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EDITOR'S PREFACE TO THE FIRST EDITION.

Stohr's text-book is well known to the histologists of all nations and
held in high esteem by them. To the German medical student it has
become an indispensable guide. During the ten years of its existence it
has reached an extraordinary sale and passed through six revised editions.
It has been translated into Italian (1887), French (1890), and Russian
(1891), and has thus come into the hands of the students of these nations.
These facts are sufficient to guarantee the value of the work without
further recommendation. Although excellent text-books of Histology
already exist in English, still the peculiarity and special superiority of
Stohr's text-book justifies, in our opinion, its translation into English for
the convenience of American and English students.*

It is especially intended for the use of students, but even profes-
sional histologists and physicians will find in it much valuable informa-
tion, as well as suggestions for technical purposes. The chief merit of
the work lies, on the one hand, in the brevity and perspicuity of the
descriptive text, elucidated by illustrations which have thus far never
been excelled; and, on the other hand, in the simplicity and certainty
of the methods for preparing the most important microscopical speci-
mens, The young student is thus enabled to practice histological
methods privately, at a minimum cost, in connection with his courses in
the university. The preparation of almost all of the specimens enu-
merated in the book can be made simply by means of teasing, isolation,
or cutting with the razor, but those students who have a microtome at
their disposal will also find, in an Appendix, brief directions for the pre-
paratory treatment (embedding in paraffin and celloidin) of specimens
for sectioning with the microtome.

With the permission of Prof. Stohr we have made several imma-
terial, but for an American edition very desirable, changes in the text,
and have considered it preferable to place the technical part as a
whole at the end of the book rather than in sections after the several

#In 1883 Stdhr's text-book was utilized in Kendrick's Physiology, but in such a frag-
mentary form and so intermingled with selections from other authors that its chief merits were
entirely lost. This use of the book can not be considered as an English translation proper.
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PART I.

GENERAL TECHNIC.

I. THE LABORATORY APPOINTMENTS.

1. INSTRUMENTS.

The Microscope.—From my own experience I can recommend the
microscopes made in the optical works of Leitz in Wetzlar, Seibert in
Wetzlar, and Zeiss in Jena, having repeatedly tested their excellent
workmanship.*

It is not advisable for the beginner to purchase a microscope
without first submitting it to an expert for examination. In order to
preserve the microscope in good working condition it is necessary to
protect it from dust; when in frequent use it is best to keep it under a
bell-glass, in a place not exposed to sunlight. The tarnish which forms
on the tube should be rubbed off with a dry piece of soft filter-paper.

% Students of the first semester are advised to refrain from the purchase of high-power
oculars and immersion-systems. These should be bought shortly before entering upon bacterio-
logic work.

The following outfits are recommended :

Leitz, —Catalogue No. 36, 1895. Microscope No. 4 &,  Price, 370 M. = $92.00. Without

homogeneous immersion and ocular IV, 265 A/

Sefbert. —Catalogue No. 25, 1895. Microscope 3 ¢ Price, 440 A7 — 8112.00. Without

homogeneous immersion, objective 3, and ocular o, 283.50 JF — &71.00.
Zeiss.—Catalogue No. 30, 1895, Combination (p. 116) 7 4. Price, 602 M. — $150.00.

Without homogenecus immersion, 442 M. — $110.00; or 8 4. Price, 550 M —

140,00, Without homogeneous immersion, 399 . — S1eo.c0.

The majority of the work for this book was carried out with a Leitz microscope.

Editer's vemark: Of American microscopes, those made by the Bausch & Lomb
Optical Co., Rochester, N. V., and New York City, are recommended.

For histologic work the following outfit is suitable :

Stand BB.—Oculars, 1-inch and 3-inch. Objectives, 24-inch and 14-inch. Catalogue
1895. Price, 862.50. For cytologic and bacteriologic work a ;-inch oil-immersion objective
(price, $44) and an Abbé condenser and iris-diaphragm should be added. For convenience a
double or triple revolver for the objectives is desirable.

2 I;;r
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Smirches on the lenses® and on the mirrors should be removed with soft
leather, and if this does not answer the purpose,—as, for example, when
a lens is smeared with canada-balsam,—a small piece of fine linen
moistened with a drop of pure alcohol should be used. In the latter
procedure great care must be exercised lest the alcohol penetrate the
setting of the lenses and dissolve the balsam with which they are
cemented together. Therefore the balsam should be guwick/y rubbed oft
with the moistened linen and the lens carefully dried. After using an
immersion lens the cedar oil clinging to it should be removed by means
of a patch of linen moistened with benzin; the free surface of the
cover-glass of the preparation examined with the immersion lens should
be cleaned in the same way. The screws of the microscope should be
cleaned with benzin.

A good razor, flat on one side. It should always be kept sharp,
and before each use should be drawn without pressure over the sfrop.
The honing of it should be left to the instrument-maker. The razor
should be used only in the preparation of microscopic sections.

A fine whetstone.

A pair of small, straight scissors.

A pair of easily-closing small forceps, with smooth or enly slightly
grooved points.

Four dissecting needles with wooden holders: two are to be heated,
then slightly bent, heated again and thrust into solid paraffin, by which
they are again hardened. The other two must be kept clean and sharply
pointed ; for delicate dissections the needles must be pointed and polished,
first on the whetstone and then on the strop.

A flexible section-{ifter, for the transfer of sections from fluids to the
slide, is very useful but not absolutely necessary. A scalpel having a
broad blade can be used instead.

Pins, guills, cork disks, a fine sable brush.

A erayon, for writing on glass. (If the glass is oily it must first be
cleansed with alcohol.)

Slides, of clear glass, not more than 1 to 1.5 mm. in thickness, with
the edges ground.

Cover-glasses, measuring 15 to 18 mm. in diameter, are generally
large enough ; the thickness may vary from o.1 to 0.2 mm.; those
with a greenish shimmer at the edges are preferable to the pure white
covers, which blur in time.

# The abjective lenses must not be unscrewed.
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Small, wide-mouthed bottles. One dozen, capacity 30 c.c. and over,
with cork stoppers.

Several glass preparation jars (preserve jars), with tightly-fitting
covers. Height, 8 to 12 cm. ; diameter, 6 to 10 cm.

A cylindrical gradiate, capacity 100 to 150 c.c.

A glass funnel, upper diameter 8 to 10 cm.

A pipet. Small pipets may be prepared by heating in a gas-flame
a glass tube 1 cm. thick and 10 cm. long, pulling one end to a point and
placing on the other a small rubber bulb.

A dozen watch-glasses of 5 cm. diameter.

A dozen fest-tubes, 10 cm. long and 12 mm, wide,

Glass rods, 3 mm. thick, 15 cm. long, some drawn to a point at the
end.

Old bottles that have been thoroughly cleansed will answer as recep-
tacles for reagents. In most cases the bottles can be cleansed with water,
but sometimes it is necessary to rinse them with crude hydrochloric acid
or with potash lye, then with ordinary water, then with distilled water,
and finally with alcohol.

Glass dishes (** Stender ' dishes) 6 to 8 cm. in diameter, with ground
covers, are not absolutely necessary, but very useful.* In many cases
they may be replaced by saucers, food dishes for birds, etc.

A few sheets of thin, white filter-paper, large and small gummed
labels, soft pieces of linen (old handkerchiefs), a towel, a large and a
small bottle-brush.

A large earthen jar for refuse.

2. REAGENTS.T

General Rules.—Large quantities of reagents should not be kept
on hand, because many decompose in a comparatively short time. Cer-
tain reagents (see below) should be procured or prepared shortly before
they are to be used. Each bottle should be provided with a large label
on which its contents are designated ; it is advisable to write on the label
not only the formula of the reagent, but also the mode of its application.

* Most of the glassware, including slides and cover-glasses, here enumerated may be ob-
tained of W. P. Stender, Leipzig; or, in the United States, of the Bausch & Lomb Optical
Co., New York.

1 The reagents must be obtained from a reputable dealer. Excellent dyes and reagents
may be had of D, Griibler, chemical and physiological laboratory, Leipzig, Bayer'sche Strasse
63. In the United States Griibler's stains and reagents are sold by Eimer & Amend, New York,
and others,
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All the bottles must be tightly closed with cork or well-made glass
stoppers. The fluid should not reach to the lower surface of the cork.

1. Distilled water, 3 to 6 liters.

2. Normal salt solution, 0.75 per cent. (sodium chlorid, 1.5 gm.,
distilled water, 200 c.c.).

The cork must be provided with a glass rod reaching to the bottom
of the bottle. This solution spoils easily and must be frequently pre-
pared afresh.

3. Alcohol—(a) Ninety-five per cent. alcolol.—About 500 c.c. should
be kept on hand. The alcohol of commerce is g5 per cent., and in the
majority of cases is entirely satisfactory for microscopic purposes. If it
is desired to obtain alcohol free from water (absolute alcohol), drop into
the bottle a few pieces of copper sulfate heated until white (15 gm. to
100 c.c. of alcohol). When these become blue they must be replaced
by new pieces or be reheated. Fresh quicklime serves the same purpose,
but acts more slowly.*

(&) Ninety per cent. alcokol —Prepare 500 c.c. by diluting 475 c.c.
of g5 per cent. alcohol with 25 c.c. of distilled water.

(¢) Lighty per cent. alcoliol—Prepare 500 c.c. by diluting 425 c.c.
of g5 per cent. alcohol with 75 c.c. of distilled water.

(&) Seventy per cent. alcoliol —Prepare 500 c.c. by mixing 370 c.c.
of g5 per cent. alcohol with 130 c.c. of distilled water.

(¢) Fifty per cent. alcohol—Prepare 500 c.c. by mixing 265 c.c. of
g5 per cent. alcohol with 235 c.c. of distilled water.

(f) Thirty-three per cent. alcokol—(Ranvier’s one-third alcohol).—
This is prepared by mixing 40 c.c. of g5 per cent. alcohol with 60 c.c.
of distilled water.

4. Acetic acid, 50 c.c.—The official is 30 per cent.

5. Glacial acetic acid. —This should be procured shortly before it is
required. The commercial acid is g6 per cent.

6. Nitric acid—A bottle holding 100 c.c. of concentrated nitric

# For the preparation of mixtures containing a smaller percentage of alcohol this equation

will zerve :
100: g5 — X!
€. Ly 00%, [O0: QF — X : QO
g5 x = g0 . 100

X = =04.7 or 95.
95
Therefore, to obtain I0o c.c. of go per cent. aleohol, g5 c.c. of g5 per cent. alcohol must
be mixed with 5 c.c. of distilled water. For our purposes the errors of this ratio are too insig-

nificant for consideration,
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acid of 1.18 sp. gr. (containing 32 per cent. of acid hydroxid) should
be kept in stock.

7. Hydrockloric acid, pure, 50 c.c.

8. Formol—The aqueous 40 per cent. solution of formaldehyde
occurs under two designations in commerce : (a) formol (Meister, Lucius
& Brining in Hochst am Main); (¢) formalin (Chem. Fabrik auf
Aktien, formerly Schering, Berlin). For microscopic purposes formalin
is the less suitable.

g. Chromic acid.—A 10 per cent. stock solution should be prepared
by dissolving 10 gm. of fresh crystalline chromic acid in go c.c. of
distilled water. From this prepare :

(@) A 0.1 per cent. chromic-acid solution (10 c.c. of stock solution
to ggo c.c. of distilled water), and—

(#) A o.5 per cent. chromic-acid solution (50 c.c. of stock solution
to gso c.c. of distilled water).

10. Potassium bichromate—This should be kept on hand in two
solutions :

(a) Thirty gm. to 1000 c.c. of distilled water.

() Thirty-five gm. to 1000 c.c. of distilled water (for Kopsch's
fluid, No. 12, and for the Golgi mixture, No. 16).

At room temperature it dissolves in from three to six days. There-
fore make the solutions with warm water or place the bottles near the
stove.

11. Potassium-bichromate-acetic acid (Tellyesnickey's fluid). To be
prepared shortly before using, by adding 5 c.c. of glacial acetic acid to
100 c.c. of 3 per cent. solution of potassium bichromate (No. 10 ).

12. Potassium-bichromate formol (Kopsch's fluid). To be prepared
shortly before using, by adding 20 c.c. of 40 per cent. formol (No. 8)to
80 c.c. of 3.5 per cent. solution of potassium bichromate (No. 10 4).

13. Midler's fluid —Dissolve 30 gm. of sodium sulfate and 60
gm. of pulverized potassium bichromate in 3000 c.c. of distilled water.
The solution can be made with the aid of heat, like No. 10.

14. Miller-formol mixture (Orth’s mixture). Invariably to be pre-
pared immediately before using, by mixing 10 c.c. of formol (No. 8)
with 100 c.c. of Miller's fluid (No. 13).

15. Zenker's fliwd —Dissolve 25 gm. of potassium bichromate, 10
gm. of sodium sulfate, and 50 gm. of mercuric chlorid in 1000 c.c. of
warm distilled water. Before using add 1 c.c. of glacial acetic acid to
each 20 c.c. of the mixture.

16. Golgi’s mixture (osmio-bichromate mixture).—This is prepared
by pouring together 54 c.c. of the 3.5 per cent. solution of potassium
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bichromate (10 #) and 6 c.c. of the 2 per cent. osmic-acid solution (No.
22). It should be prepared shortly before it is to be used.

17. Cox-Golgi mixture.—This is prepared by pouring together 40
c.c. of a 5 per cent. solution of potassium bichromate, 40 c.c. of a 5 per
cent. solution of corrosive sublimate, 32 c.c. of a § per cent. solution of
potassium chromate, and 88 c.c. of distilled water. This mixture may
be kept in stock.

18. Ten per cent. phosphomolybdic acid.—Fifty c.c., kept in the dark.

1g. Jron soluwtion.—Dissolve 2.5 gm. of ferric alum—(NH,) Fe,-
(SO,),—in 100 c.c. of distilled water,

20. PFicric acid.—Keep on hand 5o gm. of the crystals and 500 c.c.
of a saturated aqueous solution, in which undissolved crystals in a stratum
2 to 3 mm. deep must always lie on the bottom of the bottle. It dis-
solves readily.

21. Chromic-acetic acid—To 50 c.c. of the 0.5 per cent. chromic-
acid solution (g 4) add 50 c.c. of distilled water and from 3 to 5
drops of glacial acetic acid.

22. Osmic acid.—This may be obtained from the dealer—s50 c.c.
of a 2 per cent. solution—shortly before it is needed. It is very
expensive. It should be kept in the dark or in a dark glass bottle and
if well stoppered can be preserved many months.

23. Chromic-acetic-osmic acid (Flemming’s mixture).—Prepare a 1
per cent. chromic-acid solution (5 c.c. of the 10 per cent. solution [Ne.
9] to 45 c.c. of distilled water) and add 12 c.c. of 2 per cent. osmic acid
and 3 c.c. of glacial acetic acid. This mixture is not injured by light
and can be kept in stock.*

24. Platinum chiorid.—Prepare a 10 per cent. stock solution, 2 gm.
dissolved in 20 c.c. of distilled water.

25. Platinum-acetic-osmic acid mixture (Hermann's mixture).—Pour
into 60 c.c. of a 1 per cent. solution of platinum chlorid (6 c.c. of stock
solution and 54 c.c. of distilled water) 8 c.c. of 2 per cent. osmic-acid
solution and 4 c.c. of glacial acetic acid.

26. Saturated sublimate salt solution.—Put 7.5 gm. ot common
salt into one liter of distilled water ; after solution add 125 gm. of crys-
talline corrosive sublimate and dissolve by the aid of heat. Filter the
warm solution. On cooling, white acicular crystals form on the bottom
of the bottle.

27. Silver nitrate—A 1 per cent. solution (1 gm. of silver nitrate in

#Tissues fixed in old Flemming's fluid often stain badly, because the acetic acid has
evaporated ; 5 to 2o drops of acetic acid newly added to the solution removes this defeet.
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100 c.c. of distilled water) should be procured a short time before it is
to be used. In a dark place or in a dark bottle it can be preserved for a
long time.

28. Gold chlorid—A solution of 1 gm. of gold chlorid in 100 c.c.
of distilled water should be procured shortly before it is to be used. It
must be kept in the dark or in a dark bottle. For gold-chlorid staining
it is necessary to have No. 2g.

2q. Formic acid, 50 c.c.

30. Concentrated potash lye (35 per cent.), 30 c.c. The bottle must
have a rubber stopper that is pierced by a glass rod. It should be pro-
cured from the druggist.

31. Glycerol.—One hundred c.c. of pure glycerol are to be kept in
stock ; also a solution of 5 c.c. of pure glycerol in 25 c.c. of distilled
water. The growth of fungi, which soon takes place in this mixture,
may be prevented by the addition of a small piece of camphor or thymol.
The cork of the bottle should be provided with a glass rod.

32. Xylol—On account of its sensitiveness in preparations incom-
pletely dehydrated xylol is not recommended to beginners.

33. Carbol-xylol.—Prepare by adding 22 gm. of crystalline carbolic
acid to 100 c.c. of xylol. This reagent will clear sections that are not
fully dehydrated.

34. Xplol-balsam.—A solution of canada-balsam in xylol. The
cork of the bottle should be provided with a glass rod.

35. Cover-glass cement —Dilute Venetian turpentine with enough
ether to make an easily flowing liquid ; then filter warm (in a heated
funnel) and inspissate the filtrate on a sand-bath. The proper con-
sistency is attained when a drop transferred with a glass rod to a
slide hardens at once and becomes so firm that it cannot be indented
with the finger-nail. Because of the danger of fire, it is better to have
the cement prepared by the druggist.®

36. Hansen's hematoxylin—(a) Dissolve 1 gm. of crystallized
hematoxylin in 10 c.c. of absolute alcohol and preserve it in a stoppered
bottle. (%) Dissolve 20 gm. of potassium alum in 200 c.c. of distilled
water, with the aid of heat and when cold filter. (¢) Dissolve 1 gm. of
potassium permanganate in 16 c.c. of distilled water, at room temper-
ature. On the next day pour solutions @ and # into a porcelain capsule,
add 3 c.c. of solution ¢ and, with constant stirring, heat the mixture
to boiling and boil about one minute. Cool quickly by floating the

®Editor's vremark :  In the United States an excellent fluid cover-glass cement is pre-
pared by J. D. King, Cottage City, Mass,
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porcelain capsule in cold water. When cold the mixture should be
filtered ; it is then ready to use. Cloudiness, or the development of
fungi in the mixture, does not depreciate its effectiveness in the slightest
degree. It is to be kept on hand.

37. Delafield’'s hematoxylin—(a) Dissolve 1 gm. ot crystallized
hematoxylin in 6 c.c. of absolute alcohol. (&) Dissolve 15 gm. of
ammonia alum in 100 c.c. of distilled water, with the aid of heat and
when cold filter. Pour the two solutions together and let the mixture
stand three days in a wide-open vessel exposed to the light ; then filter
and mix with 25 c.c. of pure glycerol and 25 c.c. of methyl-alcohol.
After three days filter the mixture. It does not deteriorate with age
and should be kept in stock.

38. Weigert's liematoxylin, for the demonstration of the medullated
nerve-fibers of the brain and the spinal cord. Heat 1 gm. of crystallized
hematoxylin in 10 c.c. of absolute aleohol, plus go c.c. of distilled water,
and when cold filter. It should be prepared shortly before it is to be
used. The application of this stain demands the aid of the following
three fluids :

30. Saturated solution of [lithium carbonate.—Dissolve 3 or 4
gm. of lithium carbonate in 100 c.c. of distilled water. This should be
prepared the day before using.

40. Solution of potassium permanganate (0.25 per cent.).—Dissolve
0.5 gm. of potassium permanganate in 200 c.c. of distilled water. This
may be kept on hand.

41. Acid mixture (Pal’'s mixture).—Dissolve 1 gm. of pure oxalic
acid and 1 gm. of potassium sulfite (K,SO,) in 200 c.c. of distilled
water. This mixture should be prepared one day before using and be
kept in a well-stoppered bottle.

42. Mallory's lematoxylin.—Pour 10 c.c. of 10 per cent. phospho-
molybdic acid into 200 c.c. of distilled water ; in this dissolve (without
heating) 1.75 gm. of crystallized hematoxylin and add 5 gm. of crystal-
line carbolic acid.

43. Newtral carmine solution.—Dissolve 1 gm. of the best car-
mine in 50 c.c. of cold distilled water to which 5 c.c. of a solution of
ammonia (liquor ammonii caustici) have been added. The deep,
cherry-red fluid should stand in an open vessel until it has no odor of
ammonia (about three days) and then be filtered. It is to be kept in
stock. The odor of this solution immediately becomes very disagree-
able, but this does not depreciate its staining power.

44. Frerocarmine—Pour 5 c.c. of solution of ammonia into 5o c.c.
of distilled water and to this mixture add 1 gm. of the best carmine.
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Stir with a glass rod. After complete solution of the carmine (in about
five minutes) add 50 c.c. of a saturated solution of picric acid and let the
whole stand in a wide-open vessel for two days. It is then to be filtered.
Abundant fungous growth does not diminish the staining power of this
excellent medium.

45. Alum-carmine.—Dissolve § gm. of alum in 100 c.c. of warm
distilled water and add 2 gm. of carmine. Boil this mixture ten or
twenty minutes and when cold filter ; finally, to the clear, beautiful, ruby-
red fluid add 2 or_3 drops of liquefied carbolic acid.

46. Carmalum.—To be obtained in solution of Dr. Grubler.

47. Borav-carmine.—Dissolve 4 gm. of borax in 100 c.c. of warm
distilled water ; when the solution has cooled add 3 gm. of the best car-
mine, stirring meanwhile, and then 100 c.c. of 70 per cent. alcohol. At
the expiration of twenty-four hours the fluid should be filtered. It filters
very slowly, requiring twenty-four hours or more.

Staining with borax-carmine requires after-treatment with 70 per
cent. acid-alcohol, which is prepared by adding 4 or 6 drops of pure
hydrochloric acid to 100 c.c. of 70 per cent. alcohol.

48. Paracarmine.—Dissolve 4 gm. of carminic acid (Grubler), 0.5
gm. of aluminum chlorid, and 4 gm. of calcium chlorid in 100 c.c. of
70 per cent. alcohol. This preparation keeps for a long time.

49. Sodiwm carminate.—Dissolve 2 gm. of pigment in 200 c.c.
of distilled water.*

50. Safranin.—Dissolve 2 gm. of pigment in 60 c.c. of 50 per
cent, alcohol (32 c.c. of g5 per cent. alcohol in 28 c.c. of distilled water).
It 1s to be kept in stock.

51. £osin.—Dissolve 1 gm. of pigment in 60 c.c. of 50 per cent.
alcohol. This should be kept in stock.

52. Orange—Dissolve 1 gm. of pigment in 60 c.c. of 50 per cent.
alcohol.

53. Congo-red.—Dissolve 1 gm. of pigment in 100 c.c. of distilled
water. IFrom this stock-solution prepare—

(@) A J'; per cent. solution: 3 c.c. of stock-solution in 100 c.c. of
distilled water.

54. Vesuvin, or—

* Editor's remark : Of the carmine stains, afum-cockineal should be highly recommended.
Becanse of the certainty of its action and the simplicity of its application it is very useful in
the hands of the beginner. It is prepared by boiling 60 gm. of powdered cochineal and 6o gm.
of alum in 800 parts of water for about twenty minutes, filtering the decoction, and adding a
small piece of camphor or thymol to prevent the growth of mold. It can be kept in stock for a
long time.

oy i
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55. Metlyl-vielet B, may be kept in stock in a saturated aqueous
solution (1 gm. in 50 c.c. of distilled water).

56. Methylene-blue.—Dissolve 1 gm. in 100 c.c. of distilled water,
This solution keeps well, as does the following, which is required for
after-treatment. :

57. Awmonium picrate.—Dissolve 3 gm. in 100 c.c. of distilled
water. : |

58. Aeid fuchsin (= rubin S).—Dissolve 1 gm. of the pigment in
100 c.c. of distilled water.

50. Van Gieson's picrofuchsin—To 10 c.c. of 1 per cent. solution of
acid fuchsin (No. 58) add 10@ c.c. of saturated aqueous solution of picric
acid (No. 20).

60. Resorcin-fuchsin after Weigert (modification of Pranter).—Dis-
solve 0.02 gm. of the dry pigment, to be obtained of Dr. Gribler, in one
part by weight (not volume) of official nitric acid and 100 parts by weight
of 70 per cent. alcohol.

61. Westphal's alunt-carmine dahlia.—Dissolve 1 gm. of dahlia in
25 c.c. of absolute alcohol, add 12 c.c. of pure glycerol and 5 c.c. of
glacial acetic acid, and pour into this mixture 25 c.c. of alum-carmine
(No. 45, p. 25). Preserve in a well-stoppered bottle.




[I. THE PREPARATION OF MICROSCOPIC
SPECIMENS.

INTRODUCTION.

Very few organs of the animal body are of a structure suitable for
microscopic examination without special preparation. They must possess
a certain degree of transparency, which is attained either by separating
the organs into their elements or by cutting them into thin sections—
that is, either by #solating or by sectioning. Further, very few organs
possess a consistency that, without treatment, allows of the cutting of
sufficiently thin sections ; they are either too soft, in which case they
must be lardened, or too hard (calcified), in which case they must be
decalcified. But fresh objects can be neither lardened nor decalcified
without injury to their structure ; both processes must be preceded by
treatment which rapidly kills the structural elements and at the same
time preserves their natural form. This procedure is called fivafion.
Usually, the preparation of thin sections is possible only after fixation and
hardening, followed in some cases by decalcification, of the object. The
sections, too, require further treatment; they may be forthwith ren-
dered transparent by means of clearing media (which can be also suc-
cessfully used in the examination of fresh objects), or they may be
stained before being made transparent. The staining materials are in-
valuable aids in microscopic investigations. They can be applied in the
examination of fresh and even of living organs. A large number of the
most important facts have been discovered by means of them. Intro-
duced into the blood-vessels, injected, they enable us to trace the branch-
ing and course of their finest ramifications.

§ 1. NATURE OF THE MATERIAL.

For the study of the structural elements and the simplest tissues,
amphibians (frogs, salamanders) are recommended. The best is the
spotted salamander,* the elements of which are very large. For the
study of organs, mammals should be chosen. In many cases our

® Editor's remarg: Or the American Awdlysioma, Necturns, ete.
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rodents (rabbits, guinea-pigs, rats, mice), also young dogs, cats, etc.,
are suitable. Still no oppertunity to secure human organs should be
neglected. Perfectly fresh material can often be obtained at surgical
clinics. Material may also be had at autopsies, if not made too long
after death ; with the exception of the mucous membrane of the intes-
tinal tract, which decomposes very quickly after death, many organs can
be used.

In general it is advisable to place the organs while yet warm in the
fixing fluid. In order to accomplish this the following injunctions must
be observed: Fill the bottles selected for the reception of the objects
with the appropriate fluid and provide them with a label on which is
designated the object, the fluid, the date, and in some cases the hour;
then place the dissecting instruments near at hand ; then kill the animal.*

§ 2. KILLING AND DISSECTING THE ANIMALS.

