290), and under it a series of transverse sections of the
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ridges of the cerium of the nail-bed projecting into the epidermis.
Under this the dense fibrous matrix.

15. L.S. Nail. —Observe the same general arrangement, but
note that no papilla-like sections of ridges are to be seen. The
mode of termination of nerves in the skin is treated of in Lesson
XXXII.

ADDITIONAL EXERCISES.
16. Elastic Fibres in the Skin.—(i.) These resist gastz-ic digestion ; hence,

if small pieces of skin be partially digested in artificial gastric juice at 40° C.,
part of the connective tissue is dissolved and the elastic networks remain.
Add some pepsin to .2 per cent, of hydrochloric acid.

(ii.) Another good method is that of Herxheimer (see Lesson X. 10).
17. Sweat-Glands of Axilla.—Make vertical sections of a portion of skin

from the axilla. Stain in hgematoxylin. The sweat-glands, and particularly

IT3. 291.—T.5. Secre-
tory Part of Sweat-
Gland of Axilla, a.
Nuclei of smooth
muscle.

the coils, are very large. In these glands it is easy to see
the smooth muscular fibres outside the lining epithelium
of the secretory part of the coil (fig. 291).

18. Development of Hairs.—This may be studied
by making vertical sections of a piece of the skin of
a foetus at the fourth to the fifth month, after being
hardened in Muller’s fluid (fourteen days) and then
in alcohol. It is best to stain a small piece “in bulk”
in borax-carmine, and submit the sections to the usual
alcohol-turpentine-paraffin process. The sections may
also be stained subsequently with methyl-green. Mount
in balsam.

19. Double-Staining of Hair-Follicles.—Make vertical
and transverse sections, and stain some with eosin and

haematoxylin, and others first with picro-carmine (twelve hours) and then with
methyl-green iodide. The latter preparation is specially beautiful, and both
T.S. and L.S. should be stained by this method. The scalp is best hardened
in potassic bichromate. Harden other pieces in alcohol. Methyl-green stains
the inner root-sheath green.

20. Tactile Hairs.—Harden the skin containing the large tactile hairs of
a rabbit or cat in alcohol or Muller’s fluid. Make T.S. and L.S. Outside the
sheaths of the hair-follicle, already described, there is a large blood-space
traversed by trabeculae, and thus presenting the characters of cavernous
tissue.

21. Nail (double-stained ).—Use picro-carmine and methyl-green.
22. Blood-Pigment in Hair (H). —Examine in normal saline one of the

large “ feelers ” from the lip of an albino rabbit. At some part of the hair in
its centre a red pigment—haemoglobin—may be seen.
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LESSON XXX.

SPINAL CORD.

The spinal cord, like the brain, is invested by three membranes,
named, from without inwards, dura, arachnoid, and pia mater.
The pia mater closely invests the cord, and sends processes into
its substance as well as into its fissures. The cord itself is com-
posed of white matter externally and grey matter internally. At
the middle of the surface of the cord anteriorly and posteriorly
are the anterior and posterior median fissures ; the former is
the wider, the latter rather a groove than a fissure. The two
fissures do not meet in the middle line, but they serve to divide
the cord incompletely into two lateral halves, which are united
across the middle line by a commissure, composed anteriorly of
white fibres crossing from one side of the cord to the other-
white commissure ; and posteriorly of grey matter—posterior
commissure. In the middle of the latter is the minute central
canal, lined by columnar ciliated epithelium. In each half of the
cord is a crescent-shaped mass of grey matter as seen in trans-
verse section, the two masses connected across the middle line,
and presenting more or less the form of an H, with the extremi-
ties of its vertical limbs turned outwards. Its extremities are
the anterior and posterior cornua. The anterior cornua are
generally widerand shorter than the posterior, which are narrow,
and come nearer the surface of the cord./'The nerve-roots arise
from the cornua, the anterior root by several bundles from the
anterior cornu, and the posterior root by a single bundle from
the posterior one. In this way, and by the existence of the
fissures, each half of the white matter of the cord is divided into
an anterior, lateral, and posterior column. The anterior cornu
contains numerous large multipolar nerve-cells arranged in groups.
Each cell is continuous, through its axis-cylinder process, with a
nerve-fibre. The arrangement and number of cells, however,
vary in different parts of the cord. There are no large nerve-
cells—only small fusiform ones—in the posterior cornu, which
is capped by a peculiar greyish matter—the substantia gelatinosa
of Rolando. The white matter is composed of medullated nerve-
fibres—small and large—arranged for the most part longitudi-
nally, so that in a transverse section they appear like clear rings
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with a central, stained dot—the axis-cylinder. The nerve-fibres,
and grey matter as well, are supported by a peculiar sustentacular
tissue—-neuroglia—composed of glia-cells (p. 286), and are sup-
plied by blood-vessels, the grey matter being far more vascular
than the white. The grey matter, besides blood-vessels, lym-
phatics, glia-cells, nerve-cells, and their numerous processes, also
contains nerve-fibres.

The shape, size, and arrangement of the parts of the cord vary
at different levels. By several lines of research—including the
facts of development, experimental and pathological evidence—-
the columns of the cord can be shown to be further subdivided
as follows. The continuation upwards of their tracts into the
medulla oblongata is also stated. (After Whitaker.)

Table of White Tracts in the Cord continued into the Medulla.

Cord. Medulla.
I. Direct Pyramidal j To outer part of the anterior pyramid of the

Tract. \ medulla of the same side.
Anterior
Column. !To posterior longitudinal bundle.

To olivary peduncle and fillet.
To formatio reticularis.

Crossed Pyramidal \ To the inner part of the anterior pyramid
Tract. \ of the opposite side.

2. Direct Cerebellar ) m ... , , ~, , , ~

Tract 1 1° restuorm body and thenceto cerebellum.Lateral
Column.

( To olivary fillet.
3. Mixed Zone. <To formatio reticularis.

( To fasciculus teres.

i. Postero-internal ) m . . . ...

Strand {Ooil’scolumn). (To fumculus gracihs-Posterior
Column.

2. Postero-external \ To funiculus cuneatus.
Strand. ( To formatio reticularis.

The two following tables show, the one the fissures, areas, and
mouldings to be noted on the medulla oblongata, and the other
the grey matter of the cord and medulla oblongata.

Objects seen on the Surface of the Medulla Oblongata.
Anterior median.

A. Fissures. < Posterior median.
Two lateral.
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I. Anterior area Anterior pyramids.
Decussation of pyramids.(between A. M. F. and

Olive).

2. Lateral area Olivary body.
Tract of olivary fillet.(between roots of Bth

and gth nerves ).

B. Areas.
I Restiform body.

Lower ' Funiculus of Rolando and its tubercle,
Part. 1 Funiculus cuneatus and its tubercle.

( Funiculus gracilis and its clava.

1" | oor f°uidib ventricle.

3. Posterior

C. External Arciform Fibres,

Table of Grey Matter of the Medulla Oblongata.
Coed. Medulla.

Anterior i Nead ••• Nucleus lateralis.
Cornu j Neck ... Anterior part of formatio reticularis.

( Base
... Nucleus of the fasciculus teres.

Grey Matter
of the

Spinal Cord. {''Head ...
Nucleus of Rolando.

Neck
...

Posterior part of formatio reticularis.
( Nucleus of the funiculus gracilis (clava).

Base ...
< Nucleus cuneatus.
( Nucleus on floor of fourth ventricle.

Isolated Grev Nuclei i NucleuS of olivary body-
loUltil/cU LILlt/1 i» i* -i •

• a A,r j n 1 Accessory olivary nuclei,
in the Medulla. /AT 1

Jc , 1 - c ti,( .Nucleus or external arciform fibres.

THE SPINAL CORD.

It is easiest to begin the study of the spinal cord with sections
of the cord of a small animal, e.g., a cat or dog, but the student
must also be provided with sections of the human cord. The
same methods are applicable to both. Remove the whole length
of the spinal cord from a cat, taking care not to squeeze or crush
it in the process. Make transverse cuts into it about f of
an inch apart, and suspend the cord in a tall vessel in a large
quantity of Muller’s fluid, or 2 per cent, ammonium or potassium
bichromate. Keep the cord and the fluid in a cool place and
in the dark. Bichromate of ammonium hardens the cord very
slowly indeed. In fact, to get a properly hardened cord months
are required. To test if the cord is properly hardened, cut a
section of the cord taken from the ammonium bichromate fluid,
place it in water, and if it curls up, it is not properly hardened.
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It ought to remain flat. The process may be expedited by harden-
ing first for 4 or 5 weeks in the bichromate, and completing the
hardening for 2-3 weeks in 1 per cent, chromic acid. Change
the hardening fluid on the second day, and repeatedly thereafter.
After 4-5 weeks, when it becomes rough, wash it, and harden in
the various strengths of alcohol, beginning with 40 per cent.
If, however, the spinal cord is to be used for Weigert’s hsema-

FIG. 292.-T.S. Lower HorsaLCord, Human. A, L, P. Anterior, lateral, and posterior
columns; A.M.F., P.M.F. Anterior and posterior median fissures ; a, b, c. Xerve-
cells of the anteriorhorn ; d. Posterior cornu and substantia gelatinosa; Central
canal; /. Veins ;g. Origin of anteriornerve-root; h. Posterior nerve-root; i. White,
and j. Grey commissures ; I. Reticular formation.

toxylin stain, it must not be washed in water, but placed in
alcohol direct from the Muller’s fluid.

Transverse sections are made from the cervical, dorsal, and
lumbar regions. They may be made by means of the freezing
microtome, the cord having been previously saturated in the
sugar and gum mixture; or small pieces of the cord may be
stained in borax-carmine (i week), then saturated with, and
embedded in, paraffin. The sections are fixed to a slide by a
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“fixative” (p. 52), the paraffin removed by turpentine, xylol, or
chloroform, the section clarified by clove-oil, and mounted in
balsam. Sections, if made by freezing, may be stained with
carmine, hsematoxylin, aniline-blue-black, saffranin, methylene-
blue, or by other methods.

A most excellent plan is to embed and cut the cord in celloidin
(p. 40).

1. T.S. of the Spinal Cord of a Cat (L and H).—Speaking
broadly, the same general arrangement obtains as in fig. 292.
Suppose it to be the dorsal region, and the cord to be stained
in carmine and mounted in balsam, observe :

(a.) (L) The nearly circular outline of the section, covered
externally by the pia mater, composed of two layers. From its
under surface septa run into the white matter of the cord, and
some of them carry blood-vessels.

( b .) The anterior and posterior median fissures. The an-
terior fissure is widerand better marked. In it run both layers
of the pia mater. While the posterior fissure appears as a septum
due to the prolongation of the inner layer of the pia mater into
it, the outer layer of the pia runs over the fissure. The cord is
thus almost completely divided into two symmetrical halves
(fig. 292).

(c.) If the sections are made at the level of the origin of the
nerve-roots, these may be seen.
In any case, the mode of origin
of some of the fibres of these
roots can always be seen. The
anterior root passes out of the
cord in several bundles, while
the posterior root enters the cord
in one compact bundle.

(('?.) The white matter exter-
nally, and the grey matter inter-
nally, the latter deeply stained.
The origin of the nerve-roots
dividing the whitematterintothe
anterior, lateral, and posterior
columns, but owing to the an-
terior root leaving the cord in
several bundles, there is not an
exact anatomicallimitationof the
anterior from the lateral column.

Fig. 293. —Entrance of Anterior Root into
the Anterior Cornu of Lumbar Region.
1. Part of anterior white column; 2.Anterior grey matter with four multi-
polar cells; a, a'. Two rootlets, x 30.

(e.) The grey matter, deeply stained—a crescentic mass in
each half of the cord, with a broader anterior cornu, with nume-
rous large multipolar nerve-cells, arranged in groups-—which does
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not reach the surface of the cord, and a posterior cornu, with a
few small nerve-cells, which is prolonged into the posterior root,
and comes to the surface. At the hinder part of the posterior
cornu, an oval, deeply stained part, the substantia gelatinosa. A
neck connecting the two cornua. There is also a group of nerve-
cells placed laterally in the grey matter, the vesicular column of
Clarke (fig. 297). In the anterior horn, note especially the
entrance of the fibres of the anterior nerve-root and the large
multipolar nerve-cells (fig. 293).

(/.) Connecting the two halves of the cord, the anterior and
posterior commissures, running between the grey matter of
opposite sides, and in the middle between them the central canal,
which is surrounded externally by a deeper stained layer of
neuroglia.

(g.) In front of the anterior grey commissure is the anterior
white commissure, with large meclullated fibres crossing each
other at an angle.

(h.) (H) The pia mater surrounding the white matter. The
cut ends of the medullated nerve-fibres of various sizes. In the

Fig. 291.—-T.S. White Matter of Cord.
a. Peripheral layer; b. Septum; c.
Branched glia-cells; the remainder
nerve-fibres, smalland large, x 150.

centre of each circular area the
stained axis-cylinder, surrounded
by a concentric clear area—the
white substance of Schwann (fig.
294). In a preparation hardened
in chromic acid not infrequently
a number of concentric lines are
seen in the myelin. Between
the fibres a small quantity of
supporting tissue, the neuroglia.
On the surface of the cord
there is a thin layer, in which

the fibrils of the neuroglia can readily be seen. Note also the
prolongations, as fine septa, of the deeper part of the pia into the
substance of the cord. The larger septa carry blood-vessels.
The nerve-fibres of the antero-lateral columns are generally larger,
i. e., broader, than those of the posterior column, while those of the
column of Goll are remarkable for their small size. Measure
the sizes.

(i.) The anterior cornu, with large multipolar nerve-cells
arranged in groups, chiefly in the anterior and lateral parts of
the cornu. Each cell has a spherical well-defined nucleus, with
a membrane and a nucleolus. Note the numerous processes
(fig- iB2)-

Owing to the method of hardening, all the cells are somewhat
retracted, each cell apparently lying in a cavity. It is by no
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means difficult to find an axis-cylinder process continuous with a
medullated nerve-fibre.

(y) Trace medullated nerve-fibres across the white commissure

Fig. 295.—T.S. of Human Spinal Cord, Level
of Sixth Cervical Nerve. Prm. Middle
cervical process of the anterior comu;
Til. Lateral horn.

Fig. zq6. —At the Level of
the Third Dorsal Nerve.

from the grey matter of one side to the white matter of the
opposite side.

(k.) The posterior cornu. Note the absence of large cells.

Fig. 297.—At the Twelfth
Dorsal Nerve. CCI.
Clarke’s column.!

Fig. 298. —LevelofFifthLumbar
Nerve, to. Median group of
nerve-cells of anterior cornu ;

Iv, Id, and c. Latero-ventral,
latero - dorsal, and central
groups of cells, x 5

Only a few small fusiform nerve-cells are seen. In the posterior
cornu pass the fibres of the posterior root; some pass directly
through the substantia gelatinosa, and others sweep with a curve
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through the posterior column before they enter the grey matter.
The grey matter generally is traversed by fine fibrils, and has a
somewhat finely granular appearance.

(?.) The central canal, lined by a single layer of columnar
ciliated epithelial cells. The cilia may be wanting. Near it
sections of blood-vessels. In the grey matter observe the fine
plexus of fine fibrils and numerous axis-cylinders. The multi-
polar nerve-cells are treated of in Lesson XVIII. 9.

2. T.S. Human Spinal Cord. —Stain sections with carmine or
lithium-carmine, hsematoxylin, or aniline blue-black (p. 63), and
mount them in balsam. Mount sections from the cervical enlarge-
ment (fifth nerve) and lumbar enlargement, and compare them
with the dorsal section. With the naked eye (and L) observe :

(a.) The cervical and lumbar sections (figs. 295, 298) are not
only larger, but the amount of grey matter is greater than in the
dorsal region. Note the large expanded anterior cornu with
numerous nerve-cells. In the lumbar region the grey matter is
large in amount, the white matter smallest. The white matter
is more abundant in the dorsal region and most abundant in the
cervical region. This can, to a certain extent, be determined by
the amount of white matter lying between the grey matter and
the pia mater. There is a gradual transition from the one part
of the cord to the other.

(b.) In the cervical region note a thin septum, which dips into
the white matter and divides its posterior column into a smaller
internal part —thq postero-internal column or column or fasciculus
of Goll, and a larger external or lateral part—the postero-external
column, or fasciculus cuneatus. The column of Goll is continued,
gradually diminishing in size, into the upper dorsal region.
The grey matter, containing some nerve-cells, also projects into
the white matter about midway between the anterior and pos-
terior cornua, forming the intermedio-lateral tract.

(c.) In the dorsal region, observe a group of nerve-cells at the
inner part of the neck of the grey matter. It lies behind the
plane of the central canal—column of Clarke, or posterior vesicular
column (fig. 297, CCI)

3. Longitudinal Section of the Cord (Antero-posterior direc-
tion).—Stain as for T.S. (L and H.)

(a.) Observe the longitudinally-arranged nerve-fibres in the
white matter of the anterior and posterior columns. In the
anterior cornu the rows of multipolar nerve-cells.

(b.) The anterior roots passing obliquely through the anterior
column.

(c.) The posterior cornu, with its gelatinous substance and
nerve-fibres passing into and through it.
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4. Weigert’s Method of Staining the Central Nervous Sys-
tem.—The spinal cord, or the brain, as the case may be, is har-
dened for four to six weeks in Muller’s fluid, and the hardened
pieces are placed direct into 70 per cent, alcohol, and must not
be washed with water. Keep in the dark. Next day add 90 per
cent, alcohol, and harden completely in 95 per cent, or absolute
alcohol. Instead of Miiller’s fluid, Erlicki’s fluid (p. 28) may be
used. This is best done by keeping the fluid at the temperature
of the body in a warm chamber, when the hardening process is
completed in three or four days. Small pieces of the hardened
tissue are placed in a half-saturated solution of neutral acetate of
copper (i.e., a saturated solution is mixed with its own volume of
distilled water), where they remain for three to five days. They
are then transferred direct to 90 per cent, alcohol, and can then
be cut in alcohol, or the pieces can be embedded in celloidin and
then cut. For the method of embedding in celloidin see p. 40.

The sections are placed for two or three hours in a few cc. of
Weigert’s hsematoxylin, in which they become black.

Weigert’s Hsematoxylin.

Hsematoxylin . . . . . . 1 gram.
Alcohol absolute . . .

. 10 cc.
Distilled water .

. . . 90 „

Cold saturated solution of lithium carbonate 1 ~

Dissolve the hsematoxylin in the absolute alcohol, add the water
and boil. After it is cool, add the lithium carbonate. The time
which the sections remain in this fluid depends on what it is
desired to show. Two hours or so are enough for the cord, but
if the fine plexuses of medullated fibres—described by Exner —in
the cerebral cortex are to be well seen, let them stain for twenty-
four hours. After they are sufficiently stained, throw the watch-
glass and the stained sections into a large basin of distilled water.
Remove the sections from the water at once, and place them, for
about half an hour or more, in the following mixture:

Potassic ferricyanide . . . .2.5 grams.
Borax 28 ~

Water 200 cc.

This fluid decolorises the black sections. The grey matter
becomes of a brown or light-yellow tint, and should -remain so
while the white matter becomes violet. The sections must re-
main in the decolorising fluid until the deep blue or violet-
coloured medullated nerve-fibres are seen. This can readily be
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determined after a little practice. The sections are then washed
in water—in which they can be kept for a considerable time
transferred to go per cent., and finally to absolute, alcohol, clari-
fied by xylol or origanum oil, and mounted in xylol-balsam.
This method stains the medulla or myelin of the nerves—espe-
cially of the central nervous system—of a deep blue or violet
tint, while the nerve-cells, neuroglia, and axis-cylinders are not
stained. The method, however, may be combined with staining
methods. After the organ is hardened in the chromium salt and
alcohol, small pieces are embedded in celloidin (p. 40) and cut in
a microtome. The celloidin sections are placed in 80 per cent,
spirit—not water. The celloidin enables the sections to be readily
handled and transferred to a slide. They are then stained in
the special hsematoxylin fluid already described. If a series of
sections is to be mounted on the same slide, see the method
described at p. 53. The celloidin sections are clarified in origa-
num oil, or what perhaps is better, a mixture of xylol and car-
bolic acid (p. 68). The sections should be mounted in balsam.

(a.) (L and H) Observe the medulla of the medullated nerves,
stained purplish. There are so many fine medullated nerve-fibres
revealed in the grey matter that it is impossible to reproduce
their complexity in a woodcut. The nerve-cells are not specially
in evidence, although they can be stained with picro-carmine.

Formerly Weigert used acid-fuchsin for staining the medul-
lated nerve-fibres of the central nervous system, but this method
is now given up in favour of the copper hsematoxylin method.

5. Freezing Method. —Hamilton has devised a method whereby
the tissue can be cut in a freezing microtome. The piece of cord
or brain, after hardening in Muller’s fluid, is placed in spirit and
transferred to a mixture of equal parts of absolute alcohol and
sether, and then embedded in celloidin. The embedded tissue is
placed for forty-eight hours in Erlicki’s fluid, to get rid of the
spirit, and they are then placed in the following mixture, and
kept in stoppered bottles in a warm chamber at 38° C. for two or
three days :

Cupric sulphate . . . . -0.5 gram.
Potassic bichromate . . . .2.5 grams.
Mucilage of syrup and gum . .100 cc.

