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PREFACE

Tue reader who compares the present work with the first
edition will find that it has been not only enlarged, but so
fundamentally revised and to so great an extent re-written
that it would possibly have been more correct to consider it
as a new book, and to give it a new title. It is not based on
the original English edition of 1885, but on the French edition
of 1887, which I prepared with the valuable aid of Dr. L. F,
Hexxveauy, and which was considered when completed to have
so far ontgrown its English parent that we decided on giving it
a dissimilar and independent title (““ Traité des Méthodes Tech-
niques de I’Anatomie Microscopique,—Histologie, Embry-
ologie, et Zoologie,” par MM. Arthur Bolles Lee et F.
Henneguy, Préparateur du cours d’embryogénie an Collége de
France. Avec une Préface de M. Ranwvier, Professeur aun
College de France. Paris, O. Doin. 1887).

As stated in the Avant-propos of that work, the “Traité”
18 not a mere translation of the * Vade-Mecum ;”’ 1t differs
from it by the compression or omission of many passages
dealing with matter of secondary importance ; by the suppres-
sion of the chapter relating to the demonstration of patholo-
gical “ Micro-organisms”—a subject which can now no
longer be dealt with satisfactorily within the limits of a
chapter ; and by the far greater development given to certain
important subjects, such as the methods of Embryology, of
Cytology, of Neurology. I am greatly indebted to my able
friend Dr. Henveauy for the important aid rendered by him in
the preparation of our joint work., His share in it consisted
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PREFACE TO THE FIRST EDITION ix

to the reasons for this—perhaps apparently excessive—catho-
licity of treatment. Doubtless a large proportion of the
formulee given are quite superseded in modern practice; but
that is not a sufficient reason for rejecting them. The inelu-
sion of all of them is justified by the consideration that some
one or other of them may perhaps serve, in some way that
cannot now be foreseen, to suggest some new method of value.
Let me give an example. Who, ten years ago, would have
thought that the formula of Blanchard’s ¢ Liqueur saline
hydrargyrique’ deserved reprinting in a treatise on histologic
technicf Yet it is to the disinterment of that forgotten
formula by Lang that we owe the establishment of corrosive
sublimate as one of the most useful fixing agents in the
arsenal of the microtomist. Or who would have deemed
Thierseh’s lilac borax-carmine (Formula No. 80a), published
in 1865, to be of greater importance than any other stain
till then made known? Yet that formula it was that directly
suggested Woodward’s admirable aqueous borax-carmine,
and through this, if I am not mistaken, the aqueous and the
alcoholic borax-carmines of Grenacher, the latter of which is
now to be found on the table of every embryologist. '

All my abstracts and translations have been made from
the original sources, except where it has been impossible for
me to obtain sight of these. References to the sources are
given in all cases; but I desire here to make special acknow-
ledgment of the great assistance rendered me by the Jour-
nal of the Royal Microscopical Society—in many respects
the best-edited periodical known to me.

GENEVA (SWITZERLAND) ;
February, 1885.
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THE MICROTOMIST'S VADE-MECUM.

CHAPTER 1.

INTRODUCTORY.

1. Tae methods of modern microscopic anatomy may be
roughly classed as General and Special. There is a General
or Normal method, known as the method of sections, which
consists in carefully fizing the structures to be examined,
staining them with a nuclear stain, dehydrating with alcohol,
and mounting sertes of sections of the structures in balsam.
It is by this method that the work is blocked-out and very
often finished. Speeial points are then studied, i1f necessary,
by Special Methods, such as examination of the living tissue
elements, in sitw, or in “indifferent ”’ media; fixation with
special fixing agents; staining with special stains; dissocia-
tion by teasing or maceration ; injection ; impregnation ; and
the like.

2. Tue Generar Meraop.—The first thing to be done with
any structure is to fiz its histological elements. (This state-
ment applies equally to all classes of objects, whether it be
desired to cut them into sections or to treat them in any other
special way.) Two things are implied by the word “ fixing ;”’
first, the rapid killing of the element, so that it may not have
time to change the form it had during life, but is fixed in
death in the attitude it normally had during life ; and second,
the hardening of it to such a degree as may enable it to resist
without further change of form the action of the reagents with
which it may subsequently be treated. Too much stress can
hardly be laid on this point, which is the most distinctive

1






INTRODUCTORY . 5

is not necessary, may be dehydrated much quicker than this.
Infusoria may be prepared in a few minutes.)

The water having been thus completely removed, the
alcohol is in its turn removed from the tissues, and its place
taken by some anhydrous substance, generally an essential
oil, which is miscible with the material used for imbedding.
This operation is known as Clearing. It is very important
that the passage from the last alcohol to the clearing agent be
made gradual. This is effected by placing the clearing medinm
under the aleohol. A sufficient quantity of aleohol is placed
in a tube (a watch-glass will do, but tubes are generally
better), and then with a pipette a sufficient quantity of clearing
medium is introduced at the bottom of the alcohol. Or yon
may first put the clearing medinm into the tube, and then care-
fully pour the alcohol on to the top of it. The two Huids
mingle but slowly. The objects to be cleared being now
quietly put into the supernatant alcohol, float at the surface of
separation of the two fluids, the exchange of flmds takes place
gradually, and the objects slowly sink down into the lower
layer. When they have sunk to the bottom, the aleohol may
be drawn off with a pipette, and the objects will be found to
be completely penetrated by the clearing medium. (It may
be noted here that this method of making the passage from
one fluid to another applies to all cases in which objects have
to be transferred from a lighter to a denser Huid—for instance,
from alcohol, or from water, to glycerin. If is a more exact
method than that of successive baths of mixture of alcohol
and clearing agent.)

The objects are now tmbedded. They are removed from
the clearing medium, and soaked until thoroughly penetrated
in the imbedding medinm. This is, for small objects, gene-
rally paraffin, liquefied by heat, and for large objects generally
a solution of collodion or celloidin.” The imbedding medium
containing the object is then made to solidify, as deseribed in
the chapter on imbedding processes, and sections are made
with a microtome through the imbedding mass and the in-
cluded objects. The sections are then mounted on a slide by
one of the methods described in the chapter on Serial Section
Methods, the imbedding material is removed from them (in
the case of paraffin), they are stained 4n sitw on the slide,
dehydrated with alcohol, cleared, and mounted in balsam or
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double-stain with gentian-violet and eosin; and mount in
balsam or damar. That, or something like that, is now the
practice of many of the most advanced workers; and I know
of no method that seems to have equal claims to be considered
a classical method of general morphological investigation.

As regards the method to be used for imbedding, I take it that the paraffin
method is the method par evcellence for small objects (objects up to 5 or 7
millimetres diameter); whilst the collodion or *celloidin ™ method is the
method par excellence for large objects.

As regards the rival claims of the method of staining objects in tofo before
section eutting, and that of staining the sections, I confess that I cannot see
any reason for preferring the practice of staining in foto, which I consider
only has a raison d'éfre in the case of objects which are not to be cut into
sections.

As regards the rival claims of the practice of staining sections on the slide,
and that of staining them in watch-glasses, I think that all small sections
may be conveniently stained on the slide, and that all large ones should be
stained in watch-glasses ; in other words, the watch-glass process is the proper
process for celloidin sections, and the slide process is the most convenient one
for paraffin sections.

3. The treatment of objects which ean be studied without
being cut info sections is identical with that above deseribed,
with the omission of those passages that relate to imbedding
processes. Its normal course may be described as fixation,
washing out with alcohol, staining with aleoholic borax-carmine
or some other alcoholie stain, treatment with successive alco-
hols of gradually increasing strength, final dehydration with
absolute alcohol, clearing, and mounting in balsam. This
method, which may be termed the dehydration method, is
generally preferred, as a general method, to what may be
termed the wet methods, by which objects are prepared and
preserved in aqueous media. The chief reason for this lies in
the great superiority of the dehydration methods as regards
the preservation of tissues. The presence of water is the
most important factor in the conditions that bring about the
decomposition of organie matter, and its complete removal is
the chief condition of permanent preservation.

It is of conrse not intended here to sugzest that wet methods of prepara-
tion should be altogether discavded. They have great value, they are even

indispensable, for special ends; and all that is intended to be sugzested is,
that they should be regarded not as general but as Special methods.

4. In the preparation of entire objects or structures that
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forms part of the fixing process, alcoholic solutions ave logically
indicated for staining. For by means of them it is possible
to avoid the bad effects that follow on passing delicate tissues
from aleohol into water, violent diffusive currents being thereby
set up which sometimes carry away whole groups of cells ; swel-
lings being caused in the elements of the tissues ; and, if the
immersion in the agueous medium be prolonged, as 18 gene-
rally necessary in order to obtain a thoroungh stain, macera-
tion of the tissues supervening. But alecoholic staining fluids
have still other advantages ; they are vastly more penetrating ;
with them alone is it possible to stain through chitinous
integuments ; and, if it be desired to stain slowly, tissues may
be left in them for days without hurt.

Applied to the case now under consideration, the prepara-
tion in foto of objects protected by not easily permeable
investments, this doctrine is evidently a wise one. For such
objects must necessarily be fixed by some highly penetrating
but not permanently hardening agent such as picric acid, and
must necessarily be washed out with aleohol ; and it is a good
maxim for tissues so fixed that an object that has once been
in aleohol should not be allowed to go back into water, if that
can possibly be avoided.

But in the case of structures that have been well fixed ina
strongly and permanently coagulating medium such as chromie
acid, this precantion is much less necessary. Sections of
tissues that have been fixed for twenty-four hours in Flem-
ming’s solution may be passed with relative impunity from
absolute aleohol into an aqueouns stain, and from that back
again direct into absolute alecohol. It is this property of
tissues fixed in chromic solution that determines me to recom-
mend the practice of staining sections, instead of staining
objects in tofo.

For an excellent exposition of the principles underlying the
practice above recommended, the reader may consult with
advantage the paper of Paul Mayer, in Mitth. Zool. Stat.
Neapel, 1 (1881), p. 1, ef seq. See also the abstract in
Journ. Roy. Mic. Soe. (N. 8.), ii (1882), pp. 866—881, and
that in Amer. Natural., xvi (1882), pp. 697—706, in which
two last some improvements are mentioned which have been
worked out since the publication of Mayer’s paper.
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The difficulty consists in hitting off the right temperature,
which is of course different for different objects. I think that
a temperature of 80° to 90° C. will generally be amply suffi-
cient, and that very frequently it will not be necessary to go
beyond 60° C. An exposure to heat of a few seconds will
generally suffice.

Small objects (Protozoa, Hydroids, Bryozoa) may be brought
into a drop of water in a watch-glass or on a slide and heated
over the flame of a spirit lamp. For large objects, the water
or other liquid employed as the vehicle of the heat, may be
heated beforehand and the animals thrown into it.

As soon as it is supposed that the protoplasm of the tissnes
is coagulated throughout, the animals should be brought into
aleohol (30 to 70 per cent. aleohol) (if water be employed as the
~ heating agent).

An excellent plan for preparing many marine animals is to
kill them in hot fresh water. Some of the larger Nemertians
are better preserved by this method than by any other with
which I am acquainted.

8. Animals that contract but slowly, such as Aleyonium and
Veretillum, and some Tunicates, such as Pyrosoma, are very well
killed by throwing them into some very quickly acting fixing
liquid, used either hot or cold. Glacial or very strong acetic
acid 1s an excellent reagent for this purpose ; it may be used,
for example, with some Medusse. After an immersion of a
few seconds or a few minutes, according to the size of the
animals, they should be brought into aleohol of at least 70
per cent. strength. Corrosive sublimate is another excellent
reagent for this purpose. See §§ 45, 46.

Narcolizsation.

9. The secret of narcofisation consists in adding some angs-
thetic substance very gradually, in very small doses, to the
water containing the animals, and waiting patiently for it to
take effect slowly.

Tae Toracco-smoke MerHOD for Actiniee (Herrwrie, Die
Actinien, 1879) is frequently practised ag follows:— A dish
containing the animals in water is covered with a bell-glass,
under which passes a curved glass or rubber tube, which dips
into the water. 'Tobacco smoke is blown into the water for
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I have seen large Meduss very completely ansmsthetised in
the state of extension in an hour or two by this method.
Anpres finds that this plan does not succeed with Actima, as
with them maceration of the tissues supervenes before anaes-
thesia is established.

13. Ether and Aleohol may be administered in the same way.
Axpres has obtained good results with Actiniae by the use of
a mixture (invented by Sarvarore no Biaxco) confaining 20
parts of glycerin, 40 parts of 70 per cent. aleohol, and 40 parts
of sea-water. This mixture should be carefully poured on to
the surface of the water containing the animals, and allowed
to diffuse quietly throngh it. Several hours are sometimes
necessary for this.

Eisia employs alecohol in the same way.

14. Hydrate of Chloral, which was first recommended, 1
believe, by Foettinger (Arch. de Biol., vi, 1885, p. 115), gives
very good results with some subjects. Foettinger operates
by dropping erystals of chloral into the water containing the
animals. For Alcyonella he takes 25 to 80 centigrammes of
chloral for each hundred grammes of water. It takes about
three quarters of an hour to render a colony sufficiently in-
sensible to allow of fixing. Foettinger has obtained satis-
factory results with marine and fresh-water Bryozoa, with
Annelida, Molluseca, Nemertians, Actiniee, and with Astera-
canthion. He did not succeed with Hydroids,

I am bound to state that I have never had the slightest
success with Nemertians.

VERWORN (Zeit. f. wiss. Zool., xlvi, 9, 1887, p. 99 ; see also
Journ, Roy. Mic. Soc., 1888, p. 148) operates differently for
fresh-water Bryozoa. He puts Cristatella for a few minntes
into 10 per cent. solution of chloral, in which the animals
sooner or later become extended.

KUkeNTHAL (Zeit. f. wiss. Mik., iv, 8, 1887, p. 878; Journ.
Toy. Mic. Soc., 1888, p. 509) has obtained good results with
some Annelids, by means of a solution of one part of chloral
in 1000 parts of sea-water.

15. Cocain (Ricmarp; Zool. Anz., 196, 1885, p. 332) has

been found fo give good results. Richard puts a colony of
Bryozoa into a watch-glass with 5 cc. of water, and adds
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CHAPTER III.

FIXING.

22. The Necessity of Fixing.—The meaning of the term
“fixing ” has been explained above (§ 2). If only remains
here to insist on the absolute necessity of the employment of
fixing agents, and to briefly illustrate this necessity by a single
example. If a portion of living retina be placed in aqueous
humour, serum, or other so-called “indifferent” medium, or
in any of the media used for permanent preservation, i1t will
be found that the rods and cones will not preserve the appear-
ance they have during life for more than a very short time ;
after a few minutes a serigs of changes begins to take place,
by which the outer segments of both rods and cones become
split into discs, and finally disintegrate so as to be altogether
unrecognisable, even if not totally destroyed. TFurther, in an
~ equally short time the nerve-fibres become varicose, and appear
to be thickly studded with spindle-shaped knots; and other
post-mortem changes rapidly occur. If, however, a fresh piece
of retina be treated with a strong solution of osmic acid, the
whole of the rods and cones will be found perfectly preserved
after twenty-four hours’ time, and the nerve-fibres will be
found not to be varicose. After this preliminary hardening,
portions of the retina may be treated with water (which
would be ruinous to the structures of a fresh retina), they
may even remain in water for days without harm ; they may
be stained, acidified, hardened, imbedded, cut into sections,
and mounted in either aqueous or resinous media without
suffering.

23. The Action of Fixing Agents consists in the coagulation
of certain of the constituents of tissues, of their albuminoids,
their gelatin, their mucin. Some fixing agents seem to have
further the property of combining chemically with the tissues,






FIXATION. 15
corrosive sublimate may be recommended. I think 1t is in
general a much better preservative of the forms of anatomical
elements than either Altmann’s nitrie acid or Kleinenberg’s

fluid.

25, The Practice of Fixation, —Hints and Cautions.—>ee that
the structures ave perfectly living at the instant of fixation,
otherwise you will only fix pathological states or post-mortem
states.

Do all you can to facilitate the rapid penetration of the
fixing agent. 'To this end, let the structures be divided nto
the smallest portions that can conveniently be employed,
and if entire organs or organisms are to be fixed whole, let
openings, as large as possible, be first made in them.

The penetration of reagents is greatly facilitated by heat.
You may warm the reagent and put it with the objects to be
fixed in the paraffin stove, or you may even employ a fixing
agent heated to boiling point (as boiling sublimate solution
for certain corals and Hydroids, or boiling absolute aleohol
for certain Arthropods with very resistant integuments).

Let the quantity of fixing agent employed be at least many
times the volume of the objeets to be fixed. If this precaution
be not observed the composition of the fixing liquid may be
sertously altered by admixture of the liquids or of the soluble
substances of the tissues thrown into it. For a weak and
slowly acting fixing agent, such as picric acid, the quantity of
liguid employed should be in volume about one hundred times
that of the object to be fixed. Reagents that act very ener-
getically, such as Flemming’s solution, may be employed in
smaller proportions.

Be careful to use the appropriate liguid for washing out the
fixing agent after fixation. It is frequently by no means a
matter of indifference whether water or aleohol be employed
for washing out. Sometimes water will undo the whole work
of fixation. (as with pieric acid). Sometimes aleohol causes
precipitates that may ruin the preparations. Instructions on
this head are given in the paragraphs devoted to the different
fixing agents,

Use liberal quantities of liquid for washing.

Change the liquid as often as it becomes turbid, if that
should happen.
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CHAPTER IV.
FIXING AGENTS. MINERAL ACIDS AND THEIR SALTS.

26. Osmic Acid—The tetroxyde of osmium (0sO,) is the
substance commonly known as osmic acid, though it does not
possess acid properties. It is a substance that is exceedingly
difficult to keep in use for any length of time. Itis extremely
volatile, and in the form of an aqueous solution becomes par-
tially reduced with great readiness in presence of the shghtest
contaminating particle of orgamic matter. (It is generally
believed that the aqueous solutions are reduced by light, but
this is not the case ; they may be exposed to the light with
impunity if dust be absolutely denied access to them.)
After having carefully tried several of the plans that have
been recommended for keeping the working solutions free
from dust, I have come to the conclusion that the following is
the most practical plan :—The solution of osmie acid in chromic
acid solution is not, like the solution in pure water, easily
reducible, but may be kept without any special precautions,
I therefore keep the bulk of my osminm in the shape of a
2 per cent. solution of osmic acid in 1 per cent. aqueous
chromic acid solution. This solution serves for fixation by
osmium vapours, and for making up solution of Flemming.
A small quantity of osmic acid may also be made up in 1 per
cent. solution in distilled water, and kept carefully protected
from dust. Those who have to do a great deal of fixing by
means of the vapours may also keep a supply of the solid
oxide for this purpose.

Great stress is laid by authors on the fact that the vapour of osmium is
very irritating to mucous tissues. It is said that the slightest exposure to
it is sufficient to give rise to serious catarrh, irritation of the bronchial

tubes, laryngeal catarrh, conjunctivitis, &e. T think these statements greatly
exaggerated.

2
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cent. for twenty-four hours; for retina 1 to 2 per cent. for
from ten minutes to twenty-four hours ; for nuclei 41; to 2 per
cent. for two or three hours. Such figures as these will serve
to give a general idea of the practice, whilst more precise in-
structions will be given when dealing with the tissues in detail.
(The durations here quoted appear to me exaggerated, except
for very voluminous specimens.)

The osmium must be well washed out before proceeding to
any further steps in preparation; water should be used for
washing. Notwithstanding the greatest care in soaking, it
frequently happens that some of the acid remains in the
tissues, and causes them to over-blacken in time. To obviate
this it i1s necessary to wash them ouf in ammonia-carmine or
picro-carmine, or to soak them for twenty-four hours in a solu-
tion of bichromate of potash (Miiller’s solution or Erlicki’s will
do), or in 0°5 per cent. solution of chromic acid, or in Merkel’s
solution, or in a weak solution of ferrocyanide of potassium or
cyanide of potassium, or to bleach them (see BreacHing, No.
542). The treatment with bichromate solutions has the great
advantage of highly facilitating staining with carmine or
h@matoxylin. Max Schultze recommended washing, and
mounting permanently in acetate of potash (see § 359), but I
believe the virtues attributed to this method are illusory. Fol

“has lately recommended treatment with a weak solution of car-
bonate of ammonia.

The same stains recommended for objects fixed by vapour
will be found useful here, with the addition of ammonia car-
mine, which is really very useful for strongly fixed specimens.,
For sections, of course in both cases, safranin and the other
nuclear anilin stains may be employed with advantage.

Osmic acid stains all fatty structures black ; it must there-
fore be avoided for tissues in which much fat is present ; or
the fat may afterwards be dissolved out with turpentine
(Flemming, see the chapter on Connective Tissues in Part 1),
All solutions of osmic acid must be kept protected from the
light even during the immersion of tissues. If the immersion
is to be a long one the tissues must be placed with the solution
in well-closed vessels, as osmium is very volatile.

A little acetic or formic acid (0°5 to 1 per cent.) may fre-

quently with advantage be added to the solutions just before
using.
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follow chromic acid is hsmatoxylin, or, for sections, some
anilin stain. But the previons washing out with water must
be very thorough if good results are to be insured ; it may
take days.

Chromic acid is not a very penetrating reagent, and for this
reason, as well as for others, is seldom used pure, but plays an
important part in the mixtures deseribed below, of which the
chief is certainly the mixture of Flemming. A chief objection
to the use of chromic acid is that it precipitates certain of the
liquid albuminoids of tissues in the form of filaments or net-
works, which are often of great regularity, and simulate struec-
tural elements of the tissues. This objection applies to all
mixtures into which chromie acid enters.

Action of light on alcohol containing chromic objects.—When
objects that have been treated by chromic acid or a chromate
arve put into alcohol for hardening or preservation, it is found
that after a short time a fine precipitate is thrown down on the
surface of the preparations, thus forming a certain obstacle to
the further penetration of the alcohol. Previous washing by
water does not prevent the formation of this precipitate, and
changing the aleohol does not prevent it from forming again
and again. It has been found by Hans Virchow (Areh. f. mik.
Anat., Bd. xxiv, 1885, p. 117) that the formation of this precipi-
tate may be entirely prevented by simply keeping the pre-
parations in the dark. The aleohol becomes yellow as usual
(and should be changed as often as this takes place), but no
precipitate is formed. If this precaution be taken, previous
washing with water may be omitted, or at all events greatly
abridged.

The brownish-green colour of chromic objects may be re-
moved by treating them with peroxide of hydrogen (Unna, in
Arch. f. mik. Anat., Bd. xxx, 1887, p. 47 ; cf. Journ. Roy. Mic.
Sec., 1887, p. 1060).

31. Chromo-acetic Acid (Fremmine, Zellsbz. Kern. w. Zellth.,
p. 382).
Chromic acid . 02 to 0:25 per cent.
Acetic acid . . 01 per cent., in water,
Flemming finds this the best reagent for the study of the
achromatic elements of karyokinesis. (Flemming wrote this in
1882, and I doubt whether it would now hold good.) Stain
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tained with this mixture when it is allowed to act for only a
short time (about half an hour).

But it may, without inconvenience, be allowed to act for
many hours or even days. Wash ouf, very thoroughly, in
water, Stain with hseematoxylin, if you wish to stain in fofo
(staining in this way with other reagents is possible, but very
difficult, and not to be recommended). Stain sections with
“gafranin, or other amilin, or with hematoxylin or Kern-
schwarz. ' '

To make up this mixture with the usunal stock solutions, you
take :

Chromic acid of 1 per cent. . . 25 volumes
Osmic acid of 1 per cent. . = TU) .
Acetic acid of 1 per cent. . e[} S0
Water . : : : T

If you keep your osmium in 2 per cent. solution in chromic
acid of 1 per cent., as I have recommended, you will have to
take only 20 vols. of chromic acid, 5 of your osmium solution,
and 65 of water.

It has been already stated more than once that Flemming’s
solution is probably the very best fixing reagent in general
yet discovered. It has, however, been criticised. Faussek
(Zeitschr. f. wiss. Zool., Bd. xlv, 1887, pp. 694, et seq.) found it
totally inapplicable to the histology of the intestine of insects.
He states that it caused the intima to disappear, and the cells
to run together into a compact mass. Arnold (Arch. f. Mik.
Anat., Bd. xxx, 1887, p. 205) states that it does not preserve
cell-bodies faithfully. And A. Kotlarewsky (Mitth. d. naturf.
Ges. Bern., 1887 ; cf. Zeit. f. wiss. Mik., iv, 8, 1887, p. 387)
found that it preserved the forms of nerve-cells (spinal ganglia)
less faithfully than any of the reagents tried. [ have not,
myself, been struck by any decided defect in the preservation
of cystoplasmic structures in my preparations made by this
reagent, but think it possible that the observations of these
authors may be well founded as regards the present formula,
but take it that that is merely a reason for preferring the
stronger mixture set forth below.

It is not necessary in all cases to observe the exact proportions of the ingre-
dients in this mixture. Fox (Lehvb. d. vergl. Mik. Anat., 1884, p. 100) re-
commends the following :
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Cellule, 1, 2, 1885, p. 211) has employed a mixture one third stronger in
osminm and twm{: as strong in chromic acid, viz.

(hromic acid of 2 per cent. (or even stronger). 45 parts,

Osmic acid of 2 per cent.. d \ : P [ s

Glacial acetic acid . 5 ; ; : | b

In the Traité des Méth. Technmiques, 1887, 1 treated this
formula somewhat coldly, pointing out (what was the case)
that Flemming recommended it merely for a very special
purpose, the hunting for karyokinetic figures, and that he did
not recommend it for general purposes. Further experience
has shown that it is applicable to general purposes, and will
probably be found for most purposes considerably superior to
the weak formula. I should use it by the hogshead if it were
notsomewhat expensive.

Arnold, in the place quoted in the last paragraph, says that
it is to be avoided if you wish to demonstrate the structure of
certain nuclei (of wandering: cells) ; and the other objections
there quoted as applying to the weak formula are intended to
apply more or less to the present formula. It will be well
not to attach too much importance to them. Let delicate
structures be fixed for twenty-four hours or more, washed in
running water for an hour, and in successive alcohols for
twenty-four hours, sectioned, and stained with safranin or
gentian violet, and there will be little complaint of defective
preservation.

The strong mixture does not brown tissues more than the
weak mixture, but rather less.

Fat is blackened by these mixtures ; but the blackened fat
can be entirely dissolved out of the tissues by treating them
for a few hours with turpentine that has been exposed to sun-
light for an hour or two (see Flemming in Zeit. f. wiss. Mik.,
vi, 1, 1889, p. 39; and vi, 2, 1889, p. 178).

Popwyssozkr recommends (for glands especially) the following modifi-
cation :
1 per cent, Cro, dissolved in (5 per cent. solution of corro-

(i R P S Tl S S |
2 per cent. osmium solution. . ; : : . 4 ce.
Glacial acetic acid . : 5 : . b to 8 drops.

The sublimate is said to angment the pﬁnetmtmu of the osmium, but is
unfavorable to staining. The proportion of acetic acid is veduced in order

to avoid swelling of the tissue elements (Zirerer’s Beilrige z. path. Anat.,
i, 1886 ; ¢f. Zeil. f. wiss. Mik., iii, 3, 1886, p. 405).
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39, Chromo-nitric Acid (Prerexyr’s formula) (Zool. Anzeig.,
v (1882), p. 459).
4 parts 10 per cent. nitric acid.
3 parts alcohol.
3 parts 0-5 per cent. chromie acid.

These are mixed, and after a short time give a fine violet-
coloured solution,

The objects (ova) are immersed for four to five hours, and
then passed throngh 70 per cent. aleohol (twenty-four hours)
strong alcohol (some days), absolute alcohol (four to five
days). They are then fit for cutting. The advantage of the
process is stated to be that segmentation spheres and nucler
are perfectly fixed, the ova do not become porous, and cut
like cartilage.

Another advantage 1s that the fixing solution may be com-
bined with a stain. (In this case the albuminous envelopes
of the ova must be carefully removed, otherwise the stain will
not penetrate.)

Some stains, such as fuchsin or anilin red, may be dis-
solved directly in the fixing solution. Others, such as eosin,
purpurin, anilin violet, must first be ““ dissolved in three parts
of alecohol, and then shaken into the liguid.”

Picro-carmine and borax-carmine may be added to the
liquid, but they give rise to a precipitate, which must be re-
moved by filtration before using.

Chromo-nitric acid is above all an embryological reagent,
and a very important one.

Another formula given by Perenyi (Zool. Anzeig., 274, 1888,
p. 139, and 276, p. 196) is as follows :

3 parts 20 per cent. nitrie acid.
3 parts 1 per cent. chromic acid.
4 parts absolute alcohol.

For embryos of Lacerta. Fix for twenty minutes. Wash
out for an honr with 70 per cent. aleohol, and then with
strong aleohol.  Stain with Delafield’s heematoxylin, and treat
the stained material for three to five minutes with 1 per cent,
chromic acid.

40. Chromo-nitric Acid with Bichromate (Kottmaxws, Arch. f.
Anat. u. Phys., 1885, p. 206).

Bichromate of potash. . . . | 5 per 100

'Uhmmiﬂ Mid Ll - - - - - 3 i
Concentrated nitric acid . . . o
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44, Bichromate and Cupric Sulphate Mixture (Kvirscmirziy,
Zeit. f. wiss. Mik., iv, 3, 1887, p. 348).—A saturated solution
of bichromate of potash and sulphate of copper in o0 per cent.
aleohol, to which is added at the instant of using a little
acetic acid, five or six drops per 100 ce.

To make the solution, add the finely powdered salts to the
aleohol in excess, and leave them together in fotal darfness for
twenty-four hours.

Fix for twelve to twenty-four hours in the dark, otherwise
the salts will be precipitated. Then treat with strong alcohol
for twelve to twenty-four hours, and make sections.

The rationale of this mixture is, that it fixes tissues faithfully,
without cansing the production of the delusive reticular pre-
cipitates of albuminoids which we have mentioned as being
produced by chromic acid—that is the part played by the
bichromate and sulphate ; and that it also fixes faithfully the
chromatin of nuclei—that is the part played by the organic
acid.

44 a. Cupric Sulphate—Cupric sulphate was recommended
some few years ago in one of the well-known handbooks. It
was recommended (in a place which I cannot now find) to be
used for marine organisms in saturated solution in sea-water,
the organisms to be preserved in the solution itself till wanted.
It has been quite recently (drch. d. Seci. phys. et. nat., Juin,
1889, t. xxi, p. 536) recommended by Bepor for the prepara-
tion of Siphonophora and other delicate pelagic animals.
Bedot directs that a large quantity of 15 to 20 per cent.
solution of the salt be suddenly added to the sea-water con-
taining the animals. As soon as the animals are fixed (which
happens in a few minutes), a few drops of nitric acid are to be
added and mixed in (this is in order to prevent the formation
of precipitates), and the whole is left for four to five hours.
The animals are then to be hardened before bringing them into
aleohol. Bedot recommends that this be done in a large
quantity of Flemming’s strong solution (§ 36), in which the
animals should remain for twenty-four hours at least.

This promises to be a valuable method. Bedot has been
able by this means to preserve Forskalia and Halistemma,
which are amongst the most difficult forms known to me.

44 b. Alum.—Alum has been used for fixing purposes, and may therefore
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CHAPTER V.
FIXING AGENTS— CHLORIDES, ORGANIC ACIDS, AND OTHERS.

Chlorides.