Kill amphibians by cutting through the vertebral column of the
neck with strong scissors and destroy brain and spinal cord by means of
a needle introduced through the wound into the vertebral canal and the
cranial cavity. Cut the throat of mammals by a deep incision reach-
ing as far back as the vertebral column, or pour chloroform on a cleth
and press it to the nose of the animal.t Small animals, up to the
size of four centimeters, and embryos may be placed entire in the fixing
fluid ; after about six hours the thoracic and abdominal cavities should
be opened by incisions. In the dissection, if possible, an assistant should
hold the extremities of the animal. Small animals can be extended on
cork or wax plates and secured by strong pins thrust through the feet.
The organs must be carefully removed. This is best done with scissors
and forceps. Crushing or pressing the parts, or taking hold of them with
the fingers, must be entirely avoided. Only the edge of the object may
be grasped by the forceps. Attached foreign matter, mucus, blood,
contents of the intestines, must not be scraped off with the scalpel, but
should be removed by slow twirling in the respective fixing fluids [or
by gently shaking the object in normal salt solution (p. 20) before
placing it in the fixing medium.—Ep.].

In the following methods it is not possible to avoid moistening scis-
sors, forceps, needles, glass rods, etc., with different fluids, for example,

% Ta take parts from the fofng animal is an entirely needless eruelty !

TEdidor's remark © 1 prefer to kill medium-sized and small animals (rabbits, guinea-
pigs, cats, mice, ete.] by placing them under a sufficiently large bell-glass, together with a wad
of absorbent cotton saturated with chloroform.
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with acids. The instruments should be cleaned znmediately after using
by rinsing in water and drying. Above all, avoid dipping a glass
rod which, for instance, may be contaminated with an acid or a dye into
another fluid. Apart from the fact that thereby the reagents will be
spoiled, the success of the preparation is, as a consequence, often totally
frustrated. Beaker-glasses, watch-glasses, etc., are easy to clean if
attended to immediately after using ; but if, for example, any staining fluid
is allowed to evaporate and dry on them the cleansing then becomes very
tedious. Therefore the cleansing of the glasses immediately after using
should never be neglected ; in case there be no time for this, they at least
should be placed in water.

All vessels used for isolating, fixing, hardening, staining, etc., must
be kept closed and should not be placed in the sun.

§ 3. ISOLATION.

The process of isolation is accomplished by teasing either the fresh
objects or those previously treated with dissociating fluids, which render
the teasing partially or wholly unnecessary. It is a difficult task to
make a well-teased preparation. Great patience and exact fulfilment of
the following directions are indispensable: The needles must be sharp
and perfectly clean; they should be previously pointed and polished on
a moistened whetstone. The minute object, at the most 4 mm. square,
should be placed in a small drop of the dissociating or mounting
medium on a slide and teased on a dark background if it is colorless,
on a white surface if it is dark or stained. If the object is fibrous—
for example, a bundle of muscle-fibers—apply both needles at one end
and separate the fasciculus along its length into two; in the same way
divide one of these bundles into two, and so continue until the minute
individual fibers are isolated. At times it is difficult to divide the bundle
along its entire length ; in this case it is often sufficient to divide it for
three-fourths of its length, allowing the isolated fibers to remain attached
at the one end. The uncovered preparation may be examined with the
low power in order to ascertain if the dissection is fine enough.*

The following isolating fluids are recommended :

(2) For EprTHELIAL CELLS.
Ranvier's one-third alcohol (p. 20) is an admirable isolating

* Uncovered preparations lying in a small amount of fluid often appear indistinct, exhibit
black borders, etc., errors which may be corrected by the addition of a sufficiently large drop
of fluid and the application of a cover-glass.
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medium. Place small pieces from 5 to 10 mm. square (e. g., of
the intestinal mucous membrane) in about 10 c.c. of this fluid.  After
four hours (in the case of stratified squamous epithelium after ten
to twenty-four hours or later) take out the pieces with the forceps, care-
fully and slowly, and tap them /lig/it/y against a slide on which a drop
of the same fluid has been placed. By this manipulation many isolated
epithelial cells fall off; occasionally shreds are detached, which can be
separated into their elements by gently stirring them with a needle.
Then apply a cover-glass (p. 49) and examine. If it is desired to sfain
the object, carefully transfer the entire piece from the alcohol to about 6
c.c. of picrocarmine (p. 24). In two or four hours place the object very
carefully in 5 c.c. of distilled water, and in five minutes tap it against
the slide, which this time should have on it a drop of diluted glycerol
(p. 23). Apply a cover-glass. The preparation can be preserved.

(4) For MuscLE-FIBERS AND GLANDS.

A 35 per cent. solution of potassium hydroxid is suitable
(p. 23). Small cubes from 10 to 2o mm. in diameter should be
placed in 10 to 20 c.c. of this fluid. In about an hour the objects
fall apart into their elements, which may then be lifted out with
a needle or a pipet and examined under a cover-glass in a drop of the
same lye. The action of diluted potash lye is totally different;
examined in a drop of water the elements are rapidly destroyed. If the
isolation is not successful, if instead a jelly-like softening occurs, the
potash solution is too old. Therefore a freshly prepared solution should
always be used. The preparations, even when successful, cannot be
preserved.®

A mixture of potassium chlorate and nitric acid may be used. This
is prepared by throwing into 20 c.c. of pure nitric acid so much potassium
chlorate (about 5 gm.) that an undissolved residue remains on the
bottom of the bottle. In from one to six hours, occasionally later, the
object is sufficiently dissociated, and should then be transferred to dis-
tilled water, in which it should stay for one hour, but may remain for a

#Eoitor's remark ) Aceording to 8. H. Gage [ Proe. Amer. Soc. Mier.,”” 188q, p- 35],
the action of the caustic potash may be at any time most satisfactorily checked by replacing it
with a 60 per cent. solution of potassium acetate, or by the addition of sufficient glacial acetic
acid to neutralize the caustic potash and form acetate of potash.,  After the action of the caustic
potash is checked the elements may be preserved indefinitely en masse in a 60 per cent. solu-
tion of acetate of potash, or after being treated with a saturated solution of alum, in 40 per cent.
aleohol or glycerol. After the last treatment the elements may even be satisfactorily stained
with hematoxylin or alum-carmine.
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week without injury. Then the object is placed on a slide, where, in a
drop of diluted glycerol (p. 23), it can be easily dissected. If the nitric
acid is well washed out the preparation can be preserved and can also be
stained under the cover-glass (p. 53). Placing the unteased objects in
picrocarmine (see a, p. 29) will not be successful, because this stain-
ing fluid makes them brittle.

(¢) For GLAND-TUBULES.

Pure hydrochloric acid is admirable. Small pieces about 1 cm.
in diameter should be placed in 10 c.c. of the acid and in from
ten to twenty hours transferred to about 30 c.c. of distilled water,
which must be renewed several times during twenty-four hours.
The isolation is then easily accomplished by carefully spreading out the
pieces with needles in a drop of diluted glycerol. The preparation
can be preserved.

§ 4. FIXATION.

General Rules.—(1) For fixation a Jarge quantity of the fluid
should be used, exceeding the volume of the object 50 to 100 times.
(2) The fluid must always be ¢/ear, and as soon as it becomes turbid must
be replaced by fresh fluid. It often becomes turbid within an hour, or
sooner, after the introduction of the object. (3) The objects to be fixed
should be as small as possible ; in general they should not txceed 1 or 2
c.c. Should it be necessary to preserve the object entire (¢. g, for sub-
sequent orientation), many deep incisions should be made in it from five
to ten hours after placing it in the fixation medium. The object should
not lie on the bottom of the receptacle, but should be suspended within
it or placed upon a thin layer of defatted cotton-wool or glass-wool.

1. Ninety-five per cent. alcohol is especially suitable for fixing glands,
skin, blood-vessels, etc. It acts simultaneously as a hardening medium.
Objects fixed in alcohol can be sectioned after twenty-four hours ; * there-
fore it is well adapted for the rapid preparation of specimens. Special
attention should be given to the following details : (1) The alcohol must
be renewed in from three to four hours, even though it i1s not turbid.
(2) The objects should not lie in contact with the glass, lest they adhere to
it ; ¥ they should be either suspended on a thread in the alcohol or
placed on a little wad of cotton on the bottom of the vessel.

¥ One should not too long delay using objects fixed in absolute alcohol, for the elements
gradually deteriorate ; they should be sectioned in from three to eight days. Sections of objects
that have lain only twenty-four hours in absolute alcohol occasionally stain poorly.

T Such areas appear strongly compressed in the sections,
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Weaker alcohol, for example, go per cent. alcohol, acts very dif-
ferently, it shrivels the object and therefore cannot be used instead of
95 per cent. alcohol.

2. Chromic acid is mainly used in two aqueous solutions :

() As a 0.1 or a 0.5 per cent. solution (p. 21), which is especially
suitable for organs that contain much loose connective tissue. This
strong solution imparts a superior consistence to connective tissue, but
has the disadvantage of making the staining difficult; it is also suitable
for the fixation of karyokinetic fizures. The objects remain in the chro-
mic-acid solution for from one to eight days, are then washed in running
water for from three to four hours or, if this is not possible, placed for the
same length of time in water renewed three or four times, then trans-
ferred to distilled water for a few minutes, and finally hardened in alco-
hol of gradually increased strength (§ 5) and protected from daylight
(p- 35, remark *).

(#) As a 0.05 per cent. solution, which may be prepared by dilut-
ing the 0.1 per cent. solution with an equal volume of distilled water,
The application is the same as that of solution &, except that the objects
remain only twenty-four hours in solution 4.

Chromic acid solutions penetrate slowly ; accordingly, if the tissue
is submitted to the action of the medium for so brief a period as twenty-
four hours, gnly small pieces, 5 to 10 mm. in diameter, should be pre-
served.

3. Nitric acid in a 3 per cent. solution (3 c.c. of concentrated nitric
acid [p. 20] to g7 c.c. of distilled water), like the strong chromic acid
solution, is an admirable medium for organs rich in connective tissue.
The objects remain for from five to eight hours in this solution and with-
out the previous use of water are transferred directly into alcohol of
gradually increased strength for hardening (§ 35).

4. Formaldelyde, in from 8 to 10 per cent. solution (prepared by
diluting 20 c.c. of commercial formol [p. 21] with 8o c.c. of distilled
water) is a good medium for the fixation of cell structures; it acts
similarly to osmium solutions.®* The objects should remain 48 hours
or more in the formaldehyde solution and are then at once trans-
ferred to absolute alcohol, in which they are hardened for at least two
days.

5. Potassium-bichromate-acetic actd (p. 21).—Place the objects in
the liquid and after from 18 to 24 hours wash them for about three hours
in (if possible running) water and then harden in gradually strengthened

# Cf. also the substitution of the osmic acid in the Geolgi mixture,
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alcohols (p. 35). The advantage of this reagent lies in its high power
of penetration and in the rapid course of the process : fixation and hard-
ening are completed in from 4 to 5 days. This method, that with the
exception of the liver has yielded me very good results, requires more
time for staining, . g., with Hansen’s hematoxylin from 15 to 60 min-
utes, with safranin 24 hours instead of 5 minutes. Bulk staining of
small pieces i$ easily accomplished.

6. Potassiwm-bichromate-formol (p. 21).—Place the objects in the
liquid and after 24 hours transfer them to 3.5 per cent. solution of potas-
sium bichromate ; in from 3 to 6 days wash in (if possible running) water
for from 3 to 6 hours and harden in alcohols of ascending degrees of
strength (p. 35).

7. Miller's fluid.—The objects remain for from one to six weeks*
in a large volume (up to 400 c.c.) of this solution, are then washed in
(if possible) running water, rinsed in distilled water, and, finally, hard-
ened in the series of gradually ascending alcohols, under exclusion from
daylight (p. 35, remark*). Who does not follow with painstaking con-
scientiousness the previously specified general rules for fixation will secure
imperfect results, for which even otherwise experienced microscopists
have held the blameless Miller's fluid responsible.

8. Miiller-formol mixture (p. 21).—After 4 days’ fixation the objects
are transferred to pure Miiller's fluid (p. 21); the subsequent treatment
is the same as with Miiller's fluid.

9. Zenker's fluid—Metal instruments must be cleansed immediately
after dipping them into this fluid. The objects should remain in it for
from 10 to 24 hours, allowing about 60 c.c. of the reagent to each one-
centimeter cube of tissue, should be washed in running water for the
same length of time, rinsed in distilled water, and hardened in the dark
in alcohols of gradually increasing strength (p. 35). For the removal
of the sublimate precipitates that occur in the tissues add to the go per
cent. alcohol enough tincture of iodin to impart to the fluid the color of
port-wine. The objects remain for from eight to fourteen days in this
iodin-alcohol, the color of which rapidly fades and therefore it requires
the daily addition of enough of the tincture of iodin to maintain the tint.}
Finally the objects are transferred to pure go per cent. alcohol, which
is to be changed two or three times, and in this they may remain for a
week or longer. (See also pp. 51 and 52.)

# Objects may be left in Miiller's fluid for a longer period—up to six months ; often they
can then be sectioned and stained without the alcohol hardening.

t If notwithstanding the preparations show sublimate precipitates they may be removed by
placing the sections in iodin-alcohel for about ten minutes. Then rinse them in pure alcohol,

transfer them to the staining fluid, ete.
3
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The results with Zenker's fluid are good only when sectioning and
staining are undertaken soon after completion of fixation and hardening.
One year old Zenker preparations stain less well, even such as were
embedded in paraffin. Then often only hemalum (p. 39) still gives satis-
factory staining. = For organs that are rich in smooth muscle-fibers
Zenker's fluid is less suitable than other fixing media.

10, Osmic acid solution (p. 22).—In using this reagent care must be
taken not to inhale the vapor, which is very irritating to mucous mem-
branes. Fixation is accomplished either by immersing very small pieces,
up to 5 mm. cubes, in the acid, which is usually employed in a one per

cent. solution, of which only a small quantity—{rom I to 6 c.c.—need

be used ; or by exposing the moist object to the vapor of the osmic acid
solution. For the latter purpose pour 1 c.c. of the 2 per cent. solution
into a test-tube about 5 em. in length and add an equal volume of dis-
tilled water ; fasten the object by means of quills to the under surface of
a cork stopper, with which the test-tube is then to be securely closed.
In from ten to sixty minutes, according to the size of the object, it is
removed from the cork and dropped into the fluid in the test-tube. In
both cases the objects remain in the acid for twenty-four hours, and
during this time the containers must be tightly closed and stood in the
dark. Then the objects are taken out, washed for from one-half to two
hours in running water, rinsed in distilled water, and hardened in gradu-
ally strengthened alcohols (§ 5).

11. Chromic-acetic osmic acid (Flemming's solution) (p. 22) is an
excellent medium for the fixation of karyokinetic figures. Place the
absolutely fresh, s#lf warm pieces, from 3 to 5 mm. in diameter, in 4 c.c.
of this fluid, in which they remain for from one to two days, or even
longer. Then the pieces should be washed in running water for one
hour, better longer, rinsed in distilled water and hardened in alcohols
of gradually ascending strength (§ 5). The effect of this mixture on
the nuclei is different at the periphery of the object than in the interior,
where the chromatin networks are more distinct, because at the periphery
the osmic acid, which renders the nuclear sap granular and the nuclear
reticulum indistinct, acts in its purity.

12. Platinwm-acetic-osmic acid mixture (p. 22) is very suitable for dis-
playing sharply defined cell boundaries. It is used like Flemming’s
solution.®

*Solutions of osmic acid or mixtures containing osmic acid blacken fat ; if it is desired
to preserve osmicated fat the sections must not be cleared in turpentine, absolute ether, or xylol,
which dissolve osmicated fat. Use chloroform (or clove oil) and mount in a solution of balsam
in chloroform. Pure osmium solutions (but not nsmiunli-r.:unta.ining mixtures) also blacken
pigment.

£
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13. Sublimate salt solution.—Place small cubes of tissue, at the most
not over 4 mm. in diameter, for from one to six hours, according to bulk,
in 20 c.c. of sublimate salt solution (p. 22); then transfer directly into
30 c.c. of gradually strengthened alcohols (§ 5, p. 35) for hardening. To
the 70 per cent. alcchol and upward add tincture of iodin, as when
using Zenker's medium (No. g, p. 33). Avoid the use of metal instru-
ments.

The fluids that have been used for fixation cannot be used again
and should be thrown away.

§ 5. HARDENING.

Except when absolute alcohol is used, all the fixing methods neces-
sitate a supplementary process of hardening. The best hardening medium
is alcolol in ascending degrees of strength. Here, too, the rule is to use
abundance of fluid and to change the alcohol when it becomes turbid or
colored.* A stratum of defatted cottonwool, from 2 to 4 cm. deep,
should cover the bottom of the receptacles used for hardening, in order
to keep the water that settles there from the immediate vicinity of the
object.

The exact application is as follows : After the objects have been
fixed in one of the previously enumerated fluids and washed in watert
they are placed, under exclusion of daylight, for from two to six hours,
according to the size of the object, in 50 per cent. alcohol, then trans-
ferred for twelve hours each to 70 per cent. and 8o per cent. alcohol, and
at the expiration of this time to go per cent. alcohol, in which after
another period of from twenty-four to forty-eight hours the hardening
is completed. In this alcohol the objects may remain for months before
their final preparation. The go per cent. alcohol employed for harden-
ing should be collected and used for burning or for hardening liver for
embedding.

e - —_— e — - —

®* Dbjects fixed in chromic acid or in Miiller's fluid, if not subjected to prolonged wash-
ing,—and this must be avoided because of incipient decomposition,—yield substances to the
alcohol which with the simultaneous action of daylight appear in the form of precipitates; on
the other hand, if the object is kept in the dark no precipitates are formed and though the
alcohol becomes yellow it remains clear, It is on this account that the exclusion of daylight
has been recommended above ; it is sufficient to place the bottles in a dark part of the room.
Even the go per cent. alcohel must be changed once daily so long as it becomes intensely
yellow.

TAn exception is made in the case of objects that have been fixed in 3 per cent. nitric
acid. These should be transferred directly from the fixing fluid to the Jo per cent. aleohel,
which must be changed several times during the first day.
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§ 6. DECALCIFICATION.

The objects to be decalcified must not be placed fresh in the decalcify-
ing fluid ; they must be previously fixed and hardened. For this purpose
place small bones up to the size of a metacarp, teeth entire, and pieces
from 3 to 6 cm. long sawed from the larger bones in 300 c.c. of Miiller's
fluid for from two to four weeks and, after previous washing, harden them
in 150 c.c. of gradually strengthened alcohols(§ 5). After the bone has been
in the go per cent. alcohol for three days or longer it is washed for twenty-
four hours in running water and then transferred to the decalcifying fluid—
diluted nitric acid, prepared by adding from g to 27 c.c. of pure nitric acid to
300 c.c. of distilled water. Large quantities, at least 300 c.c., of this
fluid should be used and changed dadly at first, later every four days,
until the decalcification is completed. The process is controlled by
thrusting in a needle or by making an incision with a scalpel, which
should be at once carefully cleaned. Decalcified bone is flexible, soft, and
easily cut. Fetal bones, heads of embryos, etc., are decalcified in weaker
nitric acid (1 c.c. of pure nitric acid to go c.c. of distilled water) or in
500 c.c. of a saturated aqueous solution of picric acid (p. 22). The
process of decalcification requires .several weeks for thick benes, from
three to twelve days for fetal and small bones.

So soon as the decalcification is completed the bones are placed for
twenty-four hours in 5 per cent. solution of potash alum, then washed
in running water for twenty-four hours, and again hardened in gradually
strengthened alcohols (§ 5).

It not infrequently happens to beginners that they transfer the bone
to alcohol before it is fully decalcified, and then in the attempt to section
it they discover that it is not yet ready for use. In such cases the entire
procedure of decalcification must be repeated.  If the action of the de-
calcification medium is too prolonged, it eventually leads to the complete
destruction of the objects.

§ 7. SECTIONING.

The razor must be skarp, for success in sectioning depends upon
the sharpness of the knife. The blade must be moistened with alcohol ;
water is not suitable, because it does not adhere evenly to the sur-
face of the blade. Therefore, at each third or fourth section dip the
knife into a shallow glass dish containing 30 c.c. of 9o per cent. alcohol,
which at the same time serves for the reception of the sections that are
cut. The razor is to be held in a /lorizental position, lightly grasped,
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with the thumb on the side of the cutting edge, the fingers toward the
back of the blade, the dorsum of the hand directed upward. The object
to be sectioned must first have a smooth surface, which is made by
cutting off a slice of the necessary thickness with a single movement
of the razor. From this surface the sections may now be taken ; they
should be cut with a light, not too rapid movement, as smooth as pos-
sible, and of uniform thinness. The knife must not be pushed, but
should be drazon through the object, and that this may be done the por-
tion of the blade adjoining the handle should be applied to the object.
Ten to twenty sections should be made; they may be transferred by
means of a needle or by immersing the blade in the alcohol.* Then
place the dish on a black surface and search for the best sections. The
thinnest sections are not always the most useful ; for many preparations
—for example, for a preparation through all the coats of the stomach—
thick sections are recommended. For a general view large, thick sec-
tions should be prepared; for the study of minute structures, thin
sections ; for the latter purpose small fragments from 1 to 2 mm. on a
side are often satisfactory, or the marginal portions of thick sections.

If the object to be sectioned is too small to be held with the fingers,
it should be embedded. The simplest method consists in placing the
object in a cleft in a piece of hardened liver.

Ox-liver or, better, human lardaceous or amyloid liver may be
used. The latter may be obtained from the pathologic laboratories.
Dog’s liver, to be obtained from the physiologic laboratory, is also
recommended. The liver should be cut into pieces about 3 em. high,
2 cm. broad, and 2 cm. thick, and these hardened in go per cent. alcohol,
which must be changed within twenty-four hours; in three to five days
the liver attains the necessary hardness. The embedding is then accom-
plished by making an incision in one of these pieces from the top half-way
down and inserting the object into this cleft. If the object is too thick,
furrows can be cut in the liver with a small scalpel and the object fitted
inte these. The object requires no further staying except, perhaps, bind-
ing with a silk thread.

As a rule I embed objects in liver; very thin sections can be
made so soon as one has a certain amount of skill and this can be easily
acquired in the course of a few weeks.

§ 8. STAINING.
Before using a stain it should always be filtered. A small funnel

% Very thin sections that are not to be stained or that have been stained in bulk may be
transferred directly to the slide by inclining the blade and slipping or rinsing them off.
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can be made by simply twice folding a piece of filter-paper 5 cm. in
diameter and supporting it in a cork frame, which can be made by cutting
out a piece 2 em. square from a cork plate 5 cm. square. The frame is
then mounted on four long pins. Such a funnel and frame can be used
repeatedly, but only for the same fluid. The sections should not float
on the surface of the staining fluid; they must be submerged with
needles.

1. Nuclear staining with Hansen's hematoxylin (p. 23).—Filter from
3 to 4 c.c. of the staining fluid into a watch-glass and in it place the sec-
tions. The time in which the sections stain varies greatly. Sections
fixed and hardened in alcohol stain in from one to three minutes. If
Miiller’s fluid or potassium-bichromate-acetic acid was used for fixing,
the sections must remain in the staining fluid somewhat longer, up to five
minutes and more.™

From the stain the sections are transferred to a watch-glass contain-
ing distilled water, in which they are washed,—u. ¢., gently moved about
with the needle to remove the excess of dye,—and then placed in a glass
containing 30 c.c. of distilled water. In this the sections must remain at
least five minutes, during which their blue-red color gradually changes
to a beautiful deep blue, which becomes the purer the longer (up to
twenty-four hours) the sections are allowed to remain in the water.
When a preparation is overstained the hematoxylin can be partially ex-
tracted by placing the sections in a watch-glass containing 5 c.c. of dis-
tilled water to which 2 or 3 drops of acetic acid have been added. In
about 5 minutes the sections become lighter and are then transferred to
distilled water, which must be changed several times, by means of which
the color, made red by the acetic acid, becomes blue again. At first the
sections have a faded blue tint; usually the differentiation occurs in
about five minutes, but sometimes not for hours. When it is complete
certain details can be recognized even by the unaided eye.

Beginners are recommended to leave the sections for different lengths
of time—one, three, or five minutes—in the stain, in order to learn the
time required to produce successful staining. The chief essential in

e S ——————————————

# Sections fixed in the strong solution of chromic acid or in Zenker’s fluid, or objects not
entirely free from acid, often stain very slowly, occasionally not at all. This defect can be
remedied either by keeping the objects from two to three months in go per cent. aleohel, which
must be changed two or three times dur]ng this prr::rivl;:a[]1 or by tn::lting the sections for from five
to ten minutes with 5 c.c. of distilled water to which from 3 to 7 drops of 35 per cent. solution
of potassium hydroxid have been added. The sections are then to be transferred for from one to
two minutes to a watch-glass containing pure distilled water and from this into the hematoxy-
lin. Im from five to ten minutes such sections will also stain.
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hematoxylin staining is thorough washing ; if the water becomes blue, it
must be replaced by fresh. The used stain should be poured back
through the filter into the hematoxylin bottle. The watch-glass should
be immediately cleaned.

Instead of Hansen’s hematoxylin P. Mayer’s hemalum (hemalum pur.,
Griibler) may be used. It is prepared by dissolving with the aid of heat
0.5 gm. of hemalum in 25 c.c. of go per cent. alcohol and mixing this with a
solution of 25 gm. of alum in 500 c.c. of distilled water. The application
is the same as for Hansen's hematoxylin. It can also be used for bulk stain-
ing, allowing 24 hours for penetration. Large objects stained in bulk must be
washed out with a 1 per cent. solution of alum.

2. Nuclear staining with alum-carmine (p. 25) or with carmalum
(p. 25).—Filter from 3 to 4 c.c. of the staining fluid into a watch-glass,
place the sections in it, and allow them to stain for at least five minutes.
The advantage of alum-carmine lies in this, that the sections may be left
in it for a longer period without becoming overstained, which is more
apt to occur with hematoxylin ; a disadvantage is that alum-carmine is a
pure nuclear stain, while in hematoxylin staining the protoplasm too ac-
quires color, a gray or gray-violet tone, and is thereby more easily
recognized.

3. Diffuse staining.—For staining the protoplasm and the inter-
cellular substance. :

(@) Slow staining.—A small drop of neutral carmine solution (p. 24)is
transferred by means of a glass rod to a capsule containing 20 c.c. of dis-
tilled water, on the bottom of which lies a small piece of filter-paper.®
The sections remain over night in this fluid. The paler the rose color of
the fluid the longer the time required for staining and the more beautiful
the result will be. The beginner is always inclined to regard the pale-
rose fluid as too dilute to secure good staining, until on the following
day the deep pink to red sections teach him better.

This stain can be used alone only in a few cases, but is highly
recommended for double-staining. The sections should be stained first
with the carmine solution, then with hematoxylin.