Sections are cut in the freezing microtome and received into
Erlicki’s fluid, washed in methylated spirit, stained in the hsema-
toxylin fluid, decolorised by the ferricyanide mixture, and, after
being clarified, mounted in balsam.

6. Neuroglia (H).—Stain thin sections of the white matter
of the cord, hardened in Muller’s fluid for twenty-four hours, in
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saffranin, partially decolorise them in absolute alcohol, and mount
in balsam.

(a.) Observe the branching neuroglia-cells between the nerve-
fibres (fig. 294, c ) of the white matter. The connective tissue
elements have a tint more towards the violet, and are thus
differentiated from the nervous elements. The network of neu-
roglia-fibres is readily seen at the surface of the cord.

7. Blood-Vessels of the Spinal Cord. —Mount a transverse
section of the cord, with its blood-vessels injected, the cord having
been saturated with, and embedded in, paraffin. The sections
must be rather thick (L and H). Inject the animal, e.g., cat or
rabbit, from the aorta with a blue or red mass.

(a.) Observe the greater vascularity of the grey matter as com-
pared with the white. A blood-vessel may be seen running into
the anterior median fissure, and at the bottom of it dividing, and
giving a branch to each mass of grey matter.

(b.) The dense plexus of capillaries in the grey matter.
Branches of blood-vessels passing into the cord along the roots of
the nerves and along the larger septa, which pass from the pia
mater into the cord.

8. Nerve-Fibres of the Spinal Cord (H). —Crush a piece of
the white matter of the cord, either fresh, or after maceration
in - per cent, bichromate of potash, between a cover-glass and
a slide.

(a.) Observe the nerve-fibres, many of them with lateral bulg-
ings, or presenting a beaded or moniliform appearance. This is
due to the fact that these nerve-fibres are devoid of a primitive
sheath.

( h.) Droplets of “myelin” with concentric markings are seen
in the field.

9. Nerve-Fibres of the Spinal Cord (H).—By means of a
hypodermic syringe make an interstitial injection of 1 per cent,
osmic acid into the white matter of the antero-lateral column of
the spinal cord of an ox. Tease a piece in glycerine.

(a.) Observe tubes of different sizes, many varicose, but no
nodes of Ranvier or internodal segments are to be seen. The
fibres, however, possess incisures and cylinder-cones, but no
primitive sheath.

ADDITIONAL EXERCISES.
10. Dry Preparation.—Stain a transverse section of the cord with methy-

lene-blue (1 per cent.). Wash it, and allow it to dry on a slide. Add a drop
of balsam. This shows very well the general characters of the cord ; the
multipolar nerve-cells are somewhat shrunken, but still they and their pro-
cesses are well stained.
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11. Sections in Biondi’s Fluid.—Place sections in this fluid (p. 114) well
diluted (1 : 40), and heat them in a watch-glass until vapour is just given off.
Mount them in balsam, clarifying either with xylol or aniline-oil and xylol
(Lesson 111. 16). This yields a very instructive preparation. The neuroglia-
fibrils are violet in tint, and so is the connective tissue generally ; the nuclei
of the glia-cells bluish, the myelin orange, the axis-cylinder somewhat violet.
The cells in the grey matter have a pleasant violet tint.

12. Benzo-azurin can be used in the same way, and gives a beautifully
stained appearance.

13. Golgi’s Silver Method. —Small parts of the cord or brain, after being
hardened in 2 per cent, ammonium or potassium bichromate, are placed for
24-48 hours in .25-3 per cent, silver nitrate. It is better to place them first
of all in a small quantity of silver nitrate, and to wash them in this fluid.
The fluid becomes of a dark orange tint from silver chromate. Place the
pieces in fresh silver nitrate. Harden in alcohol. Make thin sections,
clarify them in the usual way, and mount in balsam, but do not apply a cover-
ylass. The mixture of aniline-oil and xylol (Lesson 111. 16) seems to me a
better clarifying medium.

14. Golgi’s Sublimate Method. —Small pieces of the central nervous
system, after hardening in bichromate of potash, are placed in a waterv
solution (.25 per cent.) of corrosive sublimate. The volume of fluid must be
large, and renewed frequently, i.e., as often as it is yellow. After 10-15 days
the reaction has occurred in small pieces ; but it is better to expose the pieces
longer than this to the action of the salt; in fact, prolonged immersion rather
improves it. The sections must be very thoroughly washed, else, after being
mounted, needle-shaped crystals of the sublimate are apt to separate out. The
sections are treated in the ordinary way for balsam preparations. Only they
are mounted without a cover-glass.

In both of Golgi’s methods the cells, and in some preparations the blood-
vessels as well, are opaque and black. Sometimes the body of the cell and its
finest ramified processes can be seen with the utmost sharpness. The silver is
deposited only on the cells and their processes, not on the nerve-fibres. The

Fig. 299. —Isolated Neuroglia-Cell
of Spinal Cord of Ox. n. Nu-
cleus ; c. Granular protoplasm;
f. Fibres of neuroglia.

sections, however, are often dotted over with
a black metallic deposit. In the mercury pre-
parations, if the cells be not very black, they
may be darkened by washing them in sodic
sulphide.

15. Isolated Neuroglia-Cells. —These are
obtained by the interstitial injection of osmic
acid into the white matter of the cord (Lesson
XXX. 9). A small piece is teased and stained
with picro-carmine.

(H) Observe the branched cell, with a
granular body and long processes (fig. 299).
It requires considerable care to dissociate such
a cell, and it must usually be looked for and
isolated with the aid of a dissecting micro-
scope (p. 22).

16. Pal’s Method of Staining Nerve-Fibres. —This method requires con-
siderable care on the part of the student. Harden the cord or brain in
Muller’s fluid, make transverse sections, and place them in alcohol. Stain
them (6-IO hours) in .75 pier cent, watery solution of hsematoxylin, containing
some alcohol and a few drops of a saturated solution of lithium carbonate.
They are then “ differentiated ” in | per cent, solution of permanganate of
potash (10-15 seconds), and subsequently in the following mixture :
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Oxalic acid ........i gram.Potassic sulphide .......x
Distilled water ........200 cc.

When the grey and white matter are differentiated, the sections may be
stained in carmine, saffranin, or alum-carmine, and mounted in balsam.

17. T.S. Cord. Eosin, and Logwood, ——This method of double-staining gives
excellent results. The neuroglia-cells, connective tissue, and epithelium of
the central canal have a logwood tint, the other parts are rosy.

18. Transverse Markings on Axis-Cylinders and Nerve-Cells. Place
small pieces of a perfectly fresh cord in 1 per cent, silver nitrate solution, and
keep them in the dark for forty-eight hours, renewing the fluid several times.
Wash the pieces and place them, exposed to light, in the followingmixture :
Formic acid(i part), amylic alcohol (1 part), and water (100 parts), for 5-7days. Tease a fragment in glycerine and observe the alternate brown and
clear markings on the axis-cylinders (Fromann’s lines) and on the nerve-cells
(Jakirnovitch).

LESSON XXXI.

MEDULLA OBLONGATA—CEREBELLUM-
CEREBRUM.

MEDULLA OBLONGATA.
The medulla oblongata is hardened in the same way as the
cord. Transverse sections are
stained in the same way as those
of the cord (L and H).

1. T.S. through the Decussa-
tion of the Pyramids.

(a.) Observe the shape of the
cord, the decussation of the
anterior pyramids, i.e., bundles
of fibres are seen coming from
the lateral column of one side,
andrunninginwards and towards
the middle line, thus sepai-at-
ing somewhat the anterior from
the posterior cornua (fig. 300)
They actually pass to the an-
terior pyramid of the opposite
side of the medulla.

made at different levels, and

Eiq. 300. —T.S. Medulla Oblongata throughDecussation of Pyramids. D.Py. Ante-rior pyramid; Fa. Anterior cornu;
Ng. Nucleus of the funiculus gracilis;
g. Substantia gelatinosa; XI. Spinal
accessory nerve.

(b.) At the anterior part, on each side of the anterior median
fissure, sections of the anterior pyramid.

(c.) At the posterior part, a small part of the posterior cornu
extending backwards as the nucleus of the clava into the funi-
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cuius gracilis. Another mass of grey matter in the funiculus
cuneatus.

2. T.S. through the Olivary Bodies (L and H).—Make a
transverse section on a higher level, and stain with aniline blue-

Fia. 301.—x.5. Medulla Oblongata at the Level
of the OlivaryBody ; partly diagrammatic.

black, or any of the other
dyes. Observe the folded
mass of grey matter, with
many multipolar nerve-
cells, constituting the oli-
vary nucleus (fig. 301); the
complex of fibres, horizon-
tal, vertical, and those cut
longitudinally, constituting
the formatio reticularis;
the much altered arrange-
ment of the grey matter,
which appears in the floor

of the fourth ventricle; and, according to the level at which the
section is made, there may be met with the origin of certain of
the cranial nerves (fig. 301).

Of course sections should be made from higher levels in the
medulla, and also through the pons. If a student has the requi-
site time, it is best to make a series of sections from below
upwards, fixing them in order on slides.

CEREBELLUM.

The cerebellum is hardened in the same way as the cord. It
is advantageous, however, to wash out the blood-vessels of the
whole brain with Muller’s fluid, and afterwards to distend them
with the same fluid.

If Weigert’s method is used, the sections must remain for
twenty-four hours in the hsematoxylin solution in order to see
the plexus of medullated fibres in the superficial layers of the
cortex, and three hours for the fibres which ascend between the
pyramidal cells of the cortex cerebri.

If ammonium bichromate be used (2 per cent.), the pieces
harden quicker than in the case of the cord.

3. V.S. Cerebellum, i.e., including the grey and white matter
cut at right angles to the direction of the folds. Stain it with
carmine, aniline blue-black, or, better still, first with logwood
and then with eosin. Mount in balsam. The best way for the
student is to stain a small piece of the cerebellum in bulk in
borax-carmine for two or three days or longer and then saturate,
embed, and cut it in paraffin. In this way there is no fear of
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the sections breaking up, as the relative positions of the several
parts are accurately maintained.

Suppose a hsematoxylin-eosin specimen to be prepared,
(a.) (L) Observe the primary and secondary convolutions (fig.

302). In each fold or leaflet from within
outwards, the white matter, composed of
medullated nerve-fibres, and outside this
the grey matter, composed of two layers,
viz.;—(i.) The nuclear layer, composed
of many layers of small nuclei—stained
blue—each surrounded by a very small
quantity of protoplasm, (ii.) The outer
layer of the cortex, thicker than (i.),
with a somewhat granular appearance,
and containing branches of Purkinje’s
cells and some small branched angular
nucleated cells (fig. 303). Numerous
blood-vessels enter the surface of the cere-
bellum from the pia mater covering it.

Fig. 302. —Leaflet of the
Human Cerebellum, x 10.

(6.) At the boundary-line between (i.) and (ii.) a row of
large cells— Purkinje’s cells —each with a somewhat oval or
globular body, with a single central process, which becomes
continuous with a nerve-fibre, although this is not seen in this
preparation. Bach cell gives off a peripheral process, which
immediately branches, the larger
branches running laterally for a
short distance, and each branch
divides again and again, the
fine branches running vertically
through the outer layer of the
cortex nearly to its free surface.
The branched arrangement of
these fibres has been compared
to the antlers of a stag.

(c.) (H) The granular or nu-
clear layer. Observe that there
are two kinds of nuclei in this.
The most numerous are small and
granular and arranged in groups;
they are stained violet by the
haematoxylin. The others (larger
and spherical, with a nucleolus)

Grey
matter.

FIG. 303.—Cortex of the Cerebellum, x 90.a. Outer; b. Inner or granular layer;
p. Cells ofPurkinje.

are the nuclei of small ganglionic nerve-cells. They are stained
reddish. Amongst the granules may be seen medullated fibres
stained reddish.
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4. Blood-Vessels of tlie Cerebellum.—Mount an unstained
section in balsam (L and H).

(a.) Observe the vascular pia mater sending at intervals long
or medullary branches through the cortex to the medulla, and
short or cortical branches which break up into a rich plexus of
capillaries in the cortex, so that the latter is far more vascular
than the white matter. Each vessel is surrounded by a peri-
vascular lymph-space.

CEREBRUM.

5. V.S. Cerebrum.—Make vertical sections through the central
part of the brain of a small animal, hardened as for the spinal
cord. In the case of a human brain, select the ascending
parietal or ascending frontal convolution. Make vertical sections,

Fig. 304. —V.S. of Cortex of
the Ascending Frontal
Convolution, i.e., a Mo-
tor Area. Carmine, x
20.

either by freezing, or, better still, after a part
of the brain has been hardened in bulk in
borax-carmine, as in the case of the cere-
bellum (L and H). Other sections are to
be stained in aniline blue-black, and all are
mounted in balsam.

With the naked eye observe the shape
of the convolution, the grey matter outside,
of a certain thickness (W— in. thick),
and deeply stained, and inside it the white
matter less deeply stained.

(a.) Observe the white matter, composed
of medullatedfibres, with leucocytes here and
there between them.

(&.) Outside this the grey matter, com-
posed of several layers, recognised by the
arrangement and shape of the cells present
in it. It will depend very greatly upon the
plane of the section whether the student sees

all the layers in any single section. They are usually in a five-
layer type, but the relative thickness of the layers varies in diffe-
rent parts of the cerebrum (fig. 304).

(c.) The layers are from the surface inwards.
(i.) The outer or first layer (or finely-granular layer or neuro-

glia layer) consists of a network of fibrils with a very few small
cells. In it may be seen sections of blood-vessels passing from
the pia.

(ii.) The second layer, or layer of small pyramidal cells, is usually
narrow, with several rows of small pyramidal cells, the peripheral

PRACTICAL HISTOLOGY.
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processes of the latter pointing towards the surface of the convo-
lution. It passes gradually into

(iii.) The third layer, or layer of large pyramidal cells. It is
much thicker than the others, and contains large pyramidal cells,
each with a peripheral process, which can sometimes be traced
outwards for a considerable distance. The cells, however, may
be cut obliquely, and then they appear triangular. Some pro-
cesses pass from the broader base of the cell. Usually the cells
are larger in the deeper layers, and become smaller in the outer
layers.

(iv.) The fourth layer, or layer of irregular cells. This is a
narrow layer of small, usually angular but irregularly-shaped cells.
They lie between the nerve-fibres which pass into the cortex.

(v.) The fifth layer, or layer of fusiform cells, also a narrow
layer, with a few fusiform cells with nerve- . , ,
fibres between them. This layer abuts on if
the white fibres of the medulla. • fyWha

Not unfrequently in bichromate and chro-
mic acid preparations, the place of the pyra-
midal cells is represented by clear spaces,
produced by vacuolation of the cells. It is
by no means easy to distinguish a nerve-cell
from a neuroglia-cell in the cerebrum.
Usually the glia-cell nuclei are smaller.
Between the rows of cells may be seen fine
longitudinal striation, indicating the exist-
ence of nerve-fibres in the grey matter.

The structure of the cortex is not identical,
although similar, throughout. In the motor
areas especially, i.e., in the ascending frontal,
ascending parietal, and part of the marginal
convolutions, the pyramidal cells are usually
larger than in those areas which are described

Fig. 305.—V.5. Middle
Frontal Convolution.
Carmine, x 20.

as sensory—e.g., the occipital, temporo-sphenoidal, or even in the
anterior part of the frontal.

It is advisable, therefore, to provide the student with sections
from these differentareas. There is no abrupt transition between
one type of cortical structure and another.

6. V.S. Middle Frontal Convolution (fig. 305).—Compare this
with that from a motor area, and note theabsence of the very large
nvramidal cells.

7. Blood-Vessels of the Cerebrum (L and H).—Make rather
thick sections of an injected brain, and mount them in balsam.
They are best embedded and cut in paraffin. The whole head
should be injected from the aorta.
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(a.) (L) Observe the larger vessels in the pia mater, sending
into the cerebral cortex two sets of arteries: those that perforate
the grey matter and proceed to supply the medulla—the long
or medullary arteries ; and a more numerous, shorter set, that
ramify chiefly in the grey matter—the short or cortical arteries.
The grey matter is much more vascular than the white, and the
vessels are surrounded by perivascular sheaths (fig. 306).

FiO. 306.— Injected Cerebral Cortex of Dog. 1. layer with few vessels;2. layer of large
pyramidalcells ; 3. Deepest layers of cortex ; 4. Medulla.

(&.) Study the arrangement and relative vascularity of the
capillary plexus in the cortex. At the surface it is less dense,
and it is most dense in the region of the large pyramidal cells.

ADDITIONAL EXERCISES.
8. Cerebellum in Osmic Acid. —Place very small pieces of the grey matter

(l mm. cubes) in I per cent, osmic acid for 24-48 hours as recommended
for the cerebrum (Lesson XXXI. 13). Wash in water and harden in alcohol.
In the sections note the medullated fibres in the granular layer, but none of
them pass into the outer layer of the cortex.

9. Cerebellum in Biondi’s Fluid. —Stain sections in this fluid as directed
under Spinal Cord (Lesson XXX. 11) and mount in balsam. This yields good
results. The outer grey layer and the medulla are red, the granular layer
violet. In the latter can be seen the two kinds of cells, one stained red, the
other violet.

10. Purkinje’s Cells by Golgi’s Method (p. 286).—The easiest plan is the
silver nitrate one. If the preparation is successful, one is assuredly rewarded
by the beauty of the sections obtained. It is almost impossible to reproduce
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the complexity of the processes of Purkinje’s cells (fig. 307). They are
stained black, the nerve-fibres not
being stained. The sections are
mounted in balsam without a cover-
glass.

11. Cerebrum Stained by Golgi’s
Method (see Lesson XXX. 14).—Do
the same as for the cord and cere-
bellum. Observe the cells, which,
however, are not so easily obtained
in a stained condition as those of
the cerebellum (fig. 308).

12. Cerebrum by Weigert’s Method
(see Lesson XXX. 4). —This method
reveals the existence of medullated

fibres in the
cerebral cortex
arranged accor-
ding to the
scheme shown
in fig. 308. They
are arranged as
follows :

(i.) Radii.
(ii.) Medul-

lary rays.

Fig. 308.—V.S. Cortex
Cerebri. The right
side drawn from a
Weigerfs hsenia-
toxylinpreparation,
and the left from a
Golgi’s sublimate
one. On the right
the medullated
fibres, and on the
left only the nerve-
cells are shown.
There are really
more cells than
shown in the draw-
ing.

Fig. 307.—Ce1l of Parkinje. Corrosive
sublimate, x 120.

(iii.) Inter-radial plexuses.
At the lower part of the grey matter a lai’ge number

of fine medullated nerve-fibres enter it—radii—which
run outwards in the cortex as medullary rays. Between
the latter is an inter-radial plexus, and above them is a
supra-radial plexus, and quite under the pia are tan-
gential fibres. On the boundary-line between the supra-
radial plexus and the inter-radial plexus is a white stripe,
visible to the naked eye, especially well marked in the
cuneus. It has been called the stripe of Gennari, Bail-
larger, and also of Vicq d’Azyr.

Orceine is recommended by Ranvier for sections har-
dened with ammonium bichromate. It gives a pretty
stain, but, after repeated trials, it does not seem to me
to possess advantages over some of the other methods.

13. Medullated Nerve-Fibres in the Cortex Cerebri.
•—Place very small pieces of the outer part of the cortex
in 1 per cent, osmic acid for twenty-four hours. The
pieces must be black throughout. Make thin sections,
place one on a slide, add a drop of ammonia ; the section
swells up and the medullated fibres become distinct.
Expose the section to the vapour of osmic acid, i.e.,
place the section on the slide over a glass thimble filled
with osmic acid and cover the whole with a bell-jar.
After half an hour or less the “ fixation ” is complete.
This is Exner’s method as modified by Ranvier. Pre-
serve in glycerine. Observe the narrow medullated
nerve-fibres between the nerve-cells; the nuclei only
of the latter are distinctly seen.

14. Hypophysis Cerebri. —This consists of two parts, the one derived from
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the brain, a continuation of the infundibulum ; the lower part is derived from
an inflexion of the embryonic mucous membrane of the mouth. Harden this
in Muller’s fluid, stain sections in picro-carmine, and mount in balsam.
Observe sections of closed gland-tubes or alveoli almost completely filled with
cubical, somewhat granular, or clear cells. A lumen is rarely visible. The
communication between the mouth and the lower part of the gland is cut off
in the process of development.

LESSON XXXII.

THE BYE.

(i.) Enucleate the eyeball of a rabbit or cat; remove any adher-
ing fat and muscles. With a sharp razor make a single cut at
the equator of the eyeball, and suspend the eyeball in 200 cc. of
.05 per cent, chromic acid. After twenty-four hours cut the eye
into an anterior and a posterior half, and harden for two days or
so in new fluid. Wash the parts, and harden them in the dark
in gradually increasing strengths of alcohol. The eye hardened
in this way may be used for preparing sections of some of its
parts.