45. Bichloride of Mercury (Corrosive Sublimate).—Corrosive
sublimate is stated in the books to be soluble in about sixteen
parts of cold and three of boiling water. It will probably be
found that the aqueous solution contains about 5 per cent.
of the sublimate at the temperature of the laboratory. It is
more soluble in alehohol than in water, and still more so in
ether. Its solubility in all these menstrua is angmented by
the addition of hydrochloric acid, ammonious chloride, or
camphor. With sodium chloride it forms a more easily
soluble double salt ; hence sea-water may dissolve as much as
15 per cent., and hence the composition of the liquid of Lang.

For fixing, corrosive sublimate may be, and very frequently
1s, used pure ; butin most cases a finer fixation will be obtained
if it be acidified with acetic acid, say about 1 per cent. of the
acid. I find that a saturated solution in 5 per cent. acetic
acid 1s a very good formula for marine animals. Vax Bexgpex
has recommended a saturated solution in 25 per cent. acetic
acid.

In either case, the most concentrated solution obtainable
should in general be taken. The cold saturated aqueous
solution will suffice in most cases; but for some very con-
tractile forms (coral polypes, Planaria), a concentrated solution
in warm or even boiling water should be employed. For
Arthropoda the alcoholic solution is frequently indicated.
Delicate objects, however, may require treatment with weak
solutions. Harring found solutions of 0°2 to 05 per cent.
suitable for blood-corpuscles, and Pacinr’s fluids are much of
the same strength. For these see the chapter on Examination
Media.

Objects should in all cases be removed from the fixing bath
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The Planaria ave to be placed on their backs and the mixture is to be
poured over them. They die extended. After the lapse of half an hour
they are bronght into alcohol, first of 70 per cent., then of 90 per cent., then
absolute, and in two days’ time ave sufficiently hardened.

Second formula (Ibid., 1879, ii, p. 46).—Make a concentrated golution of
corrosive sublimate in picro-sulphurie acid, to which has been added 5 per
cent. of acetic acid.

47. Platinum Chloride.—An extremely valuable reagent for
the study of karyokinesis. Razr, to whom we owe the infro-
duction of this agent, employs an aqueous solution of 1:300.
The objects remain in it for twenty-four hours, and are then
washed with water, hardened in aleohol, and sectioned. Stain
with Delafield’s heematoxylin, or with safranin.

The action of platinnm chloride is similar to that of gold
chloride, with the advantage that there is no blackening of
the preparations. Rabl finds it give better results (for the
study of karyokinesis) than any other reagent except
chromoformic acid (§ 32). It causes a slight shrinkage of the
chromatin elements, a condition that renders the granules of
Pfitzner and the longitudinal division of the elements very
distinctly visible (see Rabl’s well-known paper in Morph.
Jahrb., Bd. x, 1884, p. 216). :

Platinum chloride is an extremely deliquescent salt, and for
this reason had better be proeured in solution. Ten per cent.
solutions are found in commerce.

For Merkels solution (chromo-platinic mixture), see ante,
§ 42,

48 Palladium Chloride.—Falladium chloride has been recommended
by experienced workers. It is used in solutions of 1:300, 1:600, or 1:800
strength, for from one fo two minutes. Cattaneo recommends it as being
the best of fixatives for Infusoria. Tissues are impregnated and coloured
brown by it. For small objects one or two minutes will suffice for fixation.

This salt is found in commerce in the solid state. To dissolve it, take 10

grammes of the salt, one litre of water, and four to six drops of hydrochlovic
acid.  Solution will be effected in twenty-four hours.

48. Gold Chloride.—When used for fixing (and not for the object of
staining by impregnation) gold chloride is generally used in solution of 4
per cent. strength, for a few minutes (30 at most). Weaker solutions (4th

per cent.) or stronger (1 to 2 per cent.) may also be used. Wash out with
water.

_ Gold chloride is one of the most faithful fixing agents we know of. But
1t is not fitted for general work on account of the capricious fashion in which

it undergoes reduction in the tissues, rendering the impregnated elements
unsusceptible of staining,

3
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(see Picro-surpEURic Acip, Proro-Nirric Acip, Picro-HYDRO-
¢aLori¢ Actp and the dirvections there given).

55. Picro-sulphurie Acid (Kremvespere, Quart. Jouwrn. Mie.
Sei., April, 1879, p. 208 ; Maver, Journ. Roy. Mie. Soc. (N.S.),
ii (1882), p. 867).—By picro-sulphuric acid, without any quali-
fying term, I understand a fluid made (following Mayer, 1. ¢.)
as follows :(—Distilled water, 100.vols. ; sulphuric acid, 2 vols, ;
pieric acid, as much as will dissolve. This may also, in any
case in which confusion is likely to arise, be called concen-
trated * or “undilated picro-sulphuric acid.”

By ¢ liquid of Kleinenberg ” I understand a mixture sug-
gested by Kleinenberg (. ¢.), and best made by diluting the
concentrated picro-sulphuric acid prepared as above with
three times its volume of water. (Kleinenberg also directed
the addition of as much creosote as would mix. This was
done with the idea of eliminating the swellings produced in
some objects by the liquid, but it has been found not to have
the effect attributed to it, and has been abandoned. Fol
(Lehrb., p. 100) states that the same end may be attained by
adding about one third vol. of 1 per cent. chromic acid.)

Of these two formule the one commonly employed is that
given by Kleinenberg,—the dilute mixture; undiluted picro-
sulphuric acid being reserved for objects requiring special
treatment, chiefly Arthropods. I may as well say at once
that in my opinion this practice should be reversed, for I
think it will be found that Klemenberg’s solution is much
wealker than is desirable in the majority of cases, and should
be reserved for special cases, such perhaps as that for which
it was originally proposed, the embryology of the earthworm ;

and the concentrated solution shonld be the one taken for -

general work. This particularly applies to marine organisms.
~ The treatment is the same in either case. “The object to
be preserved should remain in the liquid for three, four, or
*more hours ; then it should be transferred, in order to harden
it and remove the acid, into 70 per cent. aleohol, where it is
to remain five or six hours. From this it is to be removed
into 90 per cent. aleohol, which is to be changed until the
yellow tint has either disappeared or greatly diminished.”
Warm alcohol extracts the acid much more quickly than
cold, with which weeks may be required to fully remove the
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57. Picro-hydrochloriec Acid (Maveg, Ihid.).— Prepared in the same
way as picro-sulphuric acid, except that instead of 2 vols. of sulphuric acid
you take “8 vols. of pure hydrochloric acid of 25 per cent. HCL” Mayer
now dissolves the picric acid in the hydrochloric acid water, so that the for-

mula runs—
Water . ; : . 100 vols.

Hydrochloric acid (of 25 per cent. HCL). . Haa
Picrid acid, as much as will dissolve.

The fluid is used undiluted.

The properties of this fluid are similar to those of piero-nitric acid.

58. Picro-chromic Acid. See anfe, § 41.

59. Picro-osmie Aeid—Freyyivg (Zells. Kern-u.-Zellth., p. 381) has
experimented with mixtures made by substituting picric for chromic acid in
the chromo-osmic mixtuves (ante, §§ 34 and 35). The results are identical
so far as regards the fixation (of nuclei); but staining is rendered more
difficult.

Other Fizing Agents.

60. Aleohol—TF'or fixing, only two grades of aleohol are
found generally useful—very weak alecohol on the one hand,
and absolute aleohol on the other hand. Absolute aleohol
ranks as a fixing agent because it kills and hardens with such
rapidity that structures have not time to get deformed in the
process by the energetic dehydration that unavoidably takes
place. Dilute alcohol ranks as a fixing agent in virtue of
being of such a strength as to possess a sufficiently energetic
coagulating action and yet contains enough water to have but
a feeble and innocuous dehydrating action. The intermediate
grades do not realise these conditions, and therefore should
not be employed alone for fixing. But they may be very
useful in combination with other fixing agents (such as corro-
sive sublimate, chromic acid or nitric acid) by greatly enhanc-
ing their penetrating power; 70 per cent. is a good grade for
this purpose.

B1. One-third Aleohol.—The one grade of weak aleohol that
is found generally useful for fixing is one-third alcohol, or
Raxnvier's Ancomor, known in France as “ Alcohol au tiers,”
which is the name given fo it by Ranvier himself ; in Germany
as ““ Drittelalcohol” or “ Ramwviersche aleohol dilutus;” in
Italy, as “ alcool al terzo.” In consists of two parts of water
and one part of alcohol of 36° Baumé. Now, since alcohol of
36° Baumé contains nearly 89°6 per cent. of absolute alcohol, it
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and the operation is repeated until the fresh cupric sulphate no longer
becomes conspicuously blue on contact with the aleohol 3 or until, on a drop
of the alcohol being mixed with a drop of turpentine, no particles of water
can be seen in it under the microscope. The cupric sulphate is prepared by
caleining common blue vitriol in a porcelain capsule over a spirit lamp or
gas burner until it becomes white, and then reducing it to powder (see
Proe. Acad. Nat. Sci. Philad., 1884, p. 27 ; Seionce Record, ii, 1884, p. 65;
Jowrn. Roy. Mier. Soe., (N.S.), iv (1884) pp. 322 and 984).

83. Acidulated Alcohol (Pavr Maver, Mifth. Zool. Stat. Neapel, ii
(1881), p. 7.—To 97 vols. of 90 per cent. alcohol, in which is dissolved a
small quantity of picric acid, add 3 vols. pure hydrochlorie acid. Leave the
specimens in the mixture only just long enough to ensure that they are
thoroughly penetrated by it. Wash out with 90 per cent. alcohol, the dis-
appearance of the yellow stain of the picric acid being a sign that all the
acid is removed. :

The use of this mixture is for the preparation of coarse objects it is intended
to preserve in alcohol. The object of the acid is to prevent both that glueing
together of organs by the perivisceral liguid, which is often brought about
by the coagulating action of pure aleohol, and the precipitation on the surface
of organs of the salts contained in sea-water, which is a hindrance not only
to the penetration of the al¢ohol, but also to subsequent staining.

Whitman (Jowrn. Roy. Mie. Soe. (N.8.), ii (1882), p. 870) states that
““acid alcohol as above prepared loses its original qualities after standing
some time, as ether compounds are gradually formed at the expense of the

acid.” He also states that 70 per cent. aleohol may be taken instead of 90
per cent., for washing out.

64. Chloride and Acetate of Copper (Ripart et Petit's formula,
Carxoy, La Biologie Cellulaire, p. 94).

Camphor water (not saturated) . . T5 grammes,
Distilled water . 1 h Z . 75 s
Crystallised acetic acid . : : : 1 »
Acetate of copper . - : - - QR

Chloride of copper. g : : 030 ,,

This is a very moderate and delicate fixative. I consider that it has not
sufficient hardening power for objects that are intended to be dehydrated
and mounted in balsam, but is frequently excellent and sometimes indis-
pensable for objects that are to be studied in as fresh a state as possible in
aqueous media. Objects fixed in it stain instantaneously and perfectly with
methyl green.  Osmic acid may be added to theliquid to increase the fixing
action. For eytological researches this is a most invaluable medium.

65. Acetate of Uranium (ScHENE, Mitth. a. d. Embryol. Inst. Wien,
1882, p. 95; cf. Guusow, La Cellule, 1, 1885, p. 141). This reagent is very
similar in its properties to picric acid. It hasa mild fixing action, and a high
degree of penetration, which may make it useful for Avthropoda. It may be
combined with methyl green, which it does not precipitate. -

86. Todine.—Iodine possesses considerable hardening properties, and a
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CHAPTER VI
HARDENING AGENTS,

67. The Obligation of Hardening.—Methods of imbedding
have now been brought to such a degree of perfection that
the thorough hardening of soft tissues that was formerly neces-
sary in order to cut thin sections from them is now, in the
majority of cases, no longer necessary ; by careful infiltration
with paraffin or some other good infiltration mass, most soft
objects can be satisfactorily cut with no greater an amount of
previous hardening than is furnished by the usual passing of
the tissues after fixing through successive alcohols in order to
prepare them for the paraffin-bath. Almost the only excep-
tions to this statements are, I believe, to be found in the cases
in which it is desired to cut very large sections, such as sec-
tions of the entire human brain. Such an organ as this cannot
be duly infiltrated with alcohol in a few hours, and 1t is
doubtful whether it can be duly infiltrated with paraffin or any
other imbedding mass in any reasonable time. The processes
employed for hardening such specimens as these will be
described when treating of the organs in question; in this
chapter, which may be considered as parenthetical, I confine
myself to such general statements concerning the employment

of the usnal hardening agents as appear likely to be generally
useful,

68. The Practice of Hardening—Hints and Cautions.—Employ
m general a relatively large volume of hardening liquid, and
change it very frequently. The exact proportions may be
made out by experiment for each reagent and each class of
objects. If the volume of liquid be insufficient, its composition
will soon become seriously altered by the diffusion into it of
the soluble substances of the tissnes; and the result may be
a macerating instead of a hardening liquid. Further, as soon
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78. Miller's Solution.—

Bichromate of potash . . 2—2% parts.
Sulphate of soda . : : 1 3
Water. . : =100 -

The duration of the reaction is about the same as with the
simple solution of chromic salts.

This fluid was very highly in vogue for many years, but
seems lately to be much less used. I confess that I do not
understand what is the part played by the sodic sulphate, and
that I faney that the superiority of this mixture over the
simple bichromate solution is mostly illusory. Fol says that
for mammalian embryos, for which it has been recommended,
it is worthless.

79. Erlicki’s Solution (Warschauer med. Zeit., xxii, Nos, 15

and 18).
Bichromate of potash . , 2+5 parts.
Sulphate of copper . : 108
Water . : . o 20000

Here the addition of the cupric sulphate is intelligible. This
salt is itself a hardening agent of some energy, and may well
serve to reinforce the somewhat slow action of the bichromate.
As a matter of fact, “ Erlicki” hardens very much more
rapidly than either simple bichromate or Miiller’s solution. A
spinal cord may be hardened in it in four days at the tem-
perature of an incubator, and in ten days at the normal
temperature (For, Lelhrb. d. vergl. mik. Anat., p. 106). 1
believe it to be one of the best hardening agents known for
voluminous objects. Human embryos of several months may
be conveniently hardened in it.

Nerve-centres that have been hardened in Evlicki's fluid frequently con-
tain dark spots with irregunlar prolongations, simulating ganglion-cells.
These were at one time taken to be pathological formations, but they are now
known to consist of precipitates formed by the action of the hardening fluid.
They may be removed by washing with hot water, or with water slightly
acidified with hydrochlovic aeid, or by treating the specimens with 05 per
cent. chromic acid before putting them into aleohol (Tscmisenm, Virchow's
Areh., Bd. xevii, p. 173 ; Epinger, Zeil. f, wiss. Mik., ii, 2, p. 245 ; LoEwex-
THAL, Rev. Mid. de la Suisse romande, 6me année i, p. 20).

80. Bichromate of Ammonia.—A review of the literature of the sub-
ject shows that this salt is in considerable favour, for what precise motive is
not apparent, Its action is very similar to that of the potassium salt. Fol
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92. The Methods of Staining.—Colouring matters possessing
so great an affinity for certain elements of tissues that they
may be left to produce the desired electivity of stain without
any special manipulation on the part of the operator, are un-
fortunately rare. In practice, selective staining is arrived at
in two ways. In the one, which may be called the direct
method, you make use of a colouring reagent that stains the
element desired to be selected more quickly than the elements
you wish to have unstained ; and you stop the process and fix
the colour at the moment when the former are just sufliciently
stained and the latter not affected to an injurious extent, or
not affected at all, by the colour. This is what happens—
for instance, when you stain the nuclei of a preparation by
treatment with very dilute haematoxylin ; you get, at a certain
moment, a fairly pure nuclear stain; but if you prolonged
the treatment, the extra-nuclear elements would take up
the colonr, and the selectivity of the stain would be lost.
It may be noted of this method that it is in general the
method of fast stains (*“ echte Farbung *’), and that it renders
great services in the colouring of specimens n tofo,—a pro-
cedure which 18 not possible with the chief stains of the other
class (the anilins). It is the old method of carmine and
heematoxylin staining.

The second, or indirect, method,is the method of overstaining
followed by partial decoloration. You begin by staining all
the elements of your preparation indiscriminately, and you
then wash out the colour from all the elements, except those
which you desire to have stained, these retaining the colour
more obstinately than the others in virtue of a certain not yet
satisfactorily explamed affinity. This is what happens—for
instance, when you stain a section of one deep red in all its
elements with safranin, and then treating it for a few seconds
with aleohol, extract the colour from all but the chromatin
and nucleoli of the nuclei. It is in this method that the coal-
tar colours find their chief employment. It is in general
applicable only to sections, and not to staining objects in foto
(the case of borax-carmine is probably only a seeming excep-
tion to this statement). It 18 a method, however, of very wide
applicability, and gives the most brilliant results that have
hitherto been attained.
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solution of iodine in 1 per cent. solution of iodide of potassinm
(ArNsTEN, Anat. Anzeiger, ii, 1887, p. 125 ; Zeit. f. wiss. Mik.,
iv, 1, 1887, p. 85), or with picro-carmine, or with picrate of
ammonia (Anat. Anzeig., 1887, p. 551), and mounting in
glycerin. Bismarck brown stains may be fixed with 0-2 per
cent. chromic acid, and the preparations may be stained with
safranin, care being taken not to expose them too long to the
action of alcohol.

I may say that personally I have found gentian, dahlia, and
methylen blue, added to indifferent liquids, extremely useful
in the examination of tissue-cells. Quinoclein and Bismarck
brown are well-known aids to the study of Infusoria, Methy-
len blue has a specific affinity for sensitive nerves (see post,
§ 127, and Part 11).

94, Choice of a Stain.—The following may be recommended
with confidence for general work :—For sections, Flemming’s
method, with safranin or gentian for a single stain (see Nos.
102, 103), and gentian followed by eosin for a double stain.

For staining in fofo, Grenacher’s aleoholic borax-carmine
(No. 163), unless the object be so impermeable as to require a
more highly alcoholised stain, in which case take Mayer’s
alcoholic carmine (No. 164), or Mayer’s cochineal tincture
(No. 168), or, for chromic-acid objects, Kleinenberg’s haama-
toxylin (No. 184).

For fresh dissociated tissues or small entire objects, methyl
green, if it 1s not important to have permanent preparations ;
if if is, take alum-carmine or picro-carmine.

Picric acid may be used for double-staining after carmine
or heematoxylin.

Many others of the numerous stains discussed in the follow-
ing chapters render most valuable services, and will be found
recommended in the special paragraphs as occasion dictates.

I would add one word of advice to the beginner : Never use
a double stain where a single one will do. To do so is too
often to go farther and fare worse.

- And a word of caution to beginners and others :

You are not likely to succeed in staining, especially in the
beauntiful processes of staining with coal-tar colours, unless
you see to it that you are working with chemicals of the proper
quality. You cannot ensure this by going to a generally trust-
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CHAPTER VIIL

ANTLIN* COLOURS GIVING INDIRECT NUOLEAR STAINS
(FLEMMING’S METHOD).

95. Very few aniling give a precise nuclear stain by the
direct method (§ 92). Two of them—methyl green and Bis-
marck brown—are pre-eminently nuclear stains. Many of
the others—for instance, safranin, gentian, and especially
dahlia, may be made to give a nuclear stain with fresh tissues
by combining them with acetic acid ; but in ninety-nine cases
out of a hundred are not so suitable for this kind of work as
the two colours first named, which practically form a class
apart.

Again, very few anilins give a pure plasmatic stain (one
leaving nuclei unaffected). The majority give a diffuse stain,
which in some few cases becomes by the application of the
decolouration—or indirect method (92) the most precise and
splendid stain as yet obtainable by any means.

The indirect staining method, or Flemming’s method, will
form the subject of the present chapter, and the remaining
anilins will be treated of in the next chapter.

The following list shows the colours treated of in the two
chapters.

In Chapter VIII.
Corours arvine Inpirmcr Nucnear Stamns (Fremming’s

MrrHOD).
(The order in this chapter is one dictated merely by convenience
of exposition.)
Red,
Safranin | . .§103 Fuchsin (Rosein, Rubin,
Magdala red (Naphtha— Magenta, Solferino,
lin red) . . 104 Corallin) : . . 104

* The word “anilin " is here used in the popular sense, to include all
coal-tar colours,
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General Directions for the Indivect or © Flemming” staining
Method.™

96. Staining.—Sections only can be stained by this method.

The solutions employed are made with alcohol, water, or
anilin, according to the solubility of the colour. There seems
to be no special object in making them with alcohol if water
will suffice, the great object being to get as strong a solution
as possible. The sections must be wery thoroughly stained in
the solution. As a general rule they cannot be left too long
in the staining fluid. With the powerful solutions obtained
with anilin a few minutes or half an hour will frequently
suffice, but to be on the safe side it is frequently well to leave
the sections twelve to twenty-four hours in the fluid. Up to
a certain point the more the tissues are stained the better do
they resist the washing-out process, which is an advantage.
For researches on nuclei the solutions made with anilin had
better be employed only with preparations well fixed in
chromo-aceto-osmic acid, as the basic anilin oil may easily
attack chromatin if not specially well fixed.

97. Washing out.—Washing out is generally done with
alcohol, sometimes pure, sometimes acidulated (with HCI).
The stained sections, if loose (celloidin sections), are brought
into a watch-glassful of alcohol ; if mounted in series on a slide
they are bronght into a tube of aleohol (washing out can be
done by simply pouring alcohol on to the shde, but it is
better to use a tube or other bath). It is in either case well
to just rinse the sections in water before bringing them into
alcohol.

The sections in the watch-glass are seen to give up their
colour to the aleohol in clouds, which are at first very rapidly
formed, afterwards more slowly. The sections on the slide
are seen, if the slide be gently lifted above the surface of the
alcohol, to be giving off their colour in the shape of rivers
running down the glass. In a short time the formation of
the clouds or of the rivers is seen to be on the poinf of ceasing ;
the sections have become pale and somewhat transparent, and

* Historically the principle of this method is due to Hermaxwy and
Boerrcuer ; but it is universally known by the name of Flemming, to

whom is due the credit of having greatly improved the method in its prac-
tical details,






OLEARING. 29

Mik., v. 3, 1888, p. 320, that it may be stated as a very general rule that
colours that do not give a nuclear stain by the indirect method will wash out
those that do. Thus he found that

Safranin, Dahlia, Methyl Violet, Gtentian Violet, Rubin, Victoria Blue,
Magenta, Basic Fuchsin, are washed out by the following :

Congo, Methyl Green, Iodine Green, Nigrosin, Methylen Blue, Orange,
Poncean, Acid Fuchsin, Aurantia, Cyanin, Eosin, Methylic Eosin, Magdala
Red, Bordeaux, Vesuvin.

Resegotti obtained the best results by washing out methyl violet or
dahlia with eosin or acid fuchsin (Saiirefuchsin).

The student will note that the colows in the second of Resegotti's lists
may be turned to account for washing out and producing a contrast stain at .
the same time; he should also take note that this washing ont is a true
chemical decoloration, and if pushed too far will invade the nuclei as well
as the rest of the tissues.

99. Clearing.—The washing out of the colour may be stopped

by putting the sections into water; but the general practice

1s to elear and mount them at once.

~ You may clear with clove oil, which will extract some more
colowr from the tissues. Or you may clear with an agent that
does not attack the stain (cedar oil, bergamot oil, xylol, toluol,
naphtha, &e. See the chapter on Clearing Agents). If you
have used pure alcohol for washing out, you had perhaps
better clear with clove oil, as pure aleohol does not always,
if the staining have been very prolonged, extract the
colour perfectly from extra-nuclear parts. But if you have
not stained very long, and if you have used acidulated
alcohol for washing out, clove oil is not necessary, and it may
be better not to use it, as it somewhat impairs the brilliancy
of the stain. A special property of clove oil is that it helps
to differentiate karyokinetic figures, as it decolours resting
nuclei more rapidly than those in division.

Some colours are much more sensible to the action of clove-
oil than others; and much depends on the quality of this
much adulterated essence. New clove oil extracts the colour
more quickly than old.

Series of sections on slides are conveniently cleared by pour-
ing the clearing agent over them.

When the clearing is accomplished to your satisfaction,
mount in damar or balsam, or stop the extraction of the colour
if clove oil have been used by putting the sections into some
medium that does not affect the stain (xylol, cedar oil, &e.).
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GENTIAN VIOLET. 61

102, Gentian Violet.—Omne of the most important of these
stains. It may be used in aqueous solution, or in aleoholic
solution diluted with about one half of water (FLEmMING,
Zells., Kern. w. Zellth., 1882, p. 384), and the stain may be
washed out with pure aleohol or (FreMyiNG, Zeit. f. wiss. Mik.,
1, 1884, p. 350) with acidulated alcchol, as directed below for
safranin. But by far the best way of using it is, in general,
that due to Bizzozero (Zeit. f. wiss. Mik., iii, 1, 1886, p. 24).
"The tissues may be hardened either in aleohol or in a chromic
mixture, but must in the latter case have been well washed
out with water. The staining solution is borrowed from that
of ExruicH for bacteria, and consists of—

(Fentian violet . ; ’ : . 1 part.
Alechol . : : . 2 .15 parts.
Anilin o1l . : i : ; T ST R
Water : . : A IS

The sections are stained in 1t for five or ten minutes or
longer (for objects from Flemming’s solution it will frequently
be advisable to stain for as many hours.) Affer staining,
rinse the sections with alcohol, and bring them into a 0'1 per
cent. aqueous solution of chromie acid. After from thirty to
forty seconds, bring them into alcohol, which begins the wash-
ing out of the colour. After thirty or forty seconds in the
alcohol, put them back for thirty seconds into the chromic acid
(this 1s done in order to fix the colour more completely in the
nuclei). Then bring them back into aleohel for thirty to forty
seconds in order to wash out more colour and dehydrate them
at the same time. Then treat with clove ol, which will extract
more colour, and after a short time must be changed for fresh,
in which the sections remain until they are seen to give up
no more colour, when they are removed and mounted in
damar,

You might give a longer treatment with aleohol, and a shorter treatment
with clove oil, but you would get a slightly diffevent result. Alcohol washes
out colour freely from kinetic nuclei as well as from resting nuclei, whereas

clove oil acts much more energetically on the latter than on the former, and
thus serves to differentiate dividing nuelei.

In some cases, especially those of tissues whose nuelei have
a tendency up to give the colour too freely, better results are
obtained by combining the foregoing method with that of Gran
for the staining of bacteria (Fortschr. d. Medicin, ii, 1884
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f. mik. Anat., xiii, 1876, p. 263). For these the aqueous solution must be
acidulated with (75 per cent.) acetic acid; or you may stain in a neutral
solution, and wash out with acidulated water. Dehydrate with alcohol and
mount in turpentine colophonium. It is also useful for staining intra vitam.

See above, § 93.
For the specific staining of Ehrlich’s ¢ plasma cells " (see post, Part II).

103. Safranin.—One of the most important of these stains, on
account of its great power, brilliancy, and superior permanence
in balsam, and also on account of the divers degrees of electivity
that it displays for the nuclei and other constituent elements
of different tissues.

The great secret of staining with safranin is fo gef a good
safranin. It is needful here to insist most nrgently on what
was said above, § 94, sub finem. Before thinking of working
with this important reagent, you should go to Griibler or to
Miinder and order the safranin you want, specifying whether
you want it for staining nuclei or for staining elastic fibres, or
for what other purpose yon may require it.

There ave presumably at least a score of sorts of safranin in the market,
differing to a considerable extent in colour, weight, solubility and histological
action. Some are easily soluble in water and not so in aleohol, some the reverse,
and some freely soluble in both. Fourteen brands, supplied by Guriibler and
by Miinder, have been studied by Reskeorrr (Zeit. f. wiss. Mik., v., 3, 1888,
p. 320). They all gave positive results with the chromic acid method, to be
detailed below; although Guriibler had explained that the brands XX,
XXBN, TB, had not given positive results (with the usual methods).
Resegotti obtained his best results with the brands *“ SBafranin wasserloslich,”
“ Safranin spill*it-uslﬁsliah,” “XX,” “ XXBN,” “TB,"” furnished by Griibler,
and with the brands “ Rein,” “0,” “ FIL" and * Cone.,” supplied by Miinder,

Staining.

The majority of safranins are not sufficiently soluble in
water, so that solutions in other menstrua must be employed.

A solution much used some time ago is that of Privzner
(Morph. Jahrb., vi, p. 478, and vii, p. 291), composed of saf-
ranin 1 part, absolute alecohol 100 parts, and water 200 parts,
the last to be added only after a few days.

The solution of Fremyine (dAreh. f. mik. Anat., xix, 1881, p.
317) is a concentrated solution in absolute alcohol, diluted
with about one half of water.

The solutions of Bapes (drch. f. mik. Anat., 1888, p. 856)
are (A) a mixture of equal parts of concentrated alcoholic
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Popwyssozkr (l. ¢.) gives another method, which consists in
washing out (for from a few seconds to two minutes) in a
strongly alcoholic solution of pierie acid followed by pure
alcohol. Same results (except that the stain will be brownish
instead of pure red).

Bapes employed for washing out after staining in the
aqueons or alcoholic solutions above mentioned, pure alcohol
followed by oil of turpentine. For sections stained in the
anilin solution he recommends treatment with iodine according
to the method of Gram (see what is said as to the process of
Gram in the paragraph on gentian violet, ante, § 102). This
process has also been recommended by Prexaxt (Int. Monats-
schr. f. dnat., &e., iv, 1887, p. 358), who notes that the treat-
ment with the iodine solution should be somewhat longer, and
the treatment with alcohol somewhat shorter than with gentian
violet sections. '

Marrmworrr and Resrcorrr (Zeit. f. wess. Mik., 1v, 3, 1887,
p- 328) recommend washing out with a freshly prepared mix-
ture-of one part of 0°1 per cent. aqueous solution of chromic
acid with nine parts of absolute alechol, followed by pure
alcohol and bergamot oil. In my experience this method does
not give better results (I think less good) than that of washing-
out in the simple agueous solution of chromie acid of Bizzozero
followed by alcohol (see the paragraph on gentian violet, ante,
§ 102). The latter is certainly a most useful method. It
should be mentioned that Martinotti and Resegotti’s results
refer to lightly stained alcohol-fixed objects, and not to chromo-
aceto-osmic objects, which may make a great difference.

GARBINI (Zeit. f. wiss. Mik., v. 2, 1888, p. 170) has recom-
mended that sections be dehydrated after staining in methylic
alcohol (wood spirit) in which saframin is only very slightly
soluble, and decoloured in a mixture of two parts of clove oil
with one part of cedar oil. 1 have not been able to obtain
good results by this method,

The reader will remember that safranin may be washed out by substitu-
tion (see ante, § 98). In preparations made with chromo-aceto-osmic acid,
safranin stuins, besides nuclei, elastic fibres, the cell-bodies of certain horny
epithelia, and the contents of certain gland-cells.

104. Other Nuclear Stains by the Indirect Method.—The fore-
going paragraphs nearly exhaust the list of colowrs giving good nuclear
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METHYT VIOLET. 69

stains yet known. It is the classical nuclein stain for fresh
tissues.

106. Bismarck Brown (Manchester Brown, Phenylen Brown,
Vesuvin, La Phénicienne).—A fairly pure nuclear stain that
will work either with fresh tissues or with such as have been
hardened in chromic acid. .