Staining with erange for from 12 to 24 hours (10 c.c. of g5 per
cent. alcohol to which from 2 to 4 drops of solution of orange (p. 25)
have been added) yields effective pictures. Stain first with hematoxylin,
then with orange or with cosin (2 to 4 drops of eosin (p. 25) in 10 c.c. of
distilled water).

(&) Rapid staining.—Add 10 drops of a solution of eosin (p. 25)
to 3 or 4 c.c. of distilled water. In this the sections remain for from one

*If the filter-paper is omitted the sections stain only on the one side.
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to five minutes, are then washed in distilled water, and then placed in
30 c.c. of fresh distilled water (see No. 1, p. 38). The stain may be
used alone or combined with hematoxylin ; in the latter case the whole
procedure of hematoxylin staining is to be carried out first, then that of
eosin staining.

4. Staining of the chromatin substance.—For nuclear division.
Place the objects for from five to ten minutes in a watch-glass containing
10 c.c. of distilled water and one drop of pure hydrochloric acid ; wash
them for one minute in distilled water and transfer them to a watch-
glassful of safranin solution (p. 25), in which they should remain five min-
utes, The sections or membranes are then lifted out with the needle and
placed in about 5 c.c. of absolute alcohol for decolorization. When the
sections no longer give off much of the dye (usually in from one to two
minutes), they are transferred to 5 c.c. of fresh absolute alcohol for one
minute, then cleared and mounted (§ 10, 3, p. 50). If the immersion in
absolute alcohol is too prolonged, it may lead to total decolorization of
the preparation. Failure in staining is usually due to an insufficient
amount of acetic acid in the Flemming's solution (p. 22, remark).

5. Staining tn bulk.*—Nuclear staining of the entire object before
sectioning :

(@) Borax-carmine.—The fixed and hardened objects are placed in
30 c.c. of borax-carmine for twenty-four hours if they are small (5 mm.
square), for from two to three days if they are large. From this they
are transferred directly to 25 c.c. of acid-alcohol (p. 25) ; the used borax-
carmine may be returned to the bottle. In a few minutes the acid-al-
cohol acquires a red color + and must be replaced by fresh, which should
be again renewed in about fifteen minutes ; this renewal must be repeated
until the alcohol no longer becomes red.f The object is then trans-
ferred to go per cent. alcohol, and if after twenty-four hours it is net
sufficiently hardened to be sectioned, it is placed for twenty-four hours
or longer in g3 per cent. alcohol.

% FEditor’s vemark: Tt is especially for staining in bulk that afwm-cockinen! (recom-
mended en p. 25, remark) proves very useful. It has the advantage of not overstaining, and
does not need in its application a special discharging Aluid. Stain the pieces for about twenty-
four hours and wash them in several changes of water to remove the excess of stain and the
alum; then transfer to alcohols of gradually increased strength.

1 Preparations fixed in Milller's fluid often give off very little dye.

1 This may require from one to three days; during the first day the fluid should be
changed every two hours, subsequently every four hours. If you wish to be economical take a
needle and gently push the object out of the area of red fluid in which it lies into an uncolored
portion of the aleoh 1.
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(&) Paracarmine—This stain (p. 25) penetrates easily and in this
respect is preferable to borax-carmine ; pieces from 2 to 3 cm. on a side
can be stained in bulk in 24 hours. The pieces are transferred from the
paracarmine to 70 per cent. (not acid) alcohol, that when colored is to
be changed for fresh ; follow by go and g5 per cent. alcochol. This re-
agent stains not only nuclei, but also in light tone the protoplasm.
Overstaining can be corrected by placing the pieces (or sections)in 40 c.c.
of 70 per cent. alcohol plus 1 c.c. of glacial acetic acid. Then treat for
12 hours with go per cent. alcohol and from this transfer to g5 per cent.
alcohol.

6. Frcrocarmine.—Double-staining : nuclei and connective tissue red,
protoplasm yellow.

Filter about 5 c.c. of the staining fluid (p. 24) into a watch-glass. The
length of time in which picrocarmine acts differs greatly for individual
objects and can be approximately given only in the special directions.
When the staining is completed the dye is filtered back into the bottle
and the object transferred for from ten to thirty minutes to 10 c.c.
of distilled water. (The latter procedure is omitted in staining under
the cover-glass, p. 53.) If the object, ¢. g., a section, is to be dehy-
drated in absolute alcohol (p. 50), it must not be allowed to remain in
this reagent longer than from one to two minutes, because the alcohol
extracts the yellow stain; or the decolorization can be prevented by
adding a small crystal of picric acid to the absolute alcohol.

Picrocarmine is preferably used in the examination of fresh objects.
If the solution is good a very pretty stain is obtained, that is improved
by subsequent treatment with acidulated glycerol, which renders it crisp
and clear.

7. Nuclear staining with anilin dyves.—For this purpose the best
anilin dyes are veswvin (p. 25) and methyl-violet B (p. 26). Filter 5 c.c. of
the staining fluid into a watch-glass ; in this place the sections, which ac-
quire a very dark color in from two to five minutes ; they are then washed
in distilled water and transferred to a watch-glass containing absolute
alcohol, in which they give off the dye abundantly. Ina few minutes,
from three to five, the sections become paler, and individual parts
(e. £., the glands of the skin) can be detected by the unaided eye. The
sections are now to be transferred to another watch-glass containing
5 c.c. of absolute alcohol, and in about two minutes they may be
cleared and mounted in balsam. The result is a very beautiful per-
manent nuclear stain. A disadvantage lies in the necessity for using so
much absolute alcohol.

8. Safranin (p. 25) can be similarly employed. The sections stained
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for five minutes are washed for thirty seconds in a watch-glass containing
g5 per cent. alcohol and then transferred to absolute alcohol, which must
be replaced by fresh so soon as it becomes intensely red. In from five
to fifteen minutes—the time varies according to the thickness of the sec-
tions—they are sufficiently decolorized and are then to be cleared and
mounted in xylol-balsam (p. 50).

Q. Methylene-blue for statning avis-cylinders.—This method is appli-
cable only to perfectly fresh, *‘ overliving "' preparations. Prepare a one-
fifteenth per cent. solution, by adding 1 c.c. of a 1 per cent. solution
(p. 26) to 15 c.c. of distilled water. The fresh preparation is treated on
the slide with a few drops of this diluted staining fluid and meanwhile
covered with a watch-glass, to prevent evaporation, but not so as to make
an hermetic cover, since the access of atmospheric air is necessary to the
success of the staining. The reaction occurs in from one to one and a
half hours ; it can be rendered more certain by gently moving the prep-
aration to and fro and by placing it in an oven at 36.5° to 37.7° C.
In order to prevent the drying of the preparation during this period a
drop of the diluted staining fluid or of normal salt solution should be
added from time to time. Then cover with a cover-glass. The result
is a beautiful blue coloration of the axis-cylinders. Other elements often
are stained, the nuclei, connective-tissue fibers, etc., and with more pro-
longed action of the reagent also the medullary sheaths of the nerves.
The preparation may be preserved as follows : replace the staining fluid
with a drop of ammeonium picrate solution (p. 26) according to the
method given on page 53 ; this converts the blue color to violet; then
place a drop of glycerol at the edge of the cover-glass, and it will grad-
ually take the place of the evaporating water of the ammonia solution.
After eighteen to twenty hours add another drop of glycerol and secure
the cover-glass with cement (p. 49). In the course of 24 hours the
preparations become thoroughly transparent and not until then do they
admit of close investigation. They must not be exposed to sunlight, in
which they fade ; in any case they soon lose their original beauty (see
further Leontowitsch, on “ The Innervation of the Human Skin." In-
ternat. Monatsschr., Bd. 18, 1go1).

10. Mucus-staining with Delafield's  hematoxylin.—Filter three
drops of this stain (p. 24) into a watch-glass containing 25 c.c. of dis-
tilled water. In this dilute solution the sections (preferably of objects
fixed in Flemming’s mixture*) are placed and remain for two or three

* Preparations that have been fixed in Miiller's and in Zenker's fluid are also snitable for
mucus-staining.
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hours. Usually at the end of this period the mucus (e. g, in the goblet-
cells) is stained an intense blue, which can be ascertained by examining
with low magnification the sections as they lie in the solution. It is often
necessary for the sections to remain in the solution for a longer time.
Then they are washed for one minute and mounted in balsam, according
to the rules given in § 10, 3, p. 50. The nuclei also stain blue. Very
pretty pictures are obtained by a combination with safranin and picric
acid, as in No. I1.

11. Iriple-staining is accomplished in the following manner: The
sections stained in Delafield's hematoxylin are placed for five minutes in
safranin (p. 235) and then transferred to 5 c.c. of absolute alcohol, which
must be changed twice within fifteen minutes. The sections are next
placed for one minute in 5 c.c. of absolute alcohol to which five drops
of a saturated alcoholic solution of picric acid have been added (1 gm. of
picric acid to 15 c.c. of absolute alcohol), washed for thirty seconds in
pure absolute alcohol, and mounted in balsam (p. 50).

Result: mucus blue; nuclei red; protoplasm and fibers yellow,

12. Van Greson's staining.—Treat sections with Hansen's hematox-
ylin (p. 38) for 30 minutes. Place the overstained sections in :

(a) 5 c.c. picrofuchsin (p. 26), 1-3 minutes,

(b) 5 c.c. distilled water, 10—-30 seconds,

(c) 5 c.c. go per cent. alcohol, 1 minute,

(d) 5 c.c. absolute alcohol, 2 minutes,

(e) 5 c.c. xylol, and when thoroughly cleared,

(f) xylol-balsam,

Result: connective tissue shining red, elastic tissue and muscle-
fibers yellow, epithelium and nuclei brown.

This method should be applied to thin sections only and succeeds
best after alcohol, sublimate, or nitric acid fixation, less well after fixation
with sclutions of chromic acid or its salts. The duration of the stain is
brief. This latter disadvantage can be overcome by acidulation (placing
the sections previously to (a) and subsequently to (b) for 1 minute in §
c.c. of acid alcohol, see No. 5, p. 40).

13. Staining of elastic fibers.—Sections that have been fixed in any
medium (preferably in alcohol) are placed in 5 c.c. of resorcin-fuchsin
(p. 26) for from 8 to 24 hours, then transferred to absolute alcohol, that
after one minute is to be renewed. In from 2 to § minutes the sections
are cleared in xylol (not carbol-xylol) and mounted in balsam. These
preparations, in which success is very easily attained, exhibit even the
finest elastic fibers dark blue on a light ground. Sections can be fore-
stained for 20 minutes in borax-carmine (p. 40), dried with filter-paper (p.
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50, remark §), and placed directly in resorcin-fuchsin. The free acid of
the latter provides for the differentiation. Eventually orange (p. 39, 3)
may be applied as a ground stain.

14. Staiming of connective-fissue fibrils.—By means of glass rods
place thin sections of objects fixed in any medium (preferably in alcohol)
in 5 c.c. of 10 per cent. phosphomolybdic acid, and after from one to ten
minutes wash for a couple of secondsin distilled water ; stain for from five
to twenty minutes in 5 c.c. of Mallory’s hematoxylin (p. 24), rinse well in
distilled water and place in 10 c.c. of 50 per cent. alcohol ; after another
five minutes dehydrate in absolute alcohol, clear in xylol, and mount in
xylol-balsam (see § 10, 3, p. 50). The connective tissue stains intensely
blue. If it is desired to stain nuclei, the sections must be forestained
with safranin (p. 40, 4), or with borax-carmine (p. 40, 5). Everywhere,
in glands, mucous membranes, the skin, etc., I have obtained very
instructive pictures.

15. M. Hetdenharn's iron-hematoxylin.—For staining centrosomes, se-
cretory capillaries, cement bars, and gland granules. Fix the object pref-
erably in sublimate (p. 35), in Zenker’s medium (p. 33), or in Flemming's
mixture (p. 34), for granules in potassium-bichromate-formol (p. 33);
embed in paraffin, cut on the microtome, and fasten the sections (which
should be very thin) to the slide (see Microtome Technic). Transfer the
slide with the sections from the absolute alcohol to a capsule containing
50 c.c. of the iron solution (p. 22); after from six to twelve hours re-
move from the mordant, rinse for a couple of seconds in distilled water,
and place for from twelve to thirty-six hours in a mixture of 30 c.c. of
Weigert's hematoxylin (p. 24) and 30 c.c. of distilled water.* The sec-
tions, which have become black and wholly untransparent, are now rinsed
in tap-water and then returned into the iron solution for bleaching and
differentiation. When this is accomplished wash them for about fifteen
minutes (not more) in running water,—common water is indispensable,—
stain with picrofuchsin (cf. No. 12, p. 43), and after the customary pre-
liminary treatment mount in xylol balsam (p. 50). When the decolora-
tion is slowly and carefully done this admirable method easily succeeds,
but the exact duration of this process cannot be given; the slide must
be frequently removed from the iron solution, washed with tap-water, and
examined with a high-power objective, to ascertain if the differentiation
is completed.

* This diluted hematoxylin can be repeatedly used and should be saved. Old Weigert's
hematoxylin is preferable to the freshly prepared stain.
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16. Silver staining.—For the exhibition of cell boundaries and the
staining of cement-substance.*

The use of metallic instruments must be avoided ; glass rods should
be employed and quills instead of pins.

The object is immersed for from one-half to ten minutes, according to
its thickness, in from 10 to 20 c.c. of a 1 per cent. or weaker (see Special
Technic) solution of silver nitrate (p. 22), which meanwhile becomes
milky and turbid ; it is then removed with glass rods, washed, placed in
a porcelain capsule containing 100 c.c. of distilled water, and exposed to
~ direct sunlight. In a few minutes a faint brown coloration appears, the
sign of a successful reduction. So soon as the object has become a
deep red-brown (usually in from five to ten minutes) it is taken out,
placed in a watch-glass containing distilled water to which a few grains
of common salt have been added, and at the end of five or ten minutes
transferred to 30 c.c. of 70 per cent. alcohol and stood in the dark ; in
from three to ten hours the 7o per cent. should be replaced by go per
cent. alcohol. - The immersion in the silver solution must be done
under exclusion of sunlight ; the reduction, on the other hand, must be
undertaken only in sunlight.¥ If the sun does not shine the object, after
treatment with the silver solution and washing in distilled water, is to be
preserved in the dark in 30 c.c. of 70 per cent. (later go per cent.) alco-
hol, and in this exposed to sunlight at the earliest opportunity.

17. Golgi's ** black "’ reaction.—For demonstration of the elements
of the nervous system and the secretory passages.]

This method unites fixing and staining. The objects must be as
fresh as possible and in general their diameter should not exceed 4 mm,
It is not easy to cut fresh brain or other organs into pieces of this size with-
out bruising the delicate tissue; therefore place larger pieces (up to 2

* The cross-striations that appear in different tissues and organs when treated with silver
nitrate, particularly in nerve-fibers, blood-vessels, cartilages, etc., are artifacts; they appear
where colloid structures coagulate under the action of silver nitrate, especially when under the
simultaneous influence of an acid.

t The reduction takes place in ordinary daylight, but slowly, and yields less satisfactory
results.

t Editor's remard : In American laborateries a modification of Golgi's method by Cox is
often used with excellent results.  This modification is particularly recommended to beginners,
becansze it is very simple and nearly always suceessful.  Im its application the following diree-
tions should be observed : Put small cubes, 2 em. or less, of the organs of the central nervous
system of adult or newborn animals of from six to ten weeks in the Cox-Golgi mixture, the
formula of which is given on page 22 (No. 17), using I0oto 20 times the volume of the object
treated, Chaugc the fluid at the fnllowing intervals : after twenty-four hours; three days; eight
days ; fifteen days; twenty-one days; thirty days. The objects should remain in the mixture
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cm. cubes) in a small glass jar containing freshly prepared Golgi's mix-
ture (p. 21), which is to be covered and stood in the dark (in winter
it must be putin an oven having a temperature of about 25° C.). In
from one to two hours the pieces can easily be cut into slices about 4 mm.
in diameter. The quantity of Golgi's fluid to be used is regulated
by the number of the slices, each slice requiring about 10 c.c. of the
mixture. In from two to six days, less often fifteen days,* the slices
are taken out, quickly washed for a couple of seconds in distilled water,
gently dried with filter-paper, and placed in 0.75 per cent. silver solution
(30 c.c. of the 1 per cent. solution [p. 22] plus 10 c.c. of distilled water,
and for each piece 10 c.c. of this fluid).t A brown precipitate imme-
diately envelops the pieces. They should be left in the silver solution
for two days (which need not stand in the dark and must not be placed in
the oven), and they may remain in it for six days without injury ; they
are then placed for from fifteen to twenty minutes (not longer) in 20 c.c.
of absolute alcohol, then embedded in elder-pith (or in celloidin, see
Microtome Technic) and cut into thick sections.

Each section should be at once examined, wiffiont a cover-glass,
with the low power, in order to ascertain its usefulness ; if it is good it
is placed for from one to two minutes in a watch-glass containing abso-
lute alcohol, then for a few minutes in carbol-xylol, then transferred to
the slide. The xylol is removed by light pressure on the section with
clean filter-paper and the preparation covered with a few drops of xylol-
balsam. A cover-glass must zef be applied, because it would prevent
evaporation of the moisture in the section, which when retained destroys
the Golgi preparations. Not infrequently, especially when the carbol-
xvlol has not been satisfactorily removed, the xylol-balsam gradually
withdraws from the preparation, which in consequence appears Spoiled,
but may be fully restored by the application of a fresh drop of balsam.
At first the preparation should be examined with the low-power objec-
tive ; when the balsam has become dry the high power may be used.

until they are to be sectioned, and will keep in good condition for about ten months. Then
transfer them directly into g5 per cent. alcohol for one hour; into alcohol-ether (equal parts)
for a half hour ; into thin celloidin solution (in alcohol-ether) for one hour.  Mount on a block
with thick celloidin solution (see Microtome Technic) and harden in 8o per cent. alcohol for
from one to two hours. Cut at onee sections from 50 to Ioo g thick ; clear them in a mixture
of xylol, three parts, and carbolic acid, one part, in which they may remain for weeks without
injury. Mount in balsam and cover the sections with a cover-glass. In time the specimens thus
preserved are not infrequently marred by the appearance of corrosive crystals, but the impreg-
nation of the elements of the nervous tizsue remains intact. X

# See Special Technic.

F The used Golgi mixture is te be thrown away.
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The results obtained by this method, when successful, are alto-
~gether admirable ; single elements of the nervous system (never all),
occasionally also blood-vessels, lymph-vessels, connective-tissue fibers,
secretions, muscle-fibers, and epithelial cells stand out in full relief, black
on a light background. But the method is subject to various accidents.
Almost invariably the best sections are disfigured by black precipitates ;
these occur chiefly at the edges of the preparation ; in order to avoid
them it has been suggested that a layer of coagulated blood be applied
to the fresh object. Very often the reaction fails entirely, especially
when the action of the Golgi mixture was too prolonged ; then the so-
called * double method "' may lead to success. If the first sections show
nothing, the objects should be again treated with Golgi's fluid for from
twenty-four to thirty-six hours and for the same length of time with the
silver solution. A second failyre may be occasionally crowned with
success by a second repetition of the procedure. In the application of
Golgi's method practice and patience are important factors.

Instead of the costly Golgi mixture (p. 21) potassium-bichromate-
formol (p. 21) can be used. Put pieces of tissue of ca. 2 cm. diameter
in 50 c.c. of Kopsch's fluid (do not place in the oven) and after 24 hours
transfer to 3.5 per cent. bichromate solution (10 &, p. 21) and let them
remain in this for from 3to 6 days. Treatment with the silver solution
is the same as after fixation with the osmium-bichromate mixture. Even
with material 48 hours old the impregnation still succeeds.

Impregnated preparations that have been treated either with the
osmium or the formol-bichromate mixture can be further fixed and
stained. For this purpose transfer the sections from the alcohol to a
mixture of 100 c.c. of 0.75 per cent. salt solution (p. 20) and 200 c.c.
of g5 per cent. alcohol (these large quantities are indispensable), and
stir them about frequently with a glass rod, for a period of from 10 to
15 minutes ; next place them in a glass capsule containing about 20 c.c.
of 80 per cent. alcohol and let them stand on a white background, in
the light (not in sunlight), for a half day. By this means the black
precipitates, that in the alcohol-salt mixture very rapidly faded to a pale
yellow, become dark again. Then stain with carmalum (p. 39) or with
Delafield’s hematoxylin (p. 42). In staining the parietal cells (cf.
Technic No. 108) use also eosin (3 4, p. 39). Preparations so fixed and
stained can be preserved in xylol-balsam and covered with a cover-
olass.

18. Gold staining.—For the demonstration of nerve terminations.
Steel instruments must not be used ; all manipulations in the gold solu-
tion are to be performed with rods of glass or wood. Put 8 c.c. of a 1
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per cent. gold-chlorid solution and 2 c.c. of formic acid into a test-tube
and heat the mixture to the boiling-point; let it boil up three times.
Into the cooled mixture very small cubes of tissue (at most 5 mm. square)
are placed for one hour, during which they must be kept in the dark;
then they are washed in distilled water and exposed to the light in a
mixture of formic acid, 10 c.c., and distilled water, 40 c.c. Sunlight is
not necessary. The reduction takes place slowly, often not until after
twenty-four or forty-eight hours, the exterior of the cubes meanwhile
assuming a dark violet hue. When the reduction is completed place
the tissue in 30 c.c. of 70 per cent. alcohol, and on the following day in
an equal quantity of go per cent. alcohol, in which, to hinder further re-
duction, they must remain in the dark for at least eight days before their
final preparation.

§ g. INJECTING.

The filling of the blood- and lymph-vessels with colored masses is
a special art that can only be acquired through much practice. The
knowledge of the many little devices employed can scarcely be attained
through didactic teaching, however painstaking and explicit. Here prac-
tical instruction is indispensable. Accordingly, since this book is intended
for beginners, it seems wise to refrain from entering upon a detailed
account of the technic of injecting.

He who desires to attempt injecting must have an accurately closing,
smoothly working hand-syringe, provided with cannul® of different sizes.
For an injecting mass I advise Berlin blue (Gribler), 3 gm. dissolved
in 600 c.c. of distilled water. It is best to begin with the injection of
single organs, for example, the liver, which is preferable because it gives
useful results, even though the blood-vessels are but partially filled.
The injected object should be fixed for from two to four weeks in
Miiller’s fluid (p. 33) and hardened in gradually strengthened alcohols
(p. 35). The sections must not be too thin. For injecting the lymph-
vessels Chinese tusche is recommended (see Lendorf, Anatom. Hefte,
Bd. 17, p. 370).

§ 10. MOUNTING AND PRESERVING OF THE
PREPARATIONS.

The finished sections and other objects prepared according to the
foregoing methods, in order that they may be examined under the micro-
scope, are finally mounted on a slide and covered with a cover-glass.
The media in which the sections are mounted are: (1) wafer; -or, if the
section is to be cleared and preserved, (2) gliceral ; or (3) xylol-balsam.
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The transfer of the object to the sfide is usually done in this way :
a small drop of a suitable fluid is placed on the middle of the slide ; the
section is then taken up on the section-lifter and with the aid of the
needle slipped off onto the slide. Very thin sections are better lifted on
the end of a glass rod and by rolling of the latter transferred to the
slide. When the section is smoothly mounted, it is covered with a
cover-glass.* The latter must be grasped by its edges, not by its sur-
faces. It should be taken in the left hand, one edge placed in contact
with the slide, and then, supported on its under surface by a needle held
in the right hand, slowly lowered upon the preparation. It is simpler
to suspend a drop of the mounting medium from the under surface of
the cover-glass and then to let it softly fall upon the preparation.
The fluid in which the section is mounted must occupy the entire space
between cover-glass and slide. If the amount of fluid is insufficient,
which is recognized by the large air-bubbles under the cover-glass, another
drop should be placed af one edee of the cover-glass by means of a
pointed glass rod. If there is too much fluidl—here the beginner strives
to perpetrate impossibilities—the excess which has escaped from be-
neath the edges of the cover-glass should be absorbed with filter-paper.
The upper surface of the cover-glass must alivays be dry.  Small air-bub-
bles under the cover-glass may be removed by cautiously raising and
lowering the cover several times with the needle (see further, p. 51).

1. The examination of the unstained and the stained sections in water
or nermal salf selution should never be neglected, since many structural
peculiarities—for example, connective-tissue formations—stand out dis-
tinctly in these media, which under the clearing influence of glycerol or
xylol-balsam almost entirely elude observation. Preparations mounted
in water or salt solution cannot be preserved.

2. Preparations mounted in glycerel can be preserved ; in order to
prevent the shifting of the cover-glass it should be secured with cover-
glass cement (p. 23). The edge of the cover-glass must be perfectly dry ;
this is an indispensable preliminary condition, because the cement adheres
only to a dry glass surface. The drying is accomplished in this wise :
remove the excess of glycerol surrounding the cover-glass with filter-
paper and then with a cloth moistened in go per cent. alcohol and

* Examinations with fomw powers, without a cover-glass, are pl:rmissihlg only for the most
5upm—ﬁcial orientation : & £+, to ascertain if an nhjl:l:t has been 5uﬁ"1¢i¢nl|}f teased. In all other
cases the cover-glass is indispensable.  In order to convince one’s self of this an uncovered sec-
tion should be examined, then covered with a cover-glass and examined again. Many a good
preparation that one neglects to cover appears useless. Examinations with high-power objee-
tives without a cover-glass are in general not allowable ; they should only be attempted with
certain methods, « g, Golgi's,

¢
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turned over the finger-tip carefully wipe the slide clean all around the
cover-glass without disturbing the latter. Heat a glass rod and thrust
it into the hard cement ; * place a drop at each corner of the cover-glass
and trace a continuous band from 1 to 3 mm. wide, in such a way that
one edge rests on the cover-glass, the other on the slide. Finally, re-
heat the rod and smooth the surface of the band of cement.f

Preparations mounted in glycerol often do not become transparent
until the second or third day. Hematoxylin and other dyes soon fade
in it ; picrocarmine and carmine, on the contrary, are permanent.

3. The mounting of objects in aplol-balsam is the most popular pre-
serving method. In comparison with glycerol it has the advantage of
keeping the colors, but has one disadvantage : it clears more vigorously
than diluted glycerol, and thus renders many delicate structures com-
pletely invisible,

Sections in aleohol or water cannot without further treatment be
mounted in balsam ; they must be previously deltyydrated. For this pur-.
pose the sections are lifted with a needle (very thin sections with needle
and section-lifter) and placed in a covered watch-glass containing 5 c.c.
of g5 per cent. alcohol. In making this transfer as little as possible of
the water should be allowed to adhere to the section. If a section-lifter
is used, the water clinging to it should be absorbed with filter-paper ; if
the sections are lifted on a needle, the water can be removed by bringing
the filter-paper into gentle contact with them. Thin sections remain in
the g5 per cent. alcohol two minutes; thick sections, ten minutes or
more.} Then the sections are transferred for clearing to a watch-glass
containing 3 c.c. of carbol-xylol § or xylol, || as much as possible of the
alcohol being removed with filter-paper before placing them in the clear-

# (Glass rods fracture very easily in this procedure, nevertheless are preferable to metal
rods, because the latter cool too quickly. The fracturing can be prevented in a measure by
heating the glass rod to redness, meanwhile turning it continuously ; only rods insufficiently an-
nealed break when they are dipped into the cement.

t Editor's remark: King's fluid cover-glass cement (p. 23, foot-note) is to be applied
with a small brush,

+ Beginners are recommended to transfer the sections from the water to 5 c.c. of go per
cent. alechol, and then to place them in an equal quantity of g5 per cent. alcohol.