(ii.) Harden the other eyeball for two or three weeks in
Muller’s fluid, after cutting into it in the same way as above.
Complete the hardening in alcohol. It is well to have sections
of the cornea of several animals, e.g., the pig and ox.

THE CORNEA.
Make vertical sections, either from a cornea hardened in dilute

chromic acid or in Muller’s fluid; stain it with picro-carmine
and mount in Farrant’s solution ; or in hsematoxylin and mount
in balsam. It is better to have preparations stained in both
ways. A very convenient method is to stain it in bulk in borax
carmine. Eosin-hsematoxylin is a good stain.

1. V.S. Cornea (L and H).
(a.) Observe the anterior or conjunctival epithelium, consist-

ing of several layers of stratified epithelium. The most external
cells are flattened; those of the middle layers are more oval or
rounded, many of them with finger-shaped processes dipping down
between the deeper rows of cells. The cells in the lowest layer
are columnar, and placed perpendicularly upon the cornea, rest-
ing on (h) (fig. 309).

(6.) The narrow, clear, transparent layer—anterior elastic
lamina ; this is best marked in the human eyeball.
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(c.) The substantia propria, or body of the cornea, composed of

layers of fibrous tissue arranged in laminse. The laminae, while
arranged in the main parallel to each other, have connecting pro-
cesses of fibrous tissue joining adjacent laminse. Between the
laminse oval spaces, and in each space
a nucleated cornea corpuscle (fig. 309,
c), which, as seen on edge, is thin and
flattened. The processes of these cor-
puscles or the branches from the spaces
are best seen in gold specimens.

(d.) The posterior elastic lamina, or
membraneof Descemet, a well-marked,
thin, transparent, hyaline lamina, with
sharply defined outlines, and covered
posteriorly by

(e.) The posterior epithelium, con-
sisting of a single layer of large
flattened nucleated cells, of course seen
in profile. They are apt to be dis-
placed if the section be roughly handled.

If the posterior elastic lamina be
broken across, it is apt to curl up. It
stains readily with carmine.

Fia t^iiu n7;Sk° ®tlo
lamina ; c. Corneal corpuscles;
I Lamellae of cornea; b-d.
Substantia propria ; d. Des-
epUheUum™ bran 6’ aud e' lts

2. Nerves of the Frog’s Cornea.—ln a pithed frog, squeeze the
head to make the eyeball project, and with a sharp razor cut off
the cornea. Wash it in normal saline, to remove any blood
adhering to it. Treat it with gold chloride by the lemon-juice
method (p. 65).

After it is stained, with scissors make three snips into the
margin of the cornea, so as to
divide it into three sections, so
that it may lie flat on a slide.
Mount it in Farrant’s solution.
Cover and examine (L and H).

(a.) Observe the branching
cornea corpuscles, arranged in
many layers, readily seen by
raising or depressing the lens
(fig. 310). The numerous pro-
cesses given off from the cells
anastomose with similar pro-
cesses from adjoining cells, not
only in the same plane, but

Fig. 310.—Corneal Corpuscles, and a few
Nerve-Fibrils of Frog. Gold chloride.

with cells lying in the plane above and in that below them.
(b.) The Nerves.—If a part of the sclerotic is adherent to
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the cornea, the fine medullated nerve-fibres, deeply stained, are
seen in the sclerotic and passing into the cornea, where they
quickly lose their myelin and become non - medullated. The

Fig. 311. —Sub-Epithelial Nerve - Plexus, Cornea of
Frog. n. Non-medullated nerve with nerve-fibrils ;

a. Nerve-fibrils, x 300.

larger non - medullated
fibres have nuclei in
them, and unite with
other fibres to form
a coarse plexus the
ground orprimary nerve-
plexus.

(c.) From this finer
bundles of fibrils pro-
ceed to form a finer
plexus, and from the
latter numerous fibrils
running chiefly in the
planes of the laminse,
and often with varicose
swellings, are seen.

(d.) With (H) fine fibrils are seen in the larger branches of
the non-medullated nerves (fig. 311).

3. Inter-Epithelial Termination of the Nerve-Fibres. —The
cornea of a rabbit is stained in gold chloride, 1 per cent., for
25-30 minutes, but the gold is reduced in slightly acidulated
water (acetic acid) by exposure to light (p. 65). The convenient

FIG. 312.- —V.S. Cornea of Frog. n. Nerve-fibres ;
a. Perforating fibrils; r. Nucleus; pb. Inter-
epithelial plexus of fibrils. Goldchloride.

lemon-juice and formic acid
method is not to be used,
as the formic acid removes
the anterior epithelium.
Makevertical sections either
by freezing or embedding it
in paraffin and mount them
in glycerine (L and H).

(a.) Observe sections of
the lamellaeand corneal cor-
puscles, and between these,
parts of the primary nerve-
plexus cut across, more or
less obliquely, the branches
beiuof finer towards tbo nn.

terior elastic lamina. Bundles of fine fibrils—the rami per-
forantes—perforate this membrane and spread out under the
anterior epithelium to form the sub-epithelial plexus, from which
fine fibrils proceed to form a plexus of fine varicose fibrils—the
epithelial plexus—between the epithelial cells, where they ter-
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minate in fine points, forming no connection with special end
organs (fig. 312).

4. Cell-Spaces in the Cornea (Silver
Nitrate Method) (L and H).—Pith a
frog, and rub the surface of the cornea
with solid silver nitrate. After 20-30
minutes, excise the cornea, scrape off
the epithelium, mount the cornea in
glycerine and expose it to light.

(a.) Observe the general substance
of the section stained brown, and in
it clear branching spaces, each one
corresponding in shape to that of a
cornea corpuscle (fig. 313). The
branches of adjoining spaces anasto-
mose, so as to form a system of juice-
canals, not only with spaces in the

fig. 313.—Cornea of Frog with Ceii-

silver^nitrate^x -spaces. Solid

same plane, but also with the spaces in lower and deeper
planes.

Sclerotic.

Lam. supra-choroidea.

Layer of large vesesls.

-limiting layer.
Chorio-capillaris.
Hyaline membrane.
Pigment layer ofretina.

FIG. 314. —V.S. Part of Sclerotic and the Choroid, g. Large vessels ;p. Pigment-cells
c. T.S of capillaries, x 100.

5. Iron Sulphate Method (Lesson XI. 11).—The matrix is
blue and the spaces are white.
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6. The Sclerotic and Choroid (L and H).—From an eye
hardened in chromic acid or Muller’s fluid, stained in bulk in
borax-carmine and embedded in paraffin, cut sections so as to
include the sclerotic and the choroid.

(a.) Observe the sclerotic (fig. 314).
(1.) Composed mainly of bundles of white fibrous tissue cross-

ing each other in several directions.
(&.) Inside this a section of the choroid composed of the fol-

lowing layers, from without inwards—-
(2.) A narrow layer, the lamina supra-choroidea.

Ant. Chamber.

Lens.

Vitreous Humour.

Fig. -us- —Horizontal Section of Anterior Quadrant of Eyeball. /. Conjunctiva; s.
Sclerotic ; h. Iris ; j. Lig. pectinatum iridis ; k. Canal of Schlemm; I. Longitudinal;
m. Circular fibres of ciliary muscle; n. Ciliary process; 0. Ciliary part of retina.

(3.) Layer with large vessels.
(4.) Limiting layer.
(5.) The chorio-capillaris, containing numerous sections of

capillaries.
(6.) A basement or hyaline membrane.
(7.) Pigment-cells containing melanin.
7. Pigment-Cells of the Choroid (L and H).—From the inner

choroidal surface of an eye hardened in Muller’s fluid or dilute



XXXII.] THE EYE. 299

chromic acid, scrape off a little of the black pigment layer and
mount it in balsam.

(a.) Observe the branched pigmented cells, filled with brown
or black granules of melanin. The nucleus contains no pigment
granules. If the granules be discharged from the cells and
float in a watery fluid, they exhibit Brownian movement. The
nucleus stains readily with hscmatoxylin.

8. Ciliary Region and Ciliary Muscle.—Make a meridional
section through the corneo-scleral junction of a hardened eye
(Muller’s fluid or chromic acid), e.g., of an ox, cat, or rabbit, so as
to include the ciliary muscle and the iris. Stain the section in
hsematoxylin or eosin-hsematoxylin, and mount it in balsam • or
it may be stained in picro-carmine and mounted in Farrant’s
solution.

(a.) Observe the cornea shading off into the sclerotic, and near
it an opening, the canal of Schlemm (fig. 3 15).

(b.) From the angle of the iris and cornea, running in a fan-
shaped expansion, the radiating fibres of the ciliary muscle,
consisting of non-striped muscle. The circular fibres inside the
radiating fibres are not so well marked as in the human eye.

(c.) The membrane of Descemet splits up into fibres, some of
which curve into the iris, others spread into the ciliary processes.
This region constitutes the ligamentum pectinatum iridis.

(d.) The pigmented folds or ciliary processes. A layer of
black pigment-cells continuous with those of the retina continued
over these processes, and inside the pigment a clear unpigmented
layer of columnar epithelium.

(e.) The iris, composed of five layers from before backwards,
(i.) A layer of endothelium continuous with that covering the

posterior surface of the cornea (fig. 315, c).
(2.) The anterior boundary layer, composed of a reticulated

connective tissue, chiefly consisting of branched connective tissue-
cells.

(3.) The vascular layer, or body of the iris, composed of a
stroma of connective tissue with numerous sections of blood-
vessels and branched pigment-cells, and at its deeper part trans-
verse sections of the circular smooth muscular fibres, which
constitute the circular muscle or sphincter pupilloe of this organ.

(4.) The posterior hyaline layer, of an elastic nature.
(5.) Two layers of pigment-cells—the uvea—the outlines of

the cells difficult to define.
9. The Lens (L and H).—Harden in its capsule the lens of a

cat or rabbit in Muller’s fluid for 2-3 weeks; do not place it in
spirit, but cut it in a freezing microtome. Stain the sections in
eosin and mount in Farrant’s solution.
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(a.) Observe the hyaline capsule, and just under it a layer of
columnar epithelial cells, which, when traced outwards, are seen
to rapidly elongate into lens-fibres. Nuclei may be seen on some
of the fibres.

(b.) Transverse sections of the fibres are hexagonal (fig. 316, B)

ITa. 316. —A. Fibres of the lens
B. T.S. of the same.

10. Isolated Lens-Fibres (H).—

Place the lens of a frog or fish in a
10 per cent, solution of sulpho-cyanide
of potassium for 24-36 hours. Tease
out a fragment of the softened lens.

(a.) Observe the flattened bands
with serrated edges; the teeth dove-
tail into each other.

The Retina.— (i.) With a sharp
razor cut the eye of a cat, rabbit,
or pig into an anterior and posterior
half. Place the posterior half in 2

per cent, potassic bichromate, or in a mixture of Muller’s fluid
and spirit. Harden for two weeks and complete the hardening
in spirit. It is usual to recommend that the retina be removed
after hardening, and cut by freezing or other method.

(ii.) A very much better method is to stain the whole posterior
segment of the hardened eyeball “ in bulk ” in borax-carmine for
several days, place it for a day in acid alcohol, and then to saturate
and embed it in paraffin in the usual way. Sections are then made
through all the coats of the eyeball, fixed to a slide by means
of “fixative” (p. 52), the paraffin removed by turpentine, the
section clarified in clove-oil or xylol, and mounted in balsam. In
this way the whole structure of the retina is preserved in its
relations to other structures.

(iii.) The same process may be adopted with the posterior seg-
ment of the eyeball hardened in 1 per cent, osmic acid.

(iv.) Harden the retina in a 3 per cent, solution of nitric
acid for 15-20 minutes. Wash out the acid, stain in bulk, and
make sections.

(v.) For small eyes, such as those of a lizard, it is sufficient to
expose the whole unopened eyeball to the vapour of osmic acid
for several hours, and then to stain the eyeball in bulk in borax-
carmine. Sections of the whole eyeball can then be made by the
paraffin embedding and saturation method.

(vi.) Make sections of an eyeball hardened in Muller’s fluid and
stain them in eosin-hsematoxylin. The latter stains the granular
layers of the retina, while the other parts are rosy in tint.

11. V.S. Retina. —Beginning from within, i.e. , next the vitre-
ous, observe (fig. 317)—
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(a.) The internal limiting membrane, from which spring by
wing-shaped expansions the fibres of Muller, which run vertically
outwards through the layers of the retina to the outer limiting
membrane.

(b.) The fibrous layer, composed of the non-medullated fibres
of the optic nerve.

(c.) The ganglionic or nerve-cellular layer, consisting of a
single row of large multipolar nerve-
cells, each cell with a large, conspicuous
nucleus. Each cell gives off several
processes towards the layer external
to this, and one towards the optic
nerve-fibre layer. Between the nerve-
cells, or in close relation to them, sec-
tions of larger blood-vessels.

(d.) The internal molecular layer
appears to consist of fine fibrils or
granules.

(e.) The internal nuclear layer,
deeply stained, and consisting of seve-
ral rows of large spherical oval nuclei.

(/.) The outer molecular layer.
\g.) The external nuclear layer

consists of many more rows of nuclei
than in (e).

(li.) The external limiting mem-
brane, cut across, and therefore ap-
pearing as a thin clean-cut line.

( i.) The layer of rods and cones.
The rods are more numerous than the
cones, and the latter are shorter than
the former. Each rod and cone con-
sists of an outer and an inner seg-
ment.

(y.) A layer of pigment-cells, some-
what flattened, which sends pigmented
processes between the rods and cones.
The length and condition of these
processes depends upon the influences
to which the eye has been exposed
before death (p. 303).

Fig. 317. —V.S. Retina of Cat. b.
Rods and cones; le, li. Exter-
nal and internal limitingmem-
branes; nb. Nuclei of rods;
pb. Basal plexus; cb. Bipolar
cells; cu. Unipolar cells; bi.
Internal basal cells; pc. Cere-
bral plexus; cm. Multipolar
nerve-cells; fo. Fibres of optic
nerve. On the left the initials
of the usual names for these
layers; RC. Rods and cones;
EN., .EG., and IN., IG. Ex-
ternal and internal nuclear
and granular layer; C. Cellular
layer; P. Fibrous layer.

12. Retina of Frog.—Place the posterior segment of the eye-
ball, with its vitreous humour removed, in 1 per cent, osmic acid
for twenty-four hours; wash it well, and tease a fragment of the
now blackened retina in glycerine. Observe
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(a.) The rods, each with an outer and inner segment; the outer
segment, however, is blackened by the osmic acid, and usually
shows a tendency to split transversely.

(&.) In the cones there is a small refractive oil globule between
the outer and inner segments. It first becomes brown, and then
black, in osmic acid. In some animals, e.g., some birds and
reptiles, the oil globule is pigmented, the pigment being held in
solution by the fat of the globule.

(c.) Numerous pigment-cells, each consisting of a rather thick
body, part of which contains the nucleus and is non-pigmented,
while the other half is pigmented and sends numerous fine pro-
cesses between the outer segments of the rods.

( d.) Other parts of the retina are also isolated, e.g., the nuclei
of the nuclear layer and the limiting membranes,

13. Cones.—In order to see cones of large size, use the fresh
eye of a cod hardened in 2 per cent, potassic bichromate (2-3
days) or osmic acid (twenty-four hours), or isolate them by dilute
alcohol.

14. T.S. Optic Nerve (L and H).—Harden the optic nerve in
2 per cent, ammonium bichromate (2-3 weeks) or in Flemming’s
mixture (xo-12 hours). Make transverse sections. Stain some
in hsematoxylin, picro-carmine, and saffranin, and also by
Weigert’s method. Mount in balsam. Double-stain some in
picro-carmine and hsematoxylin.

(a.) Observe the sheaths, thick and well-marked, sending septa
into the nerve, and thus breaking it up into small bundles of
nerve-fibres, each surrounded by a fibrous sheath. In the larger
septa are blood-vessels. The anastomosing septa form a kind of
alveolar system.

( b .) The nerve-fibres are all medullated, but they possess cer-
tain peculiarities. They are without nodes of Ranvier and
sheath of Schwann, and the fibrous tissue runs parallel with the
nerve-fibres.

(c.) As to the sheaths, one is continuous with the dura mater;
under it is a space, the subdural space; inside is a prolongation of
the arachnoid with subarachnoid space, and a thin continuation
of the pia mater.

If desired, make longitudinal sections. This will enable the
student to note the structure of the nerve-fibres and the arrange-
ment of the connective tissue. An interstitial injection of osmic
acid is a good method for isolating the structural elements, as
recommended by Ranvier.

15. The Blood-Vessels of the Eyeball. —lt is by no means
difficult to inject the blood-vessels of the eyeball of an animal
from the aorta with a carmine-gelatine mass. Once injected,
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sections of the various tissues can easily be made and mounted in
balsam. One half of the eyeball of an albino rat injected and
mounted in balsam gives a most beautiful preparation, in which
the connections, distribution, and arrangement of the blood-
vessels can be seen.

16. The eyelids may be hardened in corrosive sublimate or
.25 per cent, chromic acid for three or four days, and then in
alcohol. Select the eyelids of an infant. Make vertical sections,
which must be rather thick, and mounted in balsam to show the
general arrangement of the parts. Finer sections are also to be
made and stained in hsematoxylin or picro-carmine. Besides the
sections of hair-follicles, connective tissue, and orbicularis muscle,
note the Meibomian glands.

ADDITIONAL EXERCISES.
17. V.S. Entrance of Optic Nerve.—Make a section longitudinally through

the optic nerve to include its entrance into the eyeball. This is best done in
an eyeball stained in bulk in borax-carmine. Observe the lamina cribrosa,
i.e., the felt-work of fibrous tissue of the sclerotic, perforated by the fibres of
the optic nerve.

18. Retina of Frog in Light and Darkness.—(a.) Keep one frog in abso-
lute darkness for thirty-six hours. Kill it in the dark, and harden the eye in
alcohol, (b.) Place another frog in the direct sunlight for a few hours; kill
it, and harden the retina in alcohol. Sections are made and stained with
picro-carmine. The pigment-cells covering the rods of the retina in (a) are
retracted, while those in [h) are pushed out between the segments of the rods.

19. Eye of Triton Cristatus.— Excise one eyeball, pin it to the under surface
of a cork, and fix the cork in a glass thimble containing a little osmic acid.
In ten minutes or so the retina is “fixed,” owing to the tenuity of the
sclerotic. Divide the eyeball into two by a cut at the equator, place the
posterior half in dilute alcohol (six to ten hours), and then in picro-carmine
for the same period. Eix it finally in osmic acid, embed and cut it in soft
paraffin. The retina of this a-imal is particularly serviceable, because its
structural elements are so large.

20. V.S. Macula Lutea.— Try to secure a human eye as fresh as possible.
Harden it, and make sections through the macula lutea, and observe the
peculiarities of its structure. There are no rods in the fovea centralis, while
the cones are long and narrow. The other layers are reduced to a minimum
at the fovea centralis, but at the margins of the fovea they are thicker.
There are a large number of ganglionic bipolar cells.



304 PRACTICAL HISTOLOGY. [XXXIII.

LESSON XXXIII.
EAR-NOSE.

EAR.

1. Membrana Tympani (H).—Harden it in osmic acid and
mount in Farrant’s solution. Observe the radiate yellow-looking
fibres, and also fibres disposed circularly, the latter best developed
near the periphery of the membrane. The thin epithelial cover-
ings on the two surfaces of the membrane can be seen, and so
can a few fine blood-vessels.

2. Ceruminous Glands of the Meatus.—Harden in absolute
alcohol a portion of skin from the external auditory meatus, pre-
ferably from a new-born infant. Make some rather thick sec-
tions, and stain them in hsematoxylin and mount in balsam.
Observe the ceruminous glands, which in some respects are like
the sweat-glands. They have a narrow duct and a coil, the latter
lined by a single layer of cubical cells, and the former by several
layers of cells, as in a sweat-gland. In the secretory part smooth
muscular fibres lie between the epithelium and the basement
membrane. The lumen of the secretory part is very wide, and
the lining cells have a clear cuticular disc, and contain a yellowish
pigment and fatty granules.

THE COCHLEA.

r (i.) In a freshly-killed rabbit or guinea-pig, inject, by means
of a hypodermic syringe, a 1 per cent, solution of osmic acid
through the membrana tympani into the middle ear. Cut away
the lower jaw, so as to expose the large spherical osseous bulla.
Open the bulla, cut away its walls, and expose the middle ear.
On the inner wall of the latter are seen the turns of the cochlea.
Cut away the surrounding parts from the osseous cochlea, and
place the latter for a week in Muller’s fluid, after opening one
of the turns, to allow the hardening fluid to penetrate. It is
better to do this under fluid, to prevent the air entering, as the
perilymph escapes. Decalcify it in chromic and nitric acid fluid,
and harden it in the dark in alcohol. Stain the softened cochlea
in bulk in borax-carmine. Saturate and embed the stained organ
in paraffin, and cut sections from base to apex of the coiled tube.
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Fix themto a slide with a fixative, and mount them in balsam.
Use the other decalcified cochlea, stained as above, and embed it
in celloidin. This also holds the parts together.