The colour is not very easily soluble in water. You may
boil it in swater, and filter after a day or two (WzIGERr, in
Areh. f. mik. Anat., xv, 1878, p. 258). You may add a little
acetic or osmic acid to the solution. Mavsen (Ibid., xviii,
1880, pp. 237, 250) dissolves the colour in acetic acid (this
solution does not give a permanent stain). Aleoholic solu-
tions may also be used. Paul Mayer recommends a saturated
solution in 70 per cent. aleohol ; or Calberla’s mixture (§ 385),
or dilute glycerine (say of 40 per cent. to 50 per cent.) may
very advantageously be employed.

The watery solutions must be frequently filtered. The
addition to them of earbolic acid has lately been recommended,
vide Jowrn. Roy. Mic. Soc., 1886, p. 908. Bismarck brown
stains rapidly, but never overstains. The stain is permanent
both in balsam and in glyeerin.

As has been noted above (§ 93), Bismarck brown has the
property of staining certain cellular elements during life (for
this purpose it is necessary to see that the colour employed
be pure and neutral).

107. Methyl Violet (Methylanilin = anilin-violet = Paris violet = in-
chiostro di Leonardi).—The following process has been recommended by
Orth (Amer. Mon. Mier. Journ., 1, 1880, p. 143 ; Jowrn. Roy. Mie. Soc.,
N8, 1, 1881, p. 137) : Sections are to be sogked in water, and then bronght
into the following solution :

Anilin violet ; ; : ; : : 1 part,
Acetic acid . : : ' : : . 300 parts.

Mount, withont washing out, but simply draining, in acetate of potash
(acetate 2 parts, water 1 part).

The stain will probably fade within a year or two.

This process does not appear to be of more than very limited applicability,
The following, however, due to Graser (Deutsche Zeit. f. Chirurgie, xxvii,
1888, p. 538—o84 5 Zeit. f. wiss. Mik,, v. 3, 1888, p. 378) may be very
generally useful.

Sections are stained for from twelve to twenty-four hours in a (presum-
ably aqueous) solution so dilute that at the end of that time the sections
will have taken up all the colour from the liquid. They are then washed
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METANIL YRLLOW. 73

Here it may merely be mentioned that the majority of the
authors who recommend these combinations proceed by stain-
ing first with the eosin and then with the nuclear stain, and
that the majority also employ alcoholic solutions of eosin. I
am by no means convinced that this practice is the best. As
regards the amiling, at all events, good results are certainly
obtained by staining first with the nuclear stain (gentian
violet, for instance) and washing out (sections) for a few
seconds or a minute or two ina tolerably strong aqueous solu-
tion of eosin, and then dehydrating with aleohol and mounting
in balsam. If the eosin is too much extracted by the alcohol
or clearing agent, these should be used charged with a little of
the colour. Hosin stains may also be kept in glycerin, if this
be perfectly neutral or, better, slightly alkaline (which may
be brought about by the addition of 1 per cent. of sodium
chloride), and also charged with a little eosin,

117. Bengal Rose (GrieseacH, Zool. Anz, No 135, 1883, p. 172).—
Bengal rose, or “ Rose bengale,” or ©* Bengal rosa,” is an eosin dye. It is the
bluest of the eosin dyes as yet known, approaching in hue to fuchsin, but
possessing far greater brilliancy and purity of hue. In agueous solution it
is useful for staining chromie-acid objects, especially spinal cord, in which
the grey matter stains of a deep bluish-red, and stands out boldly from the
less deeply coloured white matter. It is also useful for double and treble
stains, as will be explained below.

118, Picric Acid.—Not nsed alone as a stain, but one of the
most useful of all colouring agents as a secondary or ground-
stain. Nothing is easier than to stain with an alecholic solu-
tion of picric acid tissues of which the nuclei have previously
been stained by borax-carmin, alum-carmin, hematoxylin, or
an anilin stain. It should be borne in mind that pieric acid
has considerable power of washing out other anilin stains ; and
that in combination with hydrochloric acid it very greatly
enhances the power with which this acid washes out carmine
stains. It does not otherwise affect any of the usual stains,
and may be most highly recommended as a useful though fre-
quently inelegant stain.

119. Metanil Yellow (Metanilgelb).—This colour has lately been
studied with great minuteness by Griespacm (Zeit. f. wiss, Mik., iv, 4,
1887, p. 448 ; see also Journ. Roy. Mic, Soc., 1889, p. 464). Tt does not
appear to be worthy of having so much time spent on it from the practical
point of view ; the interest of Griesbach’s work lying rather in the region of
chemical theory. The practical outcome is that metanil yellow is a diffuse
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CHAPTER X.
CARMINE STAINS,

130. The Sorts of Carmine—Commercial carmine, prepared
as it is by very various processes, is of very variable quality.
None but the very best should be nsed for histological purposes.
The finest sorts are known in the trade as Nakaret Carmine.
They cost about forty shillings a pound ; inferior sorts costing
less than a fourth that sum. But the histologist should pro-
cure the very best, even though it cost ten times as much as
it does.

131. The Use of Carmine in Staining.—What are carmine
stains useful for? Is it for staining fresh tissues? With the
exception of aceto-carmine, No! Is it for staining sections ?
Again, No! For in nine cases out of ten, sections are better
stained by some of the amilin stains than they can be in any
carmine stain. Is it for staining entire objects '—for staining
in the mass? Yes. For in many, if not in most, cases that
can be done more satisfactorily by means of carmine than by
means of any other known agent. So that until a coal-tar
colour shall have been discovered that can beat alum-carmine
and borax-carmine on their own ground, these must still hold
their sway. As soon asthat shall have been done, and it may
be done any day, carmine stains will become as extinet as the

Dodo.

132. Classifieation of the Formuls.—In the treatment of the for-
mulee given in the following pages I have been guided by the considervations
set out in the last paragraph. The best stains for staining in the mass are
fully treated, the old-fashioned solutions proposed for staining sections being
thrown into the background. The formule set out below are arranged
according to the nature of the menstruum. This gives us two great groups:
aqueous carmine solutions and aleoholic carmine solutions. Taking first the
group of aqueous solutions, I have arranged the formulm comprised in it
according to the reaction of the solutions. First come the alkaline ammo-
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may be to some extent prevented by means of antiseptics,
as has been proposed by Hoyer, who recommends the addition
of 1 to 2 per cent. of chloral hydrate. But it is now generally
recognised that it is better to allow the whole series of changes
to take place, not using the solutions until the changes have
been entirely accomplished. Such solutions, known as  aus-
gefaulte Carmin,” *“carmin pourri,” putrefied carmine, are
greatly superior in staining power to solutions in which these
changes have not taken place. It has been proved by GIERKE
(Zeit. f. wiss. Mik., 1, 1884, p. 76) that they owe this enhanced
power to the presence of traces of carbonate or bicarbonate
of ammonia, which is formed in the solutions by the combina-
tion of their free ammonia with the carbonic acid of the air.
It has been demonstrated that these carbonates act as mor-
dants in the staining process.

The solutions thus prepared form an exception to the state-
ment made above (§ 131) that carmine is of little good for
staining sections, inasmuch as they give one of the best stains
known for sections of the central nervons system.

136. Aqueous Ammonia-Carmine (Brrz, Arch. mik. Anat. ix,
1873, p. 112).—Commercial carmine is rubbed up with a little
water in a mortar until a thick syrupy mass 1s obtained ; on
to this ammonia is poured, with continual stirring. The solu-
tion is diluted with a large quantity of water, and filtered.
The filtered solution is exposed to the sun in an uncorked
vessel, which must be of green glass, until a dirty red, floccu-
lent precipitate appears ; it is then filtered. The solution is
again left to stand in the same conditions as before, and when
the precipitate reappears, it is again filtered, and the solution
again exposed. Generally no third precipitate appears ; if it
does, filter again. In either case, the preparation is now
finished, and the solution is to be preserved for use in a
corked vessel. It will keep for months. It sometimes hap-
pens that the solution whilst exposed to the sun acquires a
bad smell, and becomes covered with a white flocculent mem-
brane. This does not hinder the preparation, but, on the con-
trary, furthers it.

For sections of nerve-centres half an hour, or at most an
hour, suffices to stain sections. The first elements that stain
are the granular mass of the grey matter, then nerve-cells,
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141. Hoyer's Neutral Carmine ( Biol. Centralb.,ii, 1882, p. 17),
If the solution made by the process given supra, § 138, be
mixed with 4—6 times its volume of strong aleohol a scarlet-
red precipitate is formed, This is separated by filtration,
washed, and dried, or made into a paste with alcohol in which
some glycerin and chloral is dissolved, Both the powder and
the paste can be kept several months unchanged; they dis-
solve easily in water, particularly the paste. The solution
passes readily through the filter, whilst the ordinary carmine
solution can only be filtered with difficulty ; it also keeps a long
time unchanged, especially with the addition of 1—2 per cent.
of chloral, and it has a much more intense colouring power.

“ By dissolving the carmine powder in a concentrated solu-
tion of neutral picrate of ammonia a combination is obtained
which has all the adyvantages of ordinary picro-carmine with-
out any of its disadvantages.”

142. Bohn’s Neutral Carmine (drch. Anat. w. Phys. (Anal. Abth.),
1882, p. 4).—Three to 4 grms. carmine are rubbed up in a mortar with 200
grms. water, and ammonia is added drvop by drop until the solution acquires
a cherry-red colour; acetic acid is then added until the colour becomes of a
sealing-wax red ; and the solution is filtered. If the colour is not intense
enough, add before filtering two drops of ammonia, and leave in an open vessel
until the smell of ammonia can no longer be perceived.

Tissnes should remain for twenty-four hours in the stain (or longer if they
are more than 1 mm. thickness), after which it is desirable, in order to ensure
a nuclear stain, to wash out with glycerin and water (equal parts) containing
1 per cent. of hydrochlorie acid.

These directions apply to blastoderms.

This formula has been erroneously attributed to * Bohm ™ by more than
one writer.

143. Heidenhain’s Neutral Carmine (Arch. f. mik. Anat., vi, 1870,
p- 402.).—(Beale’s carmine, without the alcohol, and neutralised.)

144. As to Picro-Carmine.—By the term  picro-carmine ”
there ought to be understood a definite chemical substance, a
double salt of pieric and carminic acid and ammonia. It is
commonly used to denote a whole tribe of solutions in which
carmine, ammonia, and picric acid exist uncombined in hap-
hazard proportions. In the face of this confusion, all that can
be done is to distinguish the true picro-carmine as “ Ranvier’s ”
picro-carmine, or picro-carminate of ammonia.

True picro-carmine is one of the most important of the car-
mines. It gives very delicate differentiations, and has the

6
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Put them into a stoppered bottle and leave them for two or
three months in a warm place. Then put them into a large
crystallising dish and let them putrefy. When the liquid has
become reduced by evaporation to four fifths of its original
volume, remove the crystals that have formed at the bottom,
dry them, and dissolve them in a little warm water. Filter
the solution, and examine it with the microscope to see
whether the carmine is really dissolved. If nof, add water
ant ammonia, and let the solution putrefy again; evaporate
and examine as before. When you have got your carmine
combined, evaporate the solution to dryness in a stove, and
reduce the picro-carminate to powder,

For staining, dissolve 1 gramme of the powder in 100
grammes of water, and add a erystal of thymol to prevent
the development of mould.

Ranvier's Original Formula (Traité, p. 100) was as follows: To a
saturated solution of picric :1:;1(1 add carmine (dissolved in ammonia) to satu-
ration. Evaporate down to one fifth the original volume in a drying oven ;
and separate by filtration the precipitate, poor in carmine, that forms in the
lignid when cool. Evaporate the mother liguor to dryness, and you will
obtain the picro-carminate in the form of a crystalline powder of the colour

of red ochre. It ought to dissolve completely in distilled water; a 1 per
cent. solution 1s best for use.

146. Picro-Carmine (Weigert’s formula, Virchnw’s Awehiv,
Bd. 84, pp. 275, 315 ; Zool. Jahr., 1881, p. 40).—Two grammes
of carmine are sﬂa,ked for twenty -four hours (in a vessel pro-
tected from evaporation) in 4 grammes of ammonia; 200
grammes of concentrated solution of picric acid are then
added, and the whole put away for twenty-four hours more.
Small quantities of acetic acid are then added * until the first
slight precipitate appears even after stirring,” The whole is
again put away for twenty-four hours more, when it will be
found that there has formed a precipitate that can only par-
tially be removed by filtration ; ammonia is then added drop
by drop at intervals of twenty-four hours, until the solution
becomes clear. If the solution stains too yellow, acetic acid
18 added ; if it overstains red, a little ammonia is again added.
All badly staining samples of picro-carmine may be improved
in the same way by addition of acetic acid or ammonia.

147. Other Formule for Ammonia Picro-Carmine.—Gaas, Ain.
M. Mic. Jowrn., i, 1880, p. 22; Journ. Roy. Mic. Soe., vol. iii, p. 501
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378) add a small percentage of sulphate of sodium, with the
object of enhancing the energy of the stain. It should not be
forgotten that sodium sulphate is a substance that exercises a
very peculiar action on nuclei (see PFITZNER, Morph. Jahrb.,

xi, 1, 1885).

Tt has already been sufficiently repeated that alum-carmine
is one of the best stains to be found outside the coal-tar
colours. It is particularly to be recommended to the beginner,
as it is easy to work with ; it is hardly possible to overstain

with it (except musele).

150. Alum-Carmine with Osmic Acid (Zovrrin vox Ropoz, in
litt.).—To 50 or 60 grms. of water is added alum-carmine
nntil the mixture is of an almost red rose colour; about ten
drops of a 1% solution of osmic acid are then added. (The
mixture should have an appreciable smell of osmicacid.) The
objects to be stained remain in the mixture for about thirty-
six hounrs in the dark. It is hardly necessary to wash them,
as the stain is perfectly precise without that. It is important
to perform the staining in a well-closed vessel, in order to pre-
vent the evaporation of the osmium,

I have used this stain with the most diverse objects, and can
most highly recommend it. The result is a sharp nuclear
double stain (resting chromatin and nucleoli purple, kinetic
chromatin red, the rest brown). Very valunable for staining
soft tissues in the mass.

151. Acetic Acid Alum-Carmine (Hexzecuy, Traité des Méth.
Techn., Le et HExNEGUY, p. 88).—Excess of carmine is boiled
in saturated solution of potash alum. After cooling, add 10
per cent. of glacial acetic acid, and leave to settle for some
days. The deposit of carmine and alum that forms during
that time is removed by filtration.

For staining, enough of the solution is added to distilled
water to give it a deep rose tint. Stain for twenty-four to
forty-eight hours, and wash for an hour or two in distilled
water. (It is important that the water should be distilled in
order to avoid the formation of erystals.) Dehydrate with
alcohol and mount in balsam. You can mount in glycerin, but
the preparations do not keep so well as in balsam.

The advantage of this carmine is that it has great pawer of
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OTHER AQUEOUS CARMINES. 87

ZacHARIAs adds wood vinegar (Aeetum pyrolignosum) to this solution in
the proportion of 1 drop to 10 c.c. (see Zeif. f. wiss. Mik., v, 3, 1888, p. 371).

155. Schweigger-Seidel’s Acid Carmine (Raxvier, Traité, p. 99).—
Ammonia-carmine neutralised and rendered slightly acid with acetie acid,
Wash out with 0'5 per cent. of hydrochloric acid.

168, Hamann’s Acid Carmine (Infern. Mon. f. Anaf. v. Hist., i, 5,
1884 ; Zeit, f. wiss. Mik., ii, 1885, p. 87),—Thirty gr. of carmine, 200 c.c. of
strong ammonia, and acetic acid to neutralisation or slightly acid reaction.
This may be used for staining, but it is far better to redissolve in a mixture
of ammonia and acetic acid in the same proportions the precipitate that
forms when the solution is allowed to stand for from two to four weeks.
Treatment with HCI is not necessary.

157. Neutral Borax-Carmine (Nigirorow, Zeit, f. wiss, Mik., v, 3,
1888, p. 337).—DBoil together 3 parts of carmine, 5 of borax, and 100 of
water, adding enough ammonia to get the carmine fo dissolve. Evaporate
to less than half the original volume. Add dilute acetic acid until the
cherry-ved colour changes (if you should add too much acetic acid yon must
re-neutralise with ammonia). Add a liftle earbolic acid to preserve the
solution,

A direct nuclear stain, like that of alum-carmine, but more powerful.
Osmic and chromic objects take the stain well. Over-staining does not
oceur, so that objects may remain for days in the stain. Wash out with
water.

158. Neutral Borax-Carmine (GRENACHER, Arch. f. mik. Anat., xvi,
1879, p. 466).

159. Woodward’s Borax-Carmine (see Monthly Micr. Journ., vii,
1872, p. 38 ; Am. Quart. Micr. Jowrn., 1, 1879, p. 220 ; Journ. Roy. Mie.
Soc., ii, p. 613).

1680. H. Gibbes’ Borax-Carmine (see Journ. Roy. Mie. Soc., iii,
1883, p. 390).

181. Delage's Osmium-Carmine (drch. de Zool. Exp. et gen., IV, sér.
2, 1886; Zeil. f. wiss. Mik,, iii, 2, 1886, p. 240). Ammonia-carmine
neutralised by evaporation over a water-bath, and combined with an equal
volume of 1 per cent. osmic acid solution, then filtered under a bell-glass.
Stains and fixes at the same time. (The mixture, however, will not preserve
its fixative properties for more than a few days.)

182. Other Agueous Carmines.

Rollet’s Carminroth (see Zeil. f. wiss. Mik., i, p. 91).

Perl’s Soluble Carmine (see FrEY, Das Mikroskop, 7 Auf., and Zeit,
f. wiss. Mik., i, p. 91).

Carminic Acid, see Dryoox (dmer. Natural, xviii, 1884, pp.
324-7 ; and Journ. Roy. Mie. Soc., 1884, pp. 471-474).

Borie Acid Carmine, ARCANGELI (see Proc.-verd. Soe. Toscana Se
Nat., 1885, p. 283 ; and Zeit. f. wiss Mik., 1885, p. 377). '
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staining in the mass, and there can be little doubt that it is
deservedly so.

Baumgarten makes a ‘ Borax-picro-carmine” by adding
erystals of picric acid to Grenacher’s solution until it assumes
a blood-red colour (Journ. Roy. Mic. Soc., 1888, p. 676;

1889, p. 149).

22

164. Aleoholic Hydrochloric Acid-Carmine.—This reagent is
important on account of its allowing a very powerful stain to
be obtained by means of very highly alcoholic solutions. That
is evidently a very precious quality for work with impermeable
objects, such as, for instance, the Arthropoda frequently
present.

GreExacHER'S formula (Areh. f. mik. Anat., xvi, 1879, p. 468).
—To 50 eubic centimetres of alcohol (60 to 80 per cent.) add
3 to 4 drops of hydrochloric acid and a knife-pointful of
powdered carmine. Boil for ten minutes. When cool, filter.

The solution may or may not be now ready for use; this
depends on the proportions of acid and carmine used, and
these proportions cannot be exactly preseribed on account of
the variability of commereial carmine. If the solution is found
to give in five or ten minutes a diffuse stain (like a borax-car-
mine stain, see No. 163), more hydrochlorie acid must be
cautiously added drop by drop, and the solution tested with
fresh sections until the desired effect is produced. If after
some days (or at once) the solution gets a yellow hue, it is a
sign that too much HCI has been used, and the excess must
be neutralised by cauntious addition of ammonia, which will
restore the purple tint of the solution.

This is, generally speaking, a nuclear stain. Over-staining
and diffusion, should either happen, may be corrected by wash-
ing out with aleohol very slightly acidulated with HCL. Sections
must always be washed in alcohol, not water ; and aleohol, not
water, must be used for diluting it. Dilute solutions often
give results different from those given by concentrated solu- .
tions.

The foregoing method of preparation will be found trouble-
some by those who are not expert at neutralising. The follow-
ing method, due to PAur MAYER (quoted from Gareinr’s Manuale
per la Technica moderna del Miceroseopio, first ed., p. 46), is easy
and gives excellent results. Take 100 gr. of alcohol (either
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ALOOHOLIO COOHINEAL. 91

CHAPTER XI.

COCHINEAL, HEMATOXYLIN, AND OTHER ORGANIC STAINS.

A. CoCHINEAL.

167. The Use of Cochineal.—What is the use of cochineal ?
In the first place, it gives us the means of getting a direct
nuclear stain by means of an aleoholic solution. For some
purposes, this stain is unrivalled. In the second place, it
gives us an agueous stain that takes the place of alum-
carmine, with perhaps a greater richness of differentiation.

168. Alcoholic Cochineal (Mavrr’s Mitth. Zool. Stat. Neap.,
i, 1881, p. 14).—Cochineal in coarse powder is macerated
for several days in aleohol of 70 per cent. For each gramme
of the cochineal there is required 8 to 10 c.c. of the alcohol.
Stir frequently. Filter, and the resulting clear, deep red
solution 1s fit for staining,

The objects to be stained must previously be imbibed with
alcohol of 70 per cent., and alcohol of the same strength must
be used for washing out or for diluting the staining solution,
as water, or aleohol of a different strength, gives rise to tur-
bidity and precipitation of colouring matter (the fluid holding
in solution matters that are only soluble in alcohol of exactly
that degree of concentration). The washing out must be re-
peated with fresh alcohol until the latter takes up no more
colour. Warm alcohol acts more rapidly than cold. Over-
staining seldom happens; it may be corrected by means of 70
per cent. alcohol, containing +;th per cent. hydrochloric or 1
per cent. acetic acid. :

Small objects and thin sections may be stained in a few
minutes, larger animals require hours or days. In the latter
case large quantities of the solution must be employed. Very
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169. Alum Cochineal (Parrscu, Areh. f. mik. Anat., xiv, 1877,
p. 180).—Powdered cochineal is boiled for some time in a 5
per cent. solution of alum, the decoction filtered, and a little
salicylic acid added to preserve it from mould.

170. Alum Cochineal (Czoxor, Arch. f. mik. Anat., xviii, 1880,
p. 418).—Seven gr. cochineal and 7 gr. calcined alum ave
rnbbed up together into powder in a mortar, add 700 gr. distilled
water, and boil down to 400 gr. When cool, add sufficient
carbolic acid to be perceptible by the smell, and filter several
times. The violet solution is ready for use, and will keep for
six months, after which time it must be filtered again, and a
fresh trace of carbolic acid added.

This stain possesses considerable elective faculty, and is
stated to stain, in a longer or shorter time, all kinds of tissue,
no matter in what way they may have been hardened. Nuclei
are stained hsematoxylin colour, and other elements different
tones of red, so that the effect is that of a double stain with
heematoxylin and carmine. Alcohol objects require three to
five minutes, chromic objects three to five hours.

The formula known as Klein’s cochineal fluid (which appears to have been
first published in the Ann. and Mag, Nat. Hist,, viii, 1881, p. 232) is iden-
tical with that of Czokor.

171. Borden (The Microscope, 1888, p. 83) has proposed an alcoholie
alum-cochineal, which consists of an alum-cochineal similar to that of
Partsch, combined with an equal volume of 95 per cent. alecohol. I doubt

the success of this modification.

B. HEMATOXYLIN.

172. The Use of Hematoxylin.—We have the coal-tar colours
for staining sections, and we have carmine and cochineal for
‘staining in the mass, What, then, do we want h@matoxylin
for? The answer is, that we sometimes want it for staining
in the mass on account of the faculty it has of readily staining
tissues that have been treated with chromicand osmic mixtures.
This it does in general better than any carmine or cochineal,
We want it also for some special purposes, such as staining the
Nebenkern and achromatic figure of nuclei; and for nerve-
researches, and other special histological objects.

- 173, General Remarks.—Noneof the solutions of hematoxylin
are perfectly stable ; only one or two ave fairly so.
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RANVIER'S HEMATOXYLIN. 095

toxylin.’ In 1885 matters were set right by Prudden’s explaining that the
stain was the invention of Delafield, and publishing the correct formula here
quoted (in the formula as published by Flemming, the proportions are some-
what different). It iswithin the bounds of possibility that after a generation
this formula may no longer be quoted as Grenacher's ; but up to the present
date the Conservatives remain nearly as numevous as the Reformers).

To 400 e.c. of saturated solution of ammonia-alum add 4 gr.
of hematox. crist. dissolved in 25 c.e. of strong alcohol.
Leave it exposed to the light and air, in an unstoppered
bottle, for three or four days. Filter, and add 100 c.c. of
glycerin and 100 c.c. of methylic alcohol (CH*O). Allow the
solution to stand until the colour is sufficiently dark, then filter
and keep in a tightly stoppered bottle.

This solution keeps well—it may be said to keep for years.
It is well to allow it to ripen for at least two months before
using it.

This famous solution is certainly one of the best heematoxylin
stains yet published. It is extremely powerful, and when
properly used, very precise. For staining, enongh of the
solution should be added to pure water to make a very dilute
stain ; and even then care should be taken not to leave objects
too long in the fluid.

175. Bohmer's Hematoxylin (Arch. f. mik. Anat., iv, 1868, p
- 345 ; Aerzt. Intelligenzbl., Baiern, 1865, No. 38).—Make (a) a
solution of pure he@matoxylin (B]) in absolute aleohol (3ss), and
(8) a solution of alumen depuratum (gr. 1) in water (3]), (or,
(a), heematox. crist, 1 part, alcohol 12 parts, and (8), alum 1
part, water 320). For staining, add two or three drops of A
to a watch-glassful of B.

The staining solution ought not to be made up at the moment
of using, but should be made up beforehand and allowed to
ripen for some days. The alcoholic solution of hsmatoxylin
may be kept in stock ; it becomes brown, but does not lose its
properties.

Waa]lmg out may be done with a 0'5 per cent. solution of
alum in water.

This formula gives a very fine stain, but is nnﬁ 80 certain in
its results as Delafield’s.

176. Ranvier's Hematoxylin (Comptes vend. Ac. Se., 1882, 2 sem.,
t. 85, p. 1375).—If solutions prepared according to the formula of Bohmer be
kept for some weeks they will be found to furnish an abundant precipitate.
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with alum solution (1 per cent.) instead of a chromate. In
this case the stain will be blue.

179. Apdthy's Modification of Heidenhain's Process (Zeif. f.
wiss. Mik., v, 1, 1888, p. 47). This 1s an aleoholic method.
Stain in a 1 per cent. solution of hsmatoxylin in 70 or 80 per
cent. alcohol. Wash out (for “ thin” sections, ¢. e. sections of
10 to 15 u, half the time of staining—for “thicker ” sections
of 25 to 40 u twice the time of staining) in 1 per cent. solution
of bichromate of potash in 70 to 80 per cent. alecohol.

The bichromate solution is conveniently prepared by mixing
one part of a 5 per cent. aqueous solution with about four
parts of 80 to 90 per cent. alcohol. The mixture should be
made immediately before using, and should be kept from the
light (light precipitates it) during the process of decolouration,
and should also be changed for fresh several times during the
process. Afferthe differentiation of the colour has been accom-
plished, the objects should be thoroughly washed (still in the
dark) in several changes of 70 per cent. aleohol.

Preparations made in this manner are more transparent and
better preserved than those made by Heidenhain’s process.

For staining celloidin series of sections, Apdthy also (Zett.
J- wiss. Mik., vi, 2, 1889, p. 170) recommends the following
procedure : Stain in the hsematoxylin solution as above for
ten minutes; then remove the excess of hematoxylin fluid
from the sections by means of blotting-paper, and bring the
series for five to ten minutes into 70 per cent. alcohol contain-
ing only a few drops of a strong (15 per cent.) solution of
bichromate. This must be done in the dark. If the hema-
toxylin be not removed with blotting-paper as deseribed, the
celloidin will take the stain. The sections should appear steel-
blue to steel-grey. -

180. Weigert's Hematoxylin.—This method, which is the
mverse of Heidenhain’s, is, with some unimportant exceptions,
only applicable to nerve-tissues, and therefore will be deseribed
in the chapter on Nerve Methods in Part I1.

181. Minot’s Heematoxylin Methods (Zeit. f. wiss. Mik., iii, 2, 1886,
p- 177). Minot’s account of these is as follows :— They may be employed
with sections of tissues hardened in various ways, and need not be confined
to Miiller's fluid or chromic acid specimens (as in Weigert’s process). The
sections ave soaked first in a salt solution for ten to fifteen minutes. The

7
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(“‘ Parbsiiuren ”’) such as eosin, or  basic colouring matters
( Farbbasen ), may be added to the solution.
This is one of the most important of the alum hematoxylins.

183. Renaut's Glycerin Hematoxylin (“Glycérine Heéma-
toxylique ”’; Arch. de Physiol., 1881, p. 640).—Make a satu-
rated solution of alum in strong glycerin. Add drop by drop
about a quarter of a volume of concentrated solution of haema-
toxylin in aleohol. (If you add an excess of heematoxylin the
liquid will become turbid, and you must then add more solu-
tion of alum in glycerin, until the turbidity disappears.)
Filter, and leave the solution exposed to the light and air for
some weeks, until it can be perceived by the smell that it no
longer contains any alcohol. Filter.

Sections are stained in this solution in a few minutes. But
it ean be used in another way, which is an original and really
valuable method. If seections, or other objects, be mounted
in a drop of the solution, they will, after a few weeks, be found
stained, and the glycerin decoloured. Such objects keep the
stain for years.

Aleoholic Solutions.

184. Kleinenberg's Hmmatoxylin (Quart. Jowrn. Mic. Sei.,
Ixxiv, 1879, p. 208).—Prepare a saturated solution of caleium
chloride in 70 per cent. alcohol, with the addifion of a little
alum ; after having filtered, mix a volume of this with from 6
to 8 volumes of 70 per cent. alecohol. At the time of using the
lignid pour into it as many drops of a concentrated solution of
haematoxylin in absolute aleohol as are sufficient to give the
required colour to the preparation of greater or less intensity,
according to desire.

I find it better not to make up the staining solution at the
time of using, but to prepare it twenty-four or forty-eight hours
beforehand, so that it may “ ripen” before using.

At Naples, according to Mayer (Mifth., ii, 1881, p. 13), the
solution of caleium chloride is used saturated with alum.

Mayer further states that the object of the chloride of
calcium is explained by Klemenberg to be the setting up of
diffusion currents between the alcohol in the tissues and the
external staining medmm, s0 as to facilitate the penetration
of the latter.



Ll I* L L L e L z d o 3 i ; :
s oy 17 T - s




PURPURIN, | 101

of a similar solution of alum. Bxtract of logwood added to the mixture
until it no longer dissolves freely. Allow the solution to stand for a few
days, decant, and to every hundred parts add eighty parts of 1 per cent.
acetic acid. Let stand a day and filter.

187. Cuccati’s Iodine Hsematoxylin (Zeit. f. wiss. Mik., v, 1,
1888, p. 55).—Dissolve 25 grammes of chemically pure potassic
jodide in 25 c.c. of distilled water. Pour this solution gradu-
ally and with constant agitation into 75 c.c. of absolute alcohol
contained in a stoppered bottle. Close the bottle thoroughly.
Rub up in a mortar 75 cg. of erystallised heematoxylin with
6 grammes of chemically pure rochealum,* and add 3 e.c. of the
iodine solution. Keep the mixture agitated, and add gradu-
ally the rest of the iodine solution, then replace the whole in
a well-stoppered bottle. Agitate for some time, in order to
get the alum to dissolve, and let stand for ten to fifteen hours,
Then shake well and filter, taking the usual precautions
against evaporation of the aleohol, and preserve in a well-
stoppered bottle.

Objects should be left in the liguid for ten hours, then
well washed in water, and mounted in glycerin or washed in
alcohol and mounted in balsam.

The solution is stated to be perfectly stable, and to give a
pure chromatin stain, and to be well adapted for staining in
the mass, as it never over-stains.