# Thin sections may be transferred from the g5 per cent. alcohol directly on to the slide,
the superfluous alechol removed by means of absorbent paper, and a drop of carbol-xylol applied.
At first the xylol will retreat from the section and must be led back with the needle; when the
clearing is completed, which can be ascertained under the microscope with the low power, the
xylol should be absorbed with filter-paper and a cover-glass with a drop of balsam applied.
When examining uncovered sections lying in xylol both xylol and section often become clouded
by the moisture exhaled in breathing ; in this case drain off the clouded xylol and add a fresh drop.

| On account of its greater sensitiveness to water and because it evaporates so easily the
manipulation with xylol is more difficult. Many a good preparation spoils at the last moment,
because the xylol has been allowed to evaporate.
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ing agent. If the watch-glass is placed on a black background the
effect of the oil can be watched, and it will be seen that the sections
gradually become transparent. Care must be taken not to breathe into
the watch-glass, or the xylol will immediately become turbid. If
some areas of the section do not become transparent within two
or three minutes (such areas appear white and opaque in direct
light, black-brown in transmitted light), this indicates that the section
is not dehydrated and it must be put back into absolute alcohol.
When the clearing is completed the section is transferred to a dry slide,
the superfluous xylol * absorbed by gentle pressure with a strip of
smooth filter-paper,t and a cover-glass, on the under surface of which
a drop of balsam is suspended, applied. If several sections are to be
mounted under one cover, arrange them close together with a needle ;
then, by means of a glass rod, apply a thin, even layer of balsam to the
under surface of the cover-glass and place it on the sections. Large
air-bubbles are driven out by placing a small drop of balsam at the
edge of the cover-glass ; on the following day it will be seen that the air-
bubbles have retreated from beneath the cover. Small air-bubbles dis-
appear spontaneously and may be neglected.

It not infrequently happens to beginners to discover that the balsam
becomes turbid, and finally renders the entire preparation, or parts of it,
untransparent, This is due to incomplete dehydration. If the clouding is
slight, which under the microscope is seen to consist of minute drops of
water, a gentle warming of the slide is often sufficient to remove it. In
the case of much-clouded preparations, place the whole slide in carbol-
xylol for half an hour; then carefully lift off the cover-glass, place the
section for two minutes in carbol-xylol, in order to dissolve off the ad-
herent balsam, and then dehydrate in 4 c.c. of absolute alcohol, which
should be changed in five minutes ; clear in carbol-xylol and mount in
balsam.

The balsam dries slowly, therefore the slides must not be stood on
edge, but be kept in a horizontal position.

The series of processes through which a fresh object must pass
until it is preserved as stained sections is a very long one. When, for
example, the directions in the Special Technic require ‘' fixation in
Zenker's fluid, hardening in gradually strengthened alcohols, staining of

* The carbol-xylol in the watch-glass that has been used for clearing may be returned to
the bottle.

t The double folded strip is held fast by the left hand to the left end of the slide and,
lying upon the preparation, is gently stroked from left to right by the index finger of the rigit
hand.
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sections in hematoxylin and eésin, and mounting in balsam,” the pro-
cedure is as follows :

1. Place the fresh object, about 1 cm. in diameter, in 60 c.c. of
Zenker's fluid * for twenty-four hours.

2. Wash in (if possible running) water for twenty-four hours.

3. Place in 20 c.c. of distilled water for about fifteen minutes.

4. Transfer to 50 c.c. of 50 per cent. alcohol for twenty-four
hours ; from now on the object is to be kept in the dark.

5. Transfer to 50 c.c. of 70 per cent. alcohol for twenty-four hours.

6. Transfer to 50 c.c. of go per cent. alcohol and tincture of iodin
for from eight to fourteen days, daily adding tincture of iodin.

7. Transfer to pure go per cent. alcohol, which is to be changed
two or three times.

The object thus fixed and hardened can be sectioned at once or may
remain indefinitely in the go per cent. aleohol, which perhaps should be
once renewed.t

8. Transfer the sections from the alcohol to 5 c.c. of hematoxylin
for five minutes.

g. Transfer to 3o c.c. of distilled water for from ten minutes to two
hours.

10. Stain in 5 c.c. of diluted eosin for from one to three minutes.

11. Wash in 5 c.c. of distilled water for two minutes.

12. Dehydrate in 5 c.c. of absolute alcohol for five minutes.

13. Clear in 5 c.c. of carbol-xylol for five minutes.

14. Mount in xylol-balsam.

§ 11. EXAMINATION OF FRESH OBJECTS.

I have placed this method last because it is the most difficult and
presupposes a somewhat practised eye. This practice is most readily
acquired by previous examination of prepared (hardened, stained, etc.)
objects ; having once clearly perceived and studied peculiarities of struc-
ture it is then not difficult to detect them in fresh objects, even though
the majority of the details leave something to be desired in point of dis-
tinctness. The following instructions should be observed :

The slide and cover-glass must not be oily. They should be

——— =

* The quantitits named are calculated only for this I cm. cube; for several or for larger
objects more fixing and more hardening fluid must be used.

T The following guantities are intended for from three to six sections ; fora larger number
of sections the r|11ant'rly of the absolute alcohol in p:{rlii:u!nr should be increased.
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cleansed with alcohol and dried with a perfectly clean cloth.* Then
transfer one drop of a 0.75 per cent. salt solution (p. 20) to a slide,
place in it a small piece of the object to be examined and cover it with a
cover-glass. Pressure must be carefully avoided ; if the structures are very
delicate support the cover-glass on two strips of thin paper placed at the
sides of the object. If the object requires no further treatment the
cover-glass should be sealed with paraffin to prevent evaporation. Melt
a small piece of paraffin on the blade of an old scalpel and let it flow,
not from the tip but from the edge, on to the rim of the cover-glass ;
gaps that may occur in this frame of paraffin can be closed with the re-
heated scalpel. In most cases the influence of certain reagents (acids,
alkalies, stains) is studied directly under the microscope. It is then
necessary to remove a portion of the medium in which the object happens
to be mounted (in the present instance the salt solution) and to replace
it by another fluid. For this purpose place a drop of picrocarmine at
the richt edge of the cover-glass, by means of a glass rod. Should the
drop not touch the edge of the cover-glass, do not incline the slide, but
lead it with a needle to the appropriate position. It may now be seen
that a little of the staining fluid mingles with the salt solution, but
does not properly flow under the cover-glass. In order that this shall
occur place at the left edge of the cover-glass a little piece of filter-
paper T and immediately the picrocarmine will be seen to diffuse under
the cover-glass and occupy the entire area.{ Then remove the filter-
paper and let the stain act; when the staining is completed,—this can be

ascertained under the microscope,—place at the right edge of the cover-
glass a drop of diluted glycerol to which, in picrocarmine staining, as
much acetic acid is added as will drop from a steel needle (hence a
very small drop), and again apply the filter-paper to the left edge of the
cover-glass. In this way a whole series of fluids can be passed through
beneath the cover-glass and their action on the tissues tested. Some of
these fluids, for example, picrocarmine, must remain in contact with the ob-
jects for a very long time if they have been previously fixed with osmic
acid. In this case evaporation is prevented by placing the object in a

motsi-chamber. For the construction of a moist-chamber a porcelain

* For removing the oil from new cover-glasses, heating them on a piece of sheet-iron for
five minutes over the flame of a Bunsen burner is recommended.

f Cut a strip 4 cm. long and 2 ¢m. broad, fold it square, and place the paper tent thus
formed on the slide, o that one of the 2 em. ends, which must be perfiectly straight, touches the
left edge of the cover-glass.

i After the first drop has penetrated place two or three additional drops at the right edge
of the cover-glass.
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plate and a small bell-glass g cm. in diameter are required. Pour water
into the plate to the depth of 2 cm. and stand in the middle a small glass
dish or a cork disk supported on wooden pegs; on the latter place the
slide with the preparation and cover the whole with the glass bell, the
free edge of which must be submerged in the water.

§ 12. STORING OF PERMANENT PREPARATIONS.

The finished preparations should be promptly labeled. Iabels of
cardboard about 1.2 mm. thick, glued to the slide with fish-glue (isinglass)
are preferable to those of gummed paper ; the slides can then be placed
one upon the other without injury to the preparations. The labels
should be as large as possible (2 ecm. square for slides of English form)
and should bear the name of the animal, of the organ, and if possible a
brief statement of the method used. Of the cases * for storing the prep-
arations only such should be chosen in which the slides lie flat, not
those in which they stand on edge.

* The best and cheapest cases are made by Th. Schriter, Leipzig, Connewitz. I recom-
mend for box form gattern O (for about 300 slides), price 2 M. (50 cents) ; for tray form, £,
with spring covers (for 10 to 20 slides according to size), price 45 Pfg. (about 12 cents). The
tray form has the great advantage of allowing all the specimens to be seen at once. In the
United States Schriter’s boxes and trays are supplied by King & Co., New York, the Bausch
& Lomb Optical Co., New York, and other dealers.



1. MANAGEMENT OF THE MICROSCOPE.

In conformity with the position taken in the introduction, an ex-
haustive description of the optic and mechanic parts of the microscope
cannot be entered upon here. Figure 1 will recall to the reader the
usual names of the several parts of the microscope.

The first requisite in the use of the microscope is perfect cleanliness
of all its parts (see also p. 17). The surface of the mirrors, objectives,
and oculars should not be touched with ‘the fingers. The objective
should be held with the lower end directed toward the window and the
clearness of the reflected image thus tested. Foreign matter on the
ocular can be detected by rotating the latter in the tube, when anything
that is adherent will revolve,

After the ocular has been placed in the upper end of the draw-tube
and a low-power objective screwed on the lower end of the tube or on
the revolver, the field of view should be illuminated with light reflected
from a suitable source by the concave mirror placed below the stage.
This is accomplished by moving the mirror tentatively in all directions,
with the diaphragm widely open and the front lens of the objective
about 1 cm. above the level of the stage, till the eye, looking simul-
taneously through the eye-piece into the microscope, sees the field
brightly and uniformly lighted.* The concave mirror should be used
with dry lenses, except when a substage condenser is employed.

The light reflected from a white cloud or from a white window-
blind illuminated by the sun is recommended ; less desirable but still use-
ful as a source of light is the blue sky. Direct sunlight must be
avoided. In using artificial illumination the light should be taken from
the inner surface of a white lamp-shade, not directly from the flame.
A screen of green glass placed between the mirror and the source of
licht, or between the mirror and the object, agreeably subdues artificial

- — ———— e S

* The rays of light reflected from the mirror in this position pass perpendicularly through
the object on the stage. This is called ceniral ifumination. For distinguishing slight differ-
ences of level between adjacent parts of an object it is of advantage to use pbligue or lateral
ilfsernination, to obtain which the mirror is moved to the side so that the rays reflected from it
strike the object obliquely. When lateral illumination is used the diaphragm and the cylinder
in which it is mounted must be removed, that the opening in the stage be as large as possible.

55



56 HISTOLOGY.

.. - - Eye-piece (Ocular)

. . Draw-tube

- Rack and pinion adjustment

Triple revolver - - - . . Micrometer Screw

Objective . - - -

FiG. 1.—LEITZ MicRoscorE., Staxp Il (one-half actual size).

light, without essentially injuring the definition of the image. Itis self-
evident that the microscopist should not sit in direct sunlight; the in-
strument should be placed about a meter from the window.
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Having secured the light the examination may begin. Always ex-
amine first with the low-power, then with the high-power objective ; do not
use strong oculars ; they narrow and darken the field of view and render
the examination much more difficult.®* The low- and medium-power
oculars (Leitz, Oc. I) of the usual outfit supplied with the microscope
answer for the great majority of cases.

The increased magnification obtained by pulling out the draw-tube
is seldom necessary. With low-power lenses a diaphragm having a
large opening should be used; with high-power lenses a diaphragm
having a small opening. In focusing the object the coarse adjustment
by rack and pinion is used first; the objective is placed near to the
object, but at a distance greater than its focal length and then, with the
eye applied to the ocular, the tube is gradually lowered until the indis-
tinct outlines of the image appear, which is then brought into distinct
view by means of the fine adjustment or micrometer-screw. The left
hand should hold the slide, while the right should remain at the microm-
eter-screw. Since only the points lying in a single plane of the object
can be in focus and distinctly seen at one time, the preparation must be
examined with slight raising and lowering of the tube, that is, with
change of focus by gently turning the micrometer-screw. In using the
microscope the habit should be formed of keeping both eyes open.

One shiould never neglect to examine the preparations with a hand-
lens. For this purpose the oculars (¢. g., Leitz, Oc. III) can be used.
The mounted specimen is held with the cover-glass side toward the
light; the upper or back lens of the ocular is placed directly against the
slide, which is examined at the lower or front lens.

SKETCHING.

An invaluable aid to study is the sketching of the microscopic
object. The power of observation is made considérably keener and many
details which otherwise would be completely overlooked are discovered
while the sketch is in progress. The most attentive examination can-
not replace the advantages which sketching affords. Even those who
have little practice in drawing should nevertheless try to sketch the
preparations under both low- and high-power objectives. For this pur-
pose the drawing-paper should be on a level with the stage, the left eye
applied to the microscope, the right eye directed to the paper and the
pencil-point. At first this is somewhat difficult, but a little practice will
soon give the necessary facility.

#* The majority of the preparations from which the illustrations in this book were taken
were examined and sketched with weak oculars,
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MEASUREMENT.

FFor this purpose an ocular-micrometer and stage-micrometer are
used.® The latter is laid on the stage of a microscope provided with an
ocular-micrometer and the number of divisions of the ocular-micrometer
corresponding to one part of the stage-micrometer is ascertained.7 The
dimensions of the spaces of the stage-micrometer being known the size of
the object, which with a given magnification will occupy one or more of
the divisions of the ocular-micrometer, is easily calculated. The follow-
ing illustrations may render the manipulation intelligible.

With ocular T and draw-tube pushed in 35 divisions of the ocular-
micrometer correspond with one division of the stage-micrometer. Each
division of the stage-micrometer used = 3'; mm. Hence 5 divisions of
the ocular-micrometer = 55 (0.05 mm.), and 1 division of the ocular-
micrometer = o0.01 mm. If then any microscopic object, ¢. g.,a striated
muscle-fiber, the diameter of which is to be measured with this magnifica-
tion, occupies 4 divisions the fiber is 0.04 mm. broad.

It is often difficult, especially with low magnification, to count the
fine divisions of the ocular-micrometer. This can be more easily done
by noting the longer lines marking every fifth or tenth division. For in-
stance, with Leitz Objective 3, Ocular I, and the draw-tube drawn out,
40 divisions of the ocular-micrometer correspond with 5 divisions of the
stage-micrometer. Therefore, 40 divisions = % mm. = 0.25 mm., and
one division of the ocular-micrometer with this magnification = 0.0062
mm., 2 divisions — 0.0124 mm., and so on.

With Leitz Objective 7, Ocular I, and draw-tube pushed in, 30 divi-
sions of the ocular-micrometer correspond with one division of the stage-
micrometer ; 30 divisions = 0.05 mm., one division = 0.00I7 mm., Or
17p1.f  Finally, with Leitz Objective 7, Ocular I, and draw-tube drawn
out, 40 divisions of the ocular-micrometer = one division of the stage-
micrometer. Therefore, 40 divisions = 0.05 mm., one division = 0.0012
mm., or 1.2 .

# Some ocular-micrometers (Leitz) are made to rest upon the diaphragm inside the ocular;
others [S-Eilmrl:} to he mserted l]1m1.1gh a lateral np:ning; or, in Some Ccases, spe::ia.l oculars
(Zeiss) for measuring are made for the microscope, The actual size of the divisions of the
ocular-micrometer need not be known, The stage-micrometer is a glass slide on which 1 mm.
with 100 divisions is engraved. Instead of this a second ocular-micrometer, which usually
contains a mm. with only 2o divisions, may be used. Measurements made with this are not as
accurate, but the errors are so insignificant that they scarcely need consideration.

1 Beginners often find it difficult to focus the lines on the stage-micrometer; faint or
oblique illumination of the object makes it easier to detect them,

f One micron — g = 0.00I mm.
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MICROSCOPIC ANATOMY AND SPECIAL
TECHNIC.

The animal body consists of cells which are derived from a single
cell by repeated division. At the beginning of development the cells are
of similar form, all are spherical structures, none is furnished with
special characteristics that distinguish it from its companions. The cells
are still sudifferens. In the course of development the cells arrange

Cuter germ-laver.
Central canal.

AMedullary tube.

Body cavity.

Chuter

Lamella of the
middle germ-
layer.

Inner

Intestinal cavity.

Inner germ-layer.

FiG. 2.—~SCHEMATIC SECTION OF T"ﬁ-ﬂ?g-j'r;:dn;;'htx;:::::ﬂ;:;.EMER.‘FQI The free side of the cells is
themselves in the germ-dayers . these are cell complexes, that in the
lower vertebrates are for a time disposed in a simple stratum. The
germ-layers thus represent an epithelium, that is, a continuous layer of
cells which covers outer and inner surfaces of the body ; each cell is an
epithelial cell, in which a fiee side, directed toward the surface, and a
basal side can be distinguished (Fig. 2).

In the further course of development the germ-layers become par-
tially stratified, a not insignificant number of cells, entire or in divisions,
depart from the epithelial association, whereby the cells become different
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from one another, they differentiate. As a rule, the * differentiated ™
cells that have developed in a given direction are united in complexes,
without definite spatial limitation, and so form a #sswe. A tissue, there-
fore, is a ;:‘::rm‘p.:'u' of simlarly aiffercntiated eclls,  We distinguish four
principal tissues : (1) the epithelial tissue ; (2) the supporting tissue; (3)
the muscular tissue ; (4) the nervous tisswe.  Epithelial tissue can be de-
veloped from each of the three germ-layers. Supporting tissue is de-
veloped only from the middle germ-layer, the mesoderm ; nerve tissue
only from the outer germ-layer, the ectoderm ; muscle tissue, in by far
the greater part, is of mesodermal origin, but in isolated instances of ecto-
dermal origin. So long as these tissues are still young they consist
only of similar elements, only of cells; but in the process of develop-
ment this condition is modified in a twofold manner. First, the cells
produce special substances, which are bestowed between cells and are
called tntercellular substances. However, thereby the character of the
tissue is not essentially altered. The above definition of *tissue " need
be only so extended that we describe a tissue as a complex of similarly
differentiated cells and their derivatives. More radical is the second
modification, which consists in the interpenetration of a tissue of one
kind by other tissues. This occurs in very different degrees. The
epithelial tissues have preserved the greatest simplicity and following
them the supporting tissues. But muscle and nerve in the matured state
are so largely intermixed with other tissues, that even though in each the
elements respectively differentiated to muscles and nerves predominate,
yet one can scarcely speak of a tissue in the sense of the given defini-
tion.* Therefore the tissues are not equivalent among one another.
In the lowest rank stand the epithelial and the supporting tissue ; dif-
ferent from each other, respecting their form as well as their function, they
both occur in the vegetable world and therefore we can class them as
vegetative tissues.  On a higher level, as well morphologically as physi-
ologically, stand the muscle and nerve tissues, and being peculiar to the
animal organism they are named awnimal tissues.

The fact that the tissues originate from the epithelial germ-layers does not
warrant the conclusion that after complete differentiation of the chief tissues
supporting, or muscle, or nerve tissue can arise from the perfected epithelial
tissue. Each principal tissue then furnishes on/y its kind.

When different tissues unite in the formation of a body of definite
internal structure and definite external form + they constitute an organ.

* For this reason the proposition has been made to take exception to the classification in
tissues and to distinguish only elements and organs.

T Usually in the definition of an organ *‘the definite function "' is included ; but this does
not come within the limits of a morphologic definition, nor is it a special peculiarity of an or-
gan, but may be the property of a cell as well as of a tissue.
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(MICROSCOPIC ANATOMY OF THE CELLS AND THE
TISSUES.)

A. THE CELLS.

A cell, eeliula, is a spatially limited structural element, which under
certain conditions is able to nourish itself, to grow, and to multiply. In
virtue of these properties the cell is called an &lementary organism.

The cell of the germ-layers is a body having polar differentiation,
that is, free and basal sides of the cell are typically different (p. 60). At
the free pole the development of cuticular formations (p. 66), cilia, tactile
hairs, etc., occurs, here pigment is first formed, here the discharge of secre-
tion takes place ; at the fasa/ pole processes (fibrille, fibers) originate, by
which the cell enters into association with neighboring tissues.* A line
connecting the free and the basal pole is designated the chief axis of the
cell.

The essential elements of a cell are the protoplasm and the nucleus,
and generally, as third element, the centrosome.

1. The profoplasm, * cell-substance,”” is a soft, viscid substance of
alkaline reaction, insoluble in water, highly distensible, that consists
principally of albuminous substances, much water and salts, and contains a
special nitrogenous proteid, the plastin. In the protoplasm small granules,
miicrosomes ( plasmosomes 1), occur in variable quantity ; when numerous
they may impart to the protoplasm a dark appearance. They are irregu-
larly distributed ; namely, are absent in the superficial layer, the cxoplasm
(* cuticular stratum "), which is somewhat denser and perhaps possesses a
special function. With the aid of very high magnifying powers it is seen
that protoplasm possesses a structure: a framework of fibrils (** filar-

* This polar differentiation can be demonstrated in many cells of the epithelial, muscular,
and nervous tissues in the developed organism ; in other cells, particularly in those of the sup-
porting tissues, insuperable difficulties still exist; the question suggests itself whether with the
differentiation of these elements from the germ-layers the polar differentiation was not lost or
even whether it developed at all.

T * Plasmosomes,” in contradistinction to the granules of the nocleus, that then are to be
named ‘¢ karyosomes."" Specifically developed plasmosomes, that are united in fibrils, have
been named ‘‘ mitochondria " (fibril-granules) ; they are especially developed in semen-cells.
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mass,” ‘“mitom ") often forming a network, which is embedded in an

apparently homogeneous ground substance (““interfilar-mass,” ** cytolinin’")
chemically distinct from the filar-mass (Flemming).* A portion of the
plasmosomes lie embedded in the fibrils ; individual fibrils are nothing
but linear arrangements of plasmosomes.

In many instances the protoplasm exhibits still other structures of different
signification, as follows :

1. Canaliculi of two kinds: (a) secretory capillaries in gland-cells
(p. 85); (&) delicate tubules, that communicate with the lymph-spaces exter-

MNuclear membrane,

Achromatic
substances
of the nu- Linin.
cleus, N
oy
Nuclear sap. Chromatic
e substances
of the nu-
cleus.
Cuticolar stratum., — 5
= Nucleolus.
Filar-mass.. _ _{

*  Microsomes.
Interfilar-mass.,

— == Cell membrane {pellicula).

Fic. 3—5cHEME OF A CELL. Microsomes and filar-mass only partly sketched.

nal to the cell ; they were first discovered in spinal ganglion cells (Fig. 62),
but may also be demonstrated in intestinal epithelial cells, in gland-cells, in
ege-cells, etc.  Since they provide for the nutrition of the cells they have been
named ** trophospongium.'’

2. Closed networks, that do not open at the periphery of the cell; this
‘¢ apparato reticulare'' has been found in nerve-cells (Fig. 63), cartilage
cells, many gland-cells, and in the corneal endothelium. Their meaning is
still obscure ; possibly they belong to the same category as

3. Various formed cell-contents, rings, capsules, cord-fabrics and the

like.

* Opinions regarding the structure of the protoplasm are by no means agreed. Accord-
ing to Biitschli the structure is foamy, that is, it contains small spaces, or cavities, that do not
communicate with ene another. A third theory holds that the protoplasm iz compesed of
pranules { “* granula) ; the fact that many fibrils of the filar-mass consist of granules arranged in
rows has brought this °f granule theory '* new adherents; on the other hand, the teaching of
Altmann, according to which the granules are the true elementary organisms (°° bioblasts "'}, has
been penerally discarded,
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2, The nuclens is a usually vesicular, clear, sharply defined body
lying in the interior of the cell, that consists of several proteid sub-
stances, nuclein (chromatin), paranuciein (pyrenin), linin, nuclear sap, and
amphlipyrenin. By their affinity for stains nuclein and paranuclein are
distinguished from the other three so-called achromatin substances, but
differ chemically from each other. For example, on the addition of dis-
tilled water the structures composed of nuclein disappear, while those
composed of paranuclein remain intact. In the simplest case (in sperma-
tozoa) the nucleus is a compact mass of nuclein, to which the paranuclein
is attached, but usually it consists of a network of fine linin threads and
coarser nuclein cords.* The latter are of different caliber, and at isolated
places are thickened to knots, the neffénofs, that must not be confused
with the nucleoli. Linin and nuclein form the nuclear netivoré, the in-
terstices of which are occupied by one _

Pseudopodia

or more nucleoli, consisting of pyrenin, (p.75 remark *).  Centrosome.

and by the nuclear sap. The nuclear
membrane, not always present, consists
of amphipyrenin ; often a membrane is
simulated by a thin superficial layer of
nuclein. The nuclear network and the
nucleoli are subject to momentous
changes, according to the age of the cell.

Most cells contain but one nucleus ;
only a few have several nuclei (some
wandering cells, giant cells, and others).
Nonnucleated cells (horny cells of the
epidermis, colored blood corpuscles of

P . Fic. y.—PorTioN oF A SeEcTioN oF Eri-
mammals} GnglI‘IuIl}" POSSESS l'ILIC|&l, but THELIUM OF THE Larce INTESTINE

lose them in the course of development. Rkl

3. The centrosome (central corpuscle) is an exceedingly diminutive
corpuscle, that consists of a homogeneous, less often honeycomb mass,
the centroplasm, and a very much minuter corpuscle, the centriolet
(centriolum). The centrosome lies in the protoplasm, which here is dif-
ferentiated to a sometimes clear, sometimes dim, encircling court
(** archoplasm,” “ idiosome'") ; sometimes it lies in the neighborhood of

%]n pﬁrliculnrl}' favorable Dhject:s it can be seen that the nuclein cords consist of rows of
granules, that lie upon the linin fibrils ; this relation is sketched in the left half of the schemaltic
cell, Fig. 3.

t Our knowledge of the minute structure of the centrogsome has been obtained through
the study of invertelirate animals; the cells of vertebrate animals are too small for investigations
of this kind. The centriole has not yet been demonstrated in any vertebrate animal cell.