(ii.) The following is a better method (Ranvier), and one by
which the finer structures are preserved in situ. Use a guinea-
pig, open the bulla, and cut out the inner ear. Make an opening
or two in the turns of the cochlear tube, and place it in 1-2 cc. of
1 per cent, gold chloride. Add to the gold solution from time to
timeafewcc. of the following mixture : —1 percent, gold chloride
and a fourth part of formic acid, boil, and allow the mixture to
cool. Leave the cochlea exposed to the action of the gold for
20-30 minutes, remove it, wash it, and expose it to light in
water slightly acidulated with acetic acid (1-2 drops to 20 cc.
water). After 2-3 days harden it in alcohol and decalcify it in

I'XG. 318. —Y.S. Cochlea of Guinea-Pig. V. Scala vestibuli; T. Scala tympani; VT. There
the two communicate ; C. Cochlear canal or scala media; R. Beissner’s membrane ;
t. Memhrana tectoria.

picric acid. Embed in gum and harden in alcohol, or embed it
in celloidin and make sections parallel to the axis of the cochlea.

(iii.) After removing the inner ear, open its osseous canal
under osmic acid .2 per cent, and leave it in this fluid for 10-12
hours. Wash in water and decalcify in chromic acid, 2 per 1000.

(iv.) After treating the cochlea with osmic acid and hardening
it in alcohol, the following decalcifying fluid may be used —-1 cc.
of a 1 per cent, solution of chloride of palladium, 10 cc. of hydro-
chloric acid, and 1000 cc. of water.

3. V.S. Cochlea, i.e., a section parallel to the axis of the
organ (L and H).

(a.) (L) Observe the turns of the cochlear tube cut across (fig.
318), each tube divided by a transverse partition—the lamina
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spiralis —into an upper—scala vestibuli —and a lower compart-
ment—scala tympani ; the central column or modiolus ; the last
is osseous and contains channels for nerves and vessels. The
lamina spiralis is partly osseous, viz., that part next the modiolus,
and partly membranous, viz., that part next the wall of the
cochlea; the latter part is the membrana basilaris. The osseous
portion terminates in a crest—the crista spiralis—and its free
end is scooped out into a groove—sulcus spiralis.

(■b .) From the upper surface of the lamina spiralis ossea there
runs to the wall of the cochlea a thin membrane— membrane of

Canalis cochlearis

FIG. 319. —Scheme of the Canalis Cochlearis and the Organ of Corti. A. Cochlear nerve ;
i. Inner row, and p. Outer rows of hair-cells; n. Nerve-fibrils terminating in p ;
a. Supporting cells for p ; d. Cells in the sulcus spiralis ; G and H. Epithelial cells ;
o. Membrana reticularis ; z. Inner, and y. Outer Rod of Corti.

Reissner—wTdch completely shuts off a small three-sided cavity
from the scala vestibuli. This is the ductus cochlearis, canalis
cochlearis, or scala media. It is bounded by the wall of the cochlea,
the membrane of lleissner—and its base is formed by the outer
part of the osseous and the whole of the membranous spiral
lamina. The latter is called the basilar membrane. This three-
sided cavity contains a fluid, the endolymph, and to it pass the
cochlear branches of the auditory nerve to end in a complex
structure—organ of Corti—which rests on the basilar membrane.

(c.) Note in the scala media a membrane—membrana tectoria
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—which arises from the lamina spiralis ossea, and spreads over so
as partially to cover the organ of Corti. The organ of Oorti con-
sists of two rows—inner and outer—of pillars—the rods of Corti—
which meet above, forming arches, and leave a three-sided tunnel
between them. Internal and external to these are rows of cells,
some of them provided with fine bristles—hair-cells—constituting
the cells of Corti and Deiters. Some of these cells are the actual
terminal end-organs of the cochlear nerve, and others are susten-
tacular in function. The scala vestibuli and scala tympani com-
municate at the apex of the cochlea, as shown in fig. 318, Y.T.

(H) Observe the rods of Corti, the inner more numerous than
the outer, and how the head of the one lies over the head of the
other. The rods vary in length and span, in different parts of
the cochlea. Internal to the inner rods is a single row of hair-
cells, and external to the outer rods are several rows of hair-cells.
Between the latter are supporting cells, and beyond them are
columnar epithelial cells (fig. 319). The rods and hair-cells are
covered by a special membrane, seen in section, which is per-
forated by the upper ends of the hair-cells—membrana reticu-
laris—the basilar membrane terminating towards the wall of
the cochlea in a fibrous expansion, the spiral ligament.

The student must give considerable time and attention to the
subject if he wishes to get preparations showing the structure
of all the parts. It is difficult to keep the parts from falling
asunder, and if the ear be not properly decalcified, bubbles of gas
are discharged within the cochlea, which rupture the finer parts;
hence arises the necessity for opening the cochlea and fixing the
parts with a “ fixing ” medium previous to decalcifying it.

4. Semicircular Canals. —Harden the membranous semicircu-
lar canals, and their ampullae, of a skate in Flemming’s or Fobs
fluid. In the ampullae are the terminations of the auditory nerve
in the crista acustica. Make T.S. of the canals and Y.S, of the
crista acustica ; in the latter case take care to include the entrance
of the nerve-fibres. The preparation of suitable specimens to stain
the termination of the nerves in the crista acustica presents very
considerable difficulties. The student may have to repeat the
process several times if he wishes to get typical specimens.

THE NOSE.

5. Olfactory Mucous Membrane. —Divide longitudinally the
head of a freshly-killed rabbit. Place small pieces of the olfactory
mucous membrane—readily recognised by its brownish colour—-
in dilutealcohol for two hours, and then in 1 per cent, osmic acid
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for twenty-four hours. Harden it in alcohol, make vertical sec-
tions, stain them with heematoxylin, and mount in balsam.

(a.) (L) Observe on the surface the row of columnar epithelial
cells with oval nuclei, and under these numerous rows of cells
with spherical nuclei. At the base of the latter a row of more
granular-looking basal cells (fig. 320). The basis of the mucous
membrane composed of connective tissue with sections of nume-
rous glands—Bowman’s glands. Sections of blood-vessels and
branches of the non-medulla,ted olfactory nerve may also be seen.

6. Isolated Olfactory Cells.—Place small pieces of the olfactory

Fig. 320. —V.S. Olfactory Region (Rabbit). «. Disc
on cells; zo and zr. Zones of oval and round
nuclei; h. Basal cells; dr. Bart of Bowman’s
glands ; n. Branch of olfactory nerve.

Fig. 321. —Ol factory
Cells. N. Human;

n. Frog; E. Sup-
porting cell.

Epithelium.

Mucous
membrane.

mucous membrane in dilute alcohol for twenty-four hours. Fix
the membrane for five minutes in 1 per cent, osmic acid. Stain
the pieces in hulk for twenty-four hours in picro-carmine. Scrape
off a little of the stained and softened epithelial covering and
mount it in glycerine.

(a.) Observe the olfactory cells as very narrow, cylindrical,
elongated cells with a large spherical nucleus, much broader
than the body of the cell. The free surface carries fine cilia, but
they are apt to be displaced in the process of teasing the tissue
(fig. 321).
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(■h.) Supporting cells, not unlike columnar epithelium, but they

have a large oval nucleus (fig. 321, E). They have a long central
process. The free surface of the cell is covered by a clear hem,
but its exact constitution and significance are unknown.

(c.) There may also be found large granular polygonal cells
derived from Bowman’s glands—their acini and ducts.

LESSON XXXIV.

TERMINATION OF NERVES IN SKIN AND SOME
MUCOUS MEMBRANES.

Sensory nerve-fibres terminate in the skin and mucous mem-
branes in three ways :

(I.) Free nerve-endings, i.e., by intra-epidermic fibrils.
(II.) In special terminal corpuscles.

(III.) In neuro-epithelial cells, i.e., specially modified epi-
thelial cells, as the rods and cones of the retina, the
auditory hairs in the ear, the inner cells of taste-
buds and olfactory cells.

I. Free nerve-endings occur especially in stratified epithelium,
e.g., in the skin, mouth, and cornea (Lesson XXXII.). The nerve-
fibres lose their myelin and primitive sheath, and the axis-cylinder
splits up into fine fibrils, which penetrate into the epithelial
layer and run between the epithelial cells, and sometimes anas-
tomose with each other, to end in free points which do not form
connections with any structure in the epidermis. In the skin
these fibrils are confined to the rete Malpighii, and do not reach
the stratum granulosum.

1. V.S. Skin {gold).—Make a mixture of gold chloride and
formic acid, boil and allow it to cool (p. 66). Take very small
pieces (2 mm. cubes) of the skin of the palmar surface of the
fingers or toes, preferably from a new-born child or a young
infant; cut away all the adipose tissue, and place the pieces in
the gold mixture for at least one hour. Place the tissue in
slightly acidulated water, and expose it to sunlight until the gold
is reduced. Harden in alcohol, make sections, and mount them
in formic glycerine.

(H) Observe the fine blackened nerve-fibrils running between
the epithelial cells. Some of them have fine beads on them
(fig. 312).
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11. Terminal Corpuscles.—They are very varied in their form,
and include the following:

A. Simple tactile cells.
B. Compound tactile cells.
C. End-bulbs toitli many modifications.
D. Touch-corpuscles.

A. Simple Tactile Cells.—V.S. Skin {gold) (H). —Treat very

Fig., 322. —Tactile Cells, Snout of Pig-, n. Nerve-
fibre ; a. Tactile cell; rn. Tactile disc.

smallpieces of the human skin
(volar surface of finger or toe)
or the snout of a pig by the
boiled gold formicacid method.

(a.) Observe a nerve-fibre
(fig. 322, n) passing towards
and entering the epidermis,
where it is non-medullated
and splits into fibrils, which
terminate in oval, nucleated,
tactile discs or menisci (m),
each of which lies under a
tactile cell (a). The cells are
6-12 /a in length and lie in the
deeper part of the epidermis.

B. Compound Tactile Cells, called also Grandry’s and Merkel’s
Corpuscles, consist of two or more cells (15 /ax 50 /a) piled one
on the other; between each two cells is a disc or plate—tactile
disc—which is connected with the axis-cylinder of a nerve. The

KtG. 323.—Tactile Corpuscles, Bill of DuckA. With three, and B. With two tactilecells. Theaxis-cylinder terminates in thetactile disc (black).

cells have a large pale nucleus,
and the whole is surrounded by
a fibrous capsule. The nerve
loses its myelin after it passes
into the organ, and its sheath
becomes continuous with the
fibrous capsule. So far these
structures have been found
only in the bill and tongue of
birds, e.g., duck. They lie in
the corium, close under the
epidermis (fig. 323).

3. V.S. Tongue or Bill of Duck (Grandry’s Corpuscles) (L and
H)- Harden in i per cent, osmic acid small pieces of the mar-
ginal part of the tongue or the sieve-like structure on the edgesof the mandibles of a duck. Treat other small pieces by the
boiled gold chloride method.
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(a.) Observe the tactile cells and tactile discs as shown in
fig- 3 2 3-

C. End-bulbs are small, oval,
or cylindrical bodies of various
shapes. A nerve-fibre enters one
pole, and as it does so it loses
its myelin and terminates in a
softer granular inner core. The
bulb—which may be cylindrical
in shape—consists of a tough
fibrous capsule continuous with
the sheath of the nerve, and a
softer inner core in which the
axis-cylinder terminates. Such
bodies are found in the connective
tissue of the mucous membrane
of the mouth and conjunctiva.
It is not difficult to isolate them

Fig. 324. End-Bulb from Human Con-
junctiva. a. Nucleated capsule; b.
Core ; c and d. Nerve terminating in d.

from the conjunctiva of a calf (fig. 324). They lie in the sub-
epithelial connective tissue. Certain special forms of them occur

Fig. 325. —Pacini’s Corpuscle, from Mesen-
teryof Cat. c. Capsules; d. Endothe-
lial lining separating the latter; n.
Nerve; /. Funicular sheath of nerve ;
m. Central mass; ri. Terminal fibre;
and a. Where it splits up into finer
fibrils. Examined in fresh normal
saline.

FIG. 326. Endothelium of
Lamella? of a Pacinian
Corpuscle. Silver nitrate.

in the genital organs, e.g., clitoris, and in connection with joints.
A special form is known as Pacinian corpuscles.

4. Pacinian Corpuscles (Cat).—These are elliptical transpa-

NERVES OF SKIN.
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rent bodies (2-3 mm. long and 1 mm. thick), readily found in

Fig. 327. —T.S. Pacinian Corpuscle,
Foetal Skin.

the meso-colon and mesentery of a cat.
They consist of many concentric fibrous
laminte surrounding a central core,
which is continuous with the axis-
cylinder of a nerve. The lamellse are
lined on both surfaces by endothelium,
which can be stained with silvernitrate
(fig. 326). The capsules are closer
together near the centre than they
are at the periphery. Examine one
fresh in normal saline, and “ fix ”

another with osmic acid and mount
it in Farrant’s solution. A medullated

nerve-fibre surrounded by perineurium passes to each corpuscle.

Fig. 328. —V.S. Skin, Palm of
Hand. b. Papilla of cutis ;

d. Nerve-fibre in touch-cor-
puscle; e, /. Nerve-fibre in
touch-corpuscle; g. Cells of
Malpighian layer. Alcohol
and saffranin.

The lamellse of the perineurium become
continuous with the lamellse of the cor-
puscle, and the nerve—still provided
with its myelin and surrounded by its
endoneurium—pierces the lamellse and
reaches the central part of the corpuscle.
The endoneurium seems to form a soft
core round the axis-cylinder, which
usually splits up at the end into fibrils
(fi g- 325)-

5. T.S. Pacinian Corpuscles (Skin).-
They lie in the deeper layers of the
skin, or rather in the subcutaneous
tissue. In a vertical section of foetal
skin from the palmar surface of a digit
(Lesson XXIX. 5) it is easy to find
these bodies cut obliquely or transversely.
Fig. 327 shows their appearance when
cut transversely. Harden the skin in
alcohol or osmic acid. Stain it in picro-
carmine or hsematoxylin.

6. Herbst’s Corpuscles (H) are modi-
fied Pacinian corpuscles, occurring in
the mucous membrane of the tongue of
the duck. They lie in the corium, just
under the epidermis. Harden the tongue
or bill as for tactile corpuscles (p. 310),
or use absolute alcohol, and stain the
tissue in bulk with borax - carmine.

Mount the sections in balsam
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(a.) Observe the same general arrangement as in Pacinian
corpuscles. These bodies, however, are more elongated, and the
axis-cylinder in the centre is bordered by a row of nuclei.

D. Touch-Corpuscles of Wagner or Meissner.—These are ellip-
tical bodies (40-150 n long and 30-60 [h broad), which occur in
the papillae of the skin, especially in the volar side of the fingers
and toes. A nerve-fibre passes to each corpuscle, which has a
fibrous sheath. Owing to the way in which the divisions of the
nerve twist round the corpuscle, they have an irregular trans-
versely striated appearance. The nerve-fibre enters the corpuscle,
and its branches take a coiled course round the corpuscle.

7. V.S. Skin (Touch-Corpuscles). —(i.) Make vertical sections
of skin (palmar surface of digit), harden in alcohol, stain them in
hsematoxylin or saffranin, and mount in balsam (fig. 328).

(ii.) Treat skin by the boiled gold chloride method to see the
terminal branches and distribution of the nerve within the cor-
puscle (fig. 329). In some situations the corpuscles are compound.

The following scheme shows the modes of termination of
nerve-fibres in sensory surfaces :

the modes of termination of

L II. III. IV.

Free nerve-end- Simple tactile- Cylindrical end-bulbs Neuro - epithe-
ings (cornea, cells (human (conjunctiva).

Herbst’s corpuscles
lium (retina,

skin). skin). internal ear,
Compound tac- (tongue of duck). olfactory re-

tile - cells Pacinian or Vater’s gion of nose,
(birds, e.g., corpuscles(deeppart and organ of
duck’s bill
and tongue).

of skin, mesentery
of cat, and near
joints).

Genital corpuscles (cli-
toris).

Wagner’s touch - cor -

puscles (papillae of
skin).

taste).
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ADDITIONAL EXERCISES.
8. Tactile Hairs and Nerves to Hair-Follicles. —These are to be studied

by the boiled gold chloride method.

Pig. 329. —Wagner’s Touch-Corpuscle,
Skin of Hand. n. Nerve ; a. Ter-
minations of n. Gold chloride.

PIG. 330. —Organ of Elmer, Nose
of Mole. n. Nerve; e. Epi-
thelium. Gold chloride.

9. Organ of Eimer. —Prepare the nose of the mole by the gold chloride
method. In sections study the termination of the nerve-fibrils in the struc-
ture known as the organ of Eimer (fig. 330).

LESSON XXXV.
THE TESTIS.

The framework of the testis (fig. 331) consists of a strong, tough,
fibrous capsule—the tunica albuginea —which is covered externally
by endothelium reflected from the serous membrane—the tunica
vaginalis. At the back part of the organ, the tunica albuginea is
prolonged for some distance (8 mm.) into the gland to form the
corpus Highmori or mediastinum testis. From the under surface
of the tunica albuginea septa or trabeculae pass towards the cor-
pus Highmori, and thus subdivide the gland into compartments
or lobules (about 120 in man), with their bases directed out-
wards and their apices towards the corpus Highmori. The tunica
albuginea consists of dense fibrous tissue, but it is of looser tex-
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ture internally, where it has numerous vessels and lymphatics.
This inner layer is sometimes called the tunica vasculosa, and is
continuous with the septa.
Each lobule contains 2-8
seminal tubules. These con-
voluted tubules (800) begin
by a blind extremity, and are
of considerable length (

, c w
..

J
cm.) and or nearly uniform
t , /diameter (.3 mm. or 140
n). The tubules of any one
compartment unite at acute

gepta
Tunica albuginea.

Cavity of tunica
vaginalis,
Outer layerof tunica
vaginalis.

gpermaticvein^'
angles to form a small num-
ber of much narrower straight
tubules (20-25 /“■) —tubuli
recti —which pass into the
mediastinum and there form

Arteries. Corpus
Highmori.

Epididy
mis.

Em. 331.—T.5. of Testis.

a network of inter-communicating tubules of irregular diameter
(24-180 /a)—rete testis (fig. 332). From this proceed 12-15
wider ducts — vasa efferentia —which are straight at first, but
some become convoluted
and form a series of coni-
cal eminences coni vas-
culosi which together
form the head of the epi-
didymis. The epididymis,
consisting of a single con-
voluted tube (600 cm., or
20 feet long), is continued
into a thick-walled mus-
cular tube— vas deferens
(60 cm., or 2 feet long)—

End of con-
voluted

Becoming
narrowed.

Tubulis
rectus.

which conducts the secre-
tion to the urethra, and is,
in fact, the excretory duct
of the testis.

The seminiferous tu-
bules consist of a thick
membrane composed of
flattened nucleated cells,
arranged like membranes
and lined internally by a

Rete Testis.

Fia. 332.—Convoluted and Straight Tube of Testis.

basement membrane. The latter is lined by several rows of
cubical cells, which differ much in appearance, according to the
functional activity of the organ. In the resting condition, the



3 16 [XXXV,PRACTICAL HISTOLOGY.

tubes are lined by several layers of more or less cubical cells,
whose nuclei stain more or less deeply with staining reagents.
In an active gland some of the cells of the outer row of cells —

lining epithelium—contain nuclei undergoing mitotic division.
The cubical cells of these have a radiate arrangement, and are
separated into groups by larger structures, sometimes called
spermatoblasts, and by other observers sustentacular cells,
which grow up between the smaller cells. Inside this layer
of epithelial cells are several rows of larger cells—spermatogenic
cells—with nuclei showing mitosis. Next the lumen, which is
always well defined, in some of the tubules are spermatozoa in
different stages of development. The spermatozoa are arranged
in tufts or groups. The spermatozoa gradually develop and pass
towards the lumen, and as they are set free, new ones are formed
by the mitotic division of the spermatogenic cells.

The straight tubules are lined by a single layer of flattened
epithelium ; therete testis has no basement membrane, but it also
is lined by a single layer of squames. The vasa efferentia and
the tube of the epididymis have smooth muscular fibres in their
walls, and are lined by columnar ciliated epithelium, the cilia
being very long.

The vas deferens consists of a fibrous coat investing an
outer thick layer of smooth muscle arranged longitudinally;
inside this is a thick layer of smooth muscle arranged circu-
larly ; inside this again is a submucous coat of connective tissue.
In some parts of the tube there is a thin layer of smooth
muscle arranged longitudinally just internal to the circular
coat. Then follows the mucosa lined by columnar non-ciliated
epithelium.

The interstitial tissue of the testis between the tubules is
very loose in texture and laminated, and has numerous lym-
phatic slits. In some animals (rat, boar) are numerous poly-
hedral, nucleated, sometimes pigmented, cells, the remains of the
cells of the Wolflian bodies.