Other Organic Stains.

188. Alizarin, so far as I am aware, is only used for Nerve Centres.
See Part 11.

189. Purpurin is useful for cartilage and musele. It is solu-
ble in a boiling aqueous solution of alum, from which it normally
precipitates on cooling, but may be prevented from so doing by
the addition of a certain proportion of aleohol. The employ-
ment of an alum solution as a vehicle for the colouring matter
has the advantage, at least so far as cartilage is concerned, of
fixing the cellular elements at the same time that they are

% Roche alum, or Roman alum (allume di rocen, alun de roche, alumen
rubrum verum, and other synonyms), is an alum originally imported from
Civita Vecchia, and much esteemed by dyers from being nearly free from
iron-alum. That now sold for it in England is ordinary alum colonred with

Venetian red, Armenian bole, or rose-pink (alumen rubrum spurium). See
Coornex’'s Cyclopeedin of Pract, Receipts, s. v, * Alum, Roman,”
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ORCIN. 103

to bring about a double-stain in conjunction with carmine. Thoungh it has
no selective preference for nuclei or protoplasm, it possesses to a high degree
the property of imparting different hues and intensity of stain to different
tissues ; and the nuclei being brought out by carmine, preparations are ob-
tained of a diagrammatic clearness that is not afforded by carmine alone.

Indigo-carmine is found in commerce. The reader who may desire fo
prepare it himself will find the necessary dirvections in Aweh. f. mik. Anat.,
x, 1874, p. 32, and in Journ. Roy. Mic. Soe., ii, 1879, p. 614

191. Thierseh’s Oxalic Acid Indigo-carmine (see Arch. f. mik. Anat.,
i, 1865, p. 150).

182. Tinecture of Saffron (H. Braxc, Zool. Anzeig., 129, 1883, p. 23).—
Dissolve 5 grammes of saffron in 15 c.c. of absvlute aleohol ; allow the
solution to settle for a few days, filter, and dilute with one half of water.
After staining wash out to the desived degree with 80 per cent. alcohol, then
dehydrate with absolute aleohol, and mount in balsam.

Leven (The Microscope, ix, 1889, p. 88; Journ. Roy. Mic. Soc., 1889,
p- 467) has lately been using saffron for the study of the regeneration of
muscle. He stains in a solution containing—saffron, 1 part; absolute
aleohol, 100 parts; water, 200, and washes out in acidulated alechol (0°5
per cent. HCl). Karyokinetic figures dark red, muscle nuclei pale with
dark red nucleoli. Leucocytes stain strongly. -

193. Orchella (Orseille) (WEepL, drch. f. path. Anat., Ixxiv, p.
143 ; Jowrn. Roy. Mic. Soc., 11, 1879. For anaccount of this sub-
stance vide Coorey’s Cyclopadia, sub voce * Archil ”’).—French
orchella extract, from which the excess of ammonia has been
removed by gentle warming in a sand-bath, is poured into a
mixture of absolute alecohol 20 c.c., acetic acid (concentrated,
of 1-070 sp. gr.) 5 c.c., and water 40 c.c., until a saturated
dark red stain is obtained, which must then be filtered onece
or twice. Sections are washed with water, drained, and
treated with the stain. Mount in levalose. A protoplasmic
stain, nuclei remaining colourless. Connective-tissue cells
stain deeply, the intercellular substance less deeply. Epi-
thelia, if horny or calcareous, are not stained. The basic
substance of bone and teeth take the stain, and so do ga.ngli-(}n-
cells and their processes. '

This colour ought to be useful for double-staining. Fou
(Lehrb., p. 192) advises staining for an hour in Wedl’s solution,

then rinsing with alcohol, and staining in a complementary
stain.

184. Orecin (Isnaiin, Virchow’s Archiv, cv, 1886, p. 169 ; Journ. Roy.
Mie. Soc., 1887, p. 514),—Orcin is a vegetable dye which unites in itself the
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CHAPTER XII.

METALLIC STAINS (IMPREGNATION METHODS).

197. The Characters of Impregnation-stains.—Impregna-
tions are distinguished as negative and positive. In a negative
impregnation, intercellular substances alone are coloured of a
deep black or brown or violet, according to the method
employed ; the cells themselves remaining colourless or very
lightly tinted. In a positive impregnation, the cells are
stained and the intercellular spaces are unstained. (This
explanation is the more needful as a directly contrary state-
ment is made in a recent Lehrbuch.)

Negative impregnation is primary because it is brought
about by the direct reduction of a metal in the inter-
cellular spaces. Positive impregnation is secondary (in the
case of silver nitrate), becaunse it is brought about by the
solution in the liquids of the tissues of the metallic deposit
formed by a primary or negative impregnation, and the con-
sequent staining of the cells by the new solution of metallie
salt thus formed. These secondary impregnations take place
when the reduction of the metal in the primary impregnation
is mnot sufficiently energetic (see on these points: His,
Schweizer Zeit. f. Heilk., 11, Hft. i, p. 1. GIErke, Zeit. f. wiss.
Mik., i, p 393. Rawvier, Traité, p. 107).

There still exists considerable obscurity as to the nature of
the black or brown deposit formed in the intercellular spaces in
cases of primary impregnation with a silver salt; v. Reckling-
hausen held that the silver salt combined with a hypothetical
intercellular cement-substance (Kittsubstanz), forming a com-
pound that blackens under the influence of light. Other
authors refuse to believe in the intercellular cement, and hold,
either that the coloured lines represent stained cell-membranes,
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In the case of & membrane such as the epiplodn, the membrane
must be stretched like a drum-head over a porcelain dish,* and
washed with distilled water in order to remove the albnmi-
nates and white blood-corpuscles that are found on its surface ;
it is then washed with the solution of silver nitrate. In order
to obtain a powerful stain it is necessary that this part of the
operation be performed in direct sunlight, or at least mn a
very brilliant light. As soon as the tissue has become white
and has begun to turn of a blackish grey, the membrane is
removed, washed in distilled water, and mounted on a slide in
some sunitable examination medinm.

If the membrane were left in the water, the cells would
become detached and would not be found i the finished pre-
paration.

If the membrane had not been stretched as directed, the
silver would be precipitated not only in the intercellular
spaces, but in all the small folds of the surface, and the forms
of the cells would be disguised.

If the membrane had not been washed with distilled water
before impregnation, there would have been formed a deposit
of silver on every spot on which a portion of an albuminate
was present, and these deposits might easily be mistaken for
a normal structure of the tissue. It is thus that very often
impurities in the specimen have been described as stomata of
the tissue.

If the solution be taken too weak, for instance, 1-500 or
1-1000, or if the light be not brilliant, a general instead of an
interstitial stain will result ; nuclei will be most stained, then
protoplasm and the intercellular substance will contain but
very little silver.

In general, in a good “ impregnation,” the contents of cells,
and especially nuclei, are quite invisible.

Ranvier notes that when tissues are to be impregnated by
immersion, they should be constantly agitated in the silver-
bath in order to avoid the formation on their surfaces of de-
P[IE]tS of ehlorides and albuminates of silver which would give
rise to deceptive appearances.

Impregnation with silver may be followed by treatment with
with picro-carmine (or other carmine stain), which will bring

* The Hoggans' histological rings, for which see he‘inw, § Eﬂl will be
found much more convenient.
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of nitrate of silver of known strength, and adds ammonia to
it until the precipitate that is formed just redissolves, then
dilutes the solution until it contains from (-75 to 0°50 per
cent. of the salt.

This ammonio-nitrate solution is intended principally for the
impregnation of the endothelium of vessels by injection, but
can also be used for the impregnation of membranes by pour-
ing on. It has the advantage of impregnating absolutely
nothing but endothelium or epithelium ; connective tissue 1s
not affected by it. It is also said to give a sharper localisation
of the stain than the ordinary selutions.

Arrerow (Arch. de Physiol., 1874 ; Laboratoive d’histologie
du Collége de France, 1874, p. 258. Duvarn, Précis, p. 230)
recommends the soluble silver salts of organic acids, viz. the
picrate, lactate, acetate, and citrate, as giving better results
than the nitrate. He employs them in solutions of 1°:800, and
adds to the solution employed for staining a small quantity of
the acid of the salt taken (10 to 15 drops of a concentrated
solution of the acid to 800 c.c. of the solution of the salt).
The object of the free acid 1s to decompose the precipitates
formed by the action of the silver salt on the chlorides,
carbonates, and other substances existing in the tissues, leaving
only the albuminate, which is a more resistant compounnd.

200. Silver Nitrate. Reduction.—Reduction may be effected
in other media than distilled water.

V. ReckrineuAUsEN washed his preparations in salt solution
before exposing them to the light in distilled water (Arch. f.
path. Anat., xix, p. 451). Physiological salt solution (0'75 per
cent.) is commonly used for these washings.

MoLLER (Arch. f. path. Anat., xxxi, p. 110), after impregna-
tion by immersion for two or three minutes in a 1 per cent.
solution of nitrate of silver, in the dark, adds to the solution
a small quantity of 1 per cent. solution of iodide of silver
(dissolved by the aid of a little iodide of potassium). After
being agitated in this mixture, the preparations are washed
with distilled water, and exposed to the light for two days in
a 1 per cent. solution of nitrate of silver (see also GierkE in
Zeat. f. wiss. Mik.,1, 1884, p. 396).

Roverr (Arch. de Physiol., 1873, p. 603) reduces in glycerin.

SAT1LER (dreh. f.mik. Anat., xxi, p. 672) exposes to the light
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The Hoggans’ histological rings were described by me in
the 1st edition of this work, p. 375, and in the Traité d. Meth.
Techn., Lee et HENNEGUY, p. 188; so that I am in no way
responsible for the waste of time involved in this reinvention,
on the part of the inventor, and the editors of the Zeif. f. wss.
Mik., and other journals.

- 202. Silver-impregnation of Marine Animals. w-—On account of
the considerable quantity of chlorides that bathe the tissues
of marine animals, these cannot be treated directly with
nitrate of silver.

Herrwia (Jen. Zeit., xiv, 1880, p. 324) recommends fixing
them with a weak solution of osmic acid, then washing with
distilled water until the wash-water gives no more than an in-
significant precipitate with silver nitrate, and then treating
for six minates with 1 per eent. solution of silver nitrate.

Harwer (Mitth. Zool. Stat. Neapel, v, 1884, pp. 44 to 56)
has discovered that many marine animals will live for some
time (half an hour) in a 5 per cent. solution of nitrate of
potash in distilled water. By washing them in this way, they
may be freed from the great part of their chlorides, and may
then be treated with silver nitrate in the usual way. This
method gave good results with Loxosoma and Pedicellina, with
Meduss, Hydroids, Sagitta and Appendicularia.

Vosmaer has been able by this means to demonstrate the
epithelivm of Chondrosia and Thenea, which Sollas was unable
to see ; and Mever has obtained good results with annelids
and ova of Teleostea. Few animals resist the action of nitrate
of potash so well as Lozosoma and Pedicellina, but die in the
solution in a few minutes. Their tissues, however, suffer but
little change and give good impregnations. Harmer thinks
that for these animals other solutions having the same density
as sea-water might be substituted for the nitrate of potash,
and recommends a 45 per cent. solution of sulphate of soda.

203. Double-staining Silver-stained Tissues.—The nnelei of
tissues impregnated with silver may be stained with the usual
reagents, provided that solutions containing free ammonia be
avoided, as this would dissolve out the silver. These stains

will only succeed, however, with successful negative impreg-

nations ; as nuclei that have been impregnated will not take
the second stain.
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abundantly evident that the very best gold preparations give
images that ave only worthy of eredence as to what they show,
and furnish absolutely no evidence whatever as to the non-
existence of anything that they do not show; for you can
never be sure that the imbibition of the salt has not capriciously
failed, or its reduction capriciously stopped at any point.
That the images frequently do stop capriciously short in the
representation of reality there is abundant evidence. One
such case has been treated by me ex professo in Reeueil Zool.
Suisse, 1, 1884, p. 685 (Les organes chordotonaux des Dipteres,
et la méthode du chlorure d’or).

The anthors of some of the methods about to be described
claim for them that they give permanent preparations. I warn
the reader against indulging in the hope that, with all possible
precautions, his preparations will retain their beauty for more
than a few weeks. A successful gold preparation i1s certainly
a thing of beauty, but is exactly the opposite of a joy for ever.
The able histologist whose experience I have taken the liberty
of quoting above tells me that  as to permanence, they are

% Tiike the snowfall on the river.”

205. The Two Types of Method.—Gold methods may be
divided into two groups. The one, chiefly concerned with
the study of peripheral nerves or nerve-end-organs, is charac-
terised by employing either perfectly fresh tissues or tissues
that have been subjected to a special treatment by organic
acids. The other, concerned with the study of nerve-centres,
is characterised by the employment of tissnes hardened in the
usual way.

The hitherto classical rule, that for researches on nerve-
endings the tissues should be taken perfectly fresh, seems not
to be valid for all cases. For Drascu (Sitzb. k. k. Acad. Wiss.
Wien, 1881, p. 171, and 1884, p. 516 ; and Abhand. math.-
phys. Ol. d. K. Sach. Ges. d. Wiss., xiv, No. 5, 1887 ; Zeit. f.
wiss. Mik., iv, 4, 1887, p. 492) finds that better results are
obtained with tissne that have been allowed to lie after
death for twelve, twenty-four, or even forty-eight hours in
a cool place. He even suspects that the function of the
organic acids in the methods inspired by Lowit’s method,
is to bring the tissues into somewhat the state in which they
are naturally found at a certain moment of post-mortem

8
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208. Ranvier’s Formic Acid Method (Quart. Jowrn. Mie. Sei.
(N.S.), Ixxx (1880), p. 456).—The method of Lowit has been
modified by many workers by omitting the final treatment
with undiluted formic acid, and also in some other details.
Ranvier proceeds as follows. Reflecting that the action of
the one-third formic acid in which Léwit placed his tissues
must be hurtful to the finer ramifications of the nerves, he
combines the formic acid with a fixing agent designed to
antagonise its altering action, and takes for this purpose the
chloride of gold itself. The tissues arve placed in a mixture
of chloride of gold and formic acid (4 parts of 1 per cent. gold
chloride to 1 part of formic acid) which has been boiled and
allowed to cool (Ranvier’s Traité, p. 826). They remain in
this until thoroughly impregnated (muscle twenty minutes,
epidermis two to four hours) ; the reduction of the gold is
effected either by the action of daylight in acidulated water,
or in the dark in dilute formic acid (1 part of the aecid to
4 parts of water).

The object of boiling the mixture of gold chloride and
formic aeid is this, that “ by boiling in the presence of the
acid the gold acquires a great tendency to reduction, and for
this reason its selective action on nervous tissues is enhanced.”

209, Ranvier’s Lemon-juice Method (T'raité, p. 813).—Instead
of combining the formic acid with gold chloride in order to
mitigate its action, recourse may be had to a less injurious
acid than formic acid. Ranvier finds that of all acids lemon-
juice is the least hurtful to nerve-endings. He therefore soaks
pieces of tissue in fresh lemon-juice filtered through flannel,
until they become transparent (five or ten minutes in the case
of muscle). They are then rapidly washed in water, brought
for about twenty minutes into 1 per cent. gold chloride solu-
tion, washed again in water, and brought into a bottle con-
taining 50 c.c. of distilled water and 2 drops of acetic acid.
They are exposed to the light, and the reduction is complete
in twenty-four or forty-eight hours. The preparations thus
obtained are good for immediate study, but are not permanent
on account of their over-blackening with time, the reduction
of the gold being incomplete. In order to obtain perfectly
reduced, and therefore permanent, preparations, the reduction
should be done in the dark in afew cubic centimetres of dilute
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cornes (rabbit, guinea-pig) require half to one hour, human
cornew two to five hours (in an acidulated solution). It
is better to err on the side of too-prolonged immersion,
rather than the contrary. In order to demonstrate the intra-
epithelial ramifications of nerves, the gold is partially reduced
by exposure for sixteen to twenty-four hours in (1 or 2
ounces of) distilled water, and there is added to the water
one or two drops of a pyrogallic-acid developing solution,
such as is used in photography (vide GerrAcH, Die Photographie
als Hiilfsmittel der mikroskopischen Forschung, Leipzig, 1863).
Or instead of treating them with the developing solution, the
cornes may be removed to a warm concentrated solution of
tartaric acid and remain there at-the temperature of an incu-
bating stove until the gold is fully reduced.

I have myself used the double chloride of gold and sodinm,
with good results.

Craccro (Journ. de Mierogr., vii, 1883, p. 38; Jowrn. Eoy.
Mie, Soc. (N. 8), 111, 1883, p. 290) prefers the double chloride
of gold and cadmium.

GeErpAcH, whose preparations of nerve-centres are said not
to have been equalled since, proceeded as follows (Stricker’s
Handb., 1872, p. 678) : Spinal cord is hardened for fifteen to
twenty daysina 1 to 2 per cent. solution of bichromate of
ammonia. Thin sections are made and thrown into a solution
of 1 part of double chloride of gold and potassium to 10,000
parts water, which is very slightly acidulated with HCl. They
remain there from ten to twelve hours, and having become
slightly violet, are washed in hydrochloric acid of 1 to 2 : 3000
strength, then brought for ten minutes into a mixture of 1
part HCI to 1000 parts of 60 per cent. alcohol, then for a few
minufes into absolute alcohol, and thence into clove oil, for
mounting in balsam.

Frecusie (Die Leitungsbahnen im Gehirn, 1876 ; Arch. f.
Anat. u. Phys., 1884, p. 453) reduces in a 10 per cent. solution
of caustic soda.

NESTEROFFSEY treats impregnated preparations with a drop
of sulphhydrate of ammonium, and finishes the reduction in
glycerin (quoted from Gierke’s Firberei z. mik. Zwecken).

Bomy reduces in Pritchard’s solution.

PRITCHARD’S SOLUTION consists of amyl alcohol, 1 per cent. ;
formic acid, 1 per cent.; and water, 98 per cent.
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of usefulness of the preparations may be prolonged for some
time, not indefinitely.

Blackened preparations may be bleached with cyanide or
ferrocyanide of potassium. Ruppivg employs a weak solution
of ferrocyanide ; CypuLsky a 05 per cent. golution of cyanide.
But the results are far from being perfectly satisfactory.

Preparations may be double-stained with the usual stains
(safranin, methyl green, and iodine green being very much to
be recommended), but nuclei will only take the second stain
in the case of negative impregnation.

213, Impregnation of Marine Animals.—I'or some reason that
I am unable to explain, the tissues of marine animals do not
readily impregnate with gold in the fresh state. It is stated
(Fow) that impregnation succeeds better with spirit specimens,

Other Metallic Stains.

214, Perchloride of Iron.—This reagent, introduced by Porairnox
(Jowrn. de U'Anat., iii, 1866, p. 43) sometimes gives most useful vesults,
especially in the study of peripheral nerve ganglia, in which it stains the
nervous tissue alone, the connective tissue remaining colourless. The
method consists in impregnating in perchloride of iron, and reducing in
tannie, gallie, or pyrogallic acid.

The Hoeeaxs, who have done very good work with this reagent, proceed
as follows (Jouwrn. Quekett Club, 1876 ; Jowrn. Roy. Mic. Soec., ii, 1879,
p. 358) : The tissue (having been first fixed with silver nitrate, which is
somewhat reduced by a short exposure to diffused light) is dehydrated in
alcohol, and treated for a few minutes with 2 per cent. solution of per-
chloride of iron in spirit. It is then treated with a 2 per cent. solution of
pyrogallic acid in spirit, and in a few minutes more, according to the depth
of tint required, may be washed in water and mounted in glyecerin.

For (see ante, § 50) fixes in perchloride solution, and treats the prepara-
tions for twenty-four hours with alechol containing a trace of gallic acid.

Poramrox (1. ¢.) reduces in tannic acid.

This method is not applicable to chromiec objects.

I should add that in my own experience I have found it very useful in
certain special cases.

215. Pﬁug&ﬂaﬁe of Iron (Rooseverr, Med. Ree., ii, 1887, p. 84 ;
Jowrn. Roy. Mic, Soc., 1888, p. 157).—A stain composed of 20 drops of
saturated solution of iron sulphate, 30 grm. water, and 15 to 20 drops pyro-
callic acid.

216. Palladium Chloride (F. E. Scavrrzr, see ante, 48 and 84).

217. Prussian Blue (sce LEBER, Arch. f. Ophthalm, xiv, p. 300;
Raxvier, Traifé, p. 108).






PIORIC=ACID COMBINATIONS. 121

CHAPTER XIII.

COMBINATION S8TAINS.

224, The Classes of Multiple Stains.—I distinguish two
‘classes of multiple stains. In the one a pure nuclear stain,

taking effect on all the nuclei of all the tissues of a prepara-
tion, is combined with a stain taking effect on all the extra-
nuclear parts of all the tissues. Borax-carmine followed by
indigo-carmine is a typical example of such a combination.
In the second class a stain taking effect on the totality of the
elements of any one tissue exclusively is combined with a stain
or stains of another colour taking effect on the totality of the
elements of the other tissues.

The first class, aiming at enhancing the usefulness of a pure
nuclear stain by improving the definition of extra-nuclear
parts, has a legitimate scientific end in view, and is capable
of rendering service in research. It will therefore here be
treated much more fully than the second class, which i1s com-
posed of much less generally useful, and too frequently merely
ornamental, stains,

225. Picric-Acid Combinations.—I follow Freamine (Zeit. f.
wigs. Mik., 1, 1884, p. 360) in pointing out that picric acid is
perhaps the most generally useful of all secondary stains. Tt
gives useful plasma-stains with most of the nuclear stains,
and particularly with carmine and hsmatoxylin. It may be
used with the most delicate of these stains, even the delicate
coloration of alum-carmine being in no wise injured by it.
The modus operandi is as simple as possible ; it consists merely
in adding picric acid to the alcohols employed for dehydrating
the objects after staining with a nuclear stain.

Care must be taken in adding picric acid to aleohol acidu-
lated with HCl (see ante, § 163); in fact, this practice had
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I find the method gives admirable results when applied to
sections, but very bad results if it be attempted fo stain in the
mass with the indigo. - The indigo over-stains the superficial
layers before it has penetrated to the deeper layers.

930. Merkel's Carmine and Indigo-Carmine in one Btain (Mgz-
kEL, Unfers. a. d. anat., Anst. Rostock, 1874 ; Month. Mic. Jowrn., 1877,
pp. 242 and 317).

(A) Take 2 gr. of carmine; 8 gr. of borax; and 128 c.c. of water (o,
half a drachm of carmine, two drachms of borax, and four ounces of water).
Rub up in a mortar, allow the fluid to stand some time, decant, filter, and
keep in a stoppered hottle.

(B) Take8 gr. of indigo-carmine; 8 gr. of borax; and 128 c.c. of water
(or, two drachms indigo-carmine, two drachms borax, and four ounces water).
Mix, decant, filter, and preserve, as before. ;

Before using, mix A and B in equal proportions.

The objects to be stained must be thin; all traces of chromic acid or
chromates must have been carefully washed out from them ; and they must be
soaked in aleohol before staining. Stain for fifteen or twenty minutes (Max
FrescH finds it better to stain for several hours, see Zeif. f. wiss. Mik., 1885,
p- 350). Wash out with saturated aqueous solution of oxalic acid, for a
rather shorter time ;: wash the acid out with water, and mount as desired.

The oxalic acid is necessary for fiximg the indigo-carmine, which, being
very soluble in water, would otherwise be washed out. Unfortunately, it
precipitates carmine, so that successful preparations are not easily obtained ,
the carmine being generally either precipitated or turned into a straw colour.

Authors (MEREEL, loc. ¢if.; NorNIS and SHAKESPEARE, Amer. Journ.
Med. Sc., January 1877 ; MerkEeL, Mon. Mic. Journ., 1877, p. 242 ; Mazrsn,
Section Cutting, p. 85 ; BAYERL, drch. /. mik. Anaf., xxiii, 1885, p. 36—37)
are unanimous in stating that successful preparations show a most richly
differentiated and yet very precise colouring. According to Bayerl, the
stain is quite specifically elective for red blood-corpuscles, which are stained
of an apple green. The ground substance of cartilage and bone stains blue,
their cells red.

The stain is not perfectly permanent. Bayerl recommends that benzin be
used for clearing, in lieu of clove oil, which oxydises the stain and injures it.

This method has recently been recommended for Nerve Centres. For
Bayerl's application of it to ossifying cartilage (see Part II).

I have put this method in small type, because though admirable for certain
special purposes, it is not at all to be recommended for general worl.

231. Carmine and Anilin Blue (or Bleu Lumiére, or Bleu de
Lyon).—DuvaL (Précis de technique mieroscopique, 1878, p. 225)
proceeds as follows: Stain with carmine “in the ordinary
way ;" dehydrate ; and stain for a few minutes (ten minutes
for a section of nerve-centres) in an aleoholic solution of
anilin blue (ten drops of saturated solution of amilin blue
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few drops of acetic or picric acid, and then double-stain either with rosein
and anilin blue, or with anilin violet and anilin blue, or with anilin violet

and anilin green, or with rosein and anilin green.

H. Gibbes says of these methods that their great utility consists in their
power of differentiating glandular structures according to their secretions.
In a section of a dog's tongue “the ordinary mucous glands will be found
to have taken on a purple colour, while the serous glands which supply the
secretions to the taste-organs stain a totally different colour.”

955, Picro-Carmine and Eosin (Laxa, Journ, Roy. Mie, Soe., 1i, 163 ;
Zool. Anz., ii, p. 45 ; Mitth. d. Zool. Stat. zu Neapel, Bd. ii, p. 1, ef seq.).—
Take 50 parts 1 per cent. picro-carmine, 50 parts 2 per cent. eosin (aqueous
solution). The objects, previously hardened in alcohol, are left in the
mixture half to four days. Wash out the picrin by 70 per cent. alcohol,
which must be frequently changed, and be followed by 90 per cent. and

absolute aleohol until no more eosin is dissolved out.
For Turbellaria.—It has not been found useful for other objects.

236. Carmine and the Metallic Stains.—These combinations
have been sufficiently spoken of in the passages devoted to
gold and silver impregnation-methods. It will suffice here to
call renewed attention to Zourix v. Rogoz, alum-carmine and

osmic acid (§ 150).

Combinations having Haematozylin for a Primary Stain.

237. Hematoxylin and Picric Acid.—This combination has
been treated of above (§ 225),

238. Hematoxylin and Eosin.—This 18 a well-known com-
bination, and one of the most instructive that have yet been
imagined. Objects may be stained with heematoxylin (either
in the mass or as sections), and the sections stained for a few
minutes in eosin. [ think it is better to take the eosin weak,
though it has been recommended (Stdur, see Zeit. f. wiss.
Mik., i, 1884, p. 583) to take it saturated. Hither aqueous or
aleoholie solutions of eosin may be used.

This method is most particularly recommendable for embryo-
logical sections, as vitellus takes the eosin stain energetically,
and so stands out boldly from the other germinal layers in
which the blue of the haematoxylin dominates.

List (Zeit. f. wiss. Mik., ii, 1885, p. 148) stains for twenty-
four hours in a solution of three or four drops of Renaut’s
hematoxylic glycerin (§ 183) in 250 c.c. of water, and then






THE ANILIN DOUBLK STAINS. 127

There is no doubt as to this being a very fine and useful

stain,
See also Comptes Rendus, 1879, p. 1039 (lre sér.), and Arch.

de Physiol., 1881, p. 640.

940 Hematoxylin and Benzo-purpurin (ZscHokkE ).—HFor this
and the combination with Delta Purpurin, see ante, § 114.

241, Hematoxylin and Todine Green. (StirriNg, Jouwrn. of dAnat,
and Physiol., xv, 1881, p. 353).—Stain not too deeply with logwood, and
then stain with iodine green. (Mucus-glands of tongue green, serous glands
hematoxylin).

9242 Hmmatoxylin and Nitrate of Rosanilin (List, Zeif. f. wiss.
Mik., 1i, 1885, p. 149). Stain for twenty-four hours in the dilute heematoxylic
glycerin of which the formula was given just now, § 238, wash, and stain
for about ten minutes in solution of nitrate of resanilin, then rinse with
water, dehydrate with absolute aleohol, and clear, Recommended especially
for mucus-glands, epithelia, and cartilage.

243. Hematoxylin and Safranin.—This celebrated combina-
tion, which was used to such good effect by RABL in his
classical researches on nuclei (Morph. Jahrb., x, 1884, p. 215),
does not strictly belong to this subdivision, the safranin
being the primary stain, though used after the haematoxylin.
You stain very lightly with hematoxylin, so lightly that the
stain would not be of any use by itself (Rabl uses very dilute
Delafield’s solution, for twenty-four hours) ; wash out first with
water, and then with aleohol acidulated with HCI., then
stain for some hours in (Pfitzner’s) safranin, and wash out
with pure aleohol. Rabl certainly was not far wrong when
he wrote—‘‘ This method is unequalled by any other.” For
richness of detail in both nucleus and cytoplasm and tissue
this method has indeed hardly been equalled.

244, Hematoxylin and Metallic Stains.—The conditions
under which hmmatoxylin can usefully be employed for
staining impregnated tissues have been discussed under the
heads of Gold and Silver. It only remains here to remind
the reader that hematoxylin works very well after osmic acid.

Other Combinations.

245. The Anilin Double-Stains.—These very important com-
binations are.so numerous that only a small proportion of
them can be mentioned here.
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As regards sections stained by the indirect or Flemming’s
method, considerable latitude is allowable in the manipulations,
Some persons stain first in the secondary stain (eosin, for
instance), then wash, and stain in the primary stain (by
“ primary ”’ stain, I constantly mean the nuclear stain), and
. wash out until the colour of the secondary stain reappears,

Another method, which will, T think, frequently be found
preferable as allowing a stronger primary stain, is to stain
first with the primary, say gentian violet, and then with the
secondary, say eosin. Care must be taken not to wash out
the first stain as completely as if you were going to mount it
at once, else the operations required by the second stain may
result in entirely - removing the colour of the first.

Lists of some colours that give good results as primary and
as secondary stains are given in § 98. Besides the combina-
tions there recommended I would particularly recommend
that of Gentian Violet and Eosin. Stain and wash out (not
too far) by Bizzozero’s method (§ 102), and then stain for a
few seconds, or as much as two to five minutes, in fairly strong
aqueous solution of eosin, dehydrate rapidly with alcohol,
clear and mount.

Attention should be paid to the decolorising action of the
secondary stain on the primary (see§ 98). This reaction may
be utilised, as proposed by BaumcarrEN (infra § 246).
Rusucorr (Zeit. f. wiss. Mik., v, 8, 1888, p. 323) recommends
staining for five minutes (this is for tissnes fixed by alcohol)
in strong solution of Methyl Violet or Dahlia, then washing out
for one or two minutes in very weak solution of (alecoholic)
Eosin or of Saurefuchsin in aleohol, then dehydrating and

ring.
EIEIE-H 1I;li1ge following paragraphs are given some other methods
of proved utility.

246. Baumgarten’s Fuchsin and Methylen Blue (Zeif. f. wiss.
Mik., i, 1884, p. 415). Stain sections (of i.:,hrnrmc objects) for
twenty-four hours in a stain made by adding 8 to 10 drops of
concentrated alcoholic solution of fuchsin to a watch-glassful
of water. Rinse with alcohol, and stain for four or five
minutes in concentrated aqueous solution of methylen b]l:m,
wash out with aleohol for five to ten minute:;{ and :;].aa.r with
clove oil. Nuclei red, tissues blue, the fuchsin having been
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driven out of the tissues by the methylen blue, a result which
is not attained by washing with alcohol alone, either pure or
acidified.