5
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the nucleus (Fig. 5), sometimes remote from this, frequently between the
free surface and the nucleus * (Fig. 4). For the purpose of cell division
the centrosome passes through a cycle of phenomena (p. 6g) the dura-
tion of which is very variable ; the phase in which a duplication of the
centrosome, the * diplosome,’” occurs endures the longest. ¥ For this
reason the diplosome is found in the majority of resting cells, that is,
cells not in the immediate process of division.§

An unessential element of the cell is the cell-membrane, an indepen-
dent, continuous, membranous border stratum, which is distinctly marked
off from the protoplasm ; it is wanting in many cells and when present
is either a transformation of the peripheral zone of the protoplasm or a

secretory product of the latter. When the
T membrane surrounds the cell on alf sides,
: it is named pellica/a; when it lies only on
o) the free surface, that is, only on one side,
'\M it is named cuficula. By crusta is under-
z —~ Centrosome.  stood the denser border zone of the cell, that
FiG.s—CrLL oF THE Boxemak- without sharp demarcation gradually passes

ROW OF A RaBBIT. 3 1500,
e centrosome lics near the  into the protoplasm beyond. Other unessen-

nucleus, in a clear space,

tial elements are the inclusions occurring in
the protoplasm of some cells, the pigment, glycogen, etc., crystalloids,
secretion granules, and drops of oil, of aqueous and mucous fluids.§

The term ¢ paranucleus '’ has been used to designate widely different
formations, the significance of which individually is not yet everywhere deter-
mined. Frequently a paranucleus is simulated by fragments of degenerated
cells that have been incorporated by living cells ; in other cases the paranucleus
1s confused with the centrosome, with masses of secretion, or with the proto-
plasmic structures described on page 64.

* In many gland-cells the centrosome lies where the secretion accumulates, the discharge
of which is accomplished by contraction of the protoplasmic framework lying between the masses
of secretion. In the cells of the intestinal epithelium (p. 76) provided with pseudopedia the
centrosome lies close beneath the point of origin of the pseudopodia; taking into account the
similar behavior of the ciliated cells of the epididymis and the behavior of the centrosome
of the seminal filaments (cf. The Reproductive Organs), as well as the rdle of the cen-
trosome in mitosis (p. 6g), the inference that the centrosome is the (active or passive ?} center of
motor processes is highly probable. In the spermatocytes of ascaris megalocephala univalens
and in carcinoma cells the centrosome has been observed in the interior of the nucleus.

T The doubling of the centrosome is preceded by a division in two of the centriole.

1 The diplosome phase is the most practicable for estimating the duration of the resting
stage of the cell, because thereby the competency of the resting cell for the earliest possible
inception of the mitotic process is indieated.

¢ Such products of metabolism, when they appear in the form ot small particles, may be
termed *fgranules™ and are not to be confused with the * plasmosomes™ (p. 63), which repre-
sent structural elements of the cell. In practice the distinction between the two may frequently
be involved in extraordinary difficulties.



THE CELLS. 67

Cells differ greatly in form. They may be : splerical, the typical
form of all cells in the embryonal period, while in the adult, for example,
resting leucocytes are spherical ; discoid, ¢. g., the colored blood cor-
puscles : pelyledral, e. g., the liver-cells ; cylindrical or colwmnar, e. g.,
the epithelium of the small intestine ; cubical, ¢. £., the epithelium of the
capsule of the crystalline lens ; fatfened (so-called squamous epithelium),
¢. ., the epithelial cells of the blood-vessels ; spindle-shaped, ¢. g., many
connective-tissue cells ; elongated inte fibers, e. g., smooth muscle-fibers ;
stellate, e. g., many ganglion-cells. The form of the nucleus usually
corresponds to the form of the cell. It is oval in cylindric, spindle-
shaped, and occasionally also stellate cells ; rounded in spherical, cubical
and many stellate cells. Lobulated, so-called polymorphous nuclei are
found in leucocytes and in giant-cells ; they are an expression of activity
on the part of the cell, tending to locomotion or change in form, or to
increased metabolic energy.

The size of cells varies from forms microscopically small, 4 p*
(colored blood corpuscles), to macroscopic bodies (eggs of birds, of am-
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Fic. 6, —LEUCOCYTES OF A FroG. » 560. Changes in form observed during ten minutes; o, at the begin-
ning of the observalion ; ¥, a hall minute later, etc. Technic No. 49.

phibians). The size of the nucleus corresponds in general to that of the
protoplasmic body; only mature ova, despite their great dimensions,
have tiny nuclei.

In some instances the cells unite in a synrcydinon, that is, a common
protoplasmic mass, in which occasionally the scattered nuclei still indi-
cate the otherwise undefinable cell territories.

The wital properties of cells will be discussed here only in so far as
they can be studied by direct microscopic observation; other details
must be sought in textbooks of physiclogy. Accordingly, the phe-
nomena of motion in cells, the reproduction of cells, and those micro-
scopic processes which are associated with the secretory activity of cells
will be considered.

# A micron, pxpoy — it — 0.001 mm.
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The plenomena of motion occur in the form of ameboid* activity, of
ciliary movement, and of contraction of certain fibers (muscle-fibers).
The ameboid motion is the most important ; of wide-spread occurrence,
it has been observed in nearly all the cells of the animal body. In well-
marked cases, ¢. 7., in leucocytes, the protoplasm of the cell projects
finer or coarser processes (pseudopodia), that divide and flow together
again and in this way produce the greatest variety of forms. These
processes may be retracted or they may become attached somewhere
and partially draw the remainder of the cell-body after them, the
result of which is locomotion, or the so-called “ wandering” of cells.
The wandering cells play an important part in the economy of the animal
body. The processes can flow around granules and cells and thus
enclose them in the cell-body, an occurrence described as the feeding of
the cell.t Cells that can transform or * digest” such inclusions are
named phagocytes. Ameboid movements take place very slowly, in
warm-blooded animals only on artificial warming of the object. For
ciliary motion and the phenomena of contraction, see the chapters on
epithelial and on muscle tissue, respectively.

There is another phenomenon of motion, which, however, does not
occur in the living cell. This is the so-called molecular miotion, an oscil-
lation of minute granules in the cell, the result of molecular currents in
the fluid in which they are suspended. It may often be observed in the
salivary corpuscles (see the Lymph-follicles of the Tongue).

Reproduction and Multiplication of Cells.—Formerly, two kinds of
cell formation were distinguished, spontaneous generation (generatio
@quivoca) and generation by division. According to the theory of spon-
taneous generation, cells were supposed to originate in a suitable fluid,
the cptodlastema.  Something of this kind may formerly, in unthinkably
early ages, have occurred ; but now we recognize only one kind of cell
generation, that is, reproduction by division of preexisting cells. Omnis
cellula e cellula.”]

In the division of a cell, first the nucleus and then the protoplasm
divides into two usually equal parts. In this process a special grouping

#This movement is exhibited in its perfection by unicellular organisms named amebz;
thence the phrase “ ameboid motion.™

% This must not be confused with the mwriffon of the cell, which is eflected by a series
of complicated chemical processes within the eell; dicsmotic currents, imbibition, molecular
pressure, ete.

t Likewise, a new nucleus can arise only by the division of an existing nucleus. The
theory of spontaneous generation of nuclei, according to which nuclei originate directly from
the proteplasm and independently of existing nuclei, lacks unequivocal evidence.
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and rearranging of the nuclear substances (p. 63) take place according
to definite laws. This mode of division is called indirect division, division
by mitosis,* karyokinesis. Its cycle is usually divided into three phases,
as follows :

(1) Prophase.

The centrosome and the nucleus approach each other and finally
the former arrives in the immediate neighborhood of the nuclear mem-
brane, surrounded by the bright halo (p. 65), in which the radiating,
delicate fibrils now become more distinct ; collectively these fibrils are
called astrosplicre. The centrosomes, previously duplicated in the rest-
ing state of the cell (p. 66), now move apart and instead of the single
astrosphere enveloping the diplosomes there are two present, one for

Central spindle.

Chromosomes. Centrosome,

FiG. 7.—ScHEME oF THE CLose Coll, Fi1c. 8.—5cHEME OoF THE LoosE CoiL.

each centrosome (Fig. 7).  Then the nucleus enlarges, the nuclear net-
work becomes richer in chromatin, and its nuclein cords soon appear in

the form of convoluted segmentst (chromosomes), that are placed
transversely to the long axis of the nucleus. The number of the chro-

# yiror, the thread, because in this process threads are visible in the nucleus. There is a
second mode of ‘division, in which the nuclei divide simply by constriction, without the cecur-
rence of a regular grouping of the nuclear structures, This is called direct or amitotic division.
However, it is very probable that this kind of division in vertebrates, under normal conditions,
has not the significance of a physioflogic reproduction and multiplication of cells, but occurs
only in cells which are degenerating—{or very often the division of the protoplasm does not
follow, so that only a multiplication of nuclei takes place. This frequently happens in leuco-
cytes, also in epithelial cells—e. g, in the superficial epithelial cells of the urinary bladder of
young animals,

T These segments are present in many resting nuclei, but owing to the numerous lateral
branches, by which they unite with their neighbors in a network, they are not easily distin-
guished. At the beginning of division the lateral branches are drawn in, whereby the segments
become thicker and appear more distinet. In other nuclei the chromatin is disposed in a
single thread) that later divides transversely into chromosomes.



70 HISTOLOGY,

mosomes is constant for each animal species, in man probably twenty-
four.

The form of the chromosomes is usually that of a loop. The closed
ends are directed toward the centrosomes, the polar side or polar field,
the free ends toward the opposite pole of the cell. In this stage the
chromosomes form a close coil (Fig. 7); but they soon grow thicker
and less tortuous, thereby converting the close coil into the feose
coif (Fig. 8). In the latter the curves of some of the loops can be
detected pointing toward the opposite pole (¢f. Fig, 14).

Meanwhile the two centrosomes, increasing mainly at the circum-
ference, move apart and wander along the nuclear membrane, each
to a point go® distant from its original position. DBetween the retreating
centrosomes a span of delicate fibers appears, which form the central
spindle, to which fibers of the astrospheres become attached and can now
be traced to the chromosomes. Toward the completion of the pro-

Polar radiation. Muclear spindie,

F1G. g —SCHEME OF THE MOTHER STAR. FiG. 10.—5CHEME OF METAKINESIS,

phase the nuclear membrane vanishes and the nucleolus becomes
invisible.

(2) Metaphase.

The centrosomes have reached diametrically opposite points,®
their fibrils, with which perhaps parts of the nuclear membrane are
associated, extend to the chromosomes and now appear in the figure of
a spindle, the wuclear spindle, at each apex of which lies a relatively
very large centrosome encircled by the astrosphere, which in this stage
is also known as the “ polar radiation.”{ The chromatin loops move

#* Up to this point this description of the behavior of the centrosome is not invariably
applicable ; for example, in ascaris megalocephala univalens the centrosome divides in the in-
terior of the nucleus, which elongates and allows a centrosome to emerge at each end. With
their exit the nuclear spindle is formed. In succeeding events the processes are identical.

1 Remains of the central-spindle still lie in the axis of the nuclear-spindle.
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to the equator of the spindle, in the future plane of division of the
nucleus, and are soon arranged so that their closed ends are directed
toward the axis of the spindle, their free ends toward the equator (Fig.
9). Viewed from an apex of the spindle this grouping of the segments
has the appearance of a star, the wmother star (monaster).

During the formation of the mother star, often earlier, in the first
stages of the prophase, the chromatin loops divide longitudinally, so that
each single loop forms two sister loops. This is followed by division of
the nucleus exactly into halves, while by the contraction of the spindle
fibers (?) the one sister loop is drawn to one pole, the other sister loop to
the other pole of the nuclear spindle. This process is named meta-
#inesis (Fig, 10); it is involved in a separation of the centrosomes from
each othér. In this stage the nuclear segments appear in the figure of

Fic. 11, ~SCHEME OF THE DAUGHTER STARS. FiG, 12.—=SCcHEME OF CELL DivisioN.

two daughter stars, they form the araster. Each daughter star exhibits
polarity (Fig. 11).

(3) Anaphase.

These relations are soon obliterated, inasmuch as the centrosome
diminishes again, then duplicates itself, and the chromosomes thrust out
lateral twigs for anastomosis with neighbor chromosomes and so repro-
duce the fabric of the resting nucleus. While the spindle and the greater
portion of the polar radiation become invisible, and a new nuclear mem-
brane appears, beginning opposite the * polar side,” the nucleus swells by
imbibition of nuclear sap, becomes spherical, and nucleoli appear ; at the
same time, at the equator of the cell, a division of the hitherto quiescent
protoplasm begins (Fig. 12), which leads to complete separation into
halves.

In rare cases, especially in those of a pathologic nature, the nucleus
simultaneously divides in the mode of mitosis into more than two nuclei.

The duration of cell division, in which the progress of the indi-
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vidual stages is not equally rapid, varies from a half hour (in man)* to
five hours (in amphibia).

Special modifications of cell division are the so-called endogenous
cell formation and budding. The endogenous cell formation occurs in
cells that possess a firm envelop (egg-cells, cartilage cells). The process
of division is precisely the same as that previously described, except that
all the descendants of one cell (mother cell) arising by successive divi-
sions (daughter and grand-daughter cells) remain inclosed in the
common capsule (Fig. 44). Gemmation or dudding indicates a kind of
division in which the products are of unequal size, or in which the cell
develops processes that are set free by constriction and become inde-
pendent cells (see bone marrow).

The young cells always resemble in character the mufher cells.
Such a case as connective-tissue cells arising from the division of an epi-
thelial cell never occurs (¢f. also p. 61).

The plhenomena of secretion.—(See Secretory Activity of Epithelial
Tissue.)

The duration of fife in nearly all cells is brief ; the old elements dis-
integrate, new ones appear in their places. Dying cells are character-
ized by decrease in the volume of both nucleus and protoplasm. The
latter often seems to have an indented border or it stains more deeply,
while the chromatin substance of the nucleus either diminishes or ap-
pears in the form of fragments that stain homogeneously. Vacuoles in
the protoplasm or in the nucleus are signs of dying cells. Dying cells in
abundance may be observed in epithelia, where formerly they were often
regarded as peculiar kinds of cells (¢f. also Fig. 26).

The growth of cells preeminently concerns the protoplasm and only
exceptionally takes place equally in all directions, in which case the
original form of the cell is retained (e. g., egg-cell); as a rule, an un-
equal growth occurs. As a result of unf:qual agrowth the original form
is altered ; the cell becomes elongated, or flattened, or branched, etc.
The majority of cells are soft and susceptible to change in form from
mechanical influences ; as, for example, the cylindric epithelial cells in
the empty urinary bladder, which in the filled organ are low, flattened
structures ; or, the epithelial cells of the peritoneum, which by distention
acquire three times their former superficies.

Secretory products of cells—The secreted materials are either wholly
removed (as most glandular secretions) or they become rigid and remain

* The disappearance of the mitotic figures in the human cadaver is not complete until
after an elapse of forty-eight hours.
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in contact with the cells. To the latter belong certain intercellular sub-
stances ; many of these are a secretion of cells, others are produced by a
transformation of the peripheral layers of the cell protoplasm, still others,
by complete metamorphosis of the cells (some cells undergo degener-
ation in the development of the intercellular substance). It is very dif-
ficult to distinguish whether individual intercellular substances were
formed by the one process or the other ; many points in this matter are
still the subject of lively controversy.

The intercellular substances occur either in small amount, as struc-
tureless, soft, perhaps fluid, cement-substance, between epithelial cells,
connective-tissue cells, smooth muscle-fibers, etc. ; or in large amounts,
exceeding the mass of the cells, and then are called grownd-substance.
The ground-substances are either formless (homogeneous) or formed ; in
the latter case they are for the most part transformed into fibers or
granules of different nature. The scanty remnants of formless substance
found between the fibers or granules also are called cement-substance.

Union of cells.—Cells unite with one another either by contact
(union by contiguity) or they extend into one another by means of
shorter or longer processes (union by continuity). Such processes may
possess delicate fibers, or fibrillze, that extend through several cells, as
for example, in stratified squamous epithelium and in the elements of
nerve tissue. The independence, the possibility of territorial isolation of
the individual cells is not impaired thereby. In other cases, however,
cells originally distinct fuse into a common protoplasmic mass, a spncy-
fiwm, in which then only the nuclei, often stationed at very irregular
intervals, occasionally indicate the individual cell territories. The inde-
pendence of the cells is thereby more or less sacrificed.

TECHNIC.

No. 1.—For the study of nuclear structure and karyokinesis am-
phibian larva are most suitable. Those most readily procured are the
larvae of the water-salamander, which in the months of June and July
abound in every pool. Place freshly canght specimens, 3 to 4 cm. long,
in about 100 c.c. of chromic-acetic acid (p. 32). After three hours
place the larva in running water for eight hours and then in 70 per cent.
alcohol. At the expiration of four hours, or later, the objects are ready
for further treatment.

(@) Nuclear structure.—With a scalpel carefully scrape the epithe-
lium from the skin of the abdomen, with two pairs of fine forceps strip
off the thin corium, stain it for from one to three minutes in 5 c.c. of
Hansen's hematoxylin (p. 38), and mount in xylol-balsam (p. 50). Be-
tween the round glands beautiful connective-tissue cells with large nuclei
may be seen. The fibrillar structure of the protoplasm, the centrosome,

2i
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the astrosphere, and the finer structures of the nucleus can be recognized
only by the employment of complicated methods and the highest mag-
nification. The results obtained by
- ordinary methods are like those pic-

tured in figure 13.

: ! The cross-striped muscles of the
rotoplasm. _—TT .' faﬂ ﬂﬂd the m:mbranes of smooth
R Nuf:m membrane, muscle-fibers (the latter may be read-
: * TimmPm— Nuclear network. : = = =
A Nocleoli, ily ol?tamcd by stripping off the mus-
P cularis of the intestine) also furnish
f beautiful slides.

() Karyokinesis.—With a pair
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filamenis of the nuclear network can be i 4
distinetly seen; with this magnification stain and preserve like . The prep-
e ﬁ::ﬁ{,ﬁi?“;:’;ﬁ:,’:_ﬁ_“;ﬁm‘::‘u'::‘ﬂt;":f;f: aration must be placed on the slide
work. with the convex surface of the cor-
nea upward ; in the epithelium, even
with the low-power objective, many karyomitotic figures may be seen,
which are revealed by their intense color; with stronger magnification

pictures such as are represented in figure 74 can be seen. By this method
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the nuclear spindle and the polar radiation can be perceived only in espe-
cially favorable preparations—. g., eggs of siredon and of trout.

The centrosomes and first stages of spindle formation can only be
seen with immersion lenses and in preparations made after technic No. 3

(p. 88).
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The delicate lamella suspended from the convex side of the
cartilaginous gill-arch, as well as the epithelium of the floor of the oral
cavity, are highly suitable objects. Occasionally not a single karyo-
kinetic figure is found. Isolated figures may sometimes be observed in
preparation a.

BE. THE TISSUES.

I. THE EPITHELIAI TIS5UES.

The elements of epithelial tissue, the epithelial cells, are sharply
defined cells consisting of protoplasm and nucleus. A cell membrane is
frequently absent, often only a crusta is present (p. 66). The majonty
of epithelial cells are soft and plastic, yield readily to the pressure of
surrounding elements, the result of which is great diversity of outline.
In general two principal forms can be distinguished : the faf and the
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%:‘&,J {intestinal epitheliom). 4. Ciliated cells; &, cilia (bronehial epithelium]). Technic on page 25,
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cylindrical (better, prismatic). These extremes are united by numerous
transitional forms.

The flat epithelial cells, squamous epithelial cells, pavement epithelial
cells, rarely are symmetrical in form, excepting the pigmented epithelium
of the retina, which consists of tolerably regular hexagonal cells (Fig. 10) ;
generally the contour is very irregular.

The cylindrical epithelial cells, cy/inder cells, seen from the side are
elongated elements, the height of which considerably exceeds the
breadth ; seen from above they appear hexagonal ; therefore they are in
reality prismatic.

Cells that are as high as they are broad are called cubical epithelial
cells.*

Many cylinder cells have a sometimes homogeneous, sometimes

* Such cells are frequently also called pavement cells.
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striated border on their free upper surface * (Fig. 15, 3 5); it is a cutic-
ula. Other cylinder cells are beset with delicate filamentous processes
(cilia) on their free surface, that during life are in constant active vibration
to and fro in a definite direction. These are called ciliated cells.

The specially differentiated sensory or neuro-cpithelial cells will be
described in connection with the organs of special sense.

Continuous layers of epithelial cells, which cover outer and inner
surfaces of the body, are called “ epithelia.” The epithelia are some-
times composed of a single stratum, sometimes of several strata, and
accordingly the following varieties are distinguished :

Simple (one-layered) squamous epitheliwm (Fig. 16): in the
pigmented layer of the retina, the alveoli of the lungs, the pericar-
dium, the pleura, the peritoneum, the rete testis, the membranous

FiG. Fﬁ.—l’ICETEﬂTH.D EFITHELIUM OF THE RETINA
oF Man., Viewed from the surface. 3 sfo.
Technic No. 150,

e L e L ]

c "q_ o) ra [ % % -"'

- I" e el ]

) '-5, b |U i

By L) "u' T

-
LR

;.-'J-.v.__.—

J?'ﬂ

r

tp—"

FiG. 17.=51mmpPLE CyLINDER EFITHELIUM OF THE FiG. 18, —STRATIFIED SoUuamMoUus EPITHELIUM OF

SMALL INTESTINEOF MAX. < s60. ¢ Striated THE LarRYrX oF Man., X 290, 1. Cylinder
cuticular border. = Cylinder ﬁ:l]. fi, Tunica celle, 2. Polygonal cells. 3. Squamous cells.
propria. Technic like No. 110. Technic MNo. 125,

labyrinth, also the epithelium of the articular cavities, of the ten-
don sheaths, of the endocardium, the blood- and lymph-vessels.}

*The strize are the boundaries of minute rods (Fig. 17, ¢) that occasionally can be dis-
tinctly seen even with medium magnification; between them processes of the protoplasm,
‘* pseudopodia,” the length of which often varies greatly, can extend toward the free surface.
Such pseudopodia can be seen also on the epithelial cells of the human large intestine (Fig. 4].
The socalled drashborder of the renal epithelium is likewise consiructed of minute rods, that
differ from similar formations only in their greater delicacy ; whether this border belongs to the
cuticular formations is questionable, for the assumed constancy of the structure is disputed [see
the chapter on the kidneys).

t Very high magnifications show that each ciliom is in relation with a granule, the ** basal
corpuscle,’ lying close to the free surface, which perhaps is the center of motion for the cilium.

1 The last-named five epithelia are also called endoskelia, their elements, endothelial cells.
In normal anatomy these names are superfluous. It has recently been suggested to designate
at least the epithelium of the blood- and lymph-vessels as endothelium,
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With these is enumerated the epithelium formed of a single layer of
cubical cells, occurring in the plexus chorioidei, on the inner surface of
the capsule of the lens, in the thyroid gland, and in the majority of other
glands.

2. Simple cylinder epithelium (Fig. 17): in the intestinal canal and
in the ducts of many glands.

3. Simple ciliated epitheliwm (Fig. 15, ) : in the smallest bronchi,
in the uterus and oviducts, in the accessory spaces of the nasal fossa, in
the central canal of the spinal cord.

4. Stratified (many-layered) squamous epithelium (Fig. 18): not all
the elements of this variety are squamous cells ; the lowermost stratum
is composed of cylinder cells ; superposed on this are several strata of
very differently shaped cells, mainly ir-

regularly polygonal, over which lie
successive strata of cells that, as they ap-
proach the surface, become progres-
sively thinner and flatter. The strati-
fied squamous epithelium occurs in the
mouth, in the pharynx, in the esophagus,

on the vocal cords, on the ocular con-
junctiva, in the vagina, and in the female
urethra. The epidermis also consists of
a stratified squamous epithelium, which
is characterized by the cornification of

the cells of the superficial strata, which i s et b
are transformed into horny scales with-

out nuclei. Cornified cells are also found on the hairs and nails, but in
these situations they are nucleated.

Stratified cylindric and stratified ciliated epithelium are also recog-
nized, although it has been shown, particularly in sections, that this
stratification is simulated by the arrangement of the nuclei of the cells
at different levels in several transverse rows; the cells themselves all
rest upon the connective-tissue base, but do not all extend to the free
surface (Fig. 19). Such epithelium is accordingly one-layered and is
distinguished from the ordinary *“simple” epithelium, in which the
nuclei stand in one row— ** single row "—as many-rewed (multi-lineal)
epithelium. Doubtless the majority of the stratified cylinder and ciliated
epithelia hitherto described are merely * many-rowed.” Accordingly we
recognize the following :

5. Stratified (possibly many-rowed) cyfinder epitheliwm : in man is
found only on the conjunctiva palpebrarum, in the main excretory ducts
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of certain glands, and in a division of the male urethra. The arrange-
ment of the strata is similar to that of—

6. Stratificd ciltated epithelium : only the

RINBTER most superficial cells are cylindric and carry cilia ;

a-HaiaitE- in the deepest layers the elements are mainly

i spherical, in the middle layers spindle-shaped

(Fig. 20). Stratified ciliated epithelium is said

to occur in the larynx, in the upper portion of

the pharynx, and in the eustachian tube; prob-

i ably it is only many-rowed, like the epithelium

Fic. so—Masv-rowep Cii-  Of the nasal fossa, the trachea, the large bronchi,

B remmncy vt and e epididymis, in which all cells actually

mucois membrane of man,

1. Oval cells. 2 Spindle- preach to the connective tissue.
shaped cells. 3. Cylinder

1. 4. Connectiveltissue, ] - 2 - i g
o S o Between the epithelial cells extremely nar

row clefts often occur, intercellular spaces, which

are occupied by a frequently very scanty, soft, perhaps fluid, interceliuiar
substance.® In many epithelia (in the cylinder epithelia of the mucous
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FiG. 21.—=CvYLINDER EFITHELIUM OF AN INTES-  FiG. 22.~5CHEMEOF THE NETWORK OF TERMINAL
TiMAL ViLLus oF Man. Magnified about 6oo Bars. The twoe cells on the left are divided
times. Network of terminal bars: A, view of lengthwise into halves; the two on the right
free surface ; B, lateral aspect ; on the left the are drawn as complete eylinders or prisms.

cross-sections, on the right the lateral surfaces
of the terminal bars are seen. Technic No, 3,

membranes and in the majority of the glandular epithelia, alse in the
stratified epithelium of the mucous membrane of the tongue and in the
transitional epithelium of the urinary organs) the intercellular spaces are

* Because in the human skin these intercellular spaces have been successfully injected
through the lymph-vessels, it was believed that this substance is identical with ordinary lymph.
However, this is not correct, for the intercellular substance of epithelium reacts differently ; it
becomes black when treated with silver nitrate,
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closed toward the free surface by very delicate bars of a peculiar cement-
substance ; since these bars, ** terminal bars” (Schlussleisten), are con-
nected with one another they form a ** networ® of terminal bars’ (Schluss-
leistennetz), in the meshes of which the ends of the epithelial cells directed
toward the free surface are inserted.