The Testis.—(i.) Harden the fresh testis of an animal for
two weeks in Muller’s fluid. If it be from a large animal, it
must be cut into small pieces. Complete the hardening in
alcohol. Corrosive sublimate is a good hardening reagent.
Make sections, stain them in hsematoxylin or picro-carmine, and
mount in balsam. The hardened testis of a small animal, e.g.,
rat, should also be stained in bulk in borax-carmine or Kleinen-
berg’s logwood, embedded in paraffin, and complete horizontal
sections made, so as to include the body of the testis and the
epididymis. Mount in balsam.

(ii.) Harden very small pieces of the testis of a freshly-killed
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rat in Flemming’s mixture and stain the sections in saffranin.
This is for the study of spermatogenesis.

(iii.) Harden the testis of a frog in absolute alcohol and stain
it in bulk in Kleinenberg’s logwood.

(iv.) Harden the testis of the dogfish in Flemming’s fluid and
stain the sections in hsematoxylin or saffranin. This, as shown
by Swaen, is an excellent object for the study of spermatogenesis.

1. T.S. Testis {Rat).—(a.) Observe the thick, tough, fibrous
tunica albuginea, often with sections of large blood-vessels and
lymphatics in its deeper part. From its under surface septa pass
into the gland at fairly regular intervals, thus dividing it into a
series of compartments or lobules. At the upper and back part
is the fibrous septum—corpus Highmorianum or mediastinum
testis. Many of the septa are connected with it.

( b.) In the lobules lie twisted or convoluted tubules—the semi-
niferous tubules—which converge towards the mediastinum and
form near it a number of straight tubes—the tubuli recti —which
in their turn unite and form the rete testis in the mediastinum,
and from this proceed the vasa efferentia, which run to join the
canal of the epididymis (fig. 332).

(c.) The tubules in a state of activity are distinguished from
the passive ones by the intensely stained heads of the young
spermatozoa. An active tubule is lined by several rows of poly-
gonal cells, some of which are larger than the others. Embedded
amongst the cells, near the lumen of the tube, are bunches or
tufts of spermatozoa, best seen in longitudinal sections of the
tubes. The heads are directed towards the wall, and the tails
towards the lumen of the tube.

( d.) In some animals the interstitial tissue between the
tubules is chiefly formed by thin flattened membranes of con-
nective tissue; but in others, e.c/., pig, the matrix consists of
numerous pigmented, polygonal, very granular cells—interstitial
cells.

2. Spermatogenesis {Rat).—In order to see the structure of
the seminiferous tubules to the best advantage, harden small
pieces of the testis of a rat or guinea-pig in Flemming’s mixtui’e
for twenty-four hours. Wash the pieces thoroughly for several
hours in running water, and harden in alcohol. To keep the
parts together, they should be cut in paraffin. The best stain is
saffranin. Any excess of the latter can be washed out by means
of acid alcohol or alcohol alone. Other dyes, of course, can be
used to stain the hardened tissue, e.g., Kleinenberg’s logwood,
which acts very well when the hardened tissue is to be stained in
bulk. Fix a thin transverse section of a tubule under a high
power.
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(a.) Observe the rather thick wall—membrana propria—of the
tubule, composed of flattened cells, perhaps of a connective tissue
nature. This is lined by three or more layers of glandular cells,
which vary in appearance according to their condition of physio-
logical activity. In a state of rest each tube is lined by several
layers of large polygonal cells placed one inside the other.

(b.) In an active gland, known by the evidences of division of
cells and by the development and presence of spermatozoa (fig.
333), there is an outer layer of cubical-looking cells, and internal
to it several layers of round or ovoid cells, which are called
spermatogenic cells. In the latter may be seen nuclei under-
going division. The lining epithelial cells seem to divide; one
part of each cell passes into the second layer of cells, and
becomes a spermatogenic cell, while the remainder of the original
cell grows up as sustentacular cell. The spermatogenic cells

Pig. 333. —Tubules of Testis of Eat, showing Spermatogenesis. A. Less advanced stage ;
B and C. More advanced stages. A and B=T.S. ; C=L.S. Flemming’s fluid and
saffranin, X3OO.

proliferate and yield the small daughter-cells of the innermost
layer, and from the latter, arranged in groups, the groups of
spermatozoa are formed. Each group rests on and is connected
with a sustentacular cell; hence arose the old view that these
sustentacular cells produced the spermatozoa, and for this reason
they were formerly called spermatoblasts. The nucleus of a
daughter-cell forms the head of the spermatozoon, while the tail
is formed within the protoplasm, but it is connected with the
nucleus.

3. Isolated Cells from the Tubules.—Macerate small fragments
of the testis for 10--12 hours in dilute alcohol. Tease a small
fragment in glycerine. Observe the various forms of cells isolated.

4. Spermatozoa (H).—Make a cut into the epididymis of a
testis removed from a rabbit as soon as possible after death. A
milky juice exudes. Place a little of this on a slide and dilute it
with normal saline.
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(a.) Observe the spermatozoa, each one with a head and a

long vibratile tail or cilium. By the side-to-side
movement of the tail the whole spermatozoon is
moved onwards in a zigzag course.

(b.) Add a drop of distilled water. The move-
ments are arrested. The spermatozoa are slowly
killed. They may be readily preserved by
smearing a little of the milky juice from the
epididymis upon a slide and allowing it to dry.
It is then covered and sealed.

5. Spermatozoa of Newt and Frog (H). —

The testis of a newt is teased in a mixture of
alcohol and glycerine.

(H) Observe the long pointed head and long
tail of each spermatozoon. There is an inter-
mediate part, which is best seen in a stained
preparation. From it springs a filament which
appears to be prolonged as a spiral filament
around the cilium or tail. The spiral filament
is in reality the optical expression of a thin
membrane attached in a spiral direction to the
cilium. Mount a specimen of the spermatozoa
of a frog. The male frog is easily known by
the wart on his thumb. Open the abdomen, and
low down in the hollow on each side of the

Fig. 334. Sperma-
tozoa. 1,2.Human.
3. Woodpecker.

vertebral column is an oval, kidney-shaped, whitish body —the
testis. It is to be treated just like the testis of other animals.
At certain seasons of the
year no spermatozoa are
to be found. The cells
are in a resting phase.
Sections of such tubules
show no spermatozoa.

Blood-vessel.

T.S. Tubule.

6. Human Sperma-
tozoa.—Mount in gly-
cerine some spermatozoa
obtained from a varico-
cele (fig. 334). Observe
the head(/r), long tail (/),
and middle piece (w).

Ciliated
epithelium.

Interstitial
connective
tissue.

7. Cover-Glass Pre-
parations ( H ). Com-
press a small piece of
the testis of a newt or Tis. 335- —T.S. Tubule of Epididymis.

frog between two cover-glasses. Separate them, and allow the
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film on them to dry. Stain one in methylene-blue, and the
other for twenty-four hours in Ehrlich-Biondi’s fluid. Dry and
mount in balsam.

(a.) In the methylene-blue specimen only the heads of the
spermatozoa are stained. In the other, the head of the sper-
matozoon is stained one colour, while the tail and the inter-
mediary or junction piece is of a differenthue.

8. Epididymis (L and H).—This is hardened exactly like the
testis, either in Miiller’s fluid or Flemming’s mixture. Make
sections across the tubules, stain them in htematoxylin and
mount in balsam.

(a.) Observe numerous sections of the twisted tube of the
epididymis (fig. 335); each tubule has a fibrous wall, and is
lined by a single layer of tall, slender, columnar ciliated epi-
thelial cells. Each cell is provided with a fringe of cilia. The
lumen is wide and distinct, and it may contain a confused mass
of spermatozoa. At the bases of the cells are sometimes seen
small cells, and in pigmented animals pigment granules are not
unfrequently seen in the connective tissue stroma supporting the
tubule. There is a fair amount of connective tissue stroma between
the tubules, and in it are blood-vessels, lymphatics, and nerves.

9. T.S. Vas Deferens.—Harden it like the epididymis, make
T.S., stain a section, and observe the arrangement of its parts as
described at p. 316.

LESSON XXXYI.

THE OVARY-FALLOPIAN TUBE-UTERUS.

THE OVAEY.
The ovary consists of a stroma, covered on the surface with a
single layer of short columnar or germinal epithelium. Em-
bedded in the stroma are numerous Graafian follicles in all stages
of ripeness. The unripe follicles, with primitive ova, form a
superficial layer close under the surface, while the more mature
ova and follicles lie deeper. The coverings of the follicle and the
structure of a ripe ovum are given at p. 322.

(i.) Harden the ovary of small animals in toto in Miiller’s fluid
for two weeks. Soften in alcohol. Make two or three trans-
verse cuts in the human ovary before hardening it in the same
fluid.

Piero-sulphuric acid, for a day, is also a good hardening
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reagent. Complete the hardening in alcohol. The pieces had
better be stained in bulk in borax-carmine and Kleinenberg’s
logwood, and saturated with and embedded in paraffin, or em-
bedded and cut in celloidin.

For obtaining a general view, the sections must be pretty
thick, otherwise the follicles are cut into, and the ova are apt to
fall out. Thin sections must also be made.

1. T.S. Ovary (fig. 336).—(a.) (L) The body of the ovary,
covered on its surface by a single layer of short, columnar,
nucleated cells—the germinal epithelium.

(b.) The substance or stroma, composed of connective tissue
with numerous blood-vessels, and in some places smooth muscular
fibres. The connective tissue is denser, and is arranged in several
layers, near the surface.

(c.) Lving in the stroma—the Graafian follicles. Near the sur-

KiG. 336. —T.S. Ovary, e. Germ epithelium; 1. Large
Graafian follicle; 2. Middle-sized, and 3. Small
ova; o. Ovum ;g. Membranagranulosa;s. Stroma.

face is a layer of smaller
unripe ova primitive
ova (40 ,«.) while the
riper and larger follicles
are situated deeper in the
stroma. Each follicle
contains an ovum, but if
the section be thin the
ovum may drop out and
leave only the follicle
and its coverings.

( d.) If the ovary be
from an adult animal,
a corpus luteum may be
found. Its appearance
will depend upon whether
it has been recently
formed or not. and whe-

ther the animal was recently pregnant. If it is of some standing,
it is large and more or less spherical in outline, occupying a
considerable part of the stroma, with an umbilicus-like centre
and radiating lines of connective tissue. Between these are
numerous large granular cells. In a recent one there may be
a yellow pigment—lutein—-staining the scar.

(e.) (H) The germinal epithelium, and under it the tunica
albuginea, composed of two or more layers of connective-tissue
lamellae—with fusiform cells—crossing each other. It gradually
passes into the stroma.

(/.) The Coverings of the Follicle.—Select a well-developed or
nearly ripe ovum (.5-5 mm. in diameter). Outside is the theca
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folliculi, composed of two layers, an outer one fibrous—the tunica
fibrosa—and inside it a layer with blood-vessels—the tunica
propria. Inside this several layers of cubical cells, constituting
the membrana granulosa. From this there projects a mass of
cells at one part, forming the cumulus or discus proligerus. The
cells are continued as the tunica granulosa around the ovum.
Between the tunica and membrana granulosa is a space which
encloses a fluid in the large follicles-—the liquor folliculi.

(g.) The ovum, composed externally of a hyaline membrane—-
the zona pellucida —enclosing more or less granular cell-contents :

the vitellus or yelk ; and placed excentrically in this the germi-

Cells of discus proligerus.

Germinal
spot.

Yelk.

Accessory
nuclei n.,
also /.

''Germinal vesicle Zona pellu
cida.

Fro. 337. —RipeOvum ofRabbit highly magnified.

nal vesicle (corresponding to a nucleus), with its small excentric
germinal spot (corresponding to a nucleolus).

(h.) Small Unripe Ova. —Besides the difference in size, the
follicles show no separation between the tunica and membrana
granulosa. They form a layer of cells in which the small ovum
appears to be embedded.

2. The Ovum (fig. 337).—A fresh ovum may be obtained thus.
Take the ovary of a cow or sheep, which on its surface shows
clear elevations about the size of peas, filled with a watery-look-
ing fluid; these are ripe follicles. Prick the follicle and receive
its contents upon a slide. The liquor folliculi escapes, and with
it the ovum surrounded by the cells of the tunica granulosa.
With (L) search for the ovum in the fluid on the slide. Do not
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cover the preparation while doing so. If a cover-glass be applied,
two strips of paper must be placed under the cover-glass to avoid

Connective
tissue.

Ciliated
epithelium.

Circular mus-
cular fibres.

Muscular fibres,
cut across.

EiG. 338.—T.5. of Fallopian Tube.

pressure upon the delicate ovum. Observe the ovum, and
in it will be seen the parts al-
ready described and shown in
fig. 337.

3. T.S. Fallopian Tube (L
and H).—This is hardened in
Muller’s fluid. Make trans-
verse sections, and stain them
either with picro-carmine or log-
wood.

(a.) Observe, most external,
the thin serous coat.

(h.) Inside this the muscular
coat, composed of non-striped
muscle, a very thin longitudinal
layeroffibres,and a muchstronger
circular layer.

(c.) A thin submucous coat.
(d.) The mucous coat, thrown

into numerous ridges or folds,
i.e., sections of longitudinal folds,
so that the lumen of the tube

Fig. 339.—T.5. of the Fimbriated Extre-
mity of the Fallopian Tube of Pig.

appears somewhat star-shaped or branched (fig. 338). Some-

times the processes of the mucous membrane are very complex in
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their arrangement, and give rise to arborescent-looking folds in
transverse sections (fig. 339).

(e.) (H) The thick mucous coat is covered by a single layer of
low cylindrical ciliated cells, but there are no glands, although
the depressions act the part of glands. Under this is connective
tissue with a very thin muscularis mucosae.

4. T.S. Fimbriated End of Fallopian Tube stained in borax-
carmine and cut in paraffin. Observe the very complex folds of
the mucous membrane, each with secondary folds and covered by
ciliated epithelium. The folds are much higher and far more
complex than they are in the Fallopian tube (fig. 339).

UTERUS.
The wall of the uterus is composed of smooth muscle lined by

a mucous membrane. As a rule, three layers of muscular fibre

I’IG. 340. —y.S. Uterus of a
Bitcli.

can be distinguished in the muscular
coat ; the external layer having an
irregular course, the middle one is ar-
ranged longitudinally, and the inner one
more circularly. The mucous mem-
brane (x mm. thick) consists of connec-
tive tissue containing a very large num-
ber of cells and nuclei, and embedded in
it are tubular glands—utricular glands
—some of them simple, and others
branched (fig. 340), especially at their
lower ends. These glands seem to be
devoid of a membrana propria, but the
surrounding connective tissue is arranged
around them in a concentric manner.
The body of the uterus, upper half of
the cervix, and the uterine glands are
lined by a single layer of short colum-
nar ciliated epithelium. The vaginal
portion of the uterus is lined by strati-
fied squamous epithelium, and carries
small vascular papillae covered in by the
epithelium. The mucous membrane
rests directly on the muscular coat,
there being no proper submucosa. Small
processes of smooth muscle from the
muscular coat are prolonged inwards
between the bases of the glands. The

mucous coat is very vascular and contains many lymphatics.
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5. The Uterus.—It is rare that the human uterus is obtained
sufficiently fresh to form a good object for microscopical prepara-
tions. Harden the uterus of a bitch, cat, or rabbit, in chromic
and spirit fluid, alcohol, or Midler’s fluid. Make transverse
sections, and treat them as for the Fallopian tube.

(a.) Observe the serous, muscular, and mucous coats as in the
tube, but here the muscular coat is very thick, and is composed
of numerous fibres arranged in bundles and running in all
directions. The arrangement of these bundles is much simpler
in animals than in the human uterus.

(b.) The mucosa is covered by a single layer of cylindrical
nucleated cells, and has numerous glands, which are lined by
similar cells. Not unfrequently the gland-tubes branch, especially
near their lower extremities. It is difficult to retain the cilia on
the epithelium lining the cavity of the uterus and its glands.
Between the tubules is a relatively large amount of connective
tissue containing many nucleated corpuscles and blood-vessels.
As the glands pursue a curved course, and do not always run at
right angles to the mucous surface, it is difficult to obtain a
section through the entire length of a gland (fig. 340).

LESSON XXXVII.

MAMMARY GLAND, UMBILICAL CORD, AND
PLACENTA.

The mammary gland is a compound racemose gland, but it has
about twenty galactoferous ducts which open on the nipple,
each duct being dilated into a small reservoir just before it ends
on the surface. The ducts, when traced backwards, branch and
end in acini or saccular alveoli. The alveoli-—as in all glands—

vary in appearance according as the gland is or is not active.
The walls of the ducts and acini consist of a basement mem-
brane, said to be composed of branched cells, which in the acini
is lined by a single layer of somewhat flattened polyhedral
secretory cells. A cluster of acini gives origin to one of the
larger ducts, and a considerable amount of connective tissue lies
between groups of acini. In fact, the connective tissue greatly
preponderates. During lactation the secretory cells are taller
and larger, and in their interior—probably from the protoplasm
of the cells themselves—are formed the fatty granules which are
discharged to form the milk globules. The active gland pre-
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sents some resemblance to a salivary gland, so closely are the
alveoli pressed together, with only a small quantity of interstitial
connective tissue between them. The acini are in groups and

Fig. 341.—T.5. Mammary Gland. D. Duct; A. Group
of acini with much connective tissue between, x20.

separated from each
other by fibrous imper-
fect septa. Numerous
corpuscles, including
plasma-cells, occur in
the alveolar connective
tissue. The ducts are
lined by columnar epi-
thelium, and in a sec-
tion of a human gland
they appear large.

(i.) Harden small
parts of the mammary
gland in absolute al-
cohol. Select, when
possible, the gland of
a recently pregnant
woman (or animal).

Stain the sections in hsematoxylin and mount in balsam, i.e. , to
get a general view of the gland structure.

(ii.) Harden very small pieces of a fresh gland, e.g., from a

Fig. 342. —T.S. Secreting Mammary Gland, Mouse.
Fol’s solution and saflranin, x 300.

Fig. 343. —Colostrum.

pregnant cat or rabbit, in Flemming’s mixture and stain the
sections (very thin) in saffranin.

1. V.S. Mammary Gland (.Hcematoxylin) (L and H) (fig. 341).
(a.) Observe the groups of acini, separated by a relatively large

amount of somewhat loose connective tissue, and sections of the
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ducts (D). The sections should be made so as to include the
nipple, when the larger ducts with their dilations will be seen.
The ducts are large between the lobules, and within the latter
the course of the finer ducts can readily be traced.

(b .) The globular acini, with a basement membrane lined by a
single layer of somewhat flattened or cubical epithelium. In the
inter-alveolar tissue many leucocytes and plasma-cells.

2. Active Mammary Gland ( Saffranin) (H).
(a.) Study specially the acini. Observe the large and tall

columnar cells lining the acini, and in some of the cells clear
refractive granules of fat. The lumen is wide, and is usually
partially filled with the debris of the secretion-milk. Osmic acid is
a good agent for showing the presence of fatty granules (fig. 342).

3. Colostrum (H), i.e., the first milk secreted after delivery.
If this can be obtained, examine it, and note, in addition to the
ordinary milk-globules (Lesson I. 3), large coarsely granular
nucleated refractile cells—colostrum corpuscles. The granules
are sometimes pigmented, and are fatty (fig. 343).

UMBILICAL CORD AND PLACENTA.

4. T.S. Umbilical Cord. —Harden this in Muller’s fluid or
alcohol. Make T.S. by freezing, and stain them with heema-
toxylin or picro-carmine. Methyl-violet is also a good stain.

(a.) Note on the outside of the circular mass of tissue a thin
layer of flattened cells derived
from the amnion.

(b.) The cord itself, com-
posed of Wharton’s jelly, en-
closing usually two umbilical
arteries and a single vein.
The blood-vessels have very
thick muscular coats. They
are completely surrounded by
Wharton’s jelly, which, how-
ever, in a cord at full time
is very largely composed of
fibrous tissue. Still numerous
branched connective tissue
corpuscles exist in the meshes,
and there are also present

Fig. 344. —Human Placenta Villi. Blood-
vessels black.

numerous lymphoid-looking cells. (See also Lesson XII. 9.)
5. Fresh Placenta (H).—Tease a fragment of a placenta in

normal saline. Note the villi, each long, tapering, and branched.
In the interior capillary loops which occupy the greater part of
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the villus, so that only a small amount of connective tissue inter-
venes between the vessels. Bach villus is covered on its surface
by a layer of epithelium, which, however, is thin at one part and
thick at another. Especially at the ends of the villi are large
granular masses of protoplasm containing many nuclei, but one
cannot make out a separation of these masses into cells. They
often contain vacuoles. The arrangement of the blood-vessels
may be followed from the distribution of the blood-corpuscles
(fig- 344)-

Small portions of a placenta are also to be hardened in Mtilier’s
fluid and stained in bulk in borax-carmine. Individual villi may
be isolated in dilute alcohol or osmic acid.