947. Baumgarten’s Triple Stain (Bull. Soc. Bely. Mic., 7, 1887, and
14, 1888, p. 146 ; Jowrn. de Microgr., 1888, p. 415 ; Journ. Foy. Mie. Soc.,
1887, p. 676, and 1889, p. 149).—Consists of borax-picro-carmine (§ 16: 5],'
picric acid, gentian violet, iodine, and acidulated aleohol and picric acid in
succession. Very complicated, and too delicate to manipulate for ordinary
work.

248. Garbini’s Safranin and Anilin Blue (Zool. Anz., 1886, p. 206
and Zeit, f. wiss. Mik., v, 2, 1888, p. 170).—Stain (sections) one to four
minutes in anilin blue (1 per cent. in water, with 1 per cent. of absolute
alcohol). Wash in 1 per cent. solution of carbonate of lithium until the colour
has nearly disappeared. Treat for five to ten minutes (until the colour has
come back) with 0'5 per cent. hydrochlovic acid, Distilled water. Safranin
(0r5 gr. in 150 e.c. one-third aleohol) ten to twenty minutes, heating for a
minute or two. Dehydrate with methyl alcohol (CH), finish the differentia-
tion of the stain in a mixtore of one part oil of cedar with two parts clove
oil, and pass through xylol into balsam.

Somewhat complicated, but a sharp stain, vich in detail, and valuable in
so far as therve are not many blues that give very satisfactory results with
safranin,

You may dehydrate and clear in the ordinary way with alcohol and clove
oil if you like, and, as far as I can see, without inconvenience. :

249. Safranin and Indigo-Carmine (Kossivski, Zeif. f. wiss.
Mik., vi, 1, 1889, p. 61).—Stain sections ten to twenty minutes
in saturated aqueous solution of indigo-carmine, wash with
water and with aleohol, and stain with safranin (0'5 per cent.
in dilute alcohol), deh}rdmte and mount,

Safranin and Nigrosin is a combination also recommended by
the same author. Stain for three to five minutes, in 0'1 per
cent. aqueous solution of nigrosin, and proceed as before.

250. Methyl Green and Eosin (Carserna, Morph. Jahrb., iii,
1877, 3 Hit., p. 625).—Mix 1 part of eosin with 60 parts of
methyl green, and dissolve the mixture in warm 30 per cent.
alcohol.

Sections stain in this solution in five or ten minutes; they
should be quickly washed in au[:cesswe alcohols, and mouuted
in balsam or glycerin,

251. Methyl Green and Eosin (Lasy, Zeit. f. wiss. Mik., ii
1885, p. 147).—Stain for a few minutes in a mixture of three

g
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to fifteen minutes in 0:0001 per cent. aqueons solution of
nitrate of rosanilin, wash out (rapidly) with absolute alecohol,
and clear.

955. Anilin Green and Bismarck Brown (List, . ¢.).—To be
used in the same way as methyl green and Bismarck brown
supra, (§ 253), and giving much the same results.

256. Anilin Green and Eosin (ScHIZFrerpECKER, Arch f. mik.
Anat., xv, 1878, p. 30).—Stain in a solution made by adding
a few drops of aqueous solution of eosin to a wateh-glassful of
alcohol, for from half an hour to several hours, wash with water
and stain for a few minutes in 1 per cent. aqueous solution of
anilin green. Wash with water, wash out with alcohol and
clear with clove oil.

This combination possesses a rich selectivity, especially for
connective and glandular tissues.

Liasr (L. c., § 251) recommends this combination, which he
employs in the following manner : Stain for a quarter of an
hour m the eosin solution there quoted, rinse with aleohol, and
stain for a quarter of an hour in 0°5 per cent. aqueous solution
of anilin green diloted with 8 volumes of absolute aleohol.
Wash out with absolute alcohol and (as soon as the colour of
of the eosin begins to reappear) clear with bergamot oil or
xylol. :

257. Dahlia and Eosin (ScHIEFFERDECKER, . ¢.).—Proceed as
for anilin green and eosin (§ 256), using a 1 per cent. aqueous
solution of dahlia.

258. Methyl Violet and Eosin (SCHIEFFERDECKER, . ¢.).—Pro-
ceed as before, using a 1 per cent. aqueous solution of methyl
violet.

269. Todine Green and Eosin (Stirnive, Jowrn. dnat. and Physiol.,
xv, 1881, p. 354).—8tain in alcoholic solution of eosin, wash in acidulated
water (1 per cent. acetic or hydrochlorie acid), stain with iodine green.,

260. Rose Bengale and Todine Green (Griespach, Zool. Anzeig., 135,
1883, p. 172).—The method covsists in staining very quickly in a strong
aqueous solution of rose bengale (the section must have been scaked in
water before bringing into the stain), washing out with water, and staining
for a few seconds in iodine green. The sections may then be mounted, or
way be further treated with bleu de Lyon. This is done by treating them
for five minutes with absolute alcohol, and staining for two or three seconds
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CHAPTER XIV.
IMBEDDING METHODS : INTRODUCTION.

263. A Word on Microtomes.— It is no part of the purpose of
this work to discuss instruments, yet a word on this subject
may be very helpful to the student. The freezing microtome
so generally employed in England is less than any other form
adapted to the wants of the zoologist. Very thin sections can
be obtained by it more readily than with any other microtome,
but they are of little use when obtained. The relations of the
parts of the organs are deranged by the freezing and by the
thawing, and the aqueous nature of the process prevents it
from being readily applicable to the mounting of series of sec-
tions. The microtome of the zoologist, therefore (I am not
writing for pathologists or for dilettanti), must be an 4mbed-
ding microtome. The two most important points to be
attended to in the choice of such a microtome are the object-
holder and the knife motion. The object-holder should never,
as is usual in the English forms, be a well in which: the
imbedded object is raised by a screw ; the principle of construc-
tion should always be that the object-holder be raised in its
entirety by the screw, not the object alone. The knife motion
should always be mechanical; cutting of sections with a free
knife held in the hand is a primitive process, by which only
coarse sections can be obtained, and that at the expense of
much time and attention. Remember that the mean thickness
to which sections are now cut is 5y, half a hundredth of a
millimétre, or less than 4l;-th of an inch. Clearly the free
hand 1s not capable of producing regular series of sections of
such a degree of fineness. The student should therefore be
careful to provide himself with an instruoment in which the
knife is guided by a mechanism giving the required precision
of stroke. Cylinder-mierotomes with free knife motion should
be unhesitatingly condemned by him.

Amongst microtomes fulfilling the conditions I have laid
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two classes, distingnished by the end it is intended to compass
by their employment. In the one it is merely proposed so to
surround an object, too small or too delicate to be firmly held
by the fingers or by any instrument, with some plastic sub-
stance that will support it on all sides with firmness but
without injurious pressure, so that by cutting sections through
the composite body thus formed, the included object may be
cut into sufficiently thin slices without distortion. This is
simple imbedding. Its object is very easily attained in a
variety of ways of which the simple process of immersing the
objeet to be cut in a molten mass of some such material as
wax, which when cold acquires a fit consistency for the
cutting of thin slices, may be taken as a type. A further
object is proposed in the case of the other class of methods,
which may be designated methods of inferstitial imbedding or
infiltration methods. In these it is proposed to fill out with
the imbedding mass the natural cavities of the object in order
that their lining membranes or other structures contained in
them may be duly cut in sitw, or, going a step further, it is
proposed to surround with the supporting mass not only each
individual organ or part of any organ that may be present in
the interior of the object, but each separate cell or other
anatomical element, thus giving to the tissues a consistency
they could not otherwise possess, and ensuring that in the
thin slices cut from the mass all the details of structure will
precisely retain their natural relations of position. Such a
process of imbedding is at the same time practically a process
of hardening in so far as it enables us to give to tissues a
degree of firmness that could otherwise only be obtained by the
employment of chemical processes such as prolonged treatment
with chromic acid and the like.

265. Infiltration Methods.—The principle of the methods of
this second class is either, like that of the first, that by immer-
sion of the object to be cut in some material that is liquid
while warm and solid when cold, all the parts of the object
may be duly surrounded by the supporting mass (the second
“class differing from the first chiefly in the employment of
materials possessing greater power of penetration whilst
liquid, in longer immersion in the liquid mass, and in such
previous preparation of the object, by soaking in some liquid
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with the handle of a scalpel) than by excavation of material ; the pith-cells
that have been flattened and pushed to one side by the kneading tend to
‘regain their normal form and position during the sonking in aleohol, and
their resilience causes the imbedded object to be grasped with an often
surprising tightness, IE the eylinder of pith does not fit the holder of the
microtome accurately in the dry state (which it should do if possible) it
should be wedged in by means of strips or thin wedges of kneaded pith
inserted dry, and the whole afterwards soaked. With well-hardened objects
this method, if skilfully carried out, allows of very accurate section cutting.
These processes ave still sometimes employed ; in cytological vesearches, for
example (Flemming).

Moist paper may be used for imbedding some objects. They should be
swathed in strips of printing paper softened in water, so as to form a roll
that will go home in the well of a cylinder microtome with a little pressure
(RicmarpsoxN, Journ. Roy. Mic. Soc., 1882, p. 474).

Simple imbedding in a melted mass such as paraffin is per-
formed in one of the following ways. A little tray or box or
thimble is made out of paper, some melted mass is poured
into it ; at the moment when the mass has cooled so far as to
have a consistency that will not allow the object to sink to the
bottom, the object is placed on its surface, and more melted
mass poured on until the object is enclosed. Or the paper
tray being placed on cork, the object may be fixed in position
in it whilst empty by means of pins and the tray filled with
melted mass at one pour. The pins are removed when the
mass 1s cold.

In either case when the mass is cold, the paper is removed
from it before cutting.

- To make paper trays, proceed as follows. Take a piece of
stout paper or thin cardboard, of the shape of the annexed
figure (Fig. 1) ; thin (foreign) posteards do very well indeed.
Fold it along the lines a @’ and b ¥, then along ¢ ¢’ and d &,
taking care to fold always the same way. Then make the folds
AA, BB, CC,DD, still folding the same way. To do this
you apply 4 ¢ against 4 a, and pinch out the line 4 4’, and
so on for the remaining angles. This done, you have an im-
perfect tray with dogs’ ears at the angles. To finish it, turn the
dogs’ ears round against the ends of the box, turn down out-
side the projecting flaps that remain, and pinch them down.
A well-made postcard tray will last through several im-
beddings, and will generally work better after having been
used than when new.,

To mﬂke paper thimbles, take a gnnd cork, twist.a strip of
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in any desived position under the microscope” (Journ. fioy.
Mie. See. (N.S.), 1, p. 880).

SeuexkA has recently described and figured a simple but
perhaps more efficacions apparatus having the same object,
It consists of a glass tube through which a stream of warm
water may be }}ﬂﬂaﬁd and ch'mged for cold as desired, the object
being placed in a depression in the middle of the tube {scc
Zool. flna, 1885, p. 419). A modification of this method is
described by AxprEws in Amer. Natural.,, 1887, p. 101 ; cf.
Zeit. f. wiss. Mik., iv, 3, 1887, p. 375.

For small paraffin objects the following procedure is very
useful. The object is removed from the paraffin solution, the
superflnous fluid is removed by means of blotting-paper, and
the object placed on a eylinder of paraffin. A piece of stout
iron wire is now heated in the flame of a spirit-lamp, and with
it a hole is melted in the end of the cylinder, the specimen is
pushed into the melted paraffin and placed in any desired
position. The advantages of the method lie in the quickness
with which it can be performed, and in the fact that by the
melting of so small a quantity of paraffin all risk of injury to
the tissues by overheating iz done away with.

This method may also be used for simple imbedding in the
case of solid objects without cavities or irregular outline.
They are transferred direct from alechol to the paraffin-
cylinder, and when sections are cut they readily separate
from the shaving of paraffin without the application of
turpentine.

I strongly recommend the reader not to neglect this simple
method, which is capable of sometimes rendering services
which no other method can. Those who have to do work
with objects so small that their position can only be made out
with the aid of a powerfual lens, ought to know how to ar range
an object with a heated needle under a dissecting microscope,
or on the object-carrier of the microtome.

[In the 1st edition, this procedure was attributed to
Kmvasiey. It appears to have been first published by Borx.
see “ Die Plattenmodellirmethode,” in Arch. f. mik. Anat.,
1883, p. 591.]

There remains the watch-glass method. Melt paraffin in a
watch-glass, and throw the object into it; or place the object
in the watch-glass, add solid paraffin and warm. After the
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CHAPTER XV.
IMBEDDING METHODS, PARAFFIN AND OTHER FUSION MASSES.

267. As to the Various Infiltration Methods—Amongst the
very varions methods of infiltration-imbedding that have been
proposed, two are pre-eminently important—the paraffin
method, for small objects, and the celloidin or collodion
method for large objects.

The subject of the respective merits of paraffin and celloidin
still affords matter for discussion to some persons. The case,
however, seems to be a very simple one. Celloidin does not
afford by a long way the thinnest sections that are obtainable
with small objects. For such objects it is therefore not equal
to the demands made by modern minute anatomy, and paraffin
must be taken. On the other hand, paraffin (as at present
employed), will only cut very thin sections with small objects
—with objects of 7 millimétres diameter you cannot get with
paraffin thinner sections than you can with celleidin ; and if
you try to cut in paraffin objects of somewhat greater size,
10 mm, and upwards, it will probably happen that you will not
get perfect sections at all, blocks of parvaffin of this size having
a tendency to split under the impact of the knife. So that
for large objects, celloidin gives better results.

I have not been able to satisfy myself that the preservation
of the tissues is better in celloidin sections than in paraffin
sections ; so that—convenience apart—the case remains as
above stated,—paraffin for small sections, celloidin for large
ones.

To this must be added—aqueous masses, such as gum or
ge]atm, for very special cases.

It is the purpose of this chapter to describe the pmaﬁin

method, and to mention some other masses that can be em-
ployed in a similar manner.
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penetrates very rapidly; preserves delicate structure better
than any clearing agent known to me; mixes readily with
paraffin ; and does not make tissues brittle even though they
be kept for weeks or months in it.

269. The Paraffin Bath.—The objects having been duly
“ penetrated ” or “cleared,” the next step is to substitute
melted paraffin for the penetrating or clearing medium.

Some authors lay great stress on the necessity of making
the passage from the clearing agent to the paraffin as gradual
as possible, by means of successive baths of mixtures of clearing
agent and paraffin kept melted at alow temperature, say 35° C.
With oil of cedar or toluol at all events, this is not necessary.
All that is necessary is to bring the objects into melted paraf-
fin kept just at its melting point, and keep them there till they
are thoroughly saturated ; the paraffin being changed once or
twice for fresh only if the objects are sufficiently voluminous
to have brought over with them a notable quantity of clearing
agent.

The practice of giving successive baths first of soft and then
of hard paraffin appears to me entirely illusory.

It is important to keep the paraffin dry, that is, protected
from vapour of water during the bath.

It 1s still more important to keep it as nearly as possible at
melting point. If it be heated for some time to a point much
over its normal melting point, the melting point will rise, and
you will end by having a harder paraffin than you set out
with. And as regards the preservation of tissues, of course
the less they are heated the better.

The duration of the bath must, of course, vary according to
the size and nature of the object. An embryo of the size of a
pea ought to be thoroughly saturated after an hour’s bath, or
often less, if cedar oil has been used for clearing.

If chloroform be preferred, choice may be made of two
methods ; either, as in Giesbrecht’s method, the chloroform
containing the objects is heated to the melting point of the
paraffin, and the paraffin gradually added, and the mass kept
at the melting point of the pure parvaffin until all the chloro-
form is driven off; or, as in Biitschli’s method, the objects
are simply passed direct from chloroform into a solution of
paraftin in chloroform, in which they vemain until thoroughly
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OUIPTING AND SEOTION-STRETCHING. 147

First and foremost, the paraffin must not be too hard, but
must be taken of a melting point suitable to the temperature
of the laboratory (for the winter season the temperature of
the laboratory being between 15° and 17° C. a paraffin
melting at about 45° C. should be taken; for hot summer
weather, laboratory at 22° C., a paraffin of 48° C. melting
point).

The exact degree of hardness necessary must be determined
by experiment. If, affer cutting has begun, the paraffin be
found to be too hard, it may be softened by the following
simple expedient (For, Lehrbuch d. vergl. mikr. Anat., p.123) :
A lamp provided with a parabolic reflector is set up near the
microtome in such a position that the heat-rays of the flame
are thrown by the reflector on to the imbedded object. The
right temperature is obtained by adjusting the distance of
the lamp.

If, on the contrary, the paraffin be found too soft, it may
be hardened by exposing it to the cooling influence of a lump
of ice placed in the focus of a similar reflector.

It is often sufficient to moderate the temperature of the
room by opening or closing the window, stirring the fire,
setting up a screen, or the like.

Secondly, the knife should be set square, for the oblique
position produces rolling, and the more the knife is ﬁhhque
the more do the sections roll.

Thirdly, it 1s better to cut ribbons than disconnected sec-
tions ; ribbons of sections will often cut perfectly flat even
when the same mass will only give rolled sections if cut dis-
connectedly.

Special masses having less tendency to roll than pure
paraffin have been proposed. Thus a mass composed of four
parts of hard paraffin and one of vaselin has been recom-
mended. I recommend, however, that all such mixtures be
avolded,

Mechanical means may be employed. The simplest of thﬂae
and perhaps the best 1s as follows :

Durmg the cutting the edge of the section that begins to
curl is caught and held down on the blade of the knife by
means of a small camel-hair brush with a flat point, or by a
small spatula made by running a plEGH of paper on to the
back of a scalpel. Or, the section is held down by means of
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a good paraffin of 45° C. melting-point in a room inwhich the
thermometer stands at 16° to 17° €. (The temperatures
quoted apply to the case of rooms heated by an open fire, and
probably would not apply to the case of rooms heated by
closed stoves, such as are usual in Germany.) At 15° C. the
paraffin will be found a trifle hard. At 22° C. the proper
melting-point of the paraffin will probably be found at about
48° €., but my observations at these temperatures are less
extended. Secondly, the knife should be set square. Thirdly,
the block of paraffin should be pared down very close to the
object, and should be cut so as to present a straight edge
parallel to the knife edge; and the opposite edge should also
be parallel to this. Fourthly, the sections ought to be cut
rapidly, with the swiftest strokes than can be produced. It
is evident that this condition can only be conveniently realised
by means of a sliding microtome; but it is by no means
necessary to have recourse to special mechanical contrivances,
as in Caldwell’s automatic microtome. The Thoma microtome
well flooded with oil is sufficient. But the automatic micro-
tomes are certainly most advantageous for this purpose, and
amongst them the Cambridge Rocking Microtome may be
quoted as giving admirable results.

Various plans, such as coating the edges of the paraffin
with softer paraffin, or with Canada balsam, or the employ-
ment of specially prepared paraffin, have been recommended,
with the idea that they help the sections to stick. None of
these devices is necessary. For the prepared paraffin of
Spee, Brass, and Feettinger, see below, § 279.

275. Collodicnisation of Seetions.—Some objects are by nature
so brittle that, noftwithstanding all precautions taken in
mbedding and previous preparation, they break or erumble
betore the knife, or furnish sections so friable that it is im-
possible to mount them in the ordinary way without some
impairment of their integrity. Ova are frequently in this
case. The remedy for this state of things consists in covering
the exposed surface of the object just before cutting each
section with a thin layer of collodion, which serves to hold
together the loose parts of even the most fragile sections in
a wonderfully efficacious way.

The primitive form of the process was, to place a drop of
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the same author recommends a thin (light yellow) solution of
shellae in absolute aleohol.

976. Clearing and Mounting.—The sections having been
obtained are generally mounted on a slide in serial order by
one of the methods deseribed in the chapter on Serial Section
Methods. All that now remains is to get rid of the paraffin
and mount or stain as the case may be. The following
solvents of paraffin have been recommended for freeing sec-
tions from the paraffin with which they are infiltrated :—Tur-
pentine, warm turpentine, a mixture of 4 parts of essence of
turpentine with 1 of kreasote, kreasote, a mixture of turpen-
tine and oil of cloves, benzin, xylol, thin solution of Canada
balsam in xylol (only applicable to very thin seetions), hot
absolute alcohol, naphtha, or any other paraffin oil of low
boiling point. Any of these may be used, but naphtha and
xylol are probably in most respects the best. Toluol may be
added to the list, and will be found to work very well. Per-
sonally, T prefer naphtha or toluol to anything else; xylol
evaporates rather too quickly, and so does chloroform.

If the slide be warmed to the melting point of the paraffin,
a few seconds will suffice to remove the paraffin if the slide
be plunged into a tube of naphtha or toluocl. The sections
may be mounted direct from the naphtha, or the slide may
be brought into a tube of alcohol to remove the naphtha for
staining.

277. Recapitulation of the Paraffin Method, as recommended to
be practised. Put into a small test-tube enough oil of cedar to cover your
object. On to the oil pour carefully the same quantity of absolute alcohol.
Take your (already dehydrated) object and put it carefully into the alcohol,
Leave it until it has sunk to the bottom of the cedar oil. Then put it into
paraffin kept at melting point in a watch-glass. After a time change the
paraffin (i. e. put the object into a fresh watch-glass with clean paraffin) once
or twice if the object be at all large. As soon as the object is thoroughly
soaked with paraffin, float the watch-glass on cold water. When cool, cut
out a block of paraffin containing the object and fix it with a heated needle
on a cone of paraffinalready mounted on the object-carrier of the microtome.

Pare it square, and as close down to the object as possible on all sides except
the one turned towards the knife; this had better have a wall of a milli-
metre or two, or more, according to the size of the object, left standing. Set
the knife square. Set the block square to the knife-edge. Cut sections in
chains or ribbons, collodionising them if necessary, Mount them in serial
order on a slide prepared with Schaellibaum’s collodion or Mayer's albumin.
Warm, and remove the paraffin with naphtha. Stain or mount.






RAYBEERRY TALLOW. 153

arrived at in from one to six hours, according to the quality
of the paraffin. The mass then becomes brownish-yellow, and
after cooling shows an unctuous or soapy surface on being cut.
The melting point will be found to have risen several degrees.

Brass (L. c., p- 300) recommends the use of paraffin that
has been kept for some years, as such has less tendency to
crystallise than new paraffin. In this I concur.

Foerrmveer recommends (dreh. de Biol.,, vi, 1885, p. 124) a somewhat
complicated treatment with canstic potash, in which I have no faith (it was
tried by one of the writers of the Traité des Méth. Techn., during the pre-
paration of that work).

280. Paraffin Mixtures and other similar Masses.—Of these,
the only one that I think can be recommended for a moment
is ScHULGIN'S paraffin with a little cerisin (this is evidently
what Schulgin means by “ ceresin”). Or instead of cerisin,
white wax (see Zool. Anz., 1883, p. 21).

Brass (Zeit. f. wiss. Mik., 11, 1885, p. 301) recommends four
to six parts of white wax to 100 of paraffin. Sections may be
cleared with benzin.

Wax and Oil (Stricker’s formula, Rox's f_m'mula, Handbuch d.
Geweblehre, pp. xxiii and 1202).

Wax and Oil (Foster and Bavrour's formula, Eléments d' Embryologie,
p. 296, 1877).

Paraffin and Axunge (Huxney and Marmin's formula, Fosrer and
Barrovr’s formula), thid.

Paraffin and Tallow (SELER’s formula, Compendium of Micro-
seopical Technology, 1881, pp. 47, 48; Jowrn. Roy. Mic. Soc., N.8., i,
p. 840).

Paraffin and Vaselin (FrExzEL's formula, Zool. Anz., 1883, p. 51).

Spermaceti and Castor-0il (Kuemsensenre's Eléments d’ Embryologie
(Foster and Barrour), pp. 296-8).

Spermaceti and Cacao-Butter (Fosrer and Barrour, ibid, p. 296).

Spermaceti, Castor-Oil, and Tallow (StrassEr's Morph. Jahrb., v,
1879, p. 243 ; Jowrn. Roy. Mic. Soc., N.S., i, p. 840).

Cacao-Butter, pure, is still used by some histologists. Tt melts some-
what under 35° C. The objects may he prepared by penetration with clove
oil, which may also be used for removing the mass from the sections.

281. Bayberry Tallow (Myrtle Wax, Vegetable Wax, Japan
Wax).— There appear to be more than one sort of vegetable wax in the
market. That called Bayberry Tallow (see Journ. Roy. Mie. Soc., 1885, p.
735) is a product of the North American bayberry tree, Myrica cerifera,
Another sort, sold under the name of Myrtle wax or Japan wax (see op. cit.,
1888, p. 151), is the product of Rhus succedanea. It is this latter sort that,
by all accounts, should be used for imbedding.
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984, Transparent Soap (Kavyi, Zool. Anz., 37, 1879, vol. 1,
p. 477).—Twenty-five grammes of shavings of stearate of soda
soap (any stearate of soda soap will do, but the most to be
recommended is the sort known in commerce as “weisse
Wachskernseife ) are heated in a retort with 100 c. c. of 96
per cent, aleohol over a water-bath until the whole is dissolved.
Filter if necessary. If a drop of the solution be now poured
into a watch-glass it will be seen that it almost immediately
solidifies into a white mass. This is not what is wanted, and
is a sign that the solution does not contain water enough.
Small quantities of water are therefore added by degrees to
the solution, and the effect tested from time to time by pouring
a drop of the mixture into a watch-glass. The mass will be
seen to become more and more pellucid until a point is reached
at which it is almost perfectly transparent, with merely the
slightest blue opalescence. The preparation of the mass is
then complete.

It is not possible to state @ priori the exact proportion of
water that should be added, as this naturally depends on the
amount of water already present,in the sample of soap taken.
In very many cases it will be found that for about 120 g.
soap solution, 5 to 10 g. of water will be required.

It is necessary to be very cautions in adding the water, as
if too much be taken the mass solidifies more slowly or not at
all. The greatest amount of elasticity and consistency is
possessed by the mass at the moment in which it contains
exactly the minimum amount of water necessary to make it
transparent.

The reasons for this process ave explained as follows: Stearate of soda
soap is soluble in divers proportions in warm aleohol.  On cooling, the solu-
tion either solidifies into a homogeneous and pellueid mass, or into a white
granular mass; or, in certain cases, does not solidify at all. The result in
each case depends on the proportion of water present in the solution. For
instance, if 5 to 6 parts of a tolerably dvy soap be dissolved in 100 parts of
96 per cent. alcohol, a solution is generally obtained that solidifies into a
transparent mass. But such a mass is too soft, and its melting point too
low ; it melts by the heat of the finger. If now, in orderto get a havder
mass, you add more soap, you will get a solution that solidifies on cooling into
a white granular mass ; and it is only after adding to it a certain (small)
quantity of water that you will obtain a solution that solidifies on cooling
into a fransparent mass, If you add more water than is just absolutely
necessary to this end the mass will have too low a melting point, and will
solidify more slowly ; and if still more water be added the solution will not
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cretion. To prepare a medicinal collodion according to the
Prussian Pharmacopeeia, you take for each tablet 720 grains
of ether and no aleohol, as the celloidin already contains the
prescribed proportion of alcohol. The tablets cost three
marks (= three shillings) each. A single tablet would, 1
think, suffice for imbedding many hundreds of embryos.

There is a strife of opinion amongst authorities as to the
relative merits of celloidin and common collodion. Duvar,
re-stating the method lately (Jowrn. de Mier., 1888, p. 197),
teaches that celloidin has no real advantage over common
collodion, whilst the latter has the advantage of being more
transparent. SCHIEFFERDECKER, also re-stating the method,
declares that celloidin has “ many points of superiority
(Zeit. f. wiss. Mik., v, 4, 1888, p. 504). On carefully reading
Schiefferdecker’s paper, however, it appears that the omly
reason alleged in support of this superiority is that it is more
“ convenient ’ to make a thick mass by making a strong solu-
tion of celloidin than by allowing common ecollodion to con-
centrate by evaporation.

Personally I incline to Duval’s point of view. The supe-
riority of celloidin, if 1t exists, 1s of the nature of a mere
matter of convenience. (Unless, indeed, the mass recom-
mended by Apithy, § 292, of which the description reaches
me whilst preparing these sheets for the press, should prove
to be really superior.) Otherwise there is hardly a pin to
choose between the two, and therefore in this work the terms
collodion and celloidin are used indifferently.

291. Preparation of Objects—The objects must first be
thoroughly dehydrated with absolate aleohol. They are then
soaked till thoroughly penetrated in ether, or, which is better,
in a mixture of ether and absolute alecohol. Duvar (i. ¢.)
takes for this purpose a mixture of ten parts of ether to one
of alcohol ; ScrIEFFERDECKER (and the majority of workers) a
mixture of equal parts of ether and aleohol.

This stage may be omitted if the objects are of a sufficiently
permeable nature, and they may be brought direct from
alcohol into the collodion bath.

292. The Collodion Bath.—The next step is to geb the objects
penetrated with thick collodion. The secret of success here
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HARDENING. 161

Watch-glasses, square porcelain water-colour moulds, and
the like, also make convenient imbedding receptacles. Care
should be taken to have them perfectly dry. Any of these
receptacles or supports may be set with the mass under a glass
shade, allowing of just enough communication with the air to
set up a slow evaporation. Or porcelain moulds or small
dishes may be covered with a lightly-fitting cover.

294, Harﬂening.—'l‘his is logically the next step, but as a
matter of fact is frequently begun before. Ior the different
processes of the collodion method so run into one another that
it is difficult to assign natural lines of demarcation between
them,

The objects being imbedded, and in the stage at which we
left them at the end of § 292, the treatment should be as
follows. As soon as the added thick collodion (of which only
just enough to cover the object should have been taken) has
so far sunk down that the object begins to lie dry, fresh thick
solution is added, and the whole i1s left as before. Provision
should be made for slow evaporation, eitherin one of the ways
above indicated, or, which is perhaps befter, by setting the
objects under a hermetically fitting bell-jar, which is lifted for
a few seconds only once or twice a day. I have sometimes
found it advantageous to set the objects under a bell-jar
together with a dish containing alcohol ; so that the evapora-
tion is gone through in an atmosphere of alcohol. This is
especially indicated for very large objects. :

When the mass has attained a consistency such that the
ball of a finger no longer leaves an impress on it, it should be
scooped out of the dish or mould, or have the paper removed
if it has been imbedded in paper, and be submitted to the
next stage of the hardening process. (If the mass is found
to be not quite hard enough to come away safely, it should be
put for a day or two into weak alcohol, 30 to 70 per cent.) -

Several methods are available for the definitive hardening
process. One of these is the chloroform method, due to Viar-
LANES (Rech. sur UHist. et le Dev. des Insectes, 1888, p.129). I
recommend this method for small objects, because I find it
more certain and more rapid than the alcohol method and
preferable on account of a superior consistency it gives to the
mass, (SCHIEFFERDECKER does nof find this, v. Zeit. f. wiss. Mik.,

11
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CUTTING. 163

alcohol and water. ScHIEFFERDECKER (Zeit. f. wiss. Miks., v,
4, 1888) recommends alcohol of 50 to 60 per cent.; Tuoma
aleohol of 82 per cent. (0.842 sp. gr., see Jowrn. Roy. Mic. Soc.,
1883, p. 305) ; Duvar, aleohol of 86° (= 90 per cent., Journ.
de Microgr., 1888, p. 197).