The union of the epithelial cells is effected in such a manner that
either they present smooth surfaces of contact to one another,—namely by
the intervention of intercellular substance,—or they interlock by variously
shaped processes, the latter being pressure-effects.  The delicate spines
and thorns visible on the surfaces of many epithelial cells have been
regarded as similar processes. But these are connecting bridges,* often
cord- and net-like, which pierce the intercellular substance and establish
an intimate union with neighbor epithelial cells. Cells provided with such
thorns and ridges are called prickle-cells ; the processes are aptly desig-
nated by the appropriate name of intercellular
bridges (Fig. 23). They were first seen on the o
polygonal cells of stratified squamous epithe- SEY
lium,T but they also occur on the cells of simple
squamous and simple cylinder epithelium,—for
example, of the stomach and of the intestines,—

but thcre thE}" are E}{trﬂm'ﬂ]}' de]icatﬂ and can bE Fic. 23.—FroM A VERTICAL
SECTION OF THE STRATUM

demonstrated only by the application of special GERMINATIVUM OF THE
% : EFIDERMIS. < 560. Seven

methods. The length of the intercellular bridges .  squamous epithelial cells
: : e united ¢ intercellular

and the diameter of the * intercellular clefts " oc- ks AT G T

curring between them vary greatly in the differ-

ent forms of epithelium and in the different physiologic states of the tissue.}
Epithelium possesses no blood-§ and lymph-vessels, but nerves are

found in some situations, for example, in the epithelium of the skin and

of many mucous membranes.

* These bridges contain fibrils, that can be traced in the interior of the cells (the filar-
mass, p. 063), and are the ground on which such epithelium was said to have a ** fibrillar " strue-
ture, a description that can only lead to perplexity, because, for example, it tends to produce
confusion with the fibrillar structure of connective tissue, which is something wholly different.

+ The basal surfaces of the cylinder cells of stratified squamous epithelium are also pro-
vided with short processes, directed toward the subjacent connective tissue, the * rivet-fibers"
( Hafifasern), that can be made vizible only by means of complicated methods.

1 In fresh, living tissues (e. g., in the tail of amphibian larvee) the intercellular spaces
can scarcely be seen, but in certain conditions dependent on disturbance of the circulation of
lymph become more distinct. Then the intercellular spaces appear as tiny vacuoles in the
hyaline border stratum of each epithelial cell. The thicker the stratified epithelium is, the wider
are the intercellular spaces, the longer are the intercellular bridges ; which on the one hand
elucidates the importance of the spaces in the nutrition of the epithelium, on the other hand fur-
nishes the explanation of the slight size of the spaces and bridges in the simple epithelia,

4 See also the Urinary Organs.
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SECRETORY ACTIVITY OF EPITHELIAL TISSUE.

Many epithelial cells possess the faculty of secreting and discharg-
ing substances which are not used in the growth and repair of the
tissues. Such cells are called gland-cells. The secreted substances are
either stored in the body (secretions) or, being of no further use, re-
moved from the body (excretions). The performance of the processes
of elaboration and discharge of secretions (or excretions) is manifested
by certain changes in the form and contents of the gland-cell, which

Granule.

Granule. .

Protoplasm.

New granule.

“ Basal filaments." ¥

Nucleus.
MNucleus with large

nucleolus.

Fig. ‘zf.—Twu SEROUS GLAXD-CELLS FROM THE SUBMAXILLARY GLAND OF A GUINEA-PIG, * 1260, In
cell B the granules have passed into the unstainable state ; new stainable granules are beginning to
develop in the protoplasm. Technic No. 120,

indicate the empty and the loaded § condition, states of rest and activity
respectively. In many cells, for example, in the serous gland-cells, the

FiG. 25.—SeEcrRETING EPITHELIAL CELLS. From a thin section of the mucous membrane of the stomach
ol man. X 560. dp Protoplasm. s. Secretion. a. Two emply cells; the cell between them shows
beginning mucoid metamorphosis. ». The cell on the right 15 discharging ils contents; the granular
protoplasm has increased and the nucleus has become round again. Technic No. 108,

empty state, barring certain phenomena of the nucleus (p. 81), is mani-
fested by a smaller volume and a darker appearance of the cell; higher

# The basal filaments oceurring in the serous gland-cells and in the chief eells of the gas-
tric glands may be portions of the filar substance, ** ergastoplasm,’’ or possibly they too are con-
cerned in the production of the secretion.

+ The terms “ empty *" and ** loaded " relate to the fuished secretion and its impending
discharge. not to the precursory stages; other auhors employ instead the expressions “resting "'
and ¢ active. "'
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objectives and special methods reveal granules® that stain intensely
(Fig. 24 A). These “ granula’ grow, lose the faculty of staining (Fig.
24 B), and become transmuted into drops of secretion; the cell there-
with passes into the loaded state, which may be demonstrated also by
simple methods and is indicated by an increased volume and a clearer
appearance. The drops of secretion, occasionally even granules, are
discharged into the lumen of the gland. In other gland-cells, for ex-
ample, in many mucous gland-cells, the elaboration of secretion is like-
wise initially associated with granules, which, however, soon become
transformed into a transparent mass, the mucus (Fig. 23, 5) that accu-
mulates at the * collecting center, " situated on the side of the cell ad-
jacent to the lumen or to the free surface, and is more or less sharply
defined against the still unaltered protoplasm (&, #).7 As the process of
secretion advances, larger and larger masses of the protoplasm are con-
verted into secretion and the nucleus and remnant of unaltered proto-
plasm are crowded to the base of the cell ; as a consequence of this com-
pression the oval nucleus (a, &) gradually becomes round (¢) or even
flat (¢). The volume of the cell when filled with secretion is consider-
ably increased. Finally, the secretion gradually escapes; simultane-
ously the protoplasm is regenerated and the nucleus moves upward to its
original position, and restore to the cell, now diminished in size, the ap-
pearance of the empty state.

The majority of gland-cells do not degenerate in the act of secre-
tion, but are able to repeat the process again and again. The sebaceous
olands furnish an exception, for their secretion is formed by the disinte-
aration of cells, like the goblet-cells.] In the latter, in one-layered
epithelium, the processes of elaboration and expulsion of secretion occur
simultaneously (Fig. 26); at first the secretion is produced more rapidly
than it is discharged and it accumulates in the cell (2), but finally ex-
pulsion exceeds production, the cell gradually empties itself completely
and dies (4). In stratified or many-rowed epithelium the formation of se-
cretion begins in the young goblet-cells in the depths of the glands ; the
expulsion does not occur until the elements have matured and reached
the free surface.

#* These are not the microsomes (p. 63) stainable by certain methods, < g. Altmann's
methods.

T The collecting center by no means consists only of secretion; between the masses
of the latter there is a delicate net or framework of protoplasm, that also encloses the
centrosome.

7 The testicle and the ovary afiord a peculiar instance, the gland-cells of which after dis-
charge of their secretion undergo further development.

(¥
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The gland-cells lie isolated between other epithelial cells * or are
united in groups and form glandular tissue.

Tue Graxps.t
The glands, glandule, are glandular tissue buried beneath the sur-
face of the body, which either has the form of cylinders, zZwduli, or
pouched sacs, alveoli. :

Secretion.

Protoplasm with nucleus.

Gland lumen.

Fic. 25.—Crver oF LIEBERKURY FROM A SECTION OF THE LARGE INTESTINE oF Maxn. ¥ 165. The
secretion formed in the goblet-cells is deeply stained. In zome 1 the goblet-cells show the beginning
of secretion ; that expulsion has begun is evident from the presence of drops of secretion in the lumen
of the crypt. = Gnh%el—cﬂl]s with much secretion. 3. Goblet-cells containing less secretion. 4. Dying
goblet-cells, some of which still contain remmants of secretion. Technic No. g1z,

The structure of glands, in particular of their secreting divisions, is easy
to recognize only when they present simple or but slightly branched tubuli or

# They are then called unicellular glands; they are very common among invertebrates,
also oceur in man as goblet-cells (see The Digestive Organs).

tThe glands consist almost exclusively of epithelium; supporting tissue and bloed-
vessels, important as the latter are in a physiologic respect, morphologically are relatively sub-
ordinate. This furnishes the justification for describing the glands, which of course are organs,
as the conclusion to the epithelial tissues.
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alveoli. The majority of glands are profusely branched, twisted and coiled
to a dense ball, that can scarcely be unravelled. Sections of such balls
exhibit clusters of vesicles (‘*acini'’), that may be equally as well taken for
alveoli as for cross-sections of tubuli. This explains the antagonistic state-
ments of individual authors. Hitherto the only dependable method for the
exhibition of the gland lumen was either that by injection or by impregnation
of the secretion after Golgi. If the lumen appeared in the shape of a branched
line of uniform thickness, it was inferred that the form was tubular; if the
lumen exhibited terminal or lateral evaginations the structure was said to be
alveolar. Hitherto I also made my classification according to this principle.
It was of course incomplete, since it did not include any consideration of the
varying thickness of the wall. Finally the plate reconstruction method has
led to recent success in representing the entire structure (lumen and wall) on
an enlarged scale. It may be that in details cor-
rections must still be made ; however the necessity
for a new classification is already evident and is
given in the following.

Excretory
duct.

There are two principal forms of glands,
the tubular and the alveolar* glands. Between
these two there is a transitional form origi-
nating from the tubular and represented by
the alveolo-tubular glands.  All three forms
occur either individually independent or united
in groups ; they are accordingly classified as
simple and compound glands.

A. Tubular glands.

1. Stmple tubular glands, which have the
form of either a simple or a branched tube
(Fig. 27); the latter form may be named a
tubular system.

2. Compound tubular glands, which con- S s g
sist of a variable large number of tubular sys- Granp Fors.
tems (Fig. 27).

Unbranched simple tubular glands are the following : some of the
fundus glands of the stomach ; the majority of the coil and ceruminous
glands, and the intestinal (Lieberkiihn’s) glands (regarding the latter
see the chapter on the intestines).

Branched simple tubular glands are the following : some of the
fundus glands, a few of the coil glands, and the glands of the uterus.

Compound tubular glands are the serous glands of the tongue, the
serous divisions of the small glands of the respiratory apparatus (and
the small glands of the oral cavity ?), and the tear glands. Also the

Tubular system.

Compound tubualar gland,

% From alveus, a pouched sac.



84 HISTOLOGY.

kidneys, the testicles, and the liver. The ramifications of the latter two
glands anastomose regularly with one another and form nets ; therefore
the testicles and the liver are also called ‘ reticular glands.” TIsolated
anastomoses between glands have been observed in the fundus glands
of the horse and in the serous lingual glands and the bulbourethral
glands of man.

B. Alveolo-tubular glands.

1. Simple alveolo-tubular glands appear to occur only in the form of
branched ducts ; they form an alveolar-tubular system (Fig. 28).

Alveolar
tubular
SYSLem.

Excretory
duct.

Alveolo-
ll-lh'l.!h:" : i 2
Compoun ﬁ . O | —~ 5 Alvealar com-
gland. [ A0S : % Gy pound gland.

Fic. 28, —5CHEMES OF ALVEOLO-TURULAR FiG. 20.—SCcHEMES OF ALVEOLAR GLann Forwms,
GLaxp Forus,

2. Compound alveolo-tubular glands, which consist of several alve-
olar-tubular systems (Fig. 28).

Branched simple alveolo-tubular glands are the pylorus glands, the
urethral glands, and the small mucous glands of the tongue, the gums,
and the esophagus.

Compound alveolo-tubular glands are the larger mucous glands, the
sublingual gland, the mucous divisions of the submaxillary gland, the
glands of the respiratory apparatus and the oral cavity, the duodenal
glands, the bulbourethral glands (vestibulares majores ?), the prostate,
the lungs, and the mammary glands.
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C. Alveolar glands.

1. Sitmple alveolar glands are simple or branched pouched sacs
possessing an excretory duct (Fig. 2g); the branched form is called an
alveolar system.

2. Compound alveolar glands, which consist of several alveolar sys-
tems (Fig. 29).

Unbranched simple alveolar glands are the smallest sebaceous
glands.

Branched simple alveolar glands are the larger sebaceous glands
and the tarsal (Meibomian) glands.

Compound alveolar glands are some divisions of the parotid gland,
the serous divisions of the submaxillary gland (the smallest glands of
the oral cavity ?), and the pancreas. In all the compound alveolar
glands slender follicles, partly pro-
vided with evaginations, are to be
found, so that the emftre glands are
to be annexed to the alveolo-tubular
glands, with the reservation that they
are distinguished from the alveolo-
tubular forms by the predominance of
the alveolar type.

In the majority of glands, par-
ticularly in those visible to the naked
eye, a sheath is formed by the sur-
rounding connective tissue, which B e LA Treats LS. O

: = . THE ToxGue oF A Rassit. Blood-vessels
sends septa into the gland and divides T T R e Slindctin

it into complexes of varying size, the o e e st

Zland lobules.  The septa are the car-
riers of the larger blood-vessels and nerves. The glands may secrete
throughout their entire extent, but usually only that part lying near the
blind end, the gland body, is specialized for this purpose, while the part
forming the connection with the surface serves for the conveyance of the
secretion, and is called cxcretory duct.

Glands without excretory ducts are the #iyroid and the evary. The
former has an excretory duct in the embryonal period, which disappears
in the course of development ; the tubuli also suffer change. The gland
vesicles (** follicles ") of the ovary in an embryonal period also were in
connection with the superficial epithelium. These connections, which
might be called excretory ducts, disappear, and the expulsion of the
products formed in the ovary (the ova) takes place by the bursting of the
vesicle. The ovary is a delitscent gland.

Gland-lumen,

Gland-cells.

Membrana pro-
pris.

- Blood-vessels.
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All gland tubuli and alveoli consist of a usually simple layer of
gland-cells, which encircle the lumen of the gland and are in turn sur-
rounded by a special modification of the connective tissue, the memébrana
propria or basement-membrane * (see p. 94). On the outer side of the
basement-membrane lie the blood-vessels (Fig. 30). Hence the gland-
cells are inserted between the blood-vessels and the lumen of the
gland, and on the peripheral side receive from the blood-vessels (or from
the lymph clefts encircling the latter) the necessary materials for the
formation of secretion and on the other (central or lumen) side discharge

' the elaborated product,

Catlets of intracellular and intercellular secretory capillaries, In many glands the

i v axial (central) lumen

1 sends off delicate lateral
branches, secretory capii-
laries, that are situated
sometimes between the
gland-cells, “intercellu-
lar secretory capillaries,”
sometimes in the interior
of the gland-cells, **in-
tracellular secretory ca-

Intracellular secretory £
capillary.

Intercellular secretory |, =

G pillaries.”+ They can
be made visible only by
special methods and then

2 \\\ ,. L appear in the form of

e AR sometimes simple, some-

i times branched, or even

R e P A Lt - Eﬂ;ﬁll: R netlike, © anastomosing,
Fic. 31.—ScHEMATIC MopEL oF A4 Human Fuxpus GLAND. t'l.lhll]ﬂﬁ., that do not ex-

tend to the membrana
propria and the blood-vessels, but are separated from these by at least
a portion of a gland-cell.

# Oecasionally stellate cells occur between the propria and the gland-cells, which unite
with one another and as ** basket cells’’ embrace the gland tubuli. Tt is not yet decided
whether they are epithelial or connective tissue cells or smooth muscle-fibers,

1 It was for a long time very difficult to prove whether secretory capillaries were situated
between or within the cells. Now we possess points of corroboration which make the distinc-
tion possible. Intercellular capillaries in cross-section are bordered by at least two terminal
bars in cross-section, while in longitudinal section the terminal bars are seen running alongside
the walls of the capillaries (Fig. 31). Further, intercellular capillaries are recognized by their
sharp outline, which is due to a thickening of the exoplasm (p. 63). The intracellular capilla-
ries lack this sharp outline, also any recognizable relation to terminal bars.
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The intercellular secretory capillaries occur in the serous glands of
the tongue, in the parotid, in the serous divisions of the submaxillary,
the sublingual and related glands, in the bulbourethral glands, in the
lacrimal glands, and in the pyloric glands. Intercellular and intracel-
lular secretory capillaries occur side by side in the coil-glands, in the
liver, and in the gastric glands. It is probable that the intracellular
secretory capillaries are merely transient formations.

Secretory capillaries appc.;lr to be wanting in the pure mucous
glands, in the mucous divisions of the mixed glands, in the intestinal,
duodenal, and uterine glands, in the thyroid, the hypophysis, and the
kidney, "

The microscopic appearance of the gland-cells changes with their
periodic functional condition. In some glandsall the cells simultaneously
exhibit the same functional appearance.
In other glands different functional states
are encountered at the same ti['l‘ll:.. cven

Excretory
within the same tubule or alveolus. The S
latter is the case in many mucous glands,
in which the loaded cells crowd the empty
cells more or less completely away from
the lumen of the gland (see also the chap- :
ter on the glands of the oral cavity). The S

nuclei of many gland-cells also exhibit
varying appearances corresponding to the
changing functional state ; often in empty
cells the nucleus exhibits a delicate chro-
matin network and a conspicuous nucle-
olus, while in loaded cells the nucleolus o s el detes il
is invisible and the chromatin cords ap- {;;’i‘:}]nﬂ;}lﬁiit;:::“?}' a gland. (Sub-
pear in the form of coarse fragments.®

The fner ramifications of the excretory ducts of some glands,
which are particularly conspicuous because of the form and structure of
their epithelial cells, must be regarded as belonging to the gland body.
These ramifications are not merely excretory ducts, but on them also
devolves the function of excreting certain materials (salts); accordingly
they belong to the secreting divisions of the glands. The difference in
the structure of these branches renders their division into two parts

Iutercalated
tubes.

End picces.

* There is no doubt that portions of the nucleus, in the form of stainable granules, pass
into the pmtup'lnsm, but whether these portions may be regarded as true secretion gral]ub:s 15
questionable ; the more so since such plenomena may be observed in other cells, for example,
in the cells of the spinal ganglia.
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desirable : the first portion, proceeding from the ferminal picces, is nar-
row and lined sometimes with flat, sometimes with cubical cells; it is
called the intercalated tubwele. The adjoining portion is wider and clothed
with tall cylinder cells, the bases of which show distinet longitudinal
striation, formed by rows of granules; it is called the secrefory (salivary
or mucons) fube. The relative length of the intercalated and secretory
tubes varies greatly in individual glands.

The excretory ducts consist of a simple or stratified cylinder epithe-
lium and a sheath of connective tissue mingled with elastic fibers.

Accordingly in the most complicated cases the gland consists of
the following divisions : (1) The excretory duct, which dividing passes
into (2), the secretory tubes, which continue in (3), the intercalated por-
tions, which lead into (4), the terminal pieces, the axial lumen of which
receives (5), the secretory capillaries.

TECHNIC.

No. 2.—Living ctltated cells are obtained as follows: Kill a frog
(p. 28), place it on its- back, and with scissors cut off the lower jaw, so
that the roof of the cavity of the mouth is exposed. From the mucosa
of the roof cut out a small strip about 5 mm. long, place it on the slide
in a drop of salt solution, and apply a cover-glass. With low magnifica-
tion the beginner will scarcely perceive anything, unless currents in
which large blood corpuscles are suspended lead him to the right place ;
therefore examine with the high power and search the edges of the
preparation. At first the movement of the cilia is so lively that the ob-
server cannot see individual cilia; the entire ciliated border waves ;
the picture has been aptly compared to that of a corn-field swayed
by the wind. After a few moments the rapidity of the movement dimin-
ishes and the cilia can be plainly seen. If the movement ceases, it can
be restored by the application of a drop of concentrated potash solution
(p. 23); the effect is transient, so that the eye of the observer must not
be removed from the ocular while the fluid passes under the cover-
glass. The addition of water soon suspends the movement.

No. 3.—7erminal bars.—Fix small pieces of intestine, from 0.5 to
1 em, long, in Flemming’s mixture (p. 34), or in sublimate-salt solution
(p- 35), and harden in alcohols of gradually increased strength (p. 35);
embed in paraffin, cut thin sections (about 10 ) on the microtome, and
fasten them to the slide (see Microtome Technic). Stain after Heiden-
hain’s iron-hematoxylin method (p. 44), and mount in xylol-balsam.
The bars can be distinguished as black streaks or dots, even with good
dry systems (Fig. 21). With immersion systems the centrosomes can
be seen in such preparations, but only the practiced microscopist can
succeed in finding them.

* This is the designation of the blind ends of the gland duets, which take up the secre-
tory capillaries.
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1. THE SUPPORTING TISSUES.

In the epithelial tissues the cells constitute the principal mass, but
in the supporting tissues they are secondary, while the nsercellular sub-
stance (ground substance, matrix) is conspicuously developed and variously
differentiated. The preponderance of the intercellular substance, which
also functionally plays the more important part, is characteristic of the
aroup of supporting tissues. According to the nature of the intercellu-
lar substance they are divided into : (1) connective tissue ; (2) cartilage ;
(3) bone.

1. ConnNECTIVE TISSUE,

The matrix or intercellular substance of connective tissue is more
or less soft; the cells are few in number. Several varieties are distin-
guished : (@) mucous connective tissue,
(#) fibrillar connective tissue, and (¢) re-
ticular connective tissue. -

(@) Mucous connective lissue consists
of round or stellate branched cells and
a large quantity of undifferentiated, mu-
ciferous intercellular substance contain-
ing delicate connective-tissue bundles
(see below). In the higher animals it is

Fi1G. 33.—From A CROSS-SECTION OF THE

found only in the umbilical cord of very UsmgiLicaL Corp oF A HuMaN EMBRYO

it is widely distrib Cells. L T ETOar st
}I'Cll.lﬂg Embf}-’ﬂs, bllt It 13 “'Hjl'.‘ y Istrib- C:II.II.LTI'I;'bl.:iMﬂﬂ hulndlv:s mn'ﬂl‘:.' i:1}|
uted i-“ man}i lﬂ“r'ﬂl' animalﬁr* ablique section, at 4 in irue cross-sec-

G : ; tion. Technic No. 4.
(a'f::] Frorillar connechive fissne con-

sists of abundant intercellular substance and of cells.

The intercellular substance consists of connective-tissue fibrilla
(connective-tissue fibers),t exquisitely fine filaments (0.6 p), which are
united by a small quantity of homogeneous cement substance into bun-
dles of varying thickness, the connective-tissue bundles. These bundles
are soft, flexible, sligchtly extensible, are characterized by their pale
contours, their longitudinal striation, their wavy course,{ and by their
chemical properties. On treatment with picric acid they separate
into their fibrils, swell on the addition of dilute acids, ¢. g., acetic acid,

#* Regarding the vitreous body, which some authors hold consists of mucous tissue, see the
chapter on the vitreous body.

t Here fitrille and fibers are synonymous, while in the striated elements of muscle tissue
a number of fibrille form a fiber.

1 Hence the name waiy or carfy connective tissue.
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and become completely transparent, are destroyed by alkaline fluids,
and on boiling yield g/utin. The substance of the glutin-yielding con-
nective tissue is called collagen. 3

According to one view the first connective-tissue fibrils originate in
the znterior of the cell ; on another theory they arise eaternal to the cell
and in the latter case are a metamorphosis of the ground substance.®

The ground substance of fibrillar connective tissue invariably con-
tains elastic fibers, but in fluctuating quantity (Fig. 35). They are
characterized by their sharp, dark outlines, their strong refractive power,
and—in contrast with the connective-tissue bundles—their extraordinary

Connective-tissue Mucleus of a connective-
Fat drops. Fat-cells. bundles. tissue cell.

Fic, j4.—CoxNECTIVE-TISSUE BUuxDLES oF [MFFERENT THICKNESSES FROM THE INTEEMUSCULAR
CoxnecTIVE TISSUE oF Max. ¥ zz0. Technic No. 5.

resistance to acids and alkalies. The substance of the elastic fibers is
named elastin.t The elastic fibers vary from immeasurably fine to 11 p,
and usually occur in the form of finer or coarser networks, the meshes
of which are sometimes narrow, sometimes large.

#* Flemming holds that a fibril-containing stralum is formed in the peripheral pertion of
the cell, which separating becomes intercellular substanee and as such can produce new fibrillze.
Perhaps the different opinions are harmonized in this statement.

T There are eases, chiefly pathelogic, —for example in the withered skin of the face of
aged persons—in which the elastic fibers stain weakly with specific acid dyes (No. I3, p. 43)
and on the other hand react strongly with basic dyes; the substance of such fibers is called
efacin. Contrawise, degenerating fibers of glutinous connective-tissue stain strongly with the
s.p-eciﬁed acid dyes; this modified substance of connective tissue has been named coffastin,
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Narrow-meshed networks composed of thick elastic fibers form the
transition to elastic membranes (Fig. 36), which are either homogeneous
or finely striated and are perforated with holes of different sizes (hence
the name fenestrated membranes), and doubtless are produced by the
fusion of broad elastic fibers. _

Fi1c. 35.—EvasTic FipeErs. X g60. A. Fine elastic fibers: f, from intermuscular connective tissue of
man ; &, connective-tissue bundles swelled by treatment with acetic acid., Technic No. 12. B, Very
thick elastic fibers: £ from the lignmentum nuchae of an ox; &, conneclive-tissue bundles. Technic
Neo.13. €. From a cross-section of the ligamentum nuchae of an ox; £, elastic fibers ; &, connective-
tissue bundles, Technic No. 14.

When the quantity of elastic fibers predominates over the number
of connective-tissue bundles, the tissue is spoken of as elastic tissue.

Hitherto the elastic fibers were
regarded as transformations of the
ground substance (perhaps of the ex-
isting connective-tissue bundles); ac-
cording to recent investigations they
are held to originate in the cells, in
the form of the minutest depositions,
that fuse into delicate nets; then the
cells, it is supposed, degenerate,
whereby the fibers are liberated (?). Fic. 36.—Network (n) of thick elastic fibers,

A ¥ on the left passing into a fenestrated
In the beginning of their develop- membexne, m. Prom the endocardium

ment the elastic fibers are thin, but S S el e
progressively with their growth increase in thickness by apposition.
The cells (Fig. 37 A) are irregularly polygonal, plump, and process-
less ; or stellate with processes, strongly flattened and variously bent or
indented. The compression and notching are explained by the adapta-
tion of the cells to the narrow spaces occurring between the connective-
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tissue bundles. Not infrequently the flattened cells form complete
sheaths about the connective-tissue bundles.* If such a bundle be
treated with acetic acid it swells and bursts the ensheathing cells, of

which annular or other-

4 A i 4 A shaped fragments remain
k | 15‘%? ,{-r;""' e and constrict the swelled
rl - *: bundle. Formerly these

1@ \ i f—f'l J i .1 remnants of cells were con-

-\ 3 I_F'..-f - sidered fibers and were

i A M \ j_\ er I-J;;__ called “encircling fibers "
T OSERNE y, TR (Fig. 37 B).