6. Injected Placenta.—Examine a vertical section of a placenta
with the foetal blood-vessels injected, say blue, and the maternal
vessels red. Observe how the one set interlocks with the other,
yet both systems are closed and do not communicate with each
other.
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Hand. d. klin. Mikroskop., Erlang., 2nd ed., 188S.—Carnoy, Gilson, and
Denys, Biol. Cellul., Louvain, 1884-88.— Friedlander and Eberth, Mik
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Technik., 4th ed., Berlin, 1888.—Gierke, Farberei z. mik. Zwecken, Braun.,
1885.—Fromann, Unters. ii. thier. u. pflanz. Zellen, Jena, 1884.—Wieders-

heim, Lehrb. d. verg]., Anat. Jena, 1888.—S. L. Schenk, Grundriss der
Histologie d. Menscben, Vienna, 1885.—Orth, Cursus d. norm. Histol., 4th
ed., 1886. —S. Mayer, Histolog. Taschenbuch, Brag, 1887.—Stohr, Lehrb. d.
Histol., 3rd ed., Jena, 1890.—Lee and Henneguy, Traite de meth. de PAnat.,
Paris, 1888.—Foster and Langley, Pract. Phys., sth ed., 1884.—Friedlander
and Martinotti, Tecnica microscopica, Turin, 1885.—Journal de Micrographie,
edited by Pelletan, Paris.—Zeitsch. fiir wiss. Mikroscop., edited by Behrens.
—Zoolog. Anzeiger, edited by Victor Cams.—Dippel, Das Mikroskop und
seine Anwendung.—Garbini, Manuale per la tecnica mod. del Mikroscopio.—
Ellenberger, Vergleich. Histol. der Hausthiere, vol. i., Berlin, 1887.—

Behrens, Kossel, and Schiefferdecker, Das Mikroscop, Pt. i., Braunschweig,
1889.-—Internat. Monats. f. Anal. v. Phys., edited by W. Krause.

B. —TABLES OF MAGNIFYING POWER OF OBJEC-
TIVES AND OCULARS.

This table is calculated for a 10-inch tube, and gives approximately the
magnifying power; but if accuracy be required, each combination of lenses
and objectives must be measured by the method already described at page io.
(After Gibhcs.)

Hartnack’s Dry Lenses.

Objective.
Magnifying

Power of Ob-
jective alone.

Eyepiece No. 1 (A)
magnifies 5times; combined

with Objective
magnifies

Eyepiece No. 2(B)
magnifies

times; combined
,( with Objective

magnifies

Eyepiece No. 4(D)
magnifies 20

times ; combined
with Objective

magnifies

1 inch. IO 50 75 200
4

17T » 25 125 187 5°o
l
4 55 40 200 300 800
1
5 55 50 250 375 1000
1 60 300 45° 1200
1
¥ 55 80 400 600 1600
1

TO 5 5 100 500 750 2000
1

55 120 600 900 2400

Objective.
Ocular.

■

No. 1. No. 2. No. 3. No. 4.

4 40 50 65 IOO
7 150 220 3°° 450
8 250 360 400 600
9 360 430 520 850
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Magnifying Power of Zeiss’s Objectives and Oculars.

The lens A* is a particularly useful low power lens, as by merely rotating
a collar, a great variety of magnifying power is obtained without changing
the lens.

Magnifying Power of Leitz’s Objectives and Oculars.

C.—LIST OF MAKERS OF MICROSCOPES, &c.
Microscopes.

English Makers.
Powell & Lealand, 170Euston Road, London, N.W.
R. & J. Beck, 68 Cornhill, E.C.
Swift & Son, 81 Tottenham Court Road.
C. Baker, 244 High Holborn.
H. Crouch, 66 Barbican.

Objective.

Length of Tube 155 MM.
Ocular.

No. 1. No. 2. No. 3. No. 4.

A 7 11 15 22
A* 4-12 7-17 10-24
A, AA 3*8 52 71 97
B, BB 70 95 130 175
C, CG 120 i45 i95 270
D, DU 175 230 320 435
E 270 355 490 670
E 0Ln 540 745 1010

Number
of

Objective.

Magnify-
ingPower
of Objec-
tive with-
outOcular.

Length of Tube 160 m.m.
Ocular.

0 =5.6. 1. = 6.9. 11. = 8.5. III, = 12.7. IV. = 16.3. V. = 19.1.

I 3-2 16 21 25 39 50 60
2 5 26 34 40 63 81 95
3 9 47 62 72 114 146 171
4 ii 58 75 88 139 179 210
5 26 137 179 208 330 423 496
6 34 180 234 272 431 554 649
7 47 250 325 380 600 770 900
8 60 3 l8 414 480 762 978 1146
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Foreign Makers.
Carl Zeiss, Jena.
E. Hartnack, Waisenstrasse, 39, Potsdam.
W. & H. Seibert (successors to Gundlach), Wetzlar.
C. Reichert, Bennogasse, 26, Vienna.
Ernest Leitz, Wetzlar.
E. W. Shieck, Hallesche Strasse, 14, Berlin, S.W.
Nachet et Fils, Rue St. Severin, 17, Paris.
C. Verick, Rue des Ecoles, Paris.

Microtomes.
To he had from most of the above Firms, and also from—

Ziinmermann, Albert Strasse, Leipzig (Maker of Minot’s Microtome).
R. Jung, Heidelberg (Maker of Thoma’s Microtome).
Schanze, Pathologisches Institnt, Liebig Strasse, Leipzig.
W. Hume, Lothian Street, Edinburgh.
A. Fraser, Lothian Street, Edinburgh (Maker of Cathcart’s Microtome).
J. Gardner, Teviot Place, Edinburgh (Maker of Rutherford’s Microtome),
Cambridge Scientific Instrument Co.

Chemicals and Histological Reagents.

Hopkin & Williams, 16 Cross Street, Hatton Garden, London, E.C.
R. & J. Beck, London.
Baker, 244 High Holborn, London.
Southall Bros. & Barclay, Dalton Street, Birmingham.
Dr. Georg Grubler, Bayersche Strasse, 12, Leipzig.

D.—Weights and Measures, Equivalents.
Centigram . . .154 English grains.
Decigram . .

= 1.543 ~

Gram .... =15.432 ~

I fluid ounce . . =2B cubic centimetres,
1 fluid drachm .

. = 3.9 „ „

1 inch .
. .

. = 2 -539 centimetres.
1 foot . . . .

= 3.047 decimetres.



Absorption of fat, 236.
Acid-alcohol, 55.
Adenoid reticulum, 194.

■ tissue, 139, 193.
Adipose tissue, 136.
Air-bubbles, 82.
Albo-carbo light, 23.
Albuminous glands, 2x4.
Alcohol, 29.
Alum carmine, 57.
Ammonium bichromate, 28.

chromate, 25, 28.
Amoeboid movement, 89, 94.
Aniline blue-black, 63.

dyes, 61.
oil, 61,

Aorta, 185.
Apochromatic lenses, 14.Aqueoushumour-, 24.Arachnoid, 275.
Areolar tissue, 129, 131.
Arrector pili, 269.
Arsenic acid. 33,
Arteriole, 188.
Artery, 182.

elastic fibres in, 191.
endothelium of, 187.

Articular cartilage, 121.

Atrophic fat-cells, 138.
Auerbach’s plexus, 231.
Axis-cylinder, 171.
Bacteria, 84.
Balsam, 68, 70.
Basement membrane, 259.
Benzo-azurin, 286.
Bile-ducts, 242.

auto-injection of, 242.
Bismarck brown, 63.
Bladder, 260.

cells of, 108, 263.
frog’s, 109, 155.

Blood, colourless corpuscles of, 89.
effects of reagents on, 89,

90, 91, 94.
feeding of, 91.

INDEX.

Blood, colourless corpuscles of, gly.
cogen in, 91.

migration of, 91.Blood-corpuscles,
bird, 88.
crenation of, 96.
crystals from, 97.

——- double staining, 92.
enumeration of, 98.fish, 8g.
frog, 85.
human, 93.
leuksemic, 98.

Blood, effect on, of acetic acid, 86.
of boracic acid, 88.
of hydrochloric acid, 87.
of magenta, 88.

—— of osmic acid, 88.
of syrup, 87.
of tannic acid, 87.of water, 87.

Blood-plates, 99.
Blood-serum, 24.Blood-vessels, x8o.

development of, 191.
Bone, 14 x.

blood-vessels of, 146.
cancellated, 146.
corpuscles, 144.
decalcified, 144.development of, 148, 151.marrow of, 152.
perforating fibres, 145.
polarised light, 147.Borax-carmine, 54, 55,

Bowman’s glands, 308.Bronchus, 244, 247.Brownian movement, 80.
Brunner’s glands, 233.

Cabinet, 2.
Calcified cartilage, 147.Camera lucida, 17.Abbe’s, 18.

Chevalier’s, 18.
Malassez’s, 19.
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Camera, Zeiss’s, 17.Canada balsam, 69.
Capillaries, 183, 189.
Cardiac glands, 221.
—— muscle, 163.
Carmine, 54.

Frey’s, 54.
Cartilage, 118.

articular, 121.
cellular, 119.

—— costal, 120.
cuttlefish, 122.
encrusting, 150.

■ epiphysial, 150.
fibrous, 123.
parenchymatous. 119.
transition, 126, 127.Caustic potash, 25.

Cell-spaces, 131, 135, 136.
of cornea, 297.

Cellular cartilage, 119.
Cement of tooth, 210.
Central nervous system, staining of,

283.
freezing method, 284.

■ Golgi’s methods, 286.
Pal’s method, 286.

Central tendon, 135, 195.
Cerebellum, 288, 292.

blood-vessels of, 290.
Golgi’s method, 292.

Cerebrum, 290.
blood-vessels of, 291.
Golgi’s method, 293.
Weigert’s method, 293.

Ceruminous glands, 304.
Chalice-cells, 112, 227.
Choroid, 297.

pigment-cells of, 298.
Chromic acid, 24, 27.
Ciliary muscle, 299.

motion, 109.
effects of reagents on, no,

in.
Ciliated epithelium, 109.

isolated cells, 112.

Circulation of blood, 189.
Circumvallate papillae, 204.
Clarifying reagents, 67.
Clarke’s column, 281, 282.
Coarsely-granular cells, 131.
Cochineal, 57.
Cochlea, 304.
Cohnheim’sareas, 163.
Colostrum, 327.
Columnar epithelium, 106.
Condenser, 11.
Cones, 302.
Connective tissues, 127.
Convoluted tubules, 257.
Copper acetate, 283.

Cornea, 294.
cell-spaces of, 297.
corpuscles, 295.
nerves of, 295.

Corrosive sublimate, 31.
Cortex cerebri, 293.
Cortical arteries, 292.
Corti’s organ, 306.
Costal cartilage, 120.
Cotton fibres, 82.
Cover-glasses, x.

to clean, 78.
Cover-glass tester, 23.
Crab's muscle, 160.
Crenation, 96.
Crista acustica, 307.
Crusta petrosa, 208, 209.
Cuttlefish cartilage, 122.

Dahlia, 62.
Dammar lac, 70.
Decalcifying fluids, 33.
Decussation of pyramids, 287.
Demilunes, 214, 216, 220.

Dentine, 208, 209.
Descemet’s membrane, 295.
Diaphragm, 195.
Diaphragms, 8.
Dilute alcohol, 24.Dissecting case, 2.

microscopes, 22.
Dogiel’s method, 106.
Drawing materials, 3.
Dry cover-glass preparations, 92.
Duck's bill, 310.
Dura mater, 275.

Ear, 126, 304.
Ebner’s fluid, 33.
Ehrlich-Biondi fluid, 114.
Ehrlich’s hsematoxylin, 59.
Eimer, organ of, 314.
Elastic fibres, 127.

• Herxheimer’s method, 131.
Martinotti’s reaction, 130.

Embedding, 36.
boxes, 39.
in celloidin, 40, 283.

—— in gum, 37.
in paraffin, 37. 38.

Enamel, 208.
End-bulbs, 311.
Endocardium, 182.
Endothelium, 104.

of arteries, 187.
End-plates, 181.
Eosin, 60.
Eosin-hsematoxylin, 60.
Epidermis of man, 264, 265.

of newt, 101.
Epididymis, 320.
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Epiglottis, 125.
Epiphysis, 150.
Epithelium, 100.

ciliated, 109.
columnar, 106.
glandular, 108.

—— secretory, 108.
squamous, 100.
transitional, 108, 263.

Brlicki’s fluid, 28.
Eternod’s rings, 64.
Eye, 294.

blood-vessels of, 302.
triton’s, 303.

Eyelid, 303.
Fallopian tube, 323.
Tarrant’s solution, 69.
Fat-cell, 136.

action of reagents on, 137.
atrophic, 138.
development of, 138.

Fenestrated membranes, 129, 186.
Fibres of Tomes, 210.
Fibrin, 96, 99.
Fibro-cartilages, 123.
Filiform papillae, 204,
Fixatives, 52.
Fixing fluids, 27.Flemming’s fluid, 30.
Fol’s solution, 30.
Formatio reticularis, 288.
Free nerve-endings, 309.
Freezing fluid, 41.Frog’s heart, nerve-cells of, 191.
Fromann’s lines, 170, 287.
Fuchsin, 62.
Fundus glands, 224.
Fungiform papillae, 204.
Gamboge, 80.
Gasserian ganglion, 175, 176.
Gastric gland-cells, 225.
Genital corpuscles, 313.
Gentian violet, 62.
Germinating epithelium, 197.
Glandular epithelium, 108.
Glia-cells, 276, 286.
Glisson’s capsule, 238.
Glycerine, 69.

jelly, 69.
Glycogen. 243.
Goblet-cells, 112, 227.
Gold chloride, 65.Golgi’s methods, 65, 180, 285, 286.
Goll’s column, 280.
Graafian follicles, 321.Gram’s method, 84.Grandry’s corpuscles, 310.Guanin cells, 140.
Gustatory cells, 207.

Hematoxylin, 58.
acid, 59.
Bocbmer’s, 58.
Delafield’s, 58.
glycerine, 59.
Kleinenberg’s, 59.
nucleus-staining, 58.Weigert’s, 283.Haemoglobin, 97.

Hamiin, 97.
Hair, human, 271.blood-pigment in, 274.development of, 274.elements of, 272.

rabbit’s, 272.
Hair-follicles, 268.

coverings of, 269.
development of, 274,
double-staining of, 272.

Hairs, tactile, 274, 314.Hamilton’s hsematoxylin, 58.Hardening fluids, 27.
Hard palate, 102.
Hartnack’s dry lenses, 329.
Hassall’s corpuscles, 200.Hayem’s fluid, 98.
Heart, 182.

valves, 184.
Henle’s tubule, 257.
Herbst’s corpuscles, 312.
Herxheimer’s method, 131, 191.Horny epidermis, 103.
Hot stage, 95.
Howship’s lacunae, 150.Hyaline cartilage, 119.
Hypodermic syringe, 131.
Hypophysis cerebri, 293.

Illumination, artificial, 21.
Immersion lenses, 12.
Incremental lines, 209.Indigo-carmine, 57, 242.Indirect cell-division, 116.
Inflammation, igi.
Injection mass, 73.

methods of, 75.
Intercostal nerve, 170.Interglobular spaces, 209.
Interlobular artery, 258.
Intervertebral disc, 124.Intestine, large, 233.

small, 225.
lodine green, 62.
lodised serum, 24.Irregular tubules, 257.
Irrigation, 86.

KARTOKINESIS, 115, 117, 118, 236.
Kidney, 252.

blood-vessels of, 255.
convoluted tubules, 257.
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Kidney, fresh, 259.
glomerulus, 255.

■ injected, 258.
——— irregular tubules, 257.
•- medullary ray, 258.
Kleinenberg’s hsematoxylin, 59.

fluid, 29.
Klein’s fluid, 27.
Kochs-Wolz lamp, 22.

Labels, 4.Lacteal, 227.Landois’ fluid, 25.
Large intestine, 233.
Leitz’s lenses, 331.
Lens, 299.
Lenses, apochromatic, 14.dry, 12.
-—— imraeysion, 12.
Leukaemia, 97;
Lieberkiihn’s glands, 226, 234.

mitosis in, 236.
Ligamentum nucbse, 128.
Linen fibres, 82.
Lithium carmine, 55.
Liver, 236.

bile capillaries of, 240, 242,
bile ducts, 242.blood-vessels of, 240.
cells, 118, 243.
frog’s, 239.
glycogen in, 243.
human, 239.
pig’s, 238, 241.rabbit’s, 241.

Logwood, 60.
Lungs, 248.

blood-vessels of, 249.
dried, 249.
elastic fibres in, 252.
foetal, 249.
fresh, 249.
frog’s, 251.
newt’s, 251.

Lymph, 91.
channels, 195.
follicles, 228.
gland, 192, 193.

Lymphatics, 192.

Macula lulea, 303.
Magenta, 62.
Magnifying power, 84.

powers of objectives, 329.
Malpighian capsule, 256.

pyramid, 257.
Mammary gland, 325.

active, 327,
Margarine crystals, 137.
Marrow, 152.
Martinotti’s methods, 118, 130.

May’s methods, 180.
Mayer’s embedding bath, 37.
Measures, 332.
Medulla oblongata, 277, 287.

olivary bodies, 288.
Medullary arteries, 292.

ray, 258.
Medullated nerve-fibres, 165, 168.
Meissner’s plexus, 232.
Membrana tympani, 304.
Mercuric chloride, 31.
Merkel’s corpuscles, 310.
Methylated spirit, 29.
Methylene-blue, 62.
Methyl-violet, 61.
Micrococci, 84.
Micrometer, 21.
Micro-organisms, 82.
Microscope, 5.

- dissecting, 23.
illumination of, 6.
magnifying power of, 19.
makers of, 331.

Microtomes, 42.
-—— Cambridge, 47.Cathcart’s, 45.

Jung’s, 48.
—— makers of, 332.

Malassez’s, 45.Minot’s, 46.
Ranvier’s, 52.
Roy’s, 45.
Rutherford’s, 42.
Swift’s, 51.Thomas’s, 48.
Williams’, 49.

Milk. 78.
Mitosis, 115, 117, 118, 236.
Mounting block, 72.fluids and methods, 68.
Mole’s nose, 314.
Mucigen, 114.
Muco-salivary glands, 213, 217.Mucous glands, 205, 212, 214, 220.

tissue, 138.
Muller’s fluid, 27.

and spirit, 27.
Multipolar nerve-cells, 177, 279.
Muscle, 154.
• striped, 157.
Myelin, 285.

drops, 169.
Myeloplaxes, 149, 153.
Myocardium, 182.

Nail, 273.
double-stained, 274.

Needles, 2.
Nerve-cells, 177.cover-glass preparations of, 179.in frog’s heart, 191.
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Nerve-cells, multipolar, 177, 279.
■ —— pyriform, 182.

spinal cord, 279.
sympathetic, 177.

—— transverse markings on, 287.
Nerve-endings, 180.
Nerve-fibres, 165.

axis-cylinder of, 171.
in osmic acid, 169.
intercostal, 170.
medullated, 165, 168.
non-medullated, 166.
to muscle, 179.
transverse markings on, 287.

Nerve-plexus in intestine, 230.
Nerve-trunks, 167.
Neuro-epithelial cells, 309.
Neuroglia, 276, 284.Neurokeratin, 173.
Newt’s cartilage, 119.
Nitric acid, 31.
Nodes of Ranvier, 166.
Non-medullated nerve-fibres, 166.
Non-striped muscle, 155.

cement of, 156.
plexus in, 157.

Normal fluids, 23.
Nose, 307.

Objectives, 9.
Oculars, 9.Odontoblasts, 210.
Oesophagus, 211.
Oikoid, 87.
Olfactory cells, 307.
Olivary bodies, 288.
Omentum, 104.
Opaque injections, 240.
Optic nerve, 302.

entrance of, 303.
Osmic acid, 25, 30.
Ossification, 149.
Osteoblasts, 144.
Osteoclasts, 149.
Ovary, 320.
Ovum, 322.

Pacinian corpuscle, 265, 311.
Palate, bard, 102.

soft, 207.
Palm of hand, 264.
Pal’s method, 286.
Pancreas, 218.
Papillae foliate, 206.

of skin, 265.
of tongue, 204.

Paraffin, 56.
Parotid gland, 213.Penicillium, 83.
Penis, 262.
Perforating fibres, 145.

Pericardium, 182.
Periodontal membrane, 210.
Periosteum, 144.Peyer’s patch, 228.
Photophore, 26.
Pia mater, 187, 275, 280.
Picric acid, 29, 33.Picro-carmine, 56.
Picro-lithium carmine, 56.
Picro-sulphuric acid, 29.
Pigment-cells, 140.

choroid, 298.
Pipettes, 3.
Placenta, 327.

injected, 328.
Plasma-cells, 130.
Pleura, 250.
Polariscope, 164.
Polarised light, 147.
Portal vein, 238.
Potassic bichromate, 25, 28.
Potato starch, 80.
Preparation of tissues, 34.
Prickle cells, 103, 267.
Pulp cavity, 210.

Purkinje’s cells, 289, 292.
fibres, 184.

Pyloric glands, 224.
Pyloro-duodenal region. 225.
Pyriform nerve-cells, 182.