Lastly, the mass may be frozen. After prelimimary
hardening by aleohol, it is soaked for a few hours in water,
in order to get rid of the greater part of the alcohol (the
alecohol should not be removed entirely, or the mass may freeze
too hard). It is then dipped for a few moments into gum
mucilage, in order to make it adhere to the freezing plate,
and is frozen. The sections are brought into warm water.
If the mass have frozen too hard, cut with a knife warmed
with warm water.

A paper has been lately written by Frorwmax (Zeit. f. wiss. Mik., vi, 2,
1889, p. 184), to recommend that the definitive hardening should be done
without the aid of aleohol or chloroform, by simply eutting out the blocks,
turning them over, and carvefully continuing the evaporation process in the
way described above. No doubtthe author is right in elaiming for this pro-
cess a superior degree of hardening of the mass; but I doubt whether it is
possible to carry the hardening much beyond the point attained by the
chloroform or aleohol method without incurring a degree of shrinkage that
must be destructive of the scientific value of the preparations.

295. Preservation.—The hardened blocks of collodion may
be preserved till wanted in weak aleohol (70 per cent.). They
may also be preserved dry by dipping them into melted
paraffin (ApAray, Zeit. f. wiss. Mik., v, 1, 1888, p. 45).

Reference numbers may be written with a soft lead pencil
on the bottom of the paper trays, or with a yellow oil pencil
on the bottom of the watch-glasses in which the objects are
imbedded. On removal of the paper from the collodion after
hardening, the numbers will be found impressed on the
collodion,

296. Cutting.—If the object has not been stained in the
mass, it will form so transparent a mass with the collodion
that the arrangement of the object and sections in the right
position may be rendered very difficult. It is, therefore, well
to stain the collodion lightly, just enough to make its outlines
visible in the sections. This may be done by adding picrie
acid or carmine dissolved in aleohol to the collodion used for
imbedding, or to the bergamot oil used for clearing.
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298, (Clearing and Mounting.—You may mount in glycerin
withont removing' the mass, which remains as clear as glass
in that medium.

You may mount in balsam, also without removing the mass,
which does no harm, and serves the useful purpose of holding
the parts of the sections together during the manipulations.
Dehydrate in alcohol of 95 or 96 per cent. (not absolute, as
this attacks the collodion). Clear with a substance that does
not dissolve collodion. The clearing agents most recommended
are origanum oil (Ol Origan. cretici should be taken, not OL.
Orig. galliei), bergamot oil (said to make sections shrink
somewhat) ; oil of sandal wood ; lavender oil; oil of cedar
wood (safe and gives excellent results, but acts rather slowly) ;
chloroform; xylol, or benzin (may make sections shrink if
not well dehydrated) ; or Dunham’s mixture of three or four
parts of white o0il of thyme with one part of oil of cloves.
(Is not white oil of thyme identical with origanum oil ?)

Some specimens of clove oil dissolve collodion very slowly, and may be
used, but T wonld not be understood to recommend it. The action of origanum
oil varies much, according to the samples ; some sorts do not clear the collo-
dion, others dissolve it, others pucker it. Mixor (Zeil. f. wiss. Mik., iii, 2,
1886, p. 175) says that Dunham's mixture * clarifies the sections very readily
and softens the celloidin just enough to prevent the puckering, which is so
annoying with thyme alone.”

Carbolic acid has been recommended. WeieERT (Zeil. f. wiss. Mik., iii,
4, 1886, p. 480) finds that a mixture of 3 parts of xylol with 1 part of
carbolic acid (anhydrous) clears well. But it must not be used with the
basic anilin stains, as it discolours them. For these, anilin oil may be used
with the xylol, in the place of carbolic acid.

Anilin oil clears well, but unless thoronghly removed the preparation
becomes yellowish-brown (see vaw Gigsow, dmer. Mon. Mic. Journ.,
1887, p. 49, or Journ. Roy. Mic. Soe., 1887, p. 519, for a review of these .
clearing agents).

Beechwood kreasote has been recommended (by M. Flesch).

299, Double Imbedding in Collodion and Paraffin—The best-
hardened collodion masses are of a more elastic consistency
than is desirable for fine section cutting. This defect may be
to a certain extent remedied as follows: Dip the block of
hardened collodion into chloroform, and imbed it simply in
paraffin.

Kultschizky's Celloidin-Paraffin Method.—A more thorough-
going procedure is the following infiltration method (Zeit. f.
wiss. Mik., iv, 1, 1887, p. 48) :—After the collodion bath, the
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object is soaked in oil of origanum (Olewm Origani vulg.). Tt
18 then brought into a mixture of origanum oil and paraffin,
heated to not more than 40° €., and lastly into a bath of
pure paraffin,

The mass may be preserved in the dry state, and may be
cut dry.

Ryper (Queen’s Micr. Bull.,, 1887, p. 43; Jowrn. Roy. Mie.
Soe., 1888, p. 512) has modified the process by substituting
chloroform for the origanum oil. He states that sections
chain more easily than even in ordinary paraffin imbedding.
They may be cleared for mounting either with chloroform or
with Weigert’s xylol and carbolic acid mixture (supra, § 298.
Ryder says, “equal parts,” but Weigert’s formula is as
above given),

Other Bvaporation Masses.

~ 300. Joliet’s Gum and Glycerin Method (Arch. Zool. exp. et
gén., x, 1882, p. xliii ; Journ. Roy. Mic. Seoc. (N.S.) ii, 1882, p.
890),—Pure gum arabic dissolved in water to the consistency
of a thick syrup. (Solutions of gum sold under the name of
strong white liquid glue (““ colle forte blanche liquide a froid’’)
may also be used ; they have the advantage of having a nni-
form consistency.)* Pour a little of the solution into a watch-
glass, so as not quite to fill it, add from 6 to 10 drops of pure
glycerin, stir until thoroughly mixed.

Between the limits of 6 to 10 drops of glycerin the propor-
tions most suitable to the nature of the object and to the
season of the year must be found by experimental trials. In
the winter or in rainy weather less glycerin should be taken
than in the summer or dry weather.

It is often well to soak the object in glycerin before putting
it into the mass. In this case less glycerin should be added
to the gum, in proportion to the amount of glycerin contained
in the object. J

The object is imbedded in the mass in the watch-glass, and
the whole left to dry for from one to four days. When it has
assumed a cartilaginous consistency, a block containing the
object is cut out, turned over, and allowed to dry again until

. * Tt is highly probable that these commercial preparations contain gelatin,
and perhaps some other gum besides gum arabic.
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wanted for use. A stove, or the sun, may be employed for
drying, but it is best to dry slowly at the normal temperature.
The block may be preserved in good condition almost indefi-
nitely, the gum, when mixed with a sufficient quantity of
glycerin, never becoming hard or brittle. It 1s generally
better to wait till the blocks have assumed such a consistency
that they cannot be easily bent. It is affer having waited
almost a week that the anthor always obtained the best sec-
tions. The gum is dissolved out from the sections by means
of a drop of water on the slide. The sections are then covered,
and a drop of glycerin being added, the preparation 18 com-
plete as soon as the water has evaporated.

An infiltration mass. It has the advantage of being trans-
parent. Joliet employs it for Pyrosoma. A similar mass was
employed by Hertwig for Ctenophora (Jen. Zeitsch., xiv (1880),
pp- 313, 314 ; Jowrn. Roy. Mie. Soc. (N.S.), ii, p. 278).

It would probably be advantageous to add some preserva-
tive substance to this mass.

This mass can be cuf dry.

301. Stricker’s Gum Method (Hdb. d. Gewebel., p. xxiv).—A concen-
trated solution of gum arabic. The object may be prepared in alcohol and
imbedded in the gum in a paper case. The whole is thrown into aleohol,
and after two or three days may be cut.

I have seen masses of admirable consistency prepared by this simple method.

302. Hyatt’s Shellac Method (4dm. M. Micr. Journ., i, 1880, p. 8;
Jowrn. Roy. Mic. Soe., i, 1880, p. 320).—Prepare the object by soaking
in aleohol, and then put it for a day or two into a clear alepholic solution of
shellac. Take a eylinder of soft wood, split it, and make a groove in one or
both of the half cylinders sufficiently large to admit the object without
pressure. ILmbed in the groove with plenty of thick shellac solution, and
tie together the two halves of the cylinder with thread. In a day or two
the shellac will be quite hard ; the cylinder is then fixed in a microtome, is
soaked with warm water, and sections made. Should the shellac prove so
opaque as to interfere with a proper examination of the sections, a drop of
borax solution will immediately remove this difficulty.

This process is intended for the purpose of making sections through hard
chitinous organs consisting of several pieces, such as stings and ovipositors,
retaining all the parts in their natural positions. :

303. Von Koch’s Copal Method (Zool. Anz. 2, vol, i, 1878,
p. 36).—Small pieces of the object are stained in the mass
and dehydrated with aleohol. A thin solution of copal in
chloroform is prepared by ftriturating small fragments of
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305, Weil’s Canada Balsam Method (Zeit. f. wiss. Mik,, v., 2, 1888,
p. 200).—Balsam heated till brittle when cold, then dissolved in chlm'j:ufm'm.
Heat the objects in the mass on a water-bath. For further details, see
Journ. Roy. Mic. Soc., 1888, p. 1042,

White of eqgg Masses.

308. The White of Egg Method consists in imbedding in a white of
ege emulsion, and hardening by aleohol or by the combined action of aleohol
and heat. The method had certainly a * raison d’étre " at one time, as giving
vesults which could not then be obtained by other means, But the method
was extremely cumbrous, had many defects, and must now be considered to
be entirely superseded. See Zeif. f. wiss. Mik., 1884, p. 223 (RUNGE);
Morph. Jaheb., Bd. ii, 3tes Heft, 1876, p. 445 (CALBERLA) ; Zool. Anz., 6,
vol. i, 1878, p. 130 (SErExka); Journ. Roy. Mic. Soc., 1883, p. 304
(Troaa), and BEckER's Zur. Anat. d. ges. u, kranken Linse (RuGE).

Congelation Masses.

307. The Freezing Method..—F'resh tissues may be, and are,
frequently frozen without being included in any mass, and in
certain cases very satisfactory sections can be obtained in this
manner. But the formation of ice erystals frequently causes
tearing of delicate elements, and it is better to infiltrate the
tissnes with a mass that does not crystallise in the freezing
mixture, but becomes hard and tough. Gum arabic affords
such a mass. Some workers use common gum water, which
18 either poured into the well of the microtome or round the
object on the object plate, according to the form of microtome
used.

308. Syrup and Gum Congelation Mass (Hamiuron, Journ. of
Anat. and Phys., xii, 1878, p. 254).—Hamilton cuts sections
(of hardened brain) in a Rutherford’s freezing microtome.
The hardening reagent having been soaked out by water the
tissues are prepared for freezing in the following manmer,
which it is important to observe, otherwise it will be found
that the crystals of ice so break up the delicate nervous tissue as
to render it totally useless for minute examination. The
tissues are to be well soaked in syrnp. The sugar somewhat
retards the freezing, and besides, seems to alter the manner of
crystallisation, so that instead of the ice being spicular in
form it becomes granular and does no injury to the parts.
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This simple process is very useful for the preliminary ex-
amination of trial sections whilst ecntting. It is often suffi-
cient to put on a cover, warm, withdraw the melted paraflin
by means of a cigarette paper, and run in a drop of clearing
agent.

* 315. Schéllibaum’s Collodion (Arch. f. mik. Anat., 1883, p.
565).—One part of collodion is shaken up with three to four
volumes (according to the consistency of the collodion) of
clove oil or lavender oil. This should give a clear solution.
A little is spread thinly on a slide with a small brush. Affer
arranging the sections on the prepared surface, warm over a
water-bath, gently, until the clove oil has evaporated (five to
ten minutes). The sections are then found to be fixed, and
can be treated for days with turpentine, chloroform, aleohol,
and watery fluids, without becoming detached. The advan-
tage of this method is, that it allows of staining on the slide.
I after staining any cloudiness should appear between the
sections, dehydrate the slide and treat it several times with
absolute alcohol and turpentine, warming it gently the while ;
or brush the space between the sections repeatedly with a
brush moistened with clove oil. This cloudiness only arises
from the collodion solution having been taken too concentrated,
or having been laid on too thick on the slide.

I find it is not necessary to evaporate over a water-bath.
It is sufficient to hold the slide over a spivit-lamp until the
paraffin has melted and the clove oil has collected in drops
between the sections. Schillibaum has stated elsewhere that
long evaporation of the slide is necessary if the sections are
to be secured firmly enongh to allow of staining on the slide.
That is not so. What is necessary is that the paraffin and
clove oil be thoroughly removed from. contact with the sec-
tions; and that can be done in a second (as was shown me by
Professor v. Korvotneff). Warm the slide over a flame, and
whilst the paraffin is still melted hold it close before your lips
and blow down on it vigorously., The paraffin and clove oil
are scattered right and left over the slide, leaving the sections
high and dry.

Personally, I do not consider Schiillibanm’s method so safe
as Mayer’s albumen (and some other methods) for objects
that are to be stained on the slide. I recommend it for
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THE SHELLAC METHOD. %5

usual way, they are put into turpentine, which dissolves the resin, and sets
free the plate of collodion with the sections.

For sections that are to be stained the procedure is as follows. Well-sized
paper is prepared with a thick solution of gum containing 10 per cent. of
glycerin, and dried. It is then prepared for use with a surface of the thin
collodion mixture, on which the sections are arranged and painted over with
the thick mixture. The whole is then brought into rectified turpentine
until the paraffin is dissolved and the collodion hardened, and then (in order
to remove the last traces of castor oil) into a second bath of clear turpentine.
The preparation is then pressed in a press between sheets of filter paper in
order to get rid of the turpentine mechanically (alcohol is not applicable
here), and brought for a quarter to half an hour into a mixture of equal parts
of chloroform and 95 per cent. alcohol, It is then passed throughsuccessive
aleohols into the staining fluid.

For ordinary work this process is evidently too elaborate to have any
chance of supplanting the classical methods of preparing the series on the
slide. Strasser recommends it for very large sections of the central nervous
system (entire pons of the adult). But it seems to me that he will hardly
have many followers in his belief that as zood sections of such large objects
can be obtained by the paraffin method as by the celloidin methed ; for which
reasons the method appears to me superfluons for ordinary purposes.

817. The Shellae Method (GieserecHT, Zool. Anz., 1881, p. 484).—
Prepare a stock of slides covered with a thin and even film of shellac. This
is done as follows : Make a not too strong solution of brown shellac in abso-
lute alcohol, filter it thoroughly ; warm the slides, and spread over them a
layer of shellac by means of a glass rod dipped in the sulutmn and drawn
once over each slide. TLet the slides dry.

Just before beginning to cut your sections take a prepared slide and brush
it over very thinly with kreasote applied by means of a brush ; this forms a
sticky surface on which the sections are now arranged one by one as cut,
care being taken to bring them on to the slide with as little surrounding
paraffin as possible.

When all the sections arve arranged the slide is heated on a water-bath for
about a quarter of an hour at the melting point of the paraffin ; this causes
the paraffin to run down into a thin layer, and allows the sections to fall
through it and come into close eontact with the shellac film, whilst at the
same time it evaporates the kreasote.

The slide is allowed to cool, and the sections are now found to be firmly
fixed in the shellac. The paraffin is dissolved away by dropping turpentine
on to the sections, which are then mounted in Canada balsam. There is no
danger of the sections being floated away by the turpentine, because turpen-
tine does not dissolve shellac.

_ In the note in the Zool. Anz. above quoted, the shellac snlut.mn is stated
to be prepared with common brown shellac (choosing, of course, by prefer-
ence the paler sorts), on account of the insolubility of white shellac in
aleohol. - In the Mitth. d. Zool. Stat. of Naples, of the same year, *“ bleached
white shellac ™ is recommended to be dissolved as before, in absolute aleohol.
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of soda, 1 gramme. Shake them well together, and filter
into a clean bottle,

Fow (Lehrb., p. 134) takes whipped white of egg, filters it
through a Bunsen filter, and adds the glycerin and a little
camphor or carbolic acid.

According to my experience, carbolic acid is perfectly
efficient as a preservative, but is not to be recommended
because it precipitates a great deal of the albumen,

A thin layer of the mixture is spread on a cold slide with a
fine brush and the sections laid on it, and warmed for some
minutes on a water-bath. As the paraffin in the sections
melts it carries the albumen away from them, and this is one
of the advantages of the method. The sections may be treated
with turpentine, aleohol, and aqueous.or other stains without
any danger of their moving.

The function of the glycerin is merely to keep the layer of
albumen moist.

This method allows of the staining of sections on the slide
with anilin stains, which is seldom practicable with Schiilli-
baum’s method, as the collodion stains with most anilin stains,
and does not yield up the colour to aleohol.

The slide should be very thoroughly treated with alcohol
after removal of the paraffin, in order o get rid of the
glycerin, which will cause cloudiness if not perfectly re-
moved.

According to my experience, this method is absolutely safe,
and is the one that should in general be preferred for staining
on the slide, more especially for staining with anilins by
Flemming’s method.

319. Flogel's Gum Method (Zool. Anz., 1883, p. 565).—Make
a solution of one part gum arabic in twenty parts water, filter,
and add a little alcohol to prevent the formation of mould.
Slides are prepared by pouring the solution over them, and
draining. (It is important that the slides be so perfectly
clean as to be evenly wetted all over by the gum solution.)
Sections may now be cut and laid on the gum surface before
it has become dry, and floated into the proper-position ; this
is the best plan for sections of i mm. thickness, and for
large sections. For thinner and small sections it is best to

take slides that have completely dried, arrange the sections
12
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dry on the gum film, and then breathe on it until the gum has
become sticky.

A very neat method for cases in which it is not required to
treat the slide with watery fluids.

Wappineron (Jowrn. Quek. M, Club, vi, 1881, p. 199 ; Journ. Roy. Mic.
See. (N.8.), i, 1881, p. 704) gives the following process for preparing
“ Arabin,” a purified gum arabic which has the advantage of not presenting
a granular appearance under the microscope as ordinary gum arabic does.

Dissolve clear and white gum arabie in distilled water to the consistency
of thin mucilage. Filter. Pour the filtrate into rectified aleohol, and shake
well ; the arabin separates as a white pasty mass. Place it on filter paper
and wash with pure aleohol until the washings are free from water. Dry.

The white powder thus obtained should be dissolved in distilled water and
filtered twice. It may then be placed on slides, which are drained, dried,
and put away till wanted. In this condition it may be preserved indefinitely.

320. Frenzel’s Gum Method (Arch. f. mik. Anat., Bd. xxv,
1885, p. 51).—Gum arabic is dissolved in water to the consis-
tency of a thin mucilage, and to this is added aqueous solution
of chrome-alum. An excess of the latter does no harm.
Finally, add a little glycerin and a trace of alcohol (L. e., p. 142).
The slide is prepared with this in the usual way, the sections
(either cut dry or in the wet way) are gently pressed on to it
with a brush and slightly melted on, and heated for at most a
quarter of an hour at a temperature of 30° to 45° C., which
suffices to render the gum inscluble. This layer has the ad-
vantage of not staining with the majority of staining-fluids ;
fuchsin and safranin are the only ones that stain it to a
harmful degree. In the other anmilins, and in carmine or
haematoxylin, it does not stain. Watery stains (it is stated)
may be used with it.

321. Born and Wieger’'s Quince-Mucilage (Zeif. f. wiss. Mik.,
1885, p. 346).—To two volumes of the ordinary pharmaceutical
quince-mucilage add one volume of glycerin and a trace of
carbolic acid. Spread in a thin layer on a carefully cleaned
slide, and arrange the sections on the moist surface. Heat
for twenty minutes at a temperature of 30° to 40° C. After
vemoval of the paraffin by turpentine the slide is brought
for half an hour into absolute alcohol. You may then mount,
or pass through successive alcohols, and stain. Alkaline
staining fluids must be avoided, as they soften the mucilage
and cause the sections to become detached.
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Methods for Watery Sections.

822. Fol’s Gelatin (For, Lehrb., p. 132).—Four grammes of
gelatin are dissolved in 20 c.c. of glacial acetic acid by heating
on a water-bath and agitation. To 5 c.c. of the solution add
70 c.c. of 70 per cent. alcohol and 1 to 2 e.c. of 5 per cent.
aqueous solution of chrome alum. Pour the mixture on to
the slide and allow it to dry. In a few hours the gelatin
passes into the insoluble state. It retains, however, the
property of swelling and becoming somewhat sticky in pre-
sence of water. The shide may then be immersed in water
containing the sections, these can be slid into their places,
and the whole lifted out ; the sections will be found to be fixed
in their places. -

This method is especially useful for sections made under
water, large celloidin sections amongst others.

323. Poli (MareigHIA, 11, 1888, 2, 3; Zeil. f. wiss. Mik., v, 3,
1888, p. 361) arranges sections on a layer of melted Kaiser’s
gelatin (supra, § 288), adds glycerin, and covers.

324. Frenzel and Threlfall’s Gutta-percha (or Caoutchouc)
Method (Zool. Anz., 1883, pp. 51, 301, and 423).—This extremely elegant
method is not perfectly safe, the gutta-percha film being liable to tear; and
is now, I believe, very generally abandoned.

Methods for Celloidin Sections.

825. Summers’ Ether Method (Amer. Mon. Mic. Jowrn., 1887,
p. 73; Zeit. f. wiss. Mik., iv, 4, 1887, p. 482; Jowrn. Roy.
Mic. Soc., 1887, p. 523).—Besides the method given above
(§ 315), which is applicable to celloidin sections, but is
needlessly complicated, Summers recommends the following
simpler method.—Place the sections in 95 per cent. alcohol
for a minute or two, arrange on the slide, and then pour over
the sections sulphuric ether wapouwr, from a bottle partly full
of liquid ether. The celloidin will immediately soften and
become perfectly transparent. Place the slide in 80 per cent.
alcohol, or even directly in 95 per cent. if desired. The
sections will be found to be firmly fixed, and may be stained
if desired.

SCHIEFFERDECKER (Zeit. f. wiss. Mik., v, 4, 1888, p. 907) re-






WEIGERT'S COLLODION METHOD. 181

326 a. Apathy’s Series-on-the-Knife Method (Zeit. f. wiss.
Mik., vi, 2, 1888, p. 168).—The following is in some respects
more convenient than the oil of bergamot method. The knife
is well smeared with yellow vaselin rubbed evenly on with the
finger, and is wetted with alcohol of 70 to 90 per cent. As
fast as the sections are cut they are drawn with a needle or
small brush to a dry part of the blade, and there arranged in
rows, the celloidin of each section overlapping or at least tonch-
ing that of its neighbours. The rows are of the length of the
cover-glass, and are arranged one under the other so as to form
a square of the size of the cover-glass. When a series (or
several series, if you like) has been thus completed, the sections
are dried by laying blotting-paper on them (there is no risk
of their becoming attached to it, as they are held down by the
vaselin). The series is then painted over with some of the
thickest celloidin solution used for imbedding, is allowed to
evaporate for five minutes in the air, and 1s then either wetted
with 70 per cent. aleohol, and allowed to remain whilst cutting
is proceeded with, or (if no more sections are to be cut; or if
the knife 1s now full) the knife is removed and brought for half
an hour into 70 per cent. alcohol. This hardens the celloidin
around the sections into a continuous lamella, which ean be
easily detached by means of a scalpel, and stained, or further
treated as desired. It is well to bring it at once on to a slide,
moisten the edges of the celloidin plate with ether and aleohol
mixture, so that it may not become detached, and bring the
whole into the staining solution.

327. Weigert’s Collodion Method (Zeif. f. wiss. Mik., 1885,
p. 490).—Sections are cut wet, with alcohol. Care should be
taken not to have so much alcohol on the knife as to eause
the sections to float. Prepare a slip of porous but tough paper
(Weigert recommends ““ closet paper”), of about twice the width
of the sections. Soak it in alcohol, take it by both ends,
stretch it slightly, and lower it on to the section that is on the
knife. The section will adhere to the paper, and is taken up
by moving the slip horizontally or slightly npwards, away from
the edge of the knife. Take up the first section towards the
end of the paper that you hold in your left hand, and let the
remaining sections follow in order from left to right. After
each section has been taken up, the slip is placed, whilst
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alcohol on to the clearing medium). Then put the objects into
the alecohol. They will sink down to the level of separation of
the two liquids at once ; and after some time they will be found
to have sunk to the bottom of the clearing medium. They
may then be removed by means of a pipette ; or the superna-
tant aleohol drawn off and the preparations allowed to remain
until wanted.

The chief clearing agents are essential oils. A classifica-
tion of these is given below (No. 330, Stieda and Schieffer-
decker).

The penetration of all clearing media may be hastened by
using them warm. Directions for clearing are given when
necessary under the heads of the different organs and tissues.
It will suffice here to advise the beginner to keep on his table
the following: Oil of cedar, for general use; clove oil, for
making minute dissections in cases in which it is desirable to
take advantage of the property of that essence of forming very
convex drops on the slide, and of imparting a remarkable
brittleness to soft tissues; carbolic acid, for rapidly clearing
imperfectly dehydrated objects.

330. Classification of Clearing Agents (Stirpa).—Stieda’s
experiments with essential oils led him to establish the follow-
ing classification :

A, The turpentine group, capable of clearing in a short
time perfectly dehydrated sections, but clearing watery sections
only after many hours or not at all,

Ol. Terebinthinze,

Ol. Absynthii.

Ol. Balsam. Copaivze.
Ol. Cortiec. Aurantiorum.
Ol. Cubebarum.

Ol. Feeniculi.

Ol. Millefolii florum,
Ol. Sassafras.

Ol. Juniperi.

Ol. Mentha crispe.
Ol Origani vulgaris.
Ol. Lavanduls.

Ol. Comina,

Ol Cajeputi.
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not too expensive substance that should combine the properties
of clearing quickly aleohol preparations, nof dissolving out
anilin colours, clearing celloidin without dissolving it, not
evaporating too quickly, and not having a too disagreeable
smell.

The following is a list of twenty-four products examined
by them. It seems worth while to give it, although the
authors only found three amongst the number that fulfil the
conditions ; as to know that they have been found wanting in
some of t—hese respects may perhaps save somebody a wild-
goose chase.

Oils of—Anise, Amber, Birch-tar, Cajeput, Calmus, Cassia,
Cedar wood, Citrons, Dill, Field thyme, Fir needles, Mint,
Cumin, Niobe, Origanum, Palmarosa, Peppermint, Penny-
royal, Rosemary, Sassafras, Spikenard, Thuja, Sandal wood,
Caraway.

Of these, the following three fulfil the conditions and can
be recommended : — Cedar wood, Origanwm, Sandal wood.

It would be important to possess a list of the exact indices of refraction of
the substances nsed for clearing. I have, unfortunately, not been able to
obtain sufficient information of a trustworthy nature for the compilation of
such a list. Cedar oil has nearly the index of crown glass (this is frue of the
oil in the thick state to which it is brought by exposure to the air, not of the
new, thin oil, which is less highly vefractive), it therefore clears to the same
extent as Canada balsam. Clove oil has a much higher index, and therefore
clears move than balsam. Turpentine, bergamot oil, and kreasote, have much
lower indices, and therefore clear less.

331. Cedar Oil (NerLsSEN and ScHIEFFERDECKER, L c., last §).
—Finest cedar-wood oil, price per kilo varies from fifteen to
twenty shillings, say about sevenpence halfpenny per ounce,
for small quantities, or about the price of clove oil. Very
thin, colour light yellow, odour slight (of cedar wood), evapo-
rates slowly, is not changed by light, is miscible with chloro-
form balsam, and with castor oil. Clears readily tissnes in
95 per cent. aleohol, without shrinkage, does not extract
anilin colours. Celloidin sections are cleared in five to six
hours.

Cheap, but requires an inconvenient length of time for the
clearing of celloidin sections.

Note.—1 have examined the clearing properties of a sample
of cedar-wood oil obtained from the celebrated firm of
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out anilin eolours more quickly thanold. It is well to possess
trustworthy samples of both new and old oil.

333. Cannel Oil.—Greatly resembles clove oil, but is in
general thinner. An excellent medium, which I particularly
recommend,

334. 0il of Bergamot.—ScBIn¥rErDROKER (drch. Adnat. w.
Phys., 1882 (Anat. Abth.), p. 206) finds that this oil has
many good qualities ; it clears 95 per cent. alcohol prepara-
tions and celloidin preparations quickly, does not attack
anilin colours, but the strong odour is disagreeable ; it is as
dear as oil of cloves, twice as dear as oil of origanum, and
three times as dear as oil of cedar. He considers its action
preferable to that of oil of cloves, but, all things considered,
gives the palm to cedar and origanum. I think that this is a
very valuable medium, and though I do not agree with
Schiefferdecker in thinking its action superior to oil of cloves,
I think it should always be kept at hand. ;

Bergamot oil is, I believe, the least refractive of these
essences, having a lower index than even oil of turpentine.

335. 0il of Origanum (NrEeLseN and SCHIEFFERDECKER, Arch.
Anat. w. Phys., 1882, p. 204).—Price per kilo 15 mark (=15s.).
Thin, light brown colour, odour not too strong, agreeable,
does not evaporate too quickly, is not changed by light, is
miscible with chloroform balsam and with castor oil. Ninety-
five per cent. alcohol preparations are cleared quickly, and so
are celloidin gections, without solution of the celloidin. Anilin
colours are somewhat extracted.

For work with celloidin sections care should be taken to
obtain OL. Origani eretici (*“ Spanisches Hopfendl ”’), not 0I.
Orig. gallici (v. Giesox ; see Zeit. f. wiss. Mik., iv, 4, 1887,
p- 482). Specimens of origanum oil vary greatly in their
action on celloidin sections, and care should be taken to
obtain a good sample.

336. Sandal-wood 0Oil (NEELSEN and SCHIEFFERDECKER, Ibid.).
—*“ Finest East Indian sandal-wood oil,” price per kilo 50
mark (= £2 10s. 0d.). Somewhat thicker than the last two,
light yellow, odour faint, agreeable, evaporation hardly per-
ceptible, unchangeable by light, miscible with chloroform
balsam and with castor oil. Ninety-five per cent. alcohol
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' of osmosis, to which process the destrnetive action of pure
water is mainly due. Salt solution is a medinm suggested
by this necessity. But salt solution by no means fulfils
all the conditions implied in the notion of an “indifferent”
liquid. In so far as it possesses a density approaching to that
of the liquids of the tissues, one cause of osmosis is eliminated ;
but there remains another, due to the difference of composi-
tion of the liquids within the tissues and that without, Cell
contents are a mixture of colloids and erystalloids, salt solution
contains only a crystalloid, whose high ditfusibility causes it
to diffuse over into the colloids of the tissues. In order to
reduce the consequent osmotic processes to a minimum, it 18
necessary that the examination medinum contain in addition to
a due proportion of salt or other crystalloid, also a due pro-
portion of colloids. By adding, for instance, white of egg to
salt solution, this end may be attained, and, as a matter of
fact, the liquids recommended as indifferent are found in-
variably to contain both crystalloids and colloids. Thus (as
stated by Frey) vitreous humour contains 987 parts of water
to about 4°6 of colloid matters and 7'8 of erystalloids (common
salt). In 1000 parts of the juice of fruits are contained about
3'8 parts of colloid matter (albumen), 58 of salt, and 34 of
urea. In blood serum, 85 of colloids and 1 of erystalloid
substance are found.

345. Salt Solution.—(*‘ Normal salt solution,” * physio-
logical salt solution™) 0°75 per cent. sodium chloride in water.
Carnoy recommends the addition of a trace of osmic acid.