\ e The protoplasmic body

e \“xl LS 1 of the connective-tissue cell

Lo D )% encloses a nucleus and

@ : often contains pigment

Fi1c. 37.—A. Connective-tissue cells from intermuscular con- .
nective tissue. 2 g60, 1. Flat cell lving partly on a con- oran ules ;1 the latter case
nective-tissue bundle ; 2, notched cell; 3, nucleus of a cell,

the protonlasm is invisible; &, connective-tissue bundles.  they become pigment cells, T
Technic Mo, 6. &. Connective-tissue bundles with encire-

i fher: ¥ pupin Techais Noyo:  C: Plasmacels . ¢hat in man are found only

in certain areas of the

skin and in the eye, but in the lower animals are very widely distributed.
Connective-tissue cells may contain fat globules, that, when they are
very large, coalesce and give a spherical form to the cell, which is then
designated a fat-cel! (Fig. 38). In such cells
the protoplasm occupies only a narrow per-
ipheral zone, in which lies the extremely flat-
tened nucleus, that in well-developed, but not
in atrophic, fat-cells invariably contains one

or more sharply circumscribed fat droplets

{Flg 39'} TII{: prﬂtnplaﬁmic zone often is so F1G. 38 —FAT-CELLS FROM THE
AXILLA oF Max. ¥ 230, . The

thin as to be invisible. Aggregations of fat- equator of the cell in focus; 2,

. : objective somewhat elevated ;
cells lead to the construction of a formation 3,4, forms changed by pressure:
; : f.traces of protoplasm in the
]I]ter“-ovcn “rlth numerous b]_ﬁc,d.vessels1 vIiCcimity of the flat nucleas, £

: Technic No. 10,
lymph-vessels, and nerves, called adipose

tissue, which plays a very important physiologic role in connection
with metabolism.

#The form of the connective-tissue cells is not in any respect characteristic ; especially
when they lie together in groups their resemblance to epithelial cells often is complete.  Regard-
ing the true nature of such elements, designated by the perilous mname of ¢ epithelioid " cells,
the embryonal history alone, not the form, can give the solution.

t Not every pigment cell is a connective-tissue cell; there are also pigmented epithelial
cells, e g., in the eye.
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In high degrees of emaciation fat-cells are found in which all thefat
except a few tiny drops has disappeared and in place of it thereis a pale
protoplasm mixed with a mucoid fluid ; the cell is no longer spherical,

Surface-view of fat-cells, in the nuclei of which [t droplets are visible.

Connective-tissue Blood-vessel with
blood-cells.

A fat-cell, with its nucleus Blood capillary. Fibrillar connective tissue,
in profile.

FiG. 190.—ADIPOSE TISSUE FROM THE HUMAN SCALF. X 240 (about). Technic No. 11,

but has become flattened. Such cells are named serous far-cells (Fig. 40).
In many fat-cells spherical masses of needle-shaped crystals, the so-
called margarin crystals, appear after death.

Finally, cells are found in connective
tissue that are not connective-tissue elements,
but lewcocytes (see p. 137) that have passed
out of the blood-vessels. They are described
as wandering cells, to distinguish them from
the connective-tissue cells, which are desig-
nated flaed cells ; a classification that cannot
be rigidly carried out, since in some con-
ditions (mainly pathologic) the fixed connec-
tive-tissue cells can migrate ;* therefore it is Fic.40—Serous Farceiis rrom

THE AXILLA OF AN EXTREMELY

better to term the latter ‘‘ histogenetic,” the EMACIATED INDIVIDUAL, 3 240.
o % r 2 E\ucluusi: L m];lrupl!els._ £y

F 1 g i Teldd iy Blood 1 &8, L
wandering leucocytes * hematogenetic '’ wan padad Sepliiarien J, COBARSM Ve

dering cells.
The plasma-cells and mast-cells occurring in fibrillar connective
tissue in widely varying quantity must be regarded as peculiar forms of

* Under Iike conditions epithelial and gland-cells can wander; it is self-evident that such
' wandering cells cannot be included in the same category with the leucocytes,
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lemcocytes. The former are found principally in the vicinity of small
blood-vessels and are spherical, coarsely granular, rich in protoplasm,
and relatively of large size (Fig. 37); the latter contain granules that
are easily stained by anilin dyes (e. g. dahlia), but do not stand, as their
name may suggest, in any demonstrable relation to nutrition. Here
also belong the clasmatocytes, branched cells the processes of which
sever from the body (whence the name), dissolve, and, it is said, con-
tribute to nutrition.

The number and distribution of the different kinds of cells are
subject to considerable fluctuation.

The different elements of fibril-
lar connective tissue are united
either without exact arrangement,
as * formless” (areolar) connec-
tive tissue or are regularly dis-
posed in definite formations, as
“formed’’ connective tissue, Form-
less connective tissue is  distin-
cgnished by its loosely united
fiber-bundles interlacing in every
direction ; it occurs between neigh-
boring organs and serves to con-
nect them and fill in the inter-
spaces. For this reason itis called
“ interstitial '’ tissue. The cells of
interstitial tissue not infrequently
contain fat. The formed connective
tissue is characterized by the inti-

&

vessels,

Fic. 41—" ForMED" CONNECTIVE TISSUE. A ;
PIECE OF THE GREATER OMENTUM oF Max, mate union and ]—egu[ar arrange-

# 6o, Technic No. 16.
ment of its bundles and comprises
the corium, the mucous membranes, the serous membranes, the peri-
osteum, the perichondrium, the tendons, the fasciz, the ligaments ; the
compact sheaths of the central nervous system, of the blood-vessels, of
the eye, and of many glands.

Where fibrillar connective tissue is in immediate contact with epi-
thelium it not infrequently happens that a structureless membrane is
formed, described as basement membrane or membrana propria, also
lyalotd membrane. It is essentially a modification of the connective
tissue ; possibly here and there on the epithelial side, a product of the
epithelium.

(¢) Reticular connective tissue.—The views in regard to the struc-
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ture of reticular connective tissue are divided. According to an opinion
formerly widely entertained it consists of a delicate network of anasto-
mosing sic/late cells. To this may be traced the name “ cytogenous,”
that is, formed of cells.* There is no doubt that such networks exist
in lower vertebrate animals and in embryonic stages of higher vertebrate
animals, but occur only seldom in adults. In the higher vertebrates the
relations are changed; here the network consists of slender bundles of
fibrillar connective tissue, upon which lie flattened, nucleated cells (Fig.
42). By means of complicated methods the outlines of the cells on the
fibers can be demonstrated. In fibrillar connective tissue the cells almost
without exception lie upon the bun-
dles. Finally, the fact that even in
the adult fibrillar connective tissue  Connec-
tive-tissue
may change into reticular tissue can cell.
be comprehended only on the as-
sumption that the latter is a network

MNetwork.
of delicate’ fiber bundles. Therefore
reticular connective tissue really is
only a variety of the fibrillar tissue
: . 4 ; 3 ; Leuco- £
differing somewhat from the latter cytes,
: i : :
Chl’.‘ﬂll'ﬂa“} 1. its greater resistance FiG. 32.—ReTicuLAr ConneEcTIVE TissUR. From
to reagents. The meshes of reticu- a shaken section of a human lymph-gland.

: ; : E # 860, Technic No. 55,
lar connective tissue are invariably

filled with densely crowded leucocytes. It occurs principally in lymph
glands (better lymph nodes); for this reason it is called adenaid tissue,
that is, tissue resembling glands.

2, CARTILAGE.

Cartilage is firm, elastic, easily cut, and milk-white or yellowish in
color. The cells present little that is characteristic in form ; usually they
are spherical or flattened on one side. They lie in cavities in the ground
substance,| which they completely fill (Fig. 43). Not seldom the matrix
immediately surrounding the cavities is specialized and forms a highly
refractive, occasionally concentrically striated shell, the cartilage capsuie.
The matnix originates in excretions of the cells, through the capsules,

* Accordingly mucous tissue also might be termed cytogenous tissue.

T Whether, as in osseous tissue, the cavities are united with each other by a system of
minule canals buried in the matrix is still exiremely doubtful. Many such observations have
been acknowledged as erroneous. The supposed canaliculi were due to shrinkage of the
matrix and can be produced by treating cartilage with absolute alcohol or with ether.
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which fuse into a homogeneous mass.* The parts of the capsule
lying nearest to the cells are the youngest; they do not always persist,
but during the process of cell-division are resorbed. Consequently the
aground substance is subject to many changes. It may be free from
fibrous admixture or it may be penetrated by elastic fibers or by con-
nective-tissue bundles. Accordingly three varieties are distinguished : (a)
lvaline cartilage, (6) elastic cartilage, () fibrous cartilage.

(@) Hyaline cartilage is of a faint bluish, pearly color. It occurs in
the cartilages of the respiratory organs and of the nose, as the costal

Hyaline matrix.

e of a cartilage cell.
'E'-.—r. i} Huﬂeus} =

Nuclens. Protoplasm. Lacuna. Capsule.
FiG. 43.—SurFaceE PICTURE oF A PIECE FiG. 44.—SECTION OF A HUMAN COSTAL CARTILAGE, EX-

OF THE FRESH ExSIFORM FPROCESS OF AMINED SEVERAL Davs aFTER DeaTH. The proto-
A FroG. * goo. Techmic No. 17. plasm has withdrawn from the wall of the lacuna.
# K_iw cells lie in one capsule. X zo0, Techmic

i1

The shaded cells do not lie in the ocal plane and therefore shimmer indistinctly thrnu.g:h.

and the articular cartilages, also in the synchondroses, and in the embryo
in many situations where later it is replaced by bone. It is characterized
by the homogeneity of its matrix, which in the ordinary methods ot
investigation appears amorphous throughout, but after certain ﬂiﬂﬂiﬁﬁlﬁ=

tions, ¢. g., artificial digestion, falls apart into bundles of fibers. Fur-

ther evidence in corroboration of the fibrillar structure of the gfﬁﬂﬁﬂ
substance is afforded by its behavior in polarized light. It is very firm,
very elastic, and on boiling vields clondrin.,

* According to recent investigations the cartilage capsules are said to originate from the
exoplasm of the cartilage cells; in this case the matrix is not a secretion, but a transformation
product of the cartilage cells.
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In certain cases the matrix may undergo peculiar modifications. 1In
the laryngeal and costal cartilages it is transformed patchwise into rigid
fibers, that impart an asbestos-like luster, perceptible on macroscopic
inspection. In advanced age * deposition of calcareous salts may take
place in the hyaline matrix, in the beginning appearing in the form of
minute granules, subsequently as complete husks surrounding and
enclosing the cells.

The cells of hyaline cartilage frequently occur in groups or nests,
an arrangement explained by the conditions and processes of growth.
Two cells may be seen within the same capsule (Fig. 44, X); they are the
descendants of one cartilage cell which has undergone division by the
indirect mode ; in other cases a thin partition of hyaline substance may
be seen between two such cells. In still other cases the septum does
not develop immediately, and the process of cell-division may be repeated

Fic. #Jp—ELlETI'C' CARTILAGE. ¥ 240, 1. Portion of a sectien of the vocal process of an martem:rid car-
ilage of a woman thirty years old ; the elastic substance is in the form ﬂlp ranules. zand 3. Portions

of sections of the epiglotiis of a woman sixty years old ; a fine network of elastic fibers in 2, a denser
network in 3. = Cartilage-cell, nucleus invisible : &, capsule. Technic No. 19.

until groups of four, eight, and even more cells may be enclosed within
one capsule (Fig. 44). Such phenomena were supposed to establish a
special theory of cell-division, the so-called endogenous cell-formation
(¢f. p. 72). Not infrequently the cartilage cells in adults contain oil-
globules.

(&) Elastic cartilage has a faint yellowish color. It occurs only in
the external ear, the epiglottis, the cuneiform and corniculate cartilages,
and the apex and vocal process of the arytenoid cartilages. It presents
the same structural features as hyaline cartilage, but is distinguished by
the networks of sometimes finer, sometimes coarser elastic fibers that
penetrate the matrix. The elastic fibers do not arise directly from the
cartilage-cells, but by a transformation of the matrix, and appear in the
vicinity of the former as minute granules (Fig. 45, 1), that later are dis-

———

*In the cartilages of the larynx this may occur as early as the twentieth year.
7
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posed in linear rows and fuse into fibers. According to an opposite
view, this phenomenon is regarded as an indication of post-mortem dis-
integration of the elastic fibers.

(€) Fibrous cartilage (connective-tissue cartilage) is found in the in-
tervertebral disks, the pubic symphysis, the head of the ulna, the artic-
ular ends of the maxilla, the sternum, the clavicle, and the ribs. The
matrix contains an abundance of fibrillar connective tissue, the loose bun-

dles of which extend in every direc-
& tion (Fig. 46, g). The cartilage-cells

Iy |
i 'E: i f% are few in number, have thick capsules
% ' I s 1= I " - -
Y T Bt i (2), and lie united in small groups or
4" | ] v . -
N s ,.’}: RS ¥ rows at wide intervals.
I _}' VR Ko Yl
L B R e : 3. Osseous TissuE.
:_{;‘1 , {’f; : '.I‘he‘m‘atri:f of bone Fnsseou:t tis-
fl_;ﬁ_,' LR sue) is distinguished by its hardness,
£= ,f’.f'}ﬂ - solidity, and elasticity, properties due

fe to an intimate blending of organic and
F1G. 46.—From A HorizoxTaL SEcTioN oF  jnorganic substances.* It is composed
THE INTERVERTERRAL IMsk oF Man. ]

. Fibrill tive tissuc; z, carti- i i i i
fige-cell (nucteus invisibie); &, capsule Of Calcium salts, chiefly basic calcium

surrcunded by calcareous granules. :
it et e & phosphate, and of collagenous fibrils

that are united by a small amount of
cement substance in fine or coarse bundles; accordingly, a fine-fibered,
or lamellar, and coarse-fibered, or plexiform, bone-matrix are distin-
guished.t It appears homogeneous or faintly striated and contains
numerous spindle-shaped spaces, 15 to 27 g in length, the done
lacune (formerly called ‘“bone corpuscles ), which communicate with
one another through numerous branched, minute canals, the done
canaliculi.  In this way a system of canaliculi that penetrates the entire
matrix is established. Within the lacuna, sometimes improperly called

# This union is of such a nature that either part may be removed without destroying the
structure of the tissue. On treatment with acids (see Decalcifying, p. 36) the inorganic sub-
stances are withdrawn ; the bone is decalcified, is rendered flexible, and is easily cut, like car-
tilage; therefore it is called * bone cartilage.”’ The organic substances can be removed by
cautious heating ; the bone then is said to be calcined. Similarly, fossil bones are deprived of
the organic substances through the prolonged action of moisture.

T The skeleton of the adult is principally formed of the fine-fibered matrix, which is
characterized by distinct lamellz (see The Organs of the Skeletal System); it contains elastic
fibers. The coarse-fibered matrix occurs in the fetus in perichondral and secondary bone (see
Development of Bone), and is found in the adult in sutures and at the peint of insertion of
tendons ; it always contains, partly calcified, partly uncalcified, connective-tissue bundles, the
so-called Sharpey’s fibers, which also are found in the circumferential and interstitial lamellze
of fine-fibered bone.
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Usually the formation of osseous tissue takes place in such a way
that the ground substance of the connective tissue or of the cartilage
calcifies during embryonic life. Around the trabeculz of the calcified
matrix numerous young, still indifferent, connective-tissue cells then
arrange themselves, which produce the at first soft, then calcified
ground substance of bone. These cells are called osfeoblasts. At first
they lie upon the osseous matrix they have formed, later they come to
lie within it, and gradually, by development of processes, become trans-
formed into stellate bone-cells.*

Dentine is a modification of bone, from which it is distinguished by
its developmental history and in the fact that the formative cells, the
odontoblasts, are not enclosed within the matrix, but penetrate the latter
only with their processes. Further details will be found in connection
with the structure of teeth.

THE BLOOD-VESSELS, LYMPH-VESSELS, AND NERVES OF THE
SUPPORTING TISSUES.

The organs formed of supporting tissue are, in general, poorly
supplied with blood-vessels, T lymph-vessels, and nerves. But supporting
tissue plays a very important part as a conveying apparatus in the trans-
ference of nutritive fluids—+#issue-juice, lympli—from the blood-vessels to
the tissues. It movesin the ground substance and when this is seoft, as
in mucous and loose connective tissue, the lymph permeates the entire
mass; when on the other hand the ground substance is denser, the
lymph circulates in definite channels, in a juice-canal-system formed by the
cell-spaces, the Jymph-spaces, and the minute canals connecting them, the
Lymple canaliculi (¢f. the cornea). This is the case in the more compact
connective tissues{ and in bone. Whether the tissue-juice is diffused
throughout the matrix of hyaline cartilage or conveyed in definite chan-
nels is still undetermined.

* Direct transmutation of developed connective tissue or cartilage into osseous tissue
does not occur.  The processes collectively designated ‘¢ metaplasia " are much better inter-
preted as signifying that indifferent formative cells of connective tissue, subject to dissimilar
influences, may develop, now into bone-cells, now into cartilage-cells, or into typical tendon
cells (see also the l:]mpti,;r on Development of Hmm].

T Adipose tissue forms an exception.

f The lymph canaliculi occurring here stand in direct l:nnnecltl'un with the intercellular
clefts of the epithelial tissues, which we must imagine as similarly permeated by the tissue
juice.



THE TISSUES. I01

TECHNIC.

No. 4.—Mucous connective tissue.—Ilace the umbilical cord of a
human embryo of three or four months (or pig embryo from three to
six cm. long) in 50 c.c. of Zenker's fluid (p. 33) for 24 hours; harden
in 30 c.c. of gradually strengthened alcohols (p. 35). The cord will
still be very soft ; in order to obtain good sections it must be embedded
in liver, and in cutting must be somewhat compressed with the fingers.
The sections may be stained in picrocarmine (twelve hours) or in Han-
sen’s hematoxylin (five minutes), and should be examined in a drop of
distilled water (Fig. 33). In glycerol and in xylol-balsam the delicate
processes of the cells and the bundles of connective tissues are invisible.
In the vicinity of the blood-vessels the network of cells is less fine;
therefore a field remote from the blood-vessels should be selected for
study. The older the embryo, the greater is the number of connec-
tive-tissue bundles. Mount in diluted glycerol (p. 49).

No. s5.—Fibrillar connective fissue; connective-tissue bundles.—
Prepare small strips, one or two cm. long, of intermuscular connective tis-
sue, for example, of the thin septum between the serratus and the intercos-
tal muscles ; place a small piece on a dry slide and quickly spread it out
with teasing needles (see ** half-drying method™ No. 31 4, p. 123), add
a drop of salt solution and apply a cover-glass. The bundles of con-
nective tissue appear wavy and pale (Fig. 34); with a little practice the
sharply contoured, highly refracting elastic fibers can be distinguished
and also, in favorable situations, the nuclei of the connective-tissue cells.

No. 6.—The cells of fibrillar connective tissue may be made visi-
ble by the addition of a drop of picrocarmine to preparation No. 5, under
the cover-glass (p. 53). In most cases only the red nucleus can be per-
ceived, especially when the cell lies wholly upon the connective-tissue
bundle. In rare cases the pale yellow, variously shaped body of the cell
can be seen (Fig. 37 4, 1 and 2).

No. 7.—Mast-cells.—Fix small pieces, I or 2 cm. square, of mucous
membrane (of the mouth, pharynx, or intestine) in ninety-five per cent.
alcohol (p. 31). In from three to eight days cut thin sections and stain
them in 10 c.c. of alum-carmine dahlia for twenty-four hours (p. 26).
Transfer them to 10 c.c. of absolute alcohol for twenty-four hours, which
must be renewed once or twice during this time. Mount in xylol-balsam
(p. 50). The protoplasm of the mast-cells exhibits granules stained an
intense blue.

No. 8.—Fibrille.—Place a piece of tendon about 2 em. long in 100
c.c. of saturated aqueous solution of picric acid. On the following day,
with two pairs of forceps, pull the tendon apart along its length, take
from the interior a bundle about 5 mm. long, and tease the same on a
dry slide (¢f. No. 31 @, p. 123); add a drop of distilled water, apply a
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cover-glass, and examine with the high-power objective. The ultimate
fibrillze appear as exceedingly fine, pale filaments.

No. g.—FEncireling fibers.—With the scissors cut out a piece about
one cm. square of the connective tissue within the arterial circle of Willis,
wash it in a watch-glass with salt solution, with needles spread it out
in a drop of the same solution on a slide, and cover. With the low power,
in addition to numerous delicate blood-vessels and ordinary connective-
tissue bundles, sharply contoured, refracting bundles, in distinct contrast
to the remaining connective tissue, will be found, which on the use of
the high power, and a diaphragm of narrow aperture, show that they like-
wise consist of fibrillar connective tissue. FPlace such a bundle in the
field and treat it with a drop of acetic acid, under the cover-glass (p. 53).
So soon as the acid reaches the bundle, it swells, the fibrillation vanishes
and instead elongated nuclei appear. The swelling is not uniform ; at
irregular intervals the bundle is constricted. With dim illumination the

simple layer; —% AR S Y Fibrillar con-
- ) nective tissue.

in superposed
layers,

F1c. s0,.—ApIFosE TISSUE FROM A SECTION OF lilqllmnw ScaLp. ¥ so. Technic No. 161. . Technic
o. IL.

“fibers " (cell-remnants) producing the constrictions can be seen (Fig.
37 B).

No. 10.—Fat-cells—Take a small piece of the reddish-yellow,
gelatinous fat from the axilla of a thoroughly emaciated individual ;
rapidly spread out a piece the size of a split pea in the Zhinnest possible
layer on a dry slide, émmediately add a drop of salt solution and apply a
cover-glass. In thin places atrophic fat-cells, like those shown in figure
40, will be seen. This preparation may be stained under the cover-
glass with picrocarmine (p. 53) and preserved in diluted glycerol. Ordi-
nary (normal) fat-cells, taken from any part of the body, are likewise to
be examined in salt solution. The spherical cells should be studied with
change of focus (¢f. Fig. 38).

No. 11.—Adipose tissue may be seen in sections of many prepara-
tions fixed by any of the usual methods, above all of the skin (¢f. Fig.
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288). The oily contents are withdrawn by the treatment with alcohol
and then the clusters of empty cell-envelopes present a picture that the
beginner often finds difficulty in understanding (Fig. 50).

No. 12.—Fine elastic fibers may be readily obtained by treating
preparation No. 5, under the cover-glass, with a few drops of acetic acid.
The connective-tissue bundles swell and become transparent ; the elastic
fibers, on the contrary, remain unaltered and stand out sharply con-

toured (Fig. 35 A).

No. 13.—Thick elastic fibers may be obtained by teasing in a drop
of salt solution a slender piece, about 5 mm. long, of the fresh ligamen-
tum nuchz of an ox (Fig. 35 5). The piece should not be taken from
the loose, enveloping tissue, but from the tough, yellowish, fibrous por-
tion. The preparation may be stained in picrocarmine (p. 41) and
mounted in glycerol.

No. 14.—Cross-sections of thick elastic fibers may be obtained by
drying a piece (10 cm. long and from 1 to 2 em. thick) of the ligamentum
nucha (it will be ready to use in four or six days) and treating it like
No. 6g.

No. 15.—Fenestrated membranes.—Take a small piece (about 5 mm.
square) of the endocardium, place it in a drop of water on a slide and
add, under the cover-glass, 1 or 2 drops of potash-lye. Examine the
edges of the preparation (Fig. 36).

Good specimens may also be obtained from the basilar artery ; place
a piece of the artery cut open lengthwise in 10 c.c. of concentrated
potash solution. After six hours take a small piece, about 1 cm. long,
and separate the lamelle® in a drop of water on a slide ; this is easily
done by scraping with a scalpel. Cover and examine with the high
power. The small holes in the membrane have the appearance of shining
nuclei. With the low power the membrane is recognized by its dark out-
lines. To preserve, wash it well in 10 c.c. of water for five minutes, stain it
in 3 c.c. of congo-red for from twelve to twenty hours (p. 25), and mount
in xylol-balsam (p. 50).

No. 16.—A network of connective-tissue bundles may be obtained by
spreading out a little piece of fresh human omentum in a few drops of
picrocarmine. It may be preserved in diluted, nonacidulated glycerol
(p. 49). Pieces of the omentum fixed in absolute alcohol and stained
with hematoxylin and eosin (p. 39) may be mounted in xylol-balsam

(p- 50)- (Fig. 41, p. 94.)

No. 17.—Hyaline cartilage—Cut off the extremely thin episternum
of the frog, place it on a dry slide, cover it with a cover-glass, and
examine at once with the high power. The cartilage cells completely
fill the cartilage cavities (Fig. 43). For prolonged study add a drop of
saline solution.
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No. 18.—Hyaline costal cartilage—Without any previous prepara-
tion thin sections of costal cartilage may be cut with a razor and
examined in a drop of water under a cover-glass. Search for one of the
glossy areas containing rigid fibers (Fig. 44). The preparation may
be preserved by adding a few drops of dilute glycerol.

Fresh cartilage does not readily stain. The tissue must be first
placed in Zenker's or in Miiller’s fluid (p. 33), then in alcohol (p. 335),
and subsequently stained with Hansen's hematoxylin (p. 38). Mounted
in xylol-balsam, which clears vigorously, the finer details vanish.

No. 19.— Elastic cartilage.—Take a piece of the arytenoid cartilage
of man (better still of the ox), the elastic cartilage of the apex and the
vocal process is recognized by its yellowish color. Cut a section that
includes the boundary line between the elastic and the hyaline cartilage and
examine it in water. Preserve like No. 18. The development of elastic
fibers may often be studied in the cartilages of adults, especially in the
epiglottis and in the vocal process of the arytenoid cartilage (Fig. 45, 1).
See also Technic No. 128.

No. 20.—Fibrous carfilage.—Cut the intervertebral disks of adult
man in pieces from 1 to 2 cm. square; fix in 100 c.c. of potassium-
bichromate-acetic acid (p. 32) for twenty-four hours and harden in 50
c.c. of gradually strengthened alcohols (p. 35). Stain sections in Han-
sen's hematoxylin (p. 38) and mount in balsam (Fig. 46). Sections
through the edges yield hyaline cartilage ; through the central portions
of the disk they exhibit large groups of cartilage-cells.

III. THE MUSCLE TISSUES.

The characteristic elements of the muscle tissues, the muscle-fibers,
occur in two forms, named the smooth and the siriated. Both are cells,
the body of which is extraordinarily elongated.