Haul's fluid, 30.
Ranvier’s crosses, 170.
• nodes, 166.
Rectified spirit, 29.
Red marrow, 153.
Respiratory organs, 245.
Retina, 300.

cones of, 302.
frog’s, 301, 303.
macula lutea, 303.

Retro-lingual gland, 213.
Rice-starch, 80.
Rosaniliu, 62.

Saffranin, 73.Salivary corpuscles, 101.
glands, 212.

Sarcolemma, 158.Sai’cous elements, i6r.
Sartorius, nerve of, 180.
Scalp, 270.
Schiefferdecker’s fluid, 25.
Schizomycetes, 84.
Schreger’s lines, 209.
Sclerotic, 297.
Sebaceous glands, 271.Section cutting, 42.flatteners, 52.

in series, 53.
lifter, 3.
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Semicircular canals, 307.
Sensory nerve-terminations, 309.
Septum cisternse, 196.
Serial sections, 53.
Serous glands, 205, 213, 217.Sharpey’s fibres, 145.
Silver lines, 104.
-- nitrate, 64.
Skin, 263, 309.

blood-vessels of, 272.
• cutis vera, 265.

elastic fibres in, 274.finger, 267.
foetal, 268.
injected, 272.
negro’s, 267.
sebaceous glands of, 269.

■—— sweat-glands of, 266, 272.
Slides, 1.
Small intestine, 225.

absorption of fat, 236.
——- blood-vessels of, 228.

nerve-plexuses of, 230.
Sodium picro-carmine, 57.
Soft palate, 207.
Solitary follicles, 224, 228.
Spermatogenesis, 317.
Spermatozoa, 318.

cover-glass preparations, 319.
frog’s, 319.
human, 319.
newt’s, 319.

Spiller’s purple, 62.
Spinal cord, 275, 277.blood-vessels of, 285.cells of, 279.

central canal of, 282.
columns of, 275, 276.
commissures of, 275.

—— cornua, 280.
dry preparation of, 285.
fissures of, 275, 279.
grey matter of, 279.

——- longitudinal section, 282.
nerve-fibres of, 285.

—— substantia gelatinosa, 275.
white matter of 279, 280.

- ganglia, 174.Spleen, 200.
injected, 202.

Squames, 100.

Staining in bulk, 38.reagents, 54.
Starch, potato, 80.

rice, 80.
Stomach, 220.

blood-vessels of, 225.
cardiac end, 221.
double staining of, 225.
pyloric end, 224.

Stomata, 197.

Stratified epithelium, 102, 265.
Striped muscle, 157.

cardiac, 163.
crab’s, 160, 164.
discs, 160.
fibrillse of, 159.
frozen, 163.

• injected, 162.
isolated fibres, 159.
living, 164.
red, 163.
sarcous elements of, i6r.
tendon of, 160.

Sublingual gland, 212.
Submaxillary glands, 213, 217.
Substantia gelatinosa, 275.
Sulphocyanideof potash, 108.
Suprarenal capsule, 262.
Sweat-glands, 266, 268.
Sympathetic nerve-fibres, 172.ganglia, 176.
Syringes, 75.

Tactile cells, 310.
hairs, 274, 314.

Tannic acid, 87.
Taste-buds, 206.
Teasing, 26.
Tendon, 132.
Terminal corpuscles, 309, 310.
Testis, 314, 316.
Thymus gland, 198.
Thyroid gland, 260.
Tizzoni’s reaction, 243.
Tongue, 203.

frog’s, 114.injected, 205.
■ papillae of, 204.
Tonsils, 197.
Tooth, 208.

development of, 210.
softened, 209.

Touch-corpuscle, 265, 267, 268, 313.
Trachea, 244, 247.
■ elastic fibres in, 252.
Transitional epithelium, 108, 263.
Tubules of kidney, 252.

isolated, 260.
Turntable, 72.
Umbilical cord, 327.
Ureter, 260.
Uterus, 324.
Valentin’s knife, 42.
Valves of heart, 184.
Vasa recta, 259.
Vas deferens, 315, 320.
Vater’s corpuscles, 313.
Veins, 183, 188.
Vesuvin, 63.
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Villus of intestine, 227, 235.

absorption by, 236.
injected, 229.

• muscle in, 235.
Wagner’s touch-corpuscles, 268, 313.
Waxy liver, 36.
Web of frog’s foot, 189.
Weigert’s hsematoxylin, 283.

for staining central ner-
vous system, 283.

methods, 99.
Weights, 332.
Welsbach light, 22.

Wharton’s jelly, 138.
White fibro-cartilage, 124.
Wool, 82.
Works of reference, 328.
Xylol, 68.

balsam, 70.

Yeast, 83.
Yellow fibro-cartilage, 25

Zeiss’s lenses, 331.
Zinc cement, 72.
Zooid, 87.

THE END.
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An excellent Series of Manuals.”—Archives of Gyncecology.

A NEW SERIES OF
STUDENTS’ MANUALS

On the various Branches of Medicine and Surgery.
Can be used by Students of any College.

Price of each, Handsome Cloth, $3.00. Full Leather, $3.50.
The object of this series is to furnish good manuals

for the medical student, that will strike the medium
between the compend on one hand and the prolix text-
book on the other—to contain all that is necessary for
the student, without embarrassing him with a flood of
theory and involved statements. They have been pre-
pared by well-known men, who have had large experience
as teachers and writers, and who are, therefore, well
informed as to the needs of the student.

Their mechanical execution is of the best—good type
and paper, handsomely illustrated whenever illustrations
are of use, and strongly bound in uniform style.

Each book is sold separately at a remarkably low
price, and the immediate success of several of the
volumes shows that the series has met with popular
favor.

No. 1. SURGERY. 236 Illustrations.
A Manual of the Practice of Surgery. By Wm. J.

Walsham, m.d., Asst. Surg. to, and Demonstrator of
Surg. in, St. Bartholomew’s Hospital, London, etc.
228 Illustrations.

Presents the introductory facts in Surgery in clear, precise
language, and contains all the latest advances in Pathology,
Antiseptics, etc.
“ Itaims to occupy a position midway between the pretentious

manual and the cumbersome System of Surgery, and its general
charactermay be summed up in one word—practical.”—The Medi-
cal Bulletin.

“Walsham, besides being an excellent surgeon, isa teacher in
its best sense, and having had very great experience in the
preparation of candidates for examination, and their subsequent
professional career, may be relied upon to have carried out his
work successfully. Without following out in detail his arrange-
ment, which is excellent, we can at once say that his book is an
embodimentof modern ideas neatly strung together, with an amount
of careful organization well suited to the candidate, and, indeed, to
the practitioner.”—British Medical Journal.

Price of each Book, Cloth, $3.00 ; Leather, $3.50.



THE NEW SERIES OF MANUALS. 3

No. 2. DISEASES OF WOMEN. 150 Ulus.
NEW EDITION.

The Diseases of Women. Including Diseases of the
Bladder and Urethra. By Dr. F. Winckel, Professor
of Gynaecology and Director of the Royal University
Clinic for Women, in Munich. Second Edition. Re-
vised and Edited by Theophilus Parvin, m.d.,
Professor of Obstetrics and Diseases of Women and
Children in Jefferson Medical College. 150 Engrav-
ings, most of which are original.
“The book will be a valuable one to physicians, and a safe and

satisfactoryone to put into the hands of students. It is issued in a
neat and attractive form, and at a very reasonable price.”—Boston
Medicaland Surgical Journal.
No. 3. OBSTETRICS. 227 Illustrations.

A Manual of Midwifery. By Alfred Lewis Galabin,
M.A., m.d., Obstetric Physician and Lecturer on Mid-
wifery and the Diseases of Women at Guy’s Hospital,
London; Examiner in Midwifery to the Conjoint
Examining Board of England, etc. With 227 illus.
“This manual is one we can strongly recommend to all who

desire to study the science as well as the practice of midwifery.
Students at the present time not only are expected to know the
principles of diagnosis, and the treatment of the various emergen-
cies and complications that occur in the practice of midwifery, but
find that the tendency is for examiners to ask more questions
relating to the science of the subject than was the custom a few
years ago * * * The general standard of the manual is high ;

and wherever the science and practice of midwifery are well taught
it will be regarded as one of the most important text-books on the
subject.”—London Practitioner.

No. 4. PHYSIOLOGY. Fourth Edition.
321 ILLUSTRATIONS AND A GLOSSARY.

A Manual of Physiology. By Gerald F. Yeo, m.d.,
F.R.C S., Professor of Physiology in King’s College,
London. 321 Illustrations and a Glossary of Terms.
Fourth American from second English Edition, revised
and improved. 758 pages.
This volume was specially prepared to furnish students with a

new text-book of Physiology, elementary so far as to avoid theories
which have not borne the test of time and such details of methods
as are unnecessary for students in our medical colleges.
“ The brief examination I have given it was so favorable that I

placed it in thelistof text-books recommended in the circular of the
University Medical College.’’—Prof. Lewis A. Stimson, m.d.,
jyEast 33d Street , New York.

Price of each Book, Cloth, $3.00; Leather, $3.50.



THE NEW SERIES OF MANUALS.

No. 5. ORGANIC CHEMISTRY.
Or the Chemistry of the Carbon Compounds. By Prof.

Victor von Richter, University of Breslau. Au-
thorized translation, from the Fourth German Edition.
By Edgar F. Smith, m.a., ph.d. ; Prof, of Chemistry
in University of Pennsylvania; Member of the Chem.
Socs. of Berlin and Paris.
“ I must say that this standard treatise is here presented in a

remarkablycompendious shape.”—J. IV. Holland, m.d.. Professor
of Chemistry,.Jefferson Medical College, Philadelphia.
“This work brings the whole matter, in simple, plain language,

to the student in a clear, comprehensive manner. The whole
method of the work is one that is more readily grasped than that of
older and more famed text-books, and we look forward to the time
when, to a great extent, this work will supersede others, on the
score of its better adaptation to the wants of both teacher and
student.”—Pharmaceutical Record.
“ Prof, von Richter’s work has the merit of being singularly

clear, well arranged, and for its bulk, comprehensive. Hence, it
will, as we find it intimated in the preface, prove useful not merely
as a text-book, but as a manual of reference.”— The■ Chemial
News , London.

No. 6. DISEASES OP CHILDREN.
SECOND EDITION.

A Manual. By J. F. Goodhart, m.d., Phys. to the
Evelina Hospital for Children; Asst. Phys. to
Guy’s Hospital, London. Second American Edition.
Edited and Rearranged by Louis Starr, m.d., Clinical
Prof, of Dis. of Children in the Hospital of the Univ.
of Pennsylvania, and Physician to the Children’s Hos-
pital, Phila. Containing many new Prescriptions, a list
of over 50 Formulae, conforming to the U. S. Pharma-
copoeia, and Directions for making Artificial Human
Milk, for the Artificial Digestion of Milk, etc. Ulus.
“ The author has avoided the not uncommon error of writing a

book on general medicine and labeling it ‘ Diseases of Children,’but has steadily kept in view the diseases which seemed to be
incidental to childhood, or such points in disease as appear to be so
peculiar to or pronounced m children as to justify insistence upon
them. * * * A safe and reliable guide, and in many ways
admirably adapted to the wants of the student and practitioner.”—
American Journal ofMedical Science.

Price of each Book, Cloth, $3.00 ; Leather, $3.50.



THE NEW SERIES OF MANUALS. 5

No. b. Goodhart and Starr:— Continued.
“Thoroughly individual, original and earnest, the work evi-

dently of a close observer and an independent thinker, this book,
though small, as a handbook or compendium is by no means madeup of bare outlines or standard facts.”—The Therapeutic Ga-
zette.

“As it is said of some men, so it might be said of some books,
that they are ‘ born to greatness.’ This new volume has, we
believe, a mission, particularly in the hands of the younger
members of theprofession. In these days of prolixity in medical
literature, it is refreshing to meet with anauthor who knows both
what to say and when he has said it. The work of Dr. Goodhart
{admirably conformed, by Dr. Starr, to meet American require-
ments) is the nearest approach to clinical teaching without the
actual presence of clinical material that we have yet seen.”—New
York Medical Record.

No. 7. PRACTICAL THERAPEUTICS.
FOURTH EDITION, WITH AN INDEX OF DISEASES.

Practical Therapeutics, considered with reference to
Articles of the Materia Medica. Containing, also, an
Index of Diseases, with a list of the Medicines
applicable as Remedies. By Edward JohnWaring,
M.D., F.R.C.P. Fourth Edition. Rewritten and Re-
vised by Dudley W. Buxton, m.d., Asst, to the Prof,

of Medicine at University College Hospital.
“We wish a copy could be put in thehands of every Student or

Practitioner in thecountry. In our estimation,it is the best book
of the kind ever written.”—N. Y. Medical Journal.

No. 8. MEDICAL JURISPRUDENCEAND
TOXICOLOGY.

NEW, REVISED AND ENLARGED EDITION.

By John J. Reese, M.D., Professor of Medical Jurispru-
dence and Toxicology in the University of Pennsyl-
vania; President of the Medical Jurisprudence Society
of Phila.; 2d Edition, Revised and Enlarged.
“ This admirable text-book.”—Amer. Jour, ofMed. Sciences.
“We lay this volume aside, after a careful perusal of its pages,

with the profound impression that it should be in thehands of every
doctor and lawyer. It fully meets the wants of all students
He has succeeded in admirably condensing into a handy volume all
the essential points.”— CincinnatiLancet and Clinic.

Price of each Book, Cloth, $3,00; Leather, $3.50.



6 STUDENTS’ TEXT-BOOKS AND MANUALS.

ANATOMY.
Macalister’s Human Anatomy. 816 Illustrations. A new

Text-book for Students and Practitioners, Systematic and Topo-
graphical, including theEmbryology, Histology and Morphology
of Man. With special reference to the requirements of
Practical Surgery and Medicine. With 816 Illustrations,
400 of which are original. Octavo. Cloth, 7.50; Leather, 8.50

Holden’s Anatomy. A manual of Dissection of the Human
Body. Fifth Edition. Enlarged, with Marginal References and
over 200 Illustrations. Octavo. Cloth, 5.00; Leather, 6.00

Bound in Oilcloth, for the Dissecting Room, $4.50.
“No student of Anatomy can take up this book without being

pleased and instructed. Its Diagrams are original, striking and
suggestive, giving more at a glance than pages of text description.
* * * The text matches the illustrations in directness of prac-
tical application and clearness of detail.”—New York Medical
Record.
Holden’s Human Osteology. Comprisinga Description of the

Bones, with Colored Delineations of the Attachments of the
Muscles. The Generaland Microscopical Structure of Bone and
its Development. With LithographicPlates and Numerous Illus-
trations. Seventh Edition. Bvo. Cloth, 6.00

Holden’sLandmarks, Medical and Surgical. 4th ed. Clo., 1.25

Heath’s Practical Anatomy. Sixth London Edition. 24 Col-
ored Plates, and nearly 300 other Illustrations. Cloth, 5.00

Potter’s Compend of Anatomy. Fourth Edition. 117 Illus-
trations. Cloth, 1.00; Interleaved for Notes, 1.25

CHEMISTRY.
Bartley’s Medical Chemistry. Second Edition. A text-book

prepared specially for Medical, Pharmaceuticaland Dental Stu-
dents. With 50 Illustrations, Plate of Absorption Spectra and
GlossaryofChemicalTerms. Revised and Enlarged. Cloth, 2.50
*** This book has been written especially for students and phy-

sicians. It is practical and concise, dealing only with those parts
of chemistry and physics pertaining to medicine; no time being
wasted in long descriptions of substances and theories of interest
only to the advanced chemical student.
Bloxam’s Chemistry, Inorganicand Organic,withExperiments.

Seventh Edition. Enlarged and Rewritten. Nearly 300 Illus-
trations. Cloth, 4.50; Leather, 5.50

See pages 2 tojfor list ofStudents' Manuals.
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Chemistry :— Continued.

Richter’s Inorganic Chemistry. A text-book for Students.
Third American, from Fifth German Edition. Translated by
Prof. Edgar F. Smith, ph.d. 89 Wood Engravings and Colored
Plate of Spectra. Cloth, 2.00

Richter’s Organic Chemistry, or Chemistry of the Carbon
Compounds. Illustrated. Cloth, 3.00; Leather, 3.50

Symonds. Manual of Chemistry, for the special use of Medi-
cal Students. By Brandrkth Symonds, a.m., m.d., Asst.
Physician Roosevelt Hospital, Out-Patient Department; Attend-
ing Physician Northwestern Dispensary, New York. i2mo.

Cloth, 2.00; Interleaved for Notes, 2.40
Trimble. Practical and Analytical Chemistry. A Course in

ChemicalAnalysis, by Henry Trimble, Prof, ofAnalytical Chem-
istry in the Phila. College of Pharmacy. Illustrated. Third
Edition. Bvo. Cloth, 1.50

Tidy. Modern Chemistry. 2d Ed. Cloth, 5.50
Leffmann’s Compend of Chemistry. Inorganic and Organic.

Including Urinary Analysis and the Sanitary Examination of
Water. New Edition. Cloth, 1.00; Interleaved for Notes, 1.25

Muter. Practical and Analytical Chemistry. Second Edi-
tion. Revised and Illustrated. Cloth, 2.00

Holland. The Urine, Common Poisons, and Milk Analysis,

Chemical and Microscopical. For Laboratory Use. 3d
Edition, Enlarged. Illustrated. Cloth, 1.00

Van Niiys. Urine Analysis. Ulus. Cloth, 2.00

Wolff’s Applied Medical Chemistry. By Lawrence Wolff,
m.d. , Dem. of Chemistry in Jefferson Medical College. Clo., 1.00

CHILDREN.
Goodhart and Starr. The Diseases of Children. Second

Edition. By J. F. Goodhart, m.d., Physician to the Evelina
Hospital for Children; Assistant Physician to Guy’s Hospital,
London. Revised and Edited by Louis Starr, m.d., Clinical
Professor of Diseases of Children in the Hospitalof the Univer-
sity of Pennsylvania; Physician to the Children’s Hospital,
Philadelphia. Containing many Prescriptions and Formulae,
conforming to the U. S. Pharmacopoeia, Directions for making
Artificial Human Milk, lor the Artificial Digestion of Milk, etc.
Illustrated. Cloth, 3.00; Leather, 3.50

Day. On Children. A Practical and Systematic Treatise.
Second Edition. Bvo. 752 pages. Cloth,3.00; Leather, 4.00

See pages 14 and 15 for list offQuiz- Compends ?



STUDENTS’ TEXT-BOOKS AND MANUALS.

Children:— Continued.
Meigs and Pepper. The Diseases of Children. Seventh

Edition. 8vo. Cloth, 5.00; Leather, 6.00
Starr. Diseases of the Digestive Organs in Infancy and

Childhood. With chapters on the Investigation of Disease,
and on the General Management of Children. By Louis Starr,
m.d., Clinical Professor of Diseases of Children in the Univer-
sity of Pennsylvania; with a section onFeeding, including special
Diet Lists, etc. Ulus. Cloth, 2.50

DENTISTRY.
Fillebrown. Operative Dentistry. 330 Ulus. Cloth, 2.50
Flagg’s Plastics and Plastic Filling. 3d Ed. Preparing.
Gorgas. Dental Medicine. AManual of Materia Medica and

Therapeutics. Third Edition. Cloth, 3.50
Harris. Principles and Practice of Dentistry. Including

Anatomy, Physiology, Pathology, Therapeutics, DentalSurgery
and Mechanism, Twelfth Edition. Revised and enlarged by
Professor Gorgas. 1028 Illustrations. Cloth, 7.00 ; Leather, 8.00

Richardson’s Mechanical Dentistry. Fifth Edition. 569
Illustrations. Bvo. Cloth, 4.50; Leather, 5.50

Stocken’s Dental Materia Medica. Third Edition. Cloth, 2.50
Taft’s Operative Dentistry. Dental Studentsand Practitioners.

Fourth Edition. 100 Illustrations. Cloth, 4.25 ; Leather, 5.00
Talbot. Irregularities of the Teeth, and their Treatment.

Illustrated. Bvo. Cloth, 1.50
Tonies’ Dental Anatomy. Third Ed. 191 Ulus. Cloth, 4.00
Tomes’ Dental Surgery. 3d Edition. Revised. 292 Ulus.

772 Pages. Cloth, 5.00
DICTIONARIES.

Gould’s New Medical Dictionary. Containing the Definition
and Pronunciation of all words in Medicine, with many useful
Tables etc. % Dark Leather, 3.25; Mor., Thumb Index 4.25
See lastpage.

Cleaveland’s Pocket Medical Lexicon. 31st Edition. Giving
correct Pronunciation and Definition. Very small pocket size.