346. Iodised Serum.—Iodised serum was first recommended
by Max Schultze (Virchow’s dwchiv, xxx, 1864, p. 263). I
take the following instructions concerning it from Ranvier
(Lradté, p. 76). ' :

The only serum that gives really good results is the amniotic
liquid of mammals. A gravid uterus of a sheep or cow
having been obtained (in large slaughter-houses such can be
obtained without difficulty), an inecision is made through the
wall of the uterus and the feetal membranes. A jet of serum
issues from the incision, and is caught in a flask prepaved for
the purpose. IFlakes of iodine are then added, and the flask
is frequently agitated for some days. Two points should be
noted. A perfectly fresh ammnios must be taken; for the

13






CALOIUM CHLORIDE. 195

strunctures in the fresh state. To preserve it from mould,
chloral hydrate may conveniently be dissolved in it (1 to 5
per cent.). I have used as much as 7 per cent., and found no
disadvantage.

Carbolised Syrup.—Carbolic acid may be employed instead
of chloral ; 1 per cent. is sufficient.

Bither of these syrups may be used as a mounting medium,
but they are not to be recommended for that purpose, as there
is always risk of the sugar crystallising out.

A good strength for syrup is equal parts of loaf sugar and
water. Dissolve by boiling.

351. Saliva.—Saliva has been recommended with the idea of its being
innocunous to delicate structuves; it is of course a macerating agent (see
MaceEraTING AcENTs, Artificial Saliva, § 504).

852. Carbolic Acid.—1 per cent. in water. Is a mounting medium.
853. Kreasote.—5 per cent. in water.

354. Thwaites' Kreasote Fluid (see BEarg, How fo Work, &c., p. 55).
355. Beale’s Naphtha and Kreasote (ibid , p. 56).

358. Quekett’s Wood-Naphtha Fluid (ibid.).

357. Alum Sea-Water.—A saturated solution of alum in sea.water is
useful for the examination and preservation of the tissues of many marine
organisms (Medus@, Siphonophora, Ctenophora, Pelagic Tunicata). The
animals may be killed in the fluid, which is a fair fixing agent.

858. Acetate of Alumina (Gaxxar's sorurion, Bearg, ibid.).
Acetate of alumina . : ¢ : . . 1 pat.
Water 3 ; : : : : 3 0

358. Acetate of Potash (Max Scuurrze, Areh. mik. Anatf., vii, 1872,
p- 180).—A nearly saturated solution in water. It is used by letting a drop
run in under the cover-glass to the object, which is in water. After twenty-
four hours the mount may be closed. The index of refraction is lower than
that of glycerin.

This medium has been frequently recommended as having the property of
preventing the blackening of objects that have been treated with osmium ;
but it seems extremely doubtful whether this is really the case.

360. Calcium Chloride (Micro. Dict., Art. * Caleiwm, chloride "").—
Either about 1 part of the salt to 2 of water, or a saturated solution may be
used. A lump of camphor should be added to the solution to preserve it.
As this salt is very hygroscopic, its solution presents the advantage of not
drying up, so that it is not necessary to close the mounts until it is desived
to put them away.

361. Chloral Hydrate.—5 per cent. in water (Liavbowsky,
Areh. f. mik. Anat., 1876, p. 359). ;
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Fruip No. 3—

Bichloride of mercury . : S, : 1 part.
Common salt . : : ; - i : oy
Water . ; > - 200

For blood-covpuscles of warm- hlcrmled animals.

Frum No. 4—

Bichloride of mercury . : : ’ . 1 part.
AR RATATN v & el B en e e
Water . : - : S DU

* Serves best for the nuclm of Emunfﬂ tissues, but if swells up the fibres and
distorts the forms of the cells.”

Fruip No. 5 (Frey, Le Microscope, 1867, p. 233).—In the place here
quoted, Frey speaks of the liquids of Pacini as differing from those of Goadby
through their containing glycerin in lien of alum. He gives the following
directions. Take—

Sublimate . . . - - - - 1 part.
Sodium chloride . : : R . : P ERR
Glycerin (25° Beaumé) . : i : P [
Water . K ; - - . AL3

Allow the mixture to remain undmtmhed for at least two months, At
the end of that time, take for nse 1 part, mix with 3 parts of water, and
filter. This mixture is said to be a good preservative of all delicate tissues.

Frvip No. 6 (Ibid)—

Sublimate . - : . ; - : 1 part.
Acetic acid . T L
Glyeerin (25° Bemune} / : : M R
Water . . 5 Sl O K pades

This mixture is to be Emp'lﬂyed in the same way as the last. It is said to
destroy red blood-corpuscles, but to preserve white blood-corpuscles.

385. Modifications of the foregoing Sublimate Solutions.—The
following formule are quoted by Frey from Cornil as being in use at the
Pathological Institute of Berlin.

1. Sublimate . : : g . : - 1 part.
Sodinm chloride . . : - L : T
Water : : e o, TN
For the more vascular tissues nf warm- hlnuded amma,ls
2. Sublimate . : Y . ! s . 1 part.
Sodinm chloride . : : : 2 . S
Water - : : < 2000
For similar tissues of cold- hlnnded a.mmnls
3. Sublimate . ST S . 3 . S TEnart
Sodium chloride . S ’ : 3 = 1
Water . Y 4 o 000

For pus-corpuscles and n.nalnguua elaments
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glycerin is so highly hygroscopic that a drop of it expused to
the air rapidly diminishes in strength fo a very cnnmdemb}e
degree. In order to facilitate the removal of the cover in
this process, the slide may be gently warmed by passing it
two or three times through the flame of a spirit-lamp. No
preparation can be considered to be made gecundwm artem
until every part of the object has been thoroughly impregnated
with strong pure glycerin. :

The shrinking that frequently oceurs when delicate struc-
tures are brought into glycerin may generally be cured by this
treatment ; cells which at first appear hopelessly collapsed
oradually swell out to their normal forms and dimensions.

For closing glycerin mounts, the edges of the cover should
first (after having been cleansed as far as possible from
superfluons glycerin) be painted with a layer of glycerin jelly ;
as soon as this is set a coat of any of the usual cements may
be applied. This has of course been for the last twenty years
one of the common places of histological techmic; but that
has not prevented somebody from recently deseribing the pro-
cess at great length as new.

Glycerin dissolves carbonate of lime, and is therefore to be
rejected in the preparation of calcareous structures that it is
wished to preserve. : _

The already high index of refraction of glycerin (Price’s glycerin, n =
1-46) may be raised to about that of crown glass by dissolving suitable sub-
stances in the glycerin. Thus the refractive index .of a solution of chloride
of cadmium (CACL)* in glycerin may be 1:504 ; that of a saturated solution
of sulpho-carbonate of zine in glycerin may be 1'501 ; that of a saturated
solution of Schering’st chloral hydrate (in crusts)in glyeerin is 1'510 ; that
of iodate of zine in glycerin may be brought up to 1'56.f The clearing
action of glycerin may thus be greatly increased, and the full aperture of
homogeneous objectives brought to bear on objeets mounted in omne of the
above-named solutions.

The sulpho-carbolate of zinc solution§ may be prepared by taking equal
parts by weight of Price’s glycerin and sulpho-carbolate of zine crystals,
mingling the two, and applying sufficient heat to boil the glyeerin. The
solution can be made in about an hour, but no fear need be had about boil-
ing too long, as the longer this is done the less liability will there be for the
solution to deposit crystals on the bottom of the bottle when cooled, which

* Jowrn. Roy. Mic. Soe , ii, 1879, p. 346.
t+ Ibid. (N.S.), i, 1881, p. 943.

1 Ibid., p. 366.

3 Ibid., iii, 1880, p. 1051.
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water, pours off the superfluous water, and heats the soaked
gelatin until melted. To each fluid ounce of the gelatin,
whilst it is fluid but cool, he adds a fluid drachm of the white
of an egg. He then boils this until the albumen coagulates
and the gelatin is quite elear, when it is to be filtered through
fine flannel, and to each ounce of the clarified solution adds
6 drachms of a mixture composed of 1 part of glycerin to two
parts of camphor water.”

388, Beale’s Glycerin Jelly (How to Work, &e., p. 57).—
Gelatin or isinglass, soaked, melted, and clarified if desired,
as in the last formula. To the clear solution add an equal
bulk of strong glycerin.

389. Brandt’s Glycerin Jelly (Zeit. f. Mik., ii, 1880, p. 69 ;
Journ. Roy. Mic. Soc., iii, 1880, p. 502).—Melted gelatin 1
part, glycerin 14 parts.

The gelatin to be soaked in water and melted in the usual
way. After incorporating the glycerin, the mixture is to be
filtered. This is a point of vital importance, as the gelatin of
commerce is always mixed with particles of dust and minute
threads. Swedish filtering paper does not allow the fluid to
pass through sufficiently, and flannel produces more threads
than before. The following simple apparatus is found effec-
tive. A wide-necked bottle is broken in two, and the upper
part taken. The neck 1s stopped with a cork having two holes
bored in it. In the first hole a glass tube, about 20 cc. long,
1s inserted so as to project a little into the inside of the bottle,
and on the outside it is bent sharply to one side and drawn
out into a point of about 14 to 2 mm. diameter. In the
second hole a funnel-shaped filter is inserted so that the coni-
cal part is inside the bottle and the tube projects a few centi-
metres beyond the cork and the neck of the bottle. The
apparatus is then placed so that the wide opening of the
bottle and of the funnel is uppermost, and some spun glass
1s pressed into the lower conical part’ of the filter. In using
the apparatus the funnel is filled with glycerin gelatin, and
the bottle with hot water, which runs off slowly through the
tube in the first hole and is constantly replenished.

Some drops of carbolic acid should be added to the fluid
product of the filtering. For mounting, use warm, by melt-
ing a small portion on the slide, the object having been
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With the objects with which I have experimented I have not found this
to be the case.

394, Stephenson’s Biniodide of Mercury and TIodide of Potasaix}m
(Jowrn. Roy. Mie. Soc., 1882, p. 167).—Interesting, as giving a solution
which when saturated has an index of 1'680, the highest index of any
known aqueous fluid. I have experimented both with strong and weak
solutions, and doubt whether much practical advantage can be derived from
them. Tissues are well preserved, but the preparations are ruined by a
precipitate which forms in the fluid.

395. Monobromide of Naphthalin (see Jowrn, Roy. Mic. Soc., 1880, p.
1043 (AppE and vaxy Heurck), and Zool. dnz., 1882, p. 555 (Max FrescH).

Resinous Media.

396. Resins and Balsams.—Resins and balsams consist of a
vitreous or amorphous substance held in solution by an essen-
tial oil. By distillation or drying in the air they lose the
essential oil and pass into the solid state. Itis these solidified
resins that should in my opinion (and that I believe of the
best microscopists) be employed for microscopical purposes.
For the raw resins always contain a certain proportion
of water, which makes it difficult to obtain a clear solution
with the usual menstrua, is injurious to the optical properties
of the medinm, and to its preservative qualities, and further,
especially hurtful to the preservation of stains. I therefore
recommend that all solutions be made by heating gently the
balsam or resin in a stove until it becomes brittle when cold,
and then dissolving in an appropriate menstruum.

Forn (Lehrb., pp. 138-9) is of a different opinion.

Solutions made with volatile menstrua, such as xylol and
chloroform, set rapidly, but become rapidly brittle. Solutions
made with non-volatile media, such as turpentine, set much
less rapidly and pass much less rapidly into the brittle state.

As to the old dispute about the respective merits of damar
and balsam, the case appears after all to lie in a nutshell.
Damar gives the better definition of delicate detail; balsam
has greater clearing action, and affords perhaps more solid
mounts.

It may be remarked here that for some of the purposes for
which these media are employed, 0il of Cedar may be found
preferable. The mounts need not be closed (except for im-
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Roy. Mie. Soe. (N.S.), iii, 1883, p. 145 ; Morphol. Jahrb., vi,
1880, p. 469 ; Journ. Roy. Mie. Soe. (N.S.), 11, 1882, p. 583).

Max Frescu notes hereon (Zool. Jahresber. f. 1880, p. 51)
that at Wiirzburg the ordinary dammar varnish of arists is
employed.

James (Engl. Mech., 1887, p. 184 ; Jowrn. Roy. Mic. Soc.,
1887, p. 1061) also gives some I think superfluous formule for
damar solutions.

400. Balsam-Damar.—It has been recommended to mix equal volumes
of benzol balsam and turpentine damar; but this medium seems to me
superfluous.

401, Colophonium.—A solution of colophoninm in turpentine
has been recommended by Kleinenberg. I find it works very
pleasantly. The palest kinds of colophonium should of course
be taken.

This medinm sets very slowly, so that ample time is afforded
for arranging objects in it. Kleinenberg warns against the
employment of absolute alcohol as a solvent ; the preparations
are beautiful at first, but soon become spoiled by the precipi-
tation of crystals or of an amorphous substance.

The turpentine solution keeps perfectly limpid, gives very
good definition, and is altogether so excellent a medium that
I am surprised that 1t 1s not more used. It should be recom-
mended to beginners.

402. Venice Turpentine (zee the quotation in Zeif. f. wiss. Mik., iii,
3, 1886, p. 400).

403. Copal Varnish—I have seen tissues very instructively
mounted in this medium, which is probably worthy of further
study. “ Berry’s Hard Finish,” which is an easily obtainable
copal varnish, has been highly praised for mounting purposes
(see Journ. Roy. Mic. Soc., 1887, p. 1064).

404. Photographic Negative Varnish (for mounting large sections
withont cover-glasses) (see WEIGERT, Zeif. f. wiss, Mik., iv, 2, 1887, p. 209).

405. Styrax and Liquidambar (see Jowrn. Roy. Mie. Soc., 1883, p.
741 ; ib. 1884, pp. 318, 475, 655, and 827 ; and the places there quoted.
Also Bull, Soc. Belge de Mic., 1884, p. 178 ; and Fow, Lehrb. p. 141).

406. Tolu Balsam (see Zeit. f. wiss. Mik., iv, 4, 1887, p. 471).

14
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When the ring of gelatin has become quite set and dry,
which will not take long, it may be painted over with a
solution of bichromate of potash made by dissolving 10 grains
of the salt in an ounce of water. This should be done n the
daytime, as the action of daylight is necessary to enable the
bichromate to render the gelatin insoluble in water. The
cover may then be finished with Bell’s cement.

This process is particularly adapted for glycerin mounts.

409. The Paper Cell Method.—According to my experience,
the best way to make a flnid mount safe is the following. By
means of two punches I cut out rings of paper of about a
millimetre in breadth, and of about a millimetre smaller in
diameter than the cover-glass. Moisfen the paper ring with
mounting fluid, and centre it on the slide. TFill the cell thus
formed with mounting fluid ; arrange the object in it ; put
the cover on; fill the annular space between the paper and
the margin of the cover with glycerin jelly (a turn-table may
be useful for this operation) ; and as soon as the gelatin has
set turn a ring of Bell’s or other cement on it.

For greater safety, the gelatin may of course be treated
with bichromate according to Marsh’s plan.

410. Comparative Tenacity of Cements (sce BemrENS, Zeif. f.
wiss. Mik., 11, 1885, p. 54, and AuvsErr Amer. Mon. Miec.
Journ., 1885, p. 227 ; Journ. Roy. Mic. Soc., 1886, p. 173).—
Behrens gives the palm to amber varnish; Aubert places
Miller’s canotchone cement at the head of the list, Lovett’s
cement coming half way down, and zine white cement at the
bottom, with less than one quarter the tenacity of the caout-
choue cement.

411. Bell's Cement.—Composition unknown. May be ob-
tained from the opticians or from J. Bell and Co., chemists,
338, Oxford Street, London.

This varnish flows easily from the brush, and sets quickly.
For glycerin or other fluid mounts, the cover should be ringed
as above described with glycerin jelly before applying the
varnish. This precaution is especially necessary with glycerin.
This 1s the best varnish for fluid mounts known to me. It is
soluble in ether or chloroform. It is not attacked by oil of
cedar.
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the air until it has become of the proper consistency ;—for
mending cells and for preventing running-in of the finishing
varnish (Northern Microscopist, ii, 1882).

420. Turpentine, Venice Turpentine (Csoxor, Arch. mik.
Anat., xxi, 1882, p. 353 ; Parker, dAmer. Mon. Mic. Jowrn., ii,
1881, pp. 229-30; Jouwrn. Roy. Mie. Soc. (N.S.), 1i, 1882,
p. 724).—Venice turpentine (Terebinthina veneta) is the
liquid resinous exudation of Abies lariz. Tt is seldom met
with in a pure state. The following are the directions for
preparing and using it given by Parker : |

Dissolve true Venice turpentine in enough alcohol, so that
after solution it will pass readily through a filter, and, after
filtering, place in an evaporating dish, and by means of a
sand-bath, evaporate down to about three quarters of the
quantity originally used. (The best way to tell when the
evaporation has gone far enough is to drop some of the
melted turpentine, after it is evaporated down to about three
quarters its original volume, into cold water; if on being
taken out of the water it is hard and breaks with a vitreous
fracture on being struck with the point of a knife, cease
evaporation and allow to cool.) :

Or (Csoxor), common resinous turpentine of commerce is
put in small pieces to melt over a water-bath, then poured
into a suitable vessel and allowed to cool. It should yield a
brittle, dark brown mass, not yielding to the pressure of a
finger. If is sometimes useful, in order to attain the right
degree of hardness in the cold mass, to add a little resinous
oil of turpentine to the melted mass, and then to evaporate
for several hours over the water-bath.

This cement is used for closing glycerin-mounts; it is
applied in the following manner :—Square covers are used
and superfluous glycerin is cleaned away from the edges in
the usunal way.

The cement is then put on with a piece of wire bent at
right angles (No. 10—12 wire is taken, and copper is the
best, as it gives to the turpentine a greenish tinge) ; the short
arm of the wire should be just the length of the side of the
cover-glass. The wire is heated in a spirit-lamp, plunged
into the cement, some of which adheres to it, and then
brought down flat upon the slide at the margin of the cover.
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what important matter), see Wirr, Zeut, f. wiss. Mik., 1886,
p. 199,

For Seamax’s shellac cement for attaching metal to glass,
see Journ. Roy. Mic. Soc., 1888, p. 520.

425. Sealing-wax Varnish (Micro. Dict., “ Cements ”).—Add
enough spirit of wine to cover coarsely powdered sealing-wax,
and digest at a gentle heat, This should only be used as a
varnish, never as a cement, as it is apt to become brittle and
to lose its hold upon glass after a time.

426. Tolu Balsam Cement (Carwov’s Biol. Cell., p. 129).

Toln balsam . : 2 . 2 parts.
Canada balsam ; : ol
Saturated solution of shellac in chlo-

roform : 2

22

Add enough chloroform to bring the mixture to a syrupy
consistence. Carnoy finds this cement superior to all others.

427, Stieda's White Zine Cement (Arch. f. mik. Anat., 1866,
p. 435).—Rub up oxide of zine with turpentine, and add,
stirring continually for every drachm of the zinc oxide, 1
ounce of a solution of damar in turpentine (of the consist-
ency of thick syrup). This gives a white cement like Ziegler’s.
For a red cement, take, instead of zine, cinnabar, and take 2
drachms of the metal for each ounce of the damar solution.
If the cement has become too thick with age, dilute with
turpentine, ether, or chloroform.

428. Ziegler's White Cement.—Composition unknown. Is
very much used on the Continent.

429. Kitton's White Lead Cement (Month. Mic, Journ., 1876,
p. 221).—HEqual parts of white lead, red lead, and litharge
(all in powder), ground together with a little turpentine until
thoroughly incorporated, then mixed with gold size. The
mixture should be thin enough to work with a brush. No
more of the cement should be made than is required for
present use, as 1t soon sets and becomes unworkable ; but a
stock of the materials may be kept ready ground in a hottle.

430. Lovett's Cement (Journ. Roy. Mie. Soc., 1883, p. 786),—
Two parts white lead, 2 parts red oxide of lead (minium), 3
parts litharge. To be ground very fine, mixed dry, and kept
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CHAPTER XXI.
INJECTIONS ; GELATIN MASSES,

431. Introduction.—Injection masses are composed of a
coloured substance, technically termed the colouring mass, and
of a substance with which that is combined, techmically
termed the wvehicle.

The following formulze are grouped according to the nature
of the vehicle. A note on the employment of nitrite of amyl
for provoking the dilatation of vessels will be found at § 473.

432. Robin's Gelatin Vehicle. (Traité, p. 30).—Take some
gelatin, of the sort known as “colle de Paris.” (This
gelatin 1s found in commerce in the form of thin sheets,
marked with lozenge-shaped impressions of the cords which
supported them whilst drying.) Soak it in cold water, then
heat in water over a water-bath. One part of gelatin should
be taken for every 7, 8, 9, or even 10 parts of water; it is a
common error to employ solutions containing too much gelatin.
The solution is now to be combined with one of the colouring-
masses given below.

This vehicle, like all gelatin masses, is liable to be attacked
by mould if kept long; eamphor and carbolic acid do not
suffice to preserve it.

Chloral hydrate added to the mass will preserve it (Hover).

A sufficient dose, at least 2 per cent., should be employed
(see below, No. 445),

433. Robin's Glycerin-Gelatin Vehicle (Traité, p. 32).—Dis-
solve in a water-bath 50 grammes of French gelatin (** colle
de Paris ”’) in 300 grammes of water in which has been dis-
solved some arsenious acid ; add of glycerin 150 grammes,
and of carbolic acid a few drops. Unlike the pure gelatin
vehicles, this mass does keep indefinitely.
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HOW TO NEUTRALISE A CARMINE MASS. A |

remove all traces of acids mechanically retained in the
gelatin,

As to the neutralisation of the colouring mass, Ville is of
opinion that the criterion of neutrality given by Ranvier—the
sour smell that takes the place of the ammoniacal odour—can-
not be safely relied on in practice. He considers it greatly
preferable to employ dichroic litmus paper (litmus paper
sensibilised so as to be capable of being used equally for the
demonstration of acids and bases).

To prepare such a paper, the tincture obtained by decoction
of cake litmus is slightly acidified by an excess of sulphuric
acid. By this means the excess of alkali, or of alkaline
carbonates, that is always present in litmus decoction, and
which diminishes its sensibility as a reagent, is neutralised.
The decoction is then heated and agitated with an excess of
precipitated carbonate of baryta, and filtered.

The solution of litmus thus obtained is exposed to the air
in wide vessels until its intense blue colour has given place to
a reddish tint. Strips of white unsized paper are then
dipped in it, and dried in the shade on stretched threads, in
a place free from vapour of ammonia,

A shorter method consists in adding very dilute sulphurie
acid,drop by drop, to the ordinary laboratory tincture of litmus,
until the colour changes tored. Then, by adding successively
traces of alkali and very dilute sulphuric acid, the reddish,
dichroic tint may be obtained, and the paper prepared with
the solution as before.

The paper is used in the same way as ordinary litmus paper.
A strip is moistened with distilled water and held as close as
possible to the injection mass kept melted on a water-bath.
It becomes blue at first, very rapidly and decidedly; but as
fast as fresh quantities of acid are added, this reaction
becomes less evident, and at a certain moment the change of
colour becomes very slow in making its appearance. It is then
that the addition of acid should cease, and the operation is
ended.

Very delicate sensitised paper may also be prepared with
other reagents than litmus, for instance, with Nessler’s reagent*

* Nessler's reagent may be prepared as follows :—Mereuric chloride, in
powder, 35 grammes; iodide of potassium, 90 grammes; water, 1750 c.c,
Heat gently till dissolved in a large basin ; then add of stick caustic potash
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One kilog. of Simeon’s photographic gelatin® is soaked for
a couple of hours, until thoroughly soft, in a small quantity of
water. The water is then poured off and the gelatin melted
over a water-bath, and one litre of concentrated solution of
carmine in ammonia is poured in with continual stirring.
(The carmine solution is prepared by diluting strong solution
of ammonia with three or four parts of water and adding
carmine to saturation ; the undissolved excess of carmine is
removed by filtration just before the solution is added to the
gelatin,)

To the mixture of gelatin and carmine, which should have
a strong smell of ammonia, sufficient acetic acid is added to
turn the dark purple colour of the mixture into the well-known
blood-red hue. Exact neuntralisation is not necessary. The
mass 18 set aside until it has become firm, and 1s then cut up
into pieces, which are tied up in a piece of tulle or fine netting.
By means of energetic compression with the hand under
water (it must be acidulated water, 0'1 per cent. acetic acid,
otherwise the carmine will wash out ; cf. ‘Journ. Roy. Mie.
Soe.,” iv, part 3, 1884, p. 474) the mass is driven out through
the meshes of the stuff in the shape of fine strings, which are
washed for several hours in a sieve placed in running water in
order to free them from any excess of acid or ammonia. The
strings are then again melted, and the molten mass is poured
on to large sheets of parchment paper soaked with paraffin,
and the sheets are hung up to dry in an airy place. When
dry the gelatin can easily be separated from the sheets, and
may be cut into long strips with scissors and put away, pro-
tected from dust and damp, until wanted for use. In order
to get the mass ready for use, all that is necessary is to soak
the strips for a few minutes in water and melt them over a
water-bath.

The process may be simplified, without giving very greatly
inferior results, as follows (Lehrb., p. 13). Gelatin in sheets
is macerated for two days in the above-described carmine

* This gelatin may be obtained either from the ordinary furnishers of
articles used in photography, or direct from Simeon’s Gelatin-fabrik,
Winterthur, Switzerland. Two sorts, a hard and a soft, are sold ; the softer
is to be preferred on account of its lower point of fusion. Probably the
photographic gelatins of Hinrichs, of Frankfurt, and of Coignet, of Paxis,
would answer equally well ; as also the best English preparations,
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ascertain whether this is the case take a small quantity of the
liquid and observe whether a drop of sulphate of iron still
precipitates it.) Filter the liquid through a felt strainer,
underneath which is arranged a paper filter in a glass funnel.
The liquid at first runs clear and yellowish into the lower
funnel ; distilled water is then poured little by little on to the
strainer ; gradually the liquid issuing from the strainer ac-
guires a blue tinge, which, however, is not visible in that which
issues from the lower filter. Distilled water is continually
added to the strainer for some days until the liquid begins to
run off blue from the second filter. The Prussian blue has
now become soluble. The strainer is turned inside out and
agitated in distilled water; the Prussian blue will dissolve if
the quantity of water be sufficient.

The solution may now be injected just as it is, or it may be
kept in bottles till wanted, or the solution may be evaporated
in a stove, and the solid residuum put away in bottles.

For injections, if a simple aqueous solution be taken, it
should be saturated. Such a mass never transudes through
the walls of vessels. Or, it may be combined with one fourth
of glycerin, or with the gelatin vehicle above deseribed.

450. Soluble Prussian Blue (Guianer, Jowrn. de Microgr.,
1889, p. 94; Journ. Roy. Mic. Soe:, 1889, p. 468).—CGuignet
gives two methods :

L. To a boiling solution of 110 grammes of ferrideyanide of
potassium, are added gradunally 70 grammes of crystallised
sulphate of iron. After boiling two hours it is filtered, and
the filtrate washed with fresh water until the washings are
strongly blue. It is then dried at 100° C.

2. A saturated solution of oxalic acid is mixed to a pasty
consistence with an excess of pure Prussian blue. The liquid
is filtered and allowed to stand for two months until all the
blue is precipitated. It is then filtered and washed with weak
spirit in order to remove any oxalic acid, then dried.

A similar result may be at once obtained by precipitating
the oxalic solution with 95 per cent. aleohol, or with a con
centrated solution of sodium sulphate, and then washing the
precipitate with weak spivit.

451, Bricke’s soluble Berlin Blue (drch. f. mik. dnat., 1865,
15
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(c.) To the latter mixture add first 24 c.c. of the oxalic
acid solution, stir well, and then add the gelatin and iron
mixture (A). Stir confinually, keeping the temperature at
from 20° to 25° R. until the whole of the Prussian-blue is
precipitated. Finally, heat over a water-bath to about 70°
R. and filter throngh flannel.

453, Fol’s Berlin Blue Gelatin Mass (Zeit. f. wiss. Zool,, xxxviii,
1883, p. 494).—A modification of Thiersch’s formula, No.
452, 120 c.c. of a cold saturated solution of sulphate of iron
are mixed with 300 c.c. of the warm gelatin solution. In a
separate vessel 600 c.c. of the gelatin solution are mixed with
240 e.c. of a saturated solution of oxalic acid, and 240 c.c. of
a cold saturated solution of red prussiate of potash are added
to the mixture. The first mixture is now gradually pounred
into the second, with vigorous shaking, the whole is warmed
for a quarter of an hour over a boiling water-bath, the mass is
allowed to set, is pressed out into strings through tulle or
netting, as described for the carmine mass, supra, § 446, and
the strings are washed and spread out to dry on the prepared
paper. (It is necessary to dry the strings without remelting
in this case, because the mass does not readily melt without
the addition of oxalic acid.) In order to prepare the mass
for injection, the strings are put fo swell up in cold water,
and then warmed with the addition of enough oxalic acid to
allow of complete solution.

454. Hoyer’s Soluble Berlin Blue Gelatin Mass (Arch. f. mik.
Anat., 1876, p. 649).—The filtered and not too much washed
precipitate of soluble Berlin blue is brought in a little water
on to a Graham’s dialyser, and the external water changed
until the solution begins to pass through the parchment.
Dilute the solution and filter through filter-paper, an operation
which becomes easy affer dialysis. The solution may be
mjected pure (for lymphatics, for instance) or may be com-
bined with gelatin. To do this, warm the solution almost to
boiling-point, and add graduwally a warm, thin solution of

gelabin until coagulation begins to set in. Strain through
wetted flannel.
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the injection mass may be mixed in less than a quarter of an
hour. Its advantages arve that, on account of the extremely
“fine state of division of the precipitate, the mass is almost
transparent, and runs so freely that even lym phatics may be
perfectly injected with it, whilst its intensity of colour makes
the vessels much more distinet than the very pale mass of
Thiersch (No. 456). It is also easier to manage than
Thiersch’s mass, as it does not solidify so quickly. It shows
well in the vessels by reflected, as well as by transmitted,
light.

458, Fol's Lead Chromate Gelatin Mass (LehrD., p. 15).

459. Hoyer’s Silver Nitrate Yellow Gelatin Mass (Diol. Cen-
tralbl., 11,1882, pp. 19, 22; Jowrn. Roy. Mic. Soe. (N.S.), 111, 1883,
p. 142).— A concentrated solution of gelatin is mixed with an
equal volume of a 4 per cent. solution of nitrate of silver and
warmed. To-this isadded a very small quantity of an aqueous
solution of pyrogallic acid, which reduces the silver in a few
seconds ; chloral and glycerin are added as before  (see ante,
Hover’s formula for carmine gelatin, No. 445).

This mass is yellow in the capillaries and brown in the
larger vessels. It does not change either in aleohol, chromic
or acetic acid, or bichromate of potash, &e.

460. Hoyer’s Green Gelatin Masses (/bid.).—Made by mixing
a blue mass and a yellow mass.

461. Thiersch’s Green Gelatin Mass (Arch. f. mik. Anat., 1865,
p. 149).—Made by mixing the blue mass, § 452, and the yellow
mass, § 456.

462. Robin’s Scheele’s Green Gelatin Mass (see § 438).

463. Hartig’s White Gelatin Mass (F'ruy, Le Microcope, p.
190).—Dissolve 125 grammes of acetate of lead in so much
water that the whole shall weigh 500 grammes,

Dissolve 95 grammes of carbonate of soda in so much water
that the whole shall weigh 500 grammes.