1. Smooth, nonstriated or involuntary muscle.—The tissue of smooth
muscle consists of contractile fiber-cells, spindle-shaped, cylindric, or
slightly flattened elements with tapering extremities (Fig. 51). Their
length in man varies from 45 to 225 g, their width from 4 to 7 g ; in the
gravid uterus smooth muscle-fibers measuring 0.5 mm. have been found.
They consist of a delicately striated protoplasm—the striations indicate
that the fiber is composed of fibrille—and an elongated, elliptical, or
rod-shaped nucleus, that is characteristic of the smooth muscle-fiber.*

The smooth muscle-fibers sometimes lie scattered in the connective
tissue, sometimes are intimately united in complexes, by delicate, per-

# The diplosome lies on the longitudinal side of the somewhat eccentrically situated
nuclens. Smooth muscle-fibers containing pigment have been found in the iris of fishes and
amphibians, also in the human intestine and iris (dilatator pupille).
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forated connective-tissue membranes.* The development of these mem-
branes varies greatly; while, for example, they are very tender in the
musculature of the intestinal wall, so that their demonstration is possible
only by certain methods, between the muscle-fibers of the ureter and
yet more between those of the oviduct they are so well developed, that
in specific connective-tissue staining the muscles are completely hidden.
Thicker connective-tissue septa occur only at wide intervals (Fig. 52);
elastic fibers are present, as well in the thicker septa as in the delicate
membranes.

F1g. 51.—Two Symo0TH MUSCLE-FIBERS FROM THE SMALL INTESTINE oF A FROG. 3 240. Isolated in 35
prer ﬁ“’m sotash-lye. The nuclei have lost their characteristic form through the action of the lye.
echnic No. 21 a,

The union of the complexes results either in membranes, in which
their disposition is parallel, as in the muscle of the intestine, or in com-
plicated networks, as in the urinary bladder and the uterus. The larger
blood-vessels run in the stout connective-tissue septa, but the capil-
laries penetrate between the muscle-fibers and form longitudinal net-
works. The lymph-vessels follow
the course of the blood-vessels-and
are present in conspicuous number. Connective-tissue

For the nerves of smooth oo
muscle, see the Peripheral Nerve-
endings. e e )

Smooth muscle-tissue occurs  ¥er=esection
in the alimentary canal, in the

FiG. 52.—SecTion oF THE CIRCULAR MUSCLE

trachea and bronchial tubes, in the %ﬂ’mﬁab:ﬁ%:ﬁﬂaﬁf‘n’;lﬁiéﬁ;“}‘,ﬁ;,.,ﬁ tf‘:f
® o h | tact i
gall-bladder, in the pelvis of the poadlpleee iyt v ot ot

kidneys, in the ureters and the uri-

nary bladder, in the reproductive organs, in the blood- and lymph-ves-
sels, in the eye, and in the skin. The contraction of smooth muscle-
fiber is slow and not under the control of the will.

The musculature of the heart occupies a peculiar position. In the
lower vertebrates, in frogs, for example, the cardiac muscle-fibers are
spindle-shaped elements possessing elliptical nuclei, and often are more
distinctly striated transversely than longitudinally (Fig. 53 A).

Fibers can also be isolated in mammals; short cylinders, which

* Regarding the intercellular bridges, see Technic No. 21 &

Y
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ferentiated into cross-striated fibrils, fiérille, which not infrequently are
arranged in lamellz radially placed to the axis of the fiber (Fig. 53 2.
The remnant of undifferentiated protoplasm, the sarcoplasm, relatively
considerable in comparison with that of striated muscles, is found chiefly
in the axial part of the fiber, from which processes radiate between the
lamellz. Owing to this longitudinal striation is often very marked.
The oval nucleus is embedded in the axial part of the sarcoplasm, which
very frequently contains granules of pigment or fat. A membrane
equivalent to the sarcolemma of striated muscle-fibers is wanting. Char-
acteristic of the cardiac muscle-fibers of higher animals is the union of
the fibers by means of short oblique or transverse processes (Fig. 53 B x).

According to recent investigations these cardiac muscle-fibers are
artifacts, fragments of a protoplasmic net provided with nuclei, a syncyt-

Fic. 53.—A and B, CaArplac MUSCLE-FIBERS, isolated in potash-lye. A, of the frog; B, of the rabbit;
x, oblique branch. ¥ 240. Techmnic like No. 26. C from a longitudinal seclion, £, from a cross-
gection of a papillary muscle of man. C magnified 240, £ 560 diameters. Technic No. 37.

ium, that is already present in early epochs of developmental history.
The transverse lines (** cement-lines "), often distinct in longitudinal sec-
tions, the significance of which is not yet satisfactorily explained, are said
to be not cell or muscle-fiber boundaries, because they are pierced by
the muscle fibrillz (¢f. Union of cells, p. 73).

2. Siriated or voluntary muscle.—It is only by the study of their
development that the striated muscle-fibers are recognized as cells. By
a colossal growth in length, by repeated division of their nuclei, as well
as by peculiar differentiation of their protoplasm, they have become
highly complicated structures. They have the form of long cylindrical
threads, the ends of which, in the interior of the larger muscles, are
rounded or pointed ; at the extremities of the muscle they possess a
pointed inner end and a broader end in contact with the tendon; the
latter is either blunt or terminates in several stumpy, often steplike
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fibrille are the contractile structural elements of the muscle-fiber.* They
are grouped into longitudinal bundles, the wunsele-colwmns, in which they

Blood capil-
laries.

Bundles of fibrilla (Cobn- _—
heim’s fields). T

Perimysium of the individual muscle-fiber.

F1G. 55.—FroM A CROSS-5ECTION OF THE ARVTENOID MuscLE oF Max. Four muscle-fibers are repre-
seuted, 3¢ goo. Technic Moo 128

are arranged parallel to one another and held together by the sarcoplasm,
which also unites them with neighboring bundles. The disposition of the

FiG. 56.—FORTIONS OF ISOLATED STRIATED MuscLE-FIDERS OF A FroG. 3 500 1. Afler ireatment with
water : £, 5!, sarcoléemma ; at x the muscle=substance is torn, the cross-striation not apparent, the longi-
tudinal striation distinct, Technic No.23. 2. After treatment with acetic acid: &, nuclei; the fine
stippling represents the interstitial granules. Teechnic No. 24. 3. After the action of concentrated

otash solution: ¢, rounded ends: the numerous nuclei are swollen and vesicular in appearance.
NVith this amplification the cross-striation in z and 3 is invisible, Technic No. 26, 4. Branched
muscle-fiber from the tongue of a frog. Technic No. 27.

sarcoplasm is best seen in cross-section ; high amplification is required.
It presents the appearance of a clear network, within the meshes of which

# The muscle-fibers of some animals, after treatment with certain reagents, cleave trans-
versely into disks. Fibrille and disks may be further separated into smaller, polygonal, aniso-
tropic particles, that were called sarcons elements.  Certain authors interpreted the disks, others
the sarcous elemenis, as the true structural units.
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are the muscle-columns in section, known as Colinheim's fields (Fig. 53).
The sarcoplasm contains the inferstitial granules, consisting partly of fat
and probably also of lecithin, and the nwelei.  The latter are oval bodies
placed parallel to the long axis of the muscle-fiber; in mammals, bony
fishes, and some birds they are chiefly situated upon the surface of the
muscle-fiber, beneath the sarcolemma ; in other vertebrates they lie also
in the interior of the fiber.* The number of the nuclei is from 3 to 12
times greater in thin than in thick muscle-fibers.

Each muscle-fiber is snugly enclosed in a structureless sheath, the
sarcolemma, which represents the cell-membrane. Therefore the fiber
of striated muscle consists of fibrille, sarcoplasm, nuclei, and sarco-
lemma.

The striated fibers are found in the muscles of the trunk and the
extremities, of the eye and the ear, also in the tongue, the pharynx, the
upper half of the esophagus, the larynx, the diaphragm, the genital
organs, and the rectum.

In some animals, the rabbit, for example, two varieties of striated
muscles are distinguished, the red (e. g. the semitendinosus, the soleus)
and the wiute or pale (¢. g. the adductor magnus); and correspondingly,
two varieties of muscle-fibers: (1) dim fibers, rich in protoplasm, or sar-
coplasm, showing less regular cross-striation, more distinct longitudinal
striation, possessing in general a smaller diameter (for example, those
forming the red soleus of the rabbit); (2) pale fibers, poor in protoplasm,
more distinctly cross-striated and having in general a greater diameter.
The latter represent the more highly differentiated muscle-fibers. While
in certain animals the two varieties of fibers occur separately, each in
particular muscles, in others—also in man—they are found intermingled
in the same muscle. As a rule, the more functionally active muscles,
the cardiac, ocular, masticatory, and respiratory, contain the greater
number of fibers rich in protoplasm. The muscles with many pale fibers
contract more rapidly, but are sooner fatigued.

The contraction of the striated fibers, compared with that of smooth
muscle-fibers, is rapid and is under the control of the will. The striated
fibers are united into bundles by fibrillar connective tissue, which serves
also to convey the numerous ramifications of the blood-vessels and
nerves supplying the muscle tissue. The lymph-vessels are few in
number.

* In man, also, nuclei occur in the interior of the muscle-fiber and especially well devel-
oped in the neighborhood of the insertion of the tendon, thin and stunted in the rest of the
muscle substance. ‘The nuelei at the ends of the muscle-fibers, often numerous and arising by

amitotic division, indicate that these are the places where the growth in the length of the fbers
QCCurs.
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TECHNIC.

No. 21.—Smooth muscle-fibers (a) isolated.—These are best ob-
tained by treating a little piece of the stomach or intestine of a frog
just killed with 2oc.c. of potash lye. Cover the glass. After from 30
to 60 minutes (in a cold room somewhat later), the intestine falls to
pieces on being slightly stirred with a glass rod. If the action fails the
lye is not strong enough (see p. 30). Transfer a drop containing some
of the sediment to a slide (the fibers cannot be examined in water or
glycerol, for the lye thus diluted will immediately destroy them) ; care-
fully apply a cover-glass and examine with the high power (Fig. 51).

After treating small pieces of intestine with 100 c.c. of Miller's
fluid (p. 21) for from 8 to 14 days smooth muscle-fibers can be isolated
by teasing, but successful preparations are difficult to obtain from
the intestine of man and also of the frog, easier on the other hand from
that of the horse (take the lower portion of the duodenum) and also of
the rat.

End of a muscle-fiber. MNerve-cell.

F1G. §7.—APPARENT INTERCELLULAR BRIDGES OF SMo0oTH MuscLE-FIBERS. A. Transverse section of
the intestine of a rabbit. EB. Longitudinal section of the intestine of a guinea-pig. > 420.

(6) Cross-sections of bundles of smooth muscle-fibers—Nany fixation
fluids cause shrinking of the fibers, which gives rise to deceptive pic-
tures : such are the Zuwterceliular bridees. Pictures like that of Fig. 57
can often be obtained in very thin sections of tissue (pieces from 1 to 2
cm. long of the small intestine of a guinea-pig or rabbit jus¢ killed) fixed
in 100 c.c. of Zenker's fluid (p. 33) and hardened in gradually strength-
ened alcohols (p. 35).

The twisted nuclei of smooth muscle-fibers also belong in the cate-
gory of artifacts.

The demonstration of the connective-tissue membrane enveloping
each individual muscle-fiber succeeds only by special staining (van Gie-
son, p. 43); the sections must not be thinner than 10 g

No. 22.—Striated muscle-fibers (a) of the frog.—With the scissors
placed flat and parallel to the course of the fibers, cut a piece about 1
cm. long from the adductor muscle of a recently killed frog. Take a
fragment from the inner surface of this piece and tease it in a small drop



THE TISSUES. I11

of salt solution (see Isolation, p. 2g), add a second larger drop of the
same liquid and, wwethonut pressing, cover the preparation with a cover-
glass. With low magnification (50 diameters) the cylindrical form, the
difference in thickness, occasionally also the cross-striation of the isolated
fibers can be seen (Fig. 56). With higher magnification (240 diame-
ters) the cross-striation is distinctly seen and occasionally pale nuclei and
refracting granules. The presence of numerous granules within the
muscle-fibers is probably an indication of active metabolic processes.
Where the muscle-fibers are cut across, the muscle-substance not infre-
quently protrudes from the sarcolemma,

(&) Of man.—1 have found beautiful striated fibers in muscles taken
from the human cadaver injected with carbolic acid. To preserve, stain
under the cover-glass with picrocarmine (p. 53) for about five minutes,
then displace the staining fluid with diluted glycerol.

No. 23.—7ke sarcolemina—Treat preparation No. 22 a2 with a
couple of drops of ordinary water. In from two to five minutes it will
be seen, with the low power (50 diameters), that the sarcolemma is
raised from the muscle-substance in the form of transparent vesicles; at
some places, where the torn muscle-substance has retracted, the sheath
appears as a delicate line spanning the interval (Fig. 56, 1, 5 57).

No. 24.—Muscle nuclei—Prepare muscle-fibers after No. 22 a;
treat them with a drop of acetic acid (p. 53). The shrunken but
sharply outlined nuclei, with the lower power, have the appearance of
dark, spindle-shaped streaks (Fig. 56, 3).

No. 25.—Fibrille—Place a fresh muscle of a frog in 20 c.c. of
0.1 per cent. chromic-acid solution (p. 21). In about twenty-four hours
the tissue can be teased in a drop of water and fibers will be found, the
ends of which have separated into fibrillee (Fig. 54, A). If it is desired
to make a permanent preparation, place the muscle in water for one
hour, then in 20 c.c. of 33 per cent. alcohel, ten or twenty hours ; tease
at once or preserve in 70 per cent. alcohol until wanted and then isolate
(p- 29). If the chromic acid be removed by allowing the tissue to remain
in alcohol (frequently renewed) for several weeks, the teased preparation
may then be stained with picrocarmine in the moist chamber and this
replaced by glycerol (p. 53). Beautiful fibrill2 can also be obtained by
teasing the muscles of larval salamanders that have been fixed according
to technic No. 1 and stained in bulk in borax-carmine (p. 40). FPieces
of such muscle are transferred from absolute alcohol to carbol-zylol
and teased on a slide in a drop of the latter. Examine with the low-
power, without a cover-glass, and when individual fibrille are visible,
remove the excess of carbol-xylol with filter paper and mount in xylol-
balsam.

No. 26.—FEnds of muscle-fibers—Place the fresh gastrocnemius
muscle of the frog in 20c.c. of concentrated potash-lye, and treat further
like No. 21 a. With low magnification one sees the ends of the muscle-
fibers and numerous swollen, shining nuclei (Fig. 56, 3).
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No. 27.— Branched muscle-fibers. — Remove the tongue from a
recently killed frog (it is attached in front to the lower jaw, is free behind)
and place it in 20 c.c. of pure nitric acid, to which about 5 gm. of potas-
sium chlorate have been added (some undissolved chlorate must remain
in the bottom of the vessel). In a few hours, with glass rods, carefully
transfer the tongue to 30 c.c. of distilled water, which must be frequently
changed. In this the tissue may remain a week, though it can be used
at the end of twenty-four hours. For this purpose put it in a test-tube
half filled with water and shake it several minutes ; the tongue will fall
to pieces. Turn the contents of the test-tube into a capsule and in an
hour or later place a little of the sediment that has been deposited in the
meanwhile in a drop of water on a slide. The tissue may be further
isolated with the teasing needles, but in most cases this is superfluous.
Examine with the low power. Stain under the cover-glass with picro-
carmine (p. 53). Mount in dilute glycerol (p. 50). (Fig. 56, 4.)

IV. THE NERVE TISSUES.

The elements of the nerve tissues, in an early embryonal stage, are
without exception cells having a spherical form, the so-called neuroblasts.
In the course of development they become pyriform, the narrow end
grows out as a long, thin process, often extending the length of a meter,
and terminates in a free, branched end; it is named the werve-process.
From the body of the cell, now termed a werve-cell, other processes may
arise, which, however, are short and divide dichotomously ; they are
called dendrites. Delicate lateral branches, the collateral fibers, may
grow from the nerve-process. The nerve-cell and the nerve-process to-
gether form a cellular unit, the wewron (neurodendron). The dendrites
and collaterals are to be regarded as secondary processes of the neuron.

The nerve-process may remain naked throughout its course, or it
may receive different sheaths; these are the wewrilemima, or sheath of
Schwann, and the medullary sheati.® Both clothe the nerve-process
only in a portion of its length. There are stretches in which the nerve-
process is entirely without covering, is naked (Fig. 58, a); stretches in
which it is enveloped only by the neurilemma (Fig. 58, #) or only by the
medullary sheath (Fig. 58, ¢), and, finally, stretches in which both
sheaths are present (Fig. 58, &); in this case the medullary sheath is
always the innermost envelope, lies directly upon the cylindrical nerve-
process, and is itself ensheathed by the neurilemma. The nerve-process
always occupies the longitudinal axis; hence the name axis-cyplinder.

# The neurilemma is of connective tissue origin, the wyedin forming the medullary sheath
(p. 121), according to recent research, originates in the blood and is conducted to the nerve-
processes by connective-tissue cells,—in the central nervous system by g]ia-te]]&.
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hand, are only apparently unipolar; in developmental epochs they were
bipolar and then became unipolar by the gradual approach of the pro-
cesses, which eventually leave the cell by a common stalk, from which
they soon diverge at right or obtuse angle. These are the cells de-
scribed as having T-shaped or Y-shaped processes. Apolar cells, that
is, nerve-cells without processes, are either immature forms or artifacts,
the processes having been torn off in the manipulation required for
isolation.

Each nerve-cell consists of a protoplasm and of a quite character-
istic vesicular nucleus, poor in chromatin and enclosing a conspicuous

1. Bipolar cells. 2. Cellon T. 3. Spinal ganglion-cell.

Fi1G. 59.—IMFFERENT ForMs oF NERVE-CELLS. 3 236. 1. From the spinal ganglion of a six-day embryo
chick. 2. From the spinal ganglion of a calf. Technic No, 86. 3. Of man; the nerve-process torn
oif. Technic No. 28. 4. From the human spinal cord. Technic No. 2g.

nucleolus, In many nerve-cells a centrosome has been demonstrated.
A cell-membrane is wanting.

The protoplasm of nerve-cells possesses a very complicated structure. It
contains :

1. Fidrils, which oceur arranged in bundles, as well in the body as in the
processes of the nerve-cell ; they may enter from one process, simply pierce the
cell, divide and make their exit in several processes; or, reversed, they may
assemble from different processes and pass out in a single process, or they may
form a dense tangle—more rarely an actual network—in the body of the cell.
These fibrils are to be regarded as the conducting nervous elements, but whether
they are the only ones is doubtful, for it is well known that conduction can also
be effected without demonstrable nerve-fibrils, simply by the protoplasm.
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ules, sometimes spindles and -bands, and fill the spaces between the strands of
fibrils, the canaliculi of the trophospongium. They occur also in the dendrites
(see below), but extremely seldom in the nerve-process. The bodies of Nissl
are in so far of especial significance, since in over-fatigue and in abnormal
states of the nerve-cell, also in old age, they change, even almost wholly dis-
appear. The circumstance that these changes are of early occurrence, appearing
before any functional disturbance of the conducting elements can be observed,
indicates the function of the bodies of Nissl to be more nutritive ( perhaps form-
ative) than nervous.

The processes of nerve-cells are of two kinds, most readily distin-

Dendrites,

Cell-body.
_____ Nerve-process.
i\

FIG. 64.—NERvE-cELL [CELL oF PURKINJE) FROM A SECTION THROUGH THE HUMAN CEREBELLAR
CorTEX. 3 180, Technic No. Bo.

guished in multipolar nerve-cells: 1. One process, the nerve-process

(axis-cylinder, axon, Fig. 64), the only one of its kind ;* it is the

#1t is said there are cells with several serve-processes (e. g., Cajal’s cells in the cerebral
cortex). In hipolar ganglion-cells, both processes of which become axis-cylinders of medul-
lated nerve-fibers (spinal ganglion-cells of lower vertebrates and of embryos), the central pro-
cess going to the central mervous system corresponds to the nerve-process, the peripheral
pracess to a dendrite.  This conception is supported by the observation that in the bipolar cells
of the cochlear nerve the peripheral process develops precisely like a dendrite and only later
assumes the character of a nerve-fiber.
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first outgrowth of the embryonal spherical nerve-cell and is character-
ized by its hyaline, smooth-bordered appearance; it conducts from the
cell—cellulifugal. 2. Many processes, the dendrites (protoplasmic
processes, Fig. 64); they are a later outgrowth of the nerve-cell, are
thicker, granular or finely striated, and often beset with varicosities ; they
conduct toward the cell—cellulipetal. The dendrites divide repeatedly and
so can form an extraordinarily rich arborization, the finest twigs of
which terminate in free ends (Fig. 64); in this way the cell-body acquires
an enormous superficial enlargement, which, on the one hand, exalts the
sustentative power, on the other hand, the susceptibility to nerve stimuli

=

B, Golgi's type.

Dendrites.

A, Deiters’s type.

MWerve-process.

- —

Ramification of the
\ nerve-process.

F

X
Fi6. 65.—Two NERVE-CELLS. » 200. A, From a section of the spinal cord of a human embryo six
months old. B, From a section of the brain of a cat. Technics No. 76 and No. 79.
—these latter being transmitted by adjacent terminal ramifications of nerve-

processes.

According to the behavior of the nerve-processes two types of gang-
lion-cells are distinguished.

1. Incells of the first type (Deiters's type) the nerve-process becomes
the axis-cylinder of a medullated nerve-fiber, which after running a long
course, often measuring many centimeters, always terminates in an ex-
tremely delicate ramification ; these cells are described as nerve-cells with
a long nerve-process (Fig. 63).

During its course such a nerve-process gives off a number of delicate,
branching, lateral twigs (¢ collaterals,’”’ ¢ paraxons'’); by no means rarely
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there also occurs a division of the nerve-process in two equal nerve-processes
(see The Spinal Cord, ** plurifunicular cells,’”’ p. 192, remark ¥).

2. In cells of the second type (Golgi's type) the nerve-process, by con-
tinual division, resolves in a nervous ramification in the vicinity of
the cell ; these cells are called nerve-cells with a short nerve-process
(Fig. 65).

Whether the nerve-processes belong to the one or the other type,
their terminal ramifications are free, in the respect that they never
directly pass into the terminal ramifications of other nerve-processes or
dendrites. Accordingly there is no wervows reticulum formed of the
processes of seweral nerve-cells, but only a dense felt-work (newripilen)
consisting of interlacing ramifications. Different, on the other hand, is
the behavior of the terminal ramifications of an indioidual nerve-process.
This may be very diverse ; sometimes there is only a coarse arborization
with free endings, sometimes the extremity of a nerve-process passes
with numerous divisions into an uncommonly fine, close reticulum *
(** Golgi-net,”” ““ nerve-lattice '), that lies immediately upon the bodies
and dendrites of other nerve-cells. It has not been demonstrated that
in a Golgi-net of one nerve-process terminal ramifications of other nerve-
processes participate.

Thercfore each neuron is in itself a closed, independent structure, that
commaunicates with other neurons, not by anastomoses but only by contact,
not per continuitatem but per contiguitatem.{

E. NERVE-FIBERS,

Dependent upon the presence or absence of the medullary sheath,

# It is probable that the Golgi-net is not formed of the terminal ramifications themselves,
but consists of a peculiar substance in which the fibrils of the ramifications run ; the proof is
still required that the fibrils form a true net.  Each nerve-cell of the central nervous system
i5 provided with a reticulum of Golgi; a single nerve-cell may be embraced by several vari-
ously fashioned terminal ramifications of different nerves.

T Whether this statement is invariably valid is doubtful. TIn the retina and in the electric
organ of the torpedo true nets formed of processes of several nerve-cells have been deseribed ;
von Thanhofer demonstrated to me pn:par:lliuns that show distinet, delicate anastomoses be-
tween cells of the spinal ecord.  Suoch a connection does not affect the neuron theory any more
than the intercellular bridges do the cell theory. A few authors describe the Golgi-net as
“ diffuse '’ and thereby endeaver to rehabilitate the old, long-abandened hypothesis that the
nerve-fibers arise from a general nerve-plexus. Therewith the nerve-cells are pushed aside as
secondary elements, having no significance in nervous functions. This view, which is in glar-
ing opposition to the neuron theory, is still lacking in sound anatomic, as well as experimental,
evidence. When in the following nervous networks and plexuses are spoken of it is to be thus
understood, that from nerve-fiber dunalies a few nerve-fibers branch off to Join other bundlez, In
this transfer of fibers a direct transition of one nerve-fiber into another, as a rule, does not
oECur,
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nerve-fibers are divided into medullated and nonmedullated. FEach divi-
sion is susceptible of a subdivision dependent on the presence or absence
of the neurnilemma.

1. Nonmedullated Nerve-fibers.

(a) Witheut a Neurilemma.

These fibers consist of the axis-cylinder (nerve-process) alone ; they
are therefore described as “ naked " and are found in the olfactory nerve,
where, grouped in bundles, they are held together by connective tissue.
Similar are many fibers of the sympathetic nerve, the so-called Remak's
Jfibers, which are transparent, cylindrical or bandlike in form, from 3 to
7 p wide, about 2 p thick, and exhibit
faint longitudinal striation ; they likewise
consist of bundles of naked axis-cylin-
ders * and a very delicate sheath, on
which here and there lie flat connective-
tissue cells with oblong nuclei. The
sheath is said to correspond to the endo-
neurium or, according to some authors,
to the neurilemma. (See the chapter on
the Central Nervous System.)

While the fibers so far described
exhibit the same structure throughout

their length: there are nerve-fibers of F1G. 66.—THEASED PREPARATION OF THE
SYMPATHETIC MNERVE OF a4 RABRIT.

which GI‘II}-" certain divisions are naked 1. Nonmedullated, 2, thin medullated
z ; g nerve-fibers ; 3, ganglion-cell ; the large
axis-cylinders. Such divisions occur as nucleus has Tost its characteristic ap.
= 2 pearance in Consequence of the treat-
peripheral endings of the nerves of spe- ment with osmic acid ; 4, nuclei of con-
= nective-tissue capsole; 5, ine connec-
cial sense and of sensory as well as NPRmE e e TR MR

motor nerves; also the first division of
the nerve-process proceeding from the nerve-cell is a naked axis-cylin-
der (¢f. Fig. 58).

(&) With a Newrilemma.

Fibers consisting in their entire length of an axis-cylinder and a
neurilemma are found in many invertebrates and in cyclostoma. They
occur as divisions in the course of the cerebrospinal nerve-fibers (Fig.
58, 4).

— e

¥ By Remak’s fibers some authors understand, not bundles of naked axis-cylinders, but
individual axis-cylinder processes of sympathetic ganglion-cells.
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2. Medullated MNerve-fibers.

(@) Without a Neurilemma.

Among these are no fibers that possess the medullary sheath in their
entire length ; this always clothes only one division of the axis-cylinder.
Fibers consisting of axis-cylinder and medullary sheath alone (Fig. 58, ¢)
occur only in the central nervous system.

(&) With a Neurilemma.

Medullated fibers possessing a neurilemma are found in the trunks
and branches of the cerebrospinal nerves, also in the sympathetic nerve,
and vary in thickness from 1 to 20 p.

Axis- Medullary  