Cloth, red edges .75 ; pocket-book style, 1.00

Longley’s Pocket Dictionary. The Student’s Medical Lexicon,
giving Definitionand Pronunciation of all Terms used in Medi-
cine, with an Appendix giving Poisons and Their Antidotes,
Abbreviations used in Prescriptions, Metric Scale of Doses, etc.
24100. Cloth, 1.00; pocket-book style, 1.25

4Se't" See pages 2 to5 /orlist 0/ Students’ Manuals.
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EYE.
Arlt. Diseases of the Eye. Including those of the Conjunc-

tiva, Cornea, Sclerotic, Iris and Ciliary Body. By Prof. Von
Arlt. Translated by Dr. Lyman Ware. Ulus. Bvo. Cloth, 2.50

Hartridge on Refraction. 4th Ed. Cloth, 2.00

Meyer. Diseases of the Eye. A complete Manual for Stu-
dents and Physicians. 270 Illustrations and two Colored Plates.
Bvo. Cloth, 4.50; Leather, 5.50

Fox and Gould. Compend of Diseases of the Eye and
Refraction. 2d Ed. Enlarged. 71 Illus. 39 Formulae.

Cloth, 1.00; Interleaved for Notes, 1.23

ELECTRICITY.
Mason’s Compend of Medical and Surgical Electricity.

With numerous Illustrations, umo. Cloth; 1.00

HYGIENE.
Parkes’ (Ed. A.) Practical Hygiene. Seventh Edition, en-

larged. Illustrated. Bvo. Cloth, 4.50
Parkes’ (L. C.) Manual of Hygiene and Public Health.

i2mo. Cloth, 2.50
Wilson’s Handbook of Hygiene and Sanitary Science.

Sixth Edition. Revised and Illustrated. Cloth, 2.75

MATERIA MEDICA AND THERAPEUTICS.
Potter’s Compend of Materia Medica, Therapeutics and

Prescription Writing. Fifth Edition, revised and improved.
Cloth, 1.00; Interleaved for Notes, 1.25

Biddle’s Materia Medica. Eleventh Edition. By the late
John B. Biddle, m.d.. Professor of Materia Medica in Jefferson
Medical College, Philadelphia. Revised, and rewritten, by
Clement Biddle, m.d., Assist. Surgeon, U. S. N., assisted by
Henry Morris, m.d. Bvo.,illustrated. Cloth, 4.25; Leather, 5.00

Headland’s Action of Medicines. 9th Ed. Bvo. Cloth, 3.00
Potter. Materia Medica, Pharmacy and Therapeutics.

Including Action of Medicines, Special Therapeutics, Pharma-
cology, etc. Second Edition. Cloth, 4.00; Leather, 5,00

Starr, Walker and Powell. Synopsis of Physiological
Action of Medicines,based upon Prof. H. C. Wood’s“Materia
Medica and Therapeutics.” 3d Ed. Enlarged. Cloth, .75

Waring. Therapeutics. With an Index of Diseases and
Remedies. 4th Edition. Revised. Cloth, 3.00; Leather, 3.50

Seepages 14and /j for list of fQuiz-Compends ?



10 STUDENTS’ TEXT-BOOKS AND MANUALS.

MEDICAL JURISPRUDENCE.
Reese. A Text-book of Medical Jurisprudence and Toxi-

cology. By John J. Reese, m.d., Professor of Medical Juris-
prudence and Toxicology in the Medical Department of the
University of Pennsylvania; President of the Medical Juris-
prudence Society of Philadelphia; Physician to St. Joseph’s
Hospital; Corresponding Member of The New York Medico-
legal Society. 2d Edition. Cloth, 3.00; Leather, 3.50

Woodman and Tidy’s Medical Jurisprudence and Toxi-
cology. Chromo-Lithographic Plates and 116Wood engravings.

Cloth, 7.50; Leather, 8.50
OBSTETRICS AND GYNAECOLOGY.

Byford. Diseases of Women. The Practice of Medicine and
Surgery, as applied to the Diseases and Accidents Incident to
Women. By W. H. Byford, a.m., m.d., Professor of Gynaecology
in Rush Medical College and of Obstetrics in the Woman’s Med-
ical College, etc., and Henry T. Byford, m.d., Surgeon to the
Woman’s Hospital of Chicago ; Gynaecologist to St Luke's
Hospital, etc. Fourth Edition. Revised, Rewritten and En-
larged. With 306 Illustrations, over 100 of which are original.
Octavo. 832 pages. Cloth, 5.00 ; Leather, 6.00

Cazeaux and Tarnier’s Midwifery. With Appendix, by
Munde. The Theory and Practice of Obstetrics ; including the
Diseases of Pregnancy and Parturition, Obstetrical Operations,
etc. By P, Cazeaux. Remodeled and rearranged, with revi-
sions and additions, by S. Tarnier, m.d

, Professor of Obstetrics
and Diseases of Women and Children in the Faculty of Medicine
ofParis. Eighth American, from the Eighth French and First
Italian Edition. Edited by Robert J. Hess, m.d., Physician to
the Northern Dispensary, Philadelphia, with an appendix by
Paul F. Munde, m.d., Professor of Gynaecology at the N. Y.
Polyclinic. Illustrated by Chromo-Lithographs, Lithographs,
and otherFull-page Plates, seven of which are beautifully colored,
and numerous Wood Engravings. Students’ Edition. One
Vol., Bvo. Cloth, 5.00; Leather, 6.00

Lewers’ Diseases of Women. A Practical Text-Book. 139
Illustrations. Second Edition. Cloth, 2.25

Parvin’s Winckel’s Diseases ofWomen. Second Edition.
Including a Section on Diseases of the Bladder and Urethra.
150 Illustrations. Revised. See page 3.

Cloth, 3.00; Leather, 3.50
Morris. Compend of Gynaecology. Illustrated. In Press.
Winckel’s Obstetrics. AText-book on Midwifery, includ-

ing the Diseases ofChildbed. By Dr. F. Winckel, Professor
of Gynaecology, and Director of the Royal University Clinic for
Women, in Munich. Authorized Translation, by J. Clifton
Edgar, m.d., Lecturer on Obstetrics, University Medical Col-
lege, New York, with nearly 200 handsome illustrations, the
majority of which are original with this work. Octavo.

Cloth, 6.00 ; Leather, 7.00
Landis’ Compend of Obstetrics. Illustrated. 4th edition,

enlarged. Cloth, 1.00; Interleaved for Notes, x.25

MSf See pages 2 to g for list 0/New Manuals.
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Obstetrics and Gynaecology:— Continued.
Galabin’s Midwifery. By A. Lewis Galabin, m.d., f.r.c.p.

227 Illustrations. Seepages. Cloth, 3.00; Leather, 3.50
Glisan’s Modern Midwifery. 2d Edition. Cloth, 3.00
Rigby’s Obstetric Memoranda. 4th Edition. Cloth, .50
Meadows’ Manual of Midwifery. Including the Signs and

Symptoms of Pregnancy, Obstetric Operations, Diseases of the
Puerperal State, etc. 145 Illustrations. 494 pages. Cloth, 2.00

Swayne’s Obstetric Aphorisms. For the use of Students
commencing Midwifery Practice. Bth Ed. i2mo. Cloth, 1.25

PATHOLOGY. HISTOLOGY. BIOLOGY.
Bowlby. Surgical Pathology and Morbid Anatomy, for

Students. 135 Illustrations. i2mo. Cloth, 2.00

Davis’ Elementary Biology. Illustrated. Cloth, 4.00
Gilliam’s Essentials ofPathology. A Handbookfor Students.

47 Illustrations. i2mo. Cloth, 2.00
***The object of this book is to unfold to the beginner the funda-

mentals of pathology in a plain, practical way, and by bringing
them within easy comprehension to increase his interest in the study
of the subject.
Gibbes’Practical Histology and Pathology. Third Edition.

Enlarged, xamo. Cloth, 1.75
Virchow’s Post-Mortem Examinations. 2d Ed. Cloth, 1.00

PHYSIOLOGY.
Yeo’s Physiology. Fourth Edition. The most Popular Stu-

dents’ Book. By Gerald F. Yeo, m.d., f.r.c.s.. Professor of
Physiology in King’s College, London. Small Octavo. 758
pages. 321 carefully printed Illustrations. With a Full
Glossary and Index. See Page 3. Cloth, 3.00; Leather, 3.50

Brubaker’s Compend of Physiology. Illustrated. Fifth
Edition. Cloth, 1.00; Interleaved for Notes, 1.25

Stirling. Practical Physiology, including Chemical and Ex-
perimental Physiology. 142 Illustrations. Cloth, 2.25

Kirke’s Physiology. New 12th Ed. Thoroughly Revised and
Enlarged. 502 Illustrations. Cloth, 4.00; Leather, 5.00

Landois’ Human Physiology. Including Histology and Micro-
scopical Anatomy, and with special reference to Practical Medi-
cine. Third Edition. Translated and Edited by Prof. Stirling.
692 Illustrations. Cloth, 6.50; Leather, 7.50
“ With this Text-hook at his command, no student could fail inhis examination.”—Lancet.

Sanderson’s Physiological Laboratory. Being Practical Ex-
ercises for the Student. 350 Illustrations. Bvo. Cloth, 5.00

Tyson’s Cell Doctrine. Its History and Present State. Illus-
trated. Second Edition. Cloth, 2.00

See pages 14 andIp for list 0/ ? Quiz- Compends f
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PRACTICE.
Roberts’ Practice. New Revised Edition. A Handbook

of the Theory and Practice of Medicine. By Frederick T.
Roberts, m.d. ; m.r.c.p., Professor of Clinical Medicine and
Therapeutics in University College Hospital, London. Seventh
Edition. Octavo. Cloth, 5.50; Sheep, 6.50

Hughes. Compend of the Practice of Medicine. 4th Edi-
tion. Two parts, each, Cloth, 1.00; Interleaved forNotes, 1.25
Part i.—Continued, Eruptive and Periodical Fevers, Diseases

of the Stomach, Intestines, Peritoneum, Biliary Passages, Liver,
Kidneys, etc., and General Diseases, etc.

Part ii.—Diseases of the Respiratory System, Circulatory
System and Nervous System; Diseases of theBlood, etc.

Physician’s Edition. Fourth Edition. Including a Section
on SkinDiseases. With Index. Vol. 1 Full Morocco, Gilt, 2.50

Tanner’s Index of Diseases, and Their Treatment. Cloth, 3.00

PRESCRIPTION BOOKS.
Wythe’s Dose and Symptom Book. Containing the Doses

and Uses of all the principal Articles of the Materia Medica, etc.
Seventeenth Edition. Completely Revised and Rewritten. Just
Ready. 32m0. Cloth, i.oo; Pocket-book style, 1.25

Pereira’s Physician’s Prescription Book. Containing Lists
of Terms, Phrases, Contractions and Abbreviations used in
Prescriptions ExplanatoryNotes, Grammatical Construction of
Prescriptions, etc., etc. By Professor Jonathan Pereira, m.d.
Sixteenth Edition. 32010. Cloth, 1.00; Pocket-book style, 1.25

PHARMACY.
Stewart’s Compend of Pharmacy. Based upon Remington’s

Text-Book ofPharmacy. Second Edition, Revised.
Cloth, 1.00; Interleaved for Notes, 1.25

SKIN DISEASES.
Anderson, (McCall) Skin Diseases. A complete Text-Book,

with Colored Plates and numerous Wood Engravings. Bvo.
Just Ready. Cloth, 4,50 ; Leather, 5.50
“Worthy its distinguished author in everyrespect; a work whose

practical value commends it not only to the practitioner and stu-
dent of medicine, but also to the dermatologist.”—James Nevens
Hyde, m.d., Prof, ofSkin and Venereal Diseases, Rush Medical
College, Chicago.
Van Harlingen on Skin Diseases. A Handbook of the Dis-

eases of the Skin, their Diagnosis and Treatment (arrangedalpha-
betically). By Arthur Van Harlingen, m.d., Clinical Lecturer
on Dermatology, Jefferson Medical College; Prof, of Diseases of
the Skin in the Philadelphia Polyclinic. 2d Edition. Enlarged.
With colored and other plates and illustrations, nmo. Cloth, 2.50

Bulkley. The Skin in Health and Disease. By L. Duncan
Bulkley, Physician to theN. Y. Hospital. Ulus. Cloth, .50

J0S5 * See pages 2to 5 for list ofNew Manuals.
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SURGERY.
Caird. and Cathcart. Surgical Handbook for the use of

Practitioners and Students. By F. Mitchell Caird, m b.,
f.k.c.s.,and C. Walker Cathcart, m.b,, f.r.c.s.,Asst. Sur-
geons Royal Infirmary. With over 200 Illustrations. 400 pages.
Pocket size. * Leather covers, 2.50

Jacobson. Operations in Surgery. A Systematic Handbook
for Physicians, Students and Hospital Surgeons. By W. H. A.
Jacobson, B a., Oxon. f.r.c.s. Eng.; Ass’t Surgeon Guy’s Hos-
pital ; Surgeon at Royal Hospital for Children and Women, etc.
199 Illustrations. 1006 pages. Bvo. Cloth. 5.00; Leather, 6.00

Heath’s Minor Surgery, and Bandaging. Ninth Edition. 142Illustrations. 60 Formulae and Diet Lists. Cloth, 2.00
Horwitz’s Compend of Surgery, including Minor Surgery,

Amputations,Fractures, Dislocations,Surgical Diseases, and the
Latest Antiseptic Rules, etc., with Differential Diagnosis and
Treatment. By Orville Horwitz, b.5.,m.d.. Demonstrator of
Surgery, Jefferson Medical College. 3d edition. Enlarged and
Rearranged. 91 Illustrations and 77 Formulae, umo.Cloth, 1.00; Interleaved for the addition of Notes, 1.25

Walsham. Manual ofPractical Surgery. For Students and
Physicians. By Wm. J. Walsham, m.d., f.r c.s., Asst. Surg.
to, and Dem. ofPracticalSurg. in, St. Bartholomew’s Hospital,
Surgeon to Metropolitan Free Hospital, London. With 236
Engravings. See Page 2. Cloth, 3.00; Leather, 3.50

URINE, URINARY ORGANS, ETC.
Acton. The Reproductive Organs. In Childhood, Youth,

Adult Life and Old Age. Seventh Edition. Cloth, 2.00

Beale. Urinary and Renal Diseases and Calculous Disorders.
Hints on Diagnosis and Treatment, izmo. Cloth, 1.75

Holland. The Urine, and Common Poisons and The
Milk. Chemical and Microscopical, for Laboratory Use. Illus-
trated. Third Edition, izmo. Interleaved. Cloth, 1.00

Ralfe. Kidney Diseases and Urinary Derangements. 42 Illus-
trations. i2mo. 572 pages. Cloth, 2.75

Legg. On the Urine. A Practical Guide. 6th Ed. Cloth, .75
Marshall and Smith. On the Urine. The Chemical Analysis of

theUrine. By John Marshall, m.d., Chemical Laboratory, Univ.
of Penna; and Prof. E. F. Smith, ph.d. Col. Plates. Cloth, 1.00

Thompson. Diseases of the Urinary Organs. Eighth
London Edition. Illustrated. Cloth, 3.50

Tyson. On the Urine. A Practical Guide to the Examination
of Urine. With Colored Plates and Wood Engravings. 6th Ed.
Enlarged. i2mo. Cloth, 1.50

Bright's Disease and Diabetes. Illus. Cloth, 3.50
Van Niiys, Urine Analysis. Illus. Cloth, 2.00

VENEREAL DISEASES.
Hill and Cooper. Student’s Manual of Venereal Diseases,

with Formulae. Fourth Edition, inmo. Cloth, i.oo

Durkee. On Gonorrhoeaand Syphilis. Illus. Cloth, 3.50
See pages 14 and j5 for list of ? Quiz- Compends ?



NEW AND REVISED EDITIONS.

POUIZ-COMPENDS?
The Best Compends for Students’ Use

in the Quiz Class, and when Pre-
paring for Examinations.

Compiled in accordance with the latest teachings ofpromi-
nent lecturers and the mostpopmlar Text-books.

They form a most complete, practical and exhaustive
set of manuals, containing information nowhere else col-
lected in such a condensed, practical shape. Thoroughly
up to the times in every respect, containing many new
prescriptions and formula 1, and over two hundred and
thirty illustrations, many of which have been .drawn and
engraved specially for this series. The authors have had
large experience as quiz-masters and attaches of colleges,
with exceptional opportunities for noting the most recent
advances and methods. The arrangement of the subjects,
illustrations, types, etc., are all of the most approved
form, and the size of the books is such that they may be
easily carried in the pocket. They are constantly being
revised, so as to include the latest and best teachings, and
can be used by students of any college of medicine, den-
tistry or pharmacy.

Cloth, each $l.OO. Interleaved for Notes, $1.25.
No. i. HUMAN ANATOMY, “ Basedupon Gray.” Fourth

Edition, including Visceral Anatomy, formerly published
separately. Over 100 Illustrations. By Samuel O L.
Potter, m.a., m d., late A. A. Surgeon U. S. Army. Professor
ofPractice, Cooper Medical College, San Francisco.

Nos. 2 and 3. PRACTICE OF MEDICINE. Fourth Edi-
tion. By Daniel E. Hughes, m.d., Demonstrator of Clinical
Medicine in JeffersonMedical College, Philadelphia. In two parts.

Part I. —Continued, Eruptive and Periodical Fevers, Diseases
of the Stomach, Intestines, Peritoneum, Biliary Passages, Liver,
Kidneys, etc. (including Tests for Urine), General Diseases, etc.

Part ll.—Diseases of the Respiratory System (including Phy-
sical Diagnosis), Circulatory System and Nervous System; Dis-
eases of the Blood, etc.

*** These little books can be regarded as a full set of notes upon
the Practice of Medicine, containing the Synonyms, Definitions,
Causes, Symptoms, Prognosis, Diagnosis, Treatment, etc., of each
disease, and including a number of prescriptions hitherto unpub-
lished.



BLAKISTON’S ? QUIZ-COMPENDS ?

Continued.

Bound in Cloth, $l.OO. Interleaved, for Notes, $1.25
No. 4. PHYSIOLOGY, including Embryology. Fifth

Edition. By Albert P. Brubaker, m.d., Prof, of Physiology,
Penn’a College of Dental Surgery ; Demonstrator of Physiology
in Jefferson Medical College, Philadelphia. Revised, Enlarged
and Illustrated.

No. 5. OBSTETRICS. Illustrated. Fourth Edition. By
Henry G. Landis, m.d.. Prof, of Obstetrics and Diseases of
Women, in Starling Medical College, Columbus, O. Revised
Edition. New Illustrations.

No 6. MATERIA MEDICA, THERAPEUTICS AND
PRESCRIPTION WRITING. Fifth Revised Edition.
With especial Reference to the Physiological Action of Drugs,
and a complete article on Prescription Writing. Based on the
Last Revision of the U. S. Pharmacopoeia, and including many
unofficinal remedies. By Samuel O. L. Potter, m.a., m.d.,
late A. A. Surg. U. S. Army; Prof, of Practice, Cooper Medical
College, San Francisco. Improved and Enlarged, with Index.

No. 7. GYNAECOLOGY. A Compend of Diseases of Women.
By Henry Morris, m.d.. Demonstrator of Obstetrics, Jefferson
MedicalCollege, Philadelphia.

No. 8. DISEASES OF THE EYE AND REFRACTION,
including Treatment and Surgery. By L. Webster Fox, m.d.,
Chief Clinical Assistant Ophthalmological Dept., Jefferson Med-
ical College, etc., and Geo. M. Gould, m.d. 71 Illustrations, 39
Formulae. Second Enlargedand improved Edition. Index.

No. 9. SURGERY. Illustrated. Third Edition. Including
Fractures, Wounds, Dislocations, Sprains, Amputations and
other operations ; Inflammation, Suppuration. Ulcers, Syphilis,
Tumors, Shock, etc. Diseases of the Spine, Ear, Bladder, Tes-
ticles, Anus, and other Surgical Diseases. By Orville Horwitz,
a.m., m.d. , Demonstrator of Surgery, Jefferson Medical Col-
lege. Revised and Enlarged. 77 Formulas and 91 Illustrations.

No. 10. CHEMISTRY. Inorganic and Organic. For Medical
and Dental Students. Including Urinary Analysis and Medical
Chemistry. By Henry Leffmann, m.d., Prof, of Chemistry in
Penn’aCollege of Dental Surgery, Phila. A new Edition, Revised
and Rewritten, with Index.

No. 11. PHARMACY. Based upon “ Remington’s Text-book
of Pharmacy.” By F. E. Stewart, m.d., ph.g., Quiz-Master
at Philadelphia College ofPharmacy. Second Edition, Revised.

Bound in Cloth, $l. Interleaved, for the Addition of Notes, $1.25.
gsgp’ These books are constantly revised to keep up with

the latest teachings and discoveries, so that they contain
all the new methods and principles. No series of books
are so complete in detail, concise in language, or so well
printed and bound. Each one forms a complete set of
notes upon the subject under consideration.
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NOW READY.

A NEW

MEDICAL
DICTIONARY.

GEORGE M. GOULD,
Ophlhahyiic Surgeon, Philadelphia Hospital, etc.

AN ENTIRELY NEW BOOK.

Based On Recent Medical Literature.

Sfnall Octavo. p2O Pages. Handsomely P7'inted.

Bound in Half Dark Leather, $3.25.

Half Morocco, Thumb Index, $4.25.
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