Take equal volumes of the two solutions, and add two
volumes of gelatin solution.

464. Frey’s White Gelatin Mass (Ibid).—Put into a tall glass
cylinder 125 to 185 grammes of cold saturated solution of
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Glycerin Masses (cold).

473. As to Glycerin Masses.—(Glycerin masses are certainly
very convenient, and give very good results from the scientific
—not from the @esthetic—point of view. They have a great
defect for the injection of fresh specimens, that is, those in
which rigor mortis has not set in; they stimulate the contrac-
tion of arteries. In these cases it may be advisable to use
nitrite of amyl as a vaso-dilatator. The animal may be
angesthetised with a mixture of ether and nitrite of amyl, and
finally killed with pure nitrite. Or, after killing in any way,
a little nitrite of amyl in salt solution may be injected before
the injection mass is thrown in. In any case it is advisable
to add a little nitrite to the mass just before using. The
relaxing power is very great (see Oviarr and SARGENT, in St
Lowis Med. Journ., 1886, B 207 ; and Jowrn. Roy. Mic. Soc.,
1887, p. 841).

474, Beale’s Carmine Glycerin Mass (How to Work, &e.,
p. 95).—Five grains of carmine are dissolved in a little water
with the aid of about five drops of ammonia, and added to
half an ounce of glycerin. Then add half an ounce of glycerin
with eight or ten drops of acetic or hydrochlorie aeid, gradu-
ally, with agitation. Test with blue litmus paper, and if
necessary add more acid till the reaction is decidedly acid.
Then add half an ounce of glycerin, two drachms of alcohol,
and six drachms of water.

475. Robin’s Carmine Glycerin Mass (T'raité, p. 33).—Consists
of the following vehicle :

Glycerin . : . ; ; 2 parts,
Aleohol . ; . : : ; 1
Water . . ; 1

ar

Combined with one thlrd or one fﬂurth its volume of the
carmine colouring nass, ante, formula No. 434,

476. Beale's Prussian Blue Glycerin Mass ([low to Work, &ec.,
p. 93).

Common glycerin ; : ; 1 ounce,
Spirits of wine , : ; : : 3 [t Shgh
Ferrocyanide of potassium : . 12 grains.
Tincture of perchloride of iron . ‘ 1 drachm.

Water : X : : : 3 4 ounces.
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Aqueous Masses.

480. Ranvier’s Prussian Blue. Aqueous Mass (T'raité, p. 120).
—The soluble Prussian blue, § 449, injected without any
vehicle. It does not extravasate.

481. Miiller's Berlin Blue (Arch. f. mik. Anat., 1865, p. 150).
—Precipitate a concentrated solution of Berlin blue by means
of 90 per cent. alcohol.

The precipitate is very finely divided ; the fluid is penfectly
neutral, and much easier to prepare than the formula of Beale.

482. Mayer’s Berlin Blue (Mitth. zool. Stat. Neapel, 1888,
p. 307).—A solution of 10 c.c. of tincture of perchloride of
iron in 500 c.c. of water is added to a solution of 20 gr. of
yellow prussiate of potash in 500 ec.c. of water, allowed to
stand for twelve hours, decanted, the deposit washed with
distilled water on a filter until the washings come through

dark blue (1 to 2 days), and the blue dissolved in about a
litre of water.

483. Emery’s Aqueous Carmine (Ibid., 1881, p. 21).—To a
10 per cent. ammoniacal solution of carmine is added acetic
acid, with continual stirring, until the colour of the solution
changes to blood-red through incipient precipitation of the
carmine. The supernatant clear solution is poured off, and
injected cold without further preparation. The injected organs
are thrown at once into strong alcohol to fix the carmine.
For mjection of Fishes.

484, Letellier’s Vanadate of Ammonia and Tannin (Jowrn, Roy.
Mic. Soc., 1889, p. 151).—Vanadate of ammonia is soluble in
warm, and tannin in hot water. The two solutions are kept
apart until required for use, when they are mixed according
to the tint required. A black mass, very fine. The walls of
vessels are stained black by it.

485. Taguchi’s Indian Ink (Arch. f. mik. Anat., 1888, p. 565 ;
Zeit. f. wiss. Mik., 1888, p. 503 ).—Chinese or (better) Japanese
ink well rubbed up on a hone until a fluid is obtained that does
not run when dropped on thin blotting-paper nor form a grey
ring round the drop. Inject until the preparation appears

quite black, and throw it into some hardening liquid (not
pure water).
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water from a tap furnished with an india-rubber tube. Leave
for some weeks in water, rinse, and put up in glycerin, or a
mixture of glycerin, aleohol, and water in equal volumes.

487. Hochstetter's Modification of Schiefferdecker’s Mass
(Anat. Anz., 1886, p. 51 ; Jowrn. Roy. Mic. Soc., 1888, p. 159).
—Kaolin is rubbed up with ether, to which cobalt blue, chrome
yellow, or cinnabar is added. To this, celloidin solution of
the consistence of honey is added.

Other Masses,

488. Budge’s Asphaltum Mass (Arch. f. mik. Anat., xiv, 1877,
p. 70).—A large quantity of asphaltum has benzol poured on
it, and is allowed to stand for several days, and then preserved
for use. Before injecting add } to 4 benzol, and filter. Chlo-
roform and turpentine may also be used as solvents. Used
for injecting the juice-canals of cartilage by the method de-
seribed 1. c., or by puncture.

489. Hoyer’s Shellac Mass (Arch. f. mik. Anat., 1876, p. 645),
—Place a quantity of good shellac in a wide-necked flask and
add just enough aleohol (of about 80 per cent. strength) to
cover the shellac. Leave it for twenty-four hours, and then
warm it in a water-bath to complete the solution. When
cool, dilute, if necessary, with alcohol to the consistency of a
thin syrup and strain through moderately thick muslin, The
solution thus obtained may be coloured by the addition of
anilin colours in (filtered) concentrated aleoholic solution, or
of granular pigments suspended in alecohol.  Of these, cinnabar
gives the finest colouration, and may be employed for corro-
sion preparations (anilin colours may also be used for this
purpose, but then they are not permanent). Berlin-blue and
yellow sulphide of arsenic are useful. A mixture of the two
gives green. Freshly-precipitated sulphide of cadmium gives
a fine permanent yellow. The pigments should be rubbed up
to fine powder with water, and alcohol added ; let the mix-
ture settle, pour off the dilute alcohol and add strong alcohol.
Shake in a flask, by which means the coarser particles ave
brought to the bottom of the liquid, and at this moment pour
off the supernatant fluid which contains the finer particles
only. Add this to the shellac solution and strain through
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496. Iodised Serum.—The preparation of this reagent has
been given above, § 346.—The manner of employing it for
maceration is as follows :—A piece of tissne smaller than a
pea must be taken, and placed in 4 or 5 c.c. of weakly iodised
serum in a well-closed vessel. After one day’s soaking the
maceration is generally sufficient, and the preparation may be
completed by teasing or pressing ont, as indicated above ; if
not, the soaking must be continued, fresh iodine being added
as often as the serum becomes pale by the absorption of the
iodine by the tissues. By taking this precaution, the macer-
ation may be prolonged for several weeks.

It is obvious that these methods are infended to be applied
to the preparation of fresh tissues, the iodine playing the part
~ of a fixing agent with regard to protoplasm, which it slightly
hardens.

497, Artificial Iodised Serum (I'rey, Le Microscope, p. 131 ;
Rawvier, Traité, p. 77).

The formula has been given above, § 347. Ranvier states
that he has been unable to obtain good results, for purposes
of maceration, by this method.

498. Alcohol.—Ranvier employs one-third alecohol (1 part
of 36° alcohol to 2 parts of water). Hpithelia will macerate
well in this in twenty-four hours. Ranvier finds that this
mixture macerates more rapidly than iodised serum.

Other strengths of alcohol may be used, either stronger
(equal parts of alcohol and water) or weaker (} alechol, for
isolation of the nerve-fibres of the retina, for instance,— Thin).

All observers are agreed that one-third alecohol is a mace-
rating medium of the highest order; Lisr (Zeit. f. wiss. Mik.,
1885, p. 511) states that for glandular structures it should be
used with precaution, on account of swellings that it produces
in the cells, and that Miiller’s solution, or osmic acid, should
be preferred for such objects.

499. Salt Solution.—Ten per cent. solution of sodium chlo-
ride 1s a well known and valuable macerating medium.

500, Morescuorr and Piso Borme’s Sodium Chloride and
Alcohol (Morscuorr’s Untersuchungen zur Natwrlehre, xi, pp.
- 99—107 ; Raxvier, Traité, p. 242).—Ten per cent. solution
of sodinm chloride, 5 volumes ; absolute alcohol, 1 volume.

16
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CHROMIC ACID.

Potassium chloride ; - : ] 04
Sodium chloride . : : ! : 03
Phosphate of soda. . ‘ : : 0-2
(Caleium chlormde . : - : : 02
1-1.

This is dissolved in 100 parts of water, saturated with
carbonic acid, and the solution combined with water and
solutio Miilleri, one volume of the solution being combined
with half a volume of Miiller’s solution and a volume of
water.

In either case the Miiller’s solution may be replaced by a
21 per cent. solution of chromate of ammonia. The best
results were obtained when the solutions were saturated with
the CO, just before using.

The tissues are isolated by teasing and shaking, and speci-
mens mounted in concentrated acetate of potash.

505. Lawpois’s Solution (Areh. f. mik. Anat., 1885, p. 445).
Saturated sol. of nentral chromate of ammonia 5 parts.
Saturated sol. of phosphate of potash . vl B
Saturated sol. of sulphate of soda . : ey
Distilled water. ; ; 5 . . S8 110 Je
To be used in the same way as chromic aeid :—small pieces
of tissue are macerated for one to three, or even four or five
days, in the liquid, then brought for twenty-four hours into
ammonia carmine diluted with one volume of the macerating
liquid.

Grerer particularly recommends this liguid for all sorts of
macerations, but especially for the central nervous system, for
which he finds it superior to all other agents. It is also re-
commended for the same purpose by NanseN (v. Zeit. f. wiss.
Mik., v, 2, 1888, p. 242).

506. Permanganate of Potash.— Has an action similar to that
of osmic acid, but more energefic. Is recommended, either
alone or combined with alum, as the best dissociating agent
for the fibres of the cornea (Routerr, Stricker’s Handbuch,
p. 1108}.

507. Chromic Acid.—Generally employed of a strength of
about 002 per cent. Specially useful for nerve tissues and
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is complete, stain with picro-carmine ; if nof, with Beale’s
carmine.

515. Bira Havner’s Mixture (Morphol. Jahvb., xi, p. 321).—
One part glacial acetic acid, 1 part glycerin, 2 parts water.
Specially recommended for the central nervous system of
mollusca (Rhipidoglossa). A sufficient degree of macera-
tion is obtained in thirty to forty minutes, the cells showing
less shrinkage than with other liguids.

516. Nitric Acid.—Most useful for the maceration of muscle.
The strength used is 20 per cent. After twenty-four hours’
maceration in this, isolated muscle-fibres may generally be
obtained by shaking the tissue with water in a test-tube.

517. Nitric Acid and Chlorate of Potash (Kiuxe's method,
Ueber die peripherischen Endovgane, &e., 1862; Ranviug,
Traité, p. 79).—Chlorate of potash is mixed, in a watch-glass,
with four times its volume of nitric acid. A piece of musele.
is buried in the mixture for half an hour, and then agitated
with water in a test-tube, by which means it entirely breaks
up into isolated fibres.

518. Sulphuric Acid (Rawvier, Tvaité, p. 78).—Sulphuric
acid has been employed by Max Schultze for isolating the
fibres of the crystalline.

Macerate for twenty-four hours in 30 grammes of water, to
which are added 4 to 5 drops of concentrated sulphuric acid.
Agitate.

Opextus found very dilute sulphurie acid to be the best
reagent for the study of nerve-endings in tactile hairs. He
macerated hair-follicles for from eight to fourteen daysin a
solution of from 3 to 4 grains of ““ English sulphuric acid > to
the ounce of water.

Hot concentrated sulphuric acid serves to dissociate horny
epidermic structures (horn, hair, naﬂs)

519. Oxalic Acid.—Maceration for many days in concen-
trated solution of oxalic acid has been found useful in the
study of nerve-endings.

520. ScHierPERDECKER'S Methyl Mixture (for the retina)
(dreh. f. mik. Anat., xxviii, 1886, p. 305).—Ten parts of gly-
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It solutions diluted with four to six volumes of water be taken,
and chitinous structures be macerated in them for twenty-
four hours or more, according to size, the chitin is not dis-
solved, but becomes transparent, soft, and permeable to stain-
ing fluids, aqueous as well as alcoholie. The most delicate
struetures, such as nerve-endings, are stated not to be injured
by the treatment. The method is applicable to Nematodes,
and their ova, an object well known for the resistance they
oppose to ordinary reagents.

This is undoubtedly a valnable method.

530. Arrmany’s Corrosion Method (Arch. f. mik. Anat., 1879,
p. 471).—Whilst almost all animal tissues are very quickly
destroyed by ean de Javelle, yet fats, and particularly fats
hardened by osmic acid, withstand its action for a long time.
If, then, you introduce some fat or other into a tissue,
harden it with osmic acid and corrode the tizssue with eaun
de Javelle, you will obtain a mould, in osminm-blackened
and hardened fat, of the spaces you had filled with the fat
introduced.

The method may be of much use in certainspecial researches,
such as those on the choroid, iris, and pigmented organs. Ire-
commend the reader to carefully study the article, which does
not well bear abstracting. A good abstract will be found in
Journ. Roy. Mic. Soc., 1879, p. 610, with plate,

Decaleification and Desilicification.

531. Decalcification of Bone (Arch. f. mik. Anat., xiv, 1877,
p- 481).—I take the following historical sketch from Busch’s
article ©“ On the Technique of the Histology of Bone.”

The most widely-used agent for decaleification 1s hydro-
chloric acid. Its action is rapid, even when very dilute, but
it has the disadvantage of causing serious swelling of the
tissues. To remedy this chromic acid may be combined with
it, or alcohol may be added fo it.  Or a 3 per cent. solution
of the acid may be taken and have dissolved in it 10 to 15
per cent. of common salt. Or (Waldeyer) to a |4 per cent,
solution of chloride of palladium may be added ;th of its
volume of HCI,

Chromic acid is also much used, but has a very weak decal-
cifying action and a strong shrinking action on tissues, For
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533. Nitric Acid and Aleohol.—3 per cent. of mitric acid in
70 per cent. alcohol. Soalk specimens for several days or
weeks. I do not know who first recommended this admir-
able medium.

534, Chromic Acid is employed in strengths of from 01
per cent. to 1 per cent., the maceration lasting two or three
weeks (in the case of bone). It is better to take the acid weak
at first, and increase the strength gradually.

535. Chromie and Nitric Acid.—Dissolve 15 gr. pure chromie
acid in 7 oz. of distilled water, to which 30 minims of nitrie
acid are afterwards to be added. Macerate for three or four
weeks, changing the fluid frequently (Marsh).

For takes 70 volumes of 1 per cent. chromic acid, 3 of nitric
acid, and 200 of water (Lehrb., p. 112).

536. Hydrochloric Acid may be taken of 50 per cent. strength,
and then has a very rapid action (Ranvier).

537. Hydrochloric Acid and Chromic Acid (Bavery, Arch. f.
mik. Anat., 1885, p. 35).—Hqual parts of 8 per cent. chromic
acid and 1 per cent. hydrochloric acid. For ossifying carti-
lage.

538. Picric Acid should be taken saturated.

Picro-sulpluric actd should of course be avoided on account
of the formation of gypsum.

Picro-nitric or Picro-hydrochloric aecid.—The reader will
perhaps reflect that the two last fluids appear likely to be
very useful for decalcifications. Mayer points out that the
action is very rapid, and that the copiounsly evolved CO, often
produces, mechanically, lesions in tissues; so that in many
cases in which calecareons structures are concerned chromie
acid 1s to be preferred, the more so as it more effectually
hinders any collapsing of the structures that might result from
the withdrawal of their supporting calcareous elements.

539. Glycerin. Alum-Carmine.—It should be remembered
that these commonly used reagents dissolve carbonate of lime ;
they must therefore be avoided in the preparation of strue-
tures containing calcareous elements that it is wished to pre-
serve (calcareous sponges, echinodermata, &ec.)..
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pipette, and mixed-in by shaking the vessel as soon as the
green colour of the evolving chlorine has begun to show itself,
Warm if necessary ; but most objects, even large' ones, may be
bleached in half a day without the employment of heat. The
tissues do not suffer.

Instead of hydrochloric acid, nitric acid may be used ; in
which case the bleaching agent is the freed oxygen, instead
of chlorine.

The first method may be used for the purpose of removing
pigment from the eyes of insects.

543. Magrsu’s Chlorine Method (Section Cutting, p. 89).—
Marsh generates chlorine in a small bottle by treating crystals
of chlorate of potash with strong HCI, and leads the gas (by
means of a piece of glass tubing bent twice at right angles)
to the bottom of a bottle containing the sections in water.
(See a fig. of the apparatus in Journ. Roy: Mie. Soc., iii, 1880,
p. 854.)

544, Chlorine Solution (Sarcent’s method).—Hydrochlorie
acid, 10 drops; chlorate of potash, } dr.; water 1 ounce.
Soak for a day or two. Wash well.

This method is intended for * bleaching insects;” it will
be seen that it is only applicable to the preparation of hard
parts, as soft tissues would be destroyed by the solution.

545, Kreasote (PouvcHer's method, Jouwrn. de I Anat., 18706,
p. 8, et seq.).—I gather from the paper here quoted that
most of the granular animal pigments are soluble in kreasote.
Other solvents are mentioned in this paper (“ On the Change
of Colouration through Nervous Influence’’), but this appears
to be the only one capable of general histological application.

546. Nitric Acid.—Nitric acid has a similar action.

547. Oxygenated Water (Povcuer’s method, M. Duvaw, Précis,
&e.,) p. 234).—Macerate in glycerin to which has been added
a liftle oxygenated water (5 to 6 drops to a watch-glass
of glycerin). (Oxygenated water may be procured from per-
fumers or hair-dressers, by whom it is sold as a hair dye
under the name of “ Auréoline,” “ Golden hair-wash,” or the
like.)

The brownish-green colour communicated to tissues by
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CHAPTER XXV.

EMBREYOLOGICAL METHODS,

551. Artificial Fecundation.—This practice, which affords
the readiest means of obtaining the early stages of develop-
ment of many animals, may be very easily carried out in the
case of the Amphibia anura, Teleostea, Cyclostomata, Kchino-
dermata, and many Vermes and Ceelenterata,

In the case of the Amphibia, both the female and the male
should be laid open, and the ova should be extracted from
the uterns and placed in a watch-glass or dissecting dish, and
treated with water in which the testes, or better, the vasa
deferentia, of the male have been teased.

Females of Teleostea are easily spawned by manipulating
the belly with a gentle pressure; and the milt may be ob-
tained from the males in the same way. (It may occasionally
be necessary, as in the case of the Stickleback, to kill the
male and dissect out the testes and tease them). The sper-
matozoa of fish, especially those of the Salmonidse, lose their
vitality very rapidly in water; it is therefore advisable to
add the milt immediately to the spawned ova, then add a
little water, and after a few minutes put the whole into a
suitable hatching apparatus with running water.

Artificial fecundation of invertebrates is easily performed
in a similar way. It is sometimes possible to perform the
operation under the microscope and so observe the penetra-
tion of the spermatozoon and some of the subsequent pheno-
mena ;—as has been done by Fol, the Hertwigs, Selenka, and
others, for the Echinodermata and other forms.

552. Superficial Examination.—The development of some
animals, particularly some invertebrates, may be to a certain
extent followed by observation of the living ova under the
microscope. This may usefnlly be done in the case of various

il
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writing the chapter on embryological methods for the French
edition of this work, advised staining in the mass with borax-
carmine or alum-carmine (Henneguy’s acetic-acid formula,
§ 151); or, as an alternative, the staining of sections by
Flemming’s method. . The improvements that have in recent
times been worked out in this method give still greater weight
to the latter recommendation.

554. Reconstruction of Embryos from Sections,—The study of
a series of sections of any highly differentiated organism of
unknown structure is so complicated that it is often necessary
to have recourse to elaborate methods of geometrical or of
plastic reconstruction in order to obtain an idea or a model
of the whole. These methods have now been brought to so
high a degree of complexity that a volume rather than a
paragraph would be necessary to deseribe them. See Borw, Die
Plattenmodellivmethode, in dreh. f. mik. Anat., 1883, p. 591,
and Zeit. f. wiss. Mik., v, 4, 1888, p. 433 ; SrrASsER, In Zeit,
f. wiss. Mik., 1ii, 2, 1886, p. 179, and iv, 2 and 3, pp. 168 and
330 ; Kasrscuenko, in Zeit. f. wiss. Mik., iv, 2 and 3, 1887,
pp. 235-6 and 353, and v, 2, 1888, p. 173 (abstracts of all
these papers may be found in Journ. Roy. Mic. Soc. of the
years quoted). :

A simple, but in many cases quite efficient plan, has been described by
Fou (Lehrb., p. 35), as follows. Before cutting your sections, you make
an outline drawing of your object, under the magnification that you intend
to employ for the reconstructed drawing, and in a plane perpendicular to
that of the intended sections. For instance, if you intend to make trans-
verse sections of an embryo, begin by making a profile drawing of it, that
is, a drawing of the outline of an ideal sagittal section of it. Then make
your series of sections, and make drawings of them all under the same
magnification as the sagittal drawing. Then trace over your sagittal draw-
ing a series of equidistant parallel lines in positions corresponding to the
sections that have been made. If your sections are one hundredth of a
millimetre thick, and your drawing be magnified one hundred times, the
lines should be one millimetre apart (if you intend to reconstruet the whole
of your sections, but the operation may frequently be abrideed by only
reconstrueting say every fifth or every tenth section).

You have now to fill in your outline drawing with details borrowed from
the drawings of the sections. You may help yourself greatly in the follow-
ing way. A plate of glass, of a size suitable to the intended drawings, is
covered with a layer of gelatin, and dried. On this is ruled a series of
parallel lines, very close together, and ruled with differently coloured inks,
the colours recurring in regular order. The plate is then cut into two un-
equal parts by a diamond, on a line perpendicular to the coloured lines,
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point of a scalpel, a cataract needle, or a small pipette. They
may be examined in the peritoneal fluid of the mother, if the
animal has been killed, or in its aqueous humour, or in
amniotic liquid, or in blood serum, or in Kronecker’s or other
artificial serum.

If you have not been able to find the ova with the lens or
the microscope, serape off the epithelium of the tubal mucosa
with a small sealpel, mix it with a little indifferent liquid,
and look for the ova under the microscope by transmitted
light.

Another method, employed by Killiker, consists in in-
jecting solution of Miiller or weak osmic acid into the oviduet
by means of a small syringe, and collecting the liquid that
runs out in a series of watch-glasses, in which the ova can
very easily be found by the microscope.

The same doe may be made to serve for two observations, at some hours’
or days’ interval. A longitudinal ineision of 8 to 10 centimetres length is
made on the median or a lateral line of the abdomen; an assistant keeps
the intestines in their place ; a ligature is placed at the base of one of the
uterine cornua, beneath the neck, and a second ligature around the mesome-
trium and mesovarium. The ovary, the tuba, and the cornu of thatside are
then detached with scissors. The abdomen is then closed by means of a few
sutures passing through the muscle layers and the skin. The animals sup-
port the operation perfectly well, and the development of the ova of the
opposite side is not in the least interfered with. When it is desired to study

these, the animal may be killed, or may be subjected to a second laparotomy
if it be desired to preserve it for ulterior observations.

During the fourth, fifth, and sizth days after copulation the
ova of the rabbit are free in the uterine cornua; they are
easily visible to the naked eye, and may be extracted by the
game manipulations as those of the tubes. After the sixth
day they are at rest in the uterus, but have not yet contracted
adhesions with the mucosa, so that they can still be extracted
whole. At this stage the parts of the cornua where the ova
are lodged are easily distinguishable by their peculiar aspect,
the ova forming eminences of the size of a pea. The cornua
should be eut up transversely into as many segments as there
are eminences, care being taken to have the ova in the centre
of the segments. You then fix each segment by means of
two pins on the bottom of a dissecting dish, with the meso-
metrial surface downwards and the ovular eminence npwards,
The dissecting dish is then filled up with serum or liquid of
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stained, and mounted in glycerin or balsam. v. Beneden
has also obtained good preparations by means of chloride of
gold.

For embryonic areas and more advanced embryos Kolliker
recommends putting the ovum into ‘0'5 per cent. solution of
osmic acid until it has taken on a somewhat dark tint,
which happens in abouf an hour, and then freating it with
successive alcohols for several hours. If the ovum be adhe-
rent to the uterine mucosa the portion of the membrane to
which it is fixed should be left, stretched out with pins, in
0-1 per cent. solution of osmie acid for from four to six hours.
The blastodermic vesicle can then easily be removed, and
immersed for a few hours more in 05 per cent, solution of
osmiec acid, and finally be brought into alecohol. For sections
Killiker fixes with osmic acid. v. Beneden treats the ova
for twenty-four hours with 1 per cent. solution of chromic
acid, then washes well, and brings them throngh successive
alcohols. Chromic acid has the advantage of hardening
thoroughly the vesicle, and maintaining at the same time
the epiblast cells perfectly adherent to the zona pellucida.
v. Beneden also recommends the liquid of Kleinenberg.
Henneguy writes that he frequently employs it for embryonic
areas and embryos of various ages, always with excellent
results. Fol’s modification of the liquid of Flemming, and
Ranvier and Vignal’s osmic acid and alcohol mixture (§ 29),
also give excellent results. For staining, Henneguy recom-
mends borax-carmine or Delafield’s hematoxylin for small
embryos ; for large ones, Henneguy’s acetic acid alum-car-
mine is the only reagent that will give a good stain in the
mass,

For sections, pure paraffin. Cut in series and mount in
balsam.

Piersorn (Zeit. f. wiss. Zool., xlvii, 2, 1888, p. 155) has been -
lately using for fixation either Kleinenberg’s solution, or, for
young stages, Albmann’s 3 per cent. nitric acid. Staining and
cutting as above.

Aves.

556. Superficial Examination.—FExcellent instructions on this
head are given in Foster and Bavrour’s Hlements of Embryo-
logy, to which, as it is certain to be in the student’s hands, he
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and aleohol mixture, iodised serum, solution of Kleinenberg,
10 per cent. nitric acid, &c.). By keeping the upper end of
the pipette closed, and the lower end in contact with the
liquid on the blastoderm, the blastoderm may be kept well
immersed for a few minutes, and should then be found to be
sufficiently fixed to be excised.

The egg is put back into the salt solution, and a eircular
incision made round the embryonic area. The blastoderm
may then be floated out and got into a watch-glass, in which
it may be examined, or may be brought into a hardening
liquid.
~ Before putting it into the hardening fluid, the portion of

vitelline membrane that covers the blastoderm should be re-
moved with forceps and shaking.

In order to counteract the turning up of the edges of the
blastoderm that generally happens during the process of hard-
ening, it is well to get the blastoderm spread out on the
convex surface of a watch-glass, and leave 1t so during the
hardening.

For hardening, Foster and BALrour recommend solution of
Kleinenberg for five hours, followed by alecohol. Or chromie
acid, a solution of 0-1 per cent. for twenty-four hours, followed
by a solution of 0'3 per cent. for twenty-four hours more,
then by 70 per cent. alecohol for a day, 90 per cent. alcohol
for two days, and lastly absolute alcohol. They also recom-
mend a 0°5 per cent. solution of osmic acid, in which the em-
bryo remains for two hours,and a half in the dark, and after
washing is brought into absolute aleohol.

Hexneeuy prefers the osmic acid and aleohol mixture of
Ranvier and Vignal, or Flemming’s mixture followed by sue-
cessive alcohols.

Staining and imbedding may be performed by the usual
methods.

Up to about the fiftieth hour embryos may be mounted
enfire, in glyeerin or balsam.

559. M, Duval’s Orientation Method (Ann. d. Se. nat. Zool.,
1885).—In the early stages of the development of the ova of
Aves, before the appearance of the primitive streak, it is
difficult fo obtain a correct orientation of the hardened cica-
tricula, so as to be able to make sections in any desired divec-
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for twenty-four hours inte an ample quantity of § per cent. chromie-acid
solution ; the blastoderm is removed, washed out in water, and put for three
hours into Calberla’s liguid (ada glycerin, water, and alcohol), and finally
hardened in 90 per cent, alcohol.

The preparations are then stained with Bohn's neutral carmine (§ 142)
for twenty-four hours (or more if of a greater thickness than 1 mm.), and
afterwards may, if desived, be washed out with a mixture of equal parts of
glycerin and water containing § per cent. of hydrochloric acid, which will
ensure a perfectly nuclear stain. Karyokinetic figures are brought out with
creat distinctness. :

562. Sarasin’s Method (Semrer’s dvbeifen, 1883, p. 1568).—Fix with
chromic acid or hot water, and harden with alcohol. Stain with Bismarck
brown, alum-carmine, or hiematoxylin, or picro-carmine. Imbed in collodion,
and collodionise the sections as cut.

Amphibia.

563. Preliminary.—In order to prepare the ova of Amphibia
for section cutting, it is essential to begin by removing their
thick coats of albumen, This may be done by putting them
for two or three days into 1 per cent. solution of chromic acid,
and shaking well ; but ova thus treated are very brittle and
do not afford good sections. A better method is that de-
scribed by WarmMaN (Admer. Natural., xxii, 1888, p. 857), and
by BrocuMANN (Zool. Anz., 1889, p. 269). Whitman puts the
fixed eggs into a 10 per cent. solution of sodium hypochlorite
diluted with 5 to 6 volumes of water, and leaves them there
till they can be shaken free, which happens (for Necturus) in
a few minntes. Blochmann takes eau de Javelle (potassiom
hypochlorite), and dilutes it with 3 to 4 volumes of water,
and agitates the eggs, previously fixed with solution of
Flemming, for fifteen to thirty minutes in it. The ova are
afterwards preserved in aleohol in the usual way.

564. Axolotl—The ova are easier to prepare than those of
the Anura, because the yolk is separated from the albuminous
layer by a wide space filled with a liquid that is not coagulated
by reagents. Put the eggs for a few hours into picrosulphuric
acid, then pierce the inner chorion with fine scissors or needles,
and gently press out the ovam. Harden in alcohol.

Another method that gives good results is that of O.
Herrwia for Eana (below, § 568). Stain in the mass with
borax-carmine, or Henneguy’s acetic acid alum-carmine, and
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are to be stained in the mass, they should be put into borax-
carmine for twenty-four hours in the place of the 50 per cent.
alcohol. The times of immersion in the various reagents to
be strictly observed.

Pisces.

571. Teleostea in General.—The ova of many of the bony
fishes can be studied by transmitted light in the living state ;
but those of the Salmonidee must be hardened and removed
from their envelopes for the study of the external forms of
the embryo.

To this end, the ova may be put for a few minutes into
water containing 1 to 2 per cent. of acetic acid, and thence
into 1 per cent. chromic acid. After three days the capsule
of the ovum may be opened at the side opposite to the embryo,
and be removed with fine forceps. The ovum is put for
twenty-four hours into distilled water, and then into sncces-
sive alcohols. Embryos thus prepared show no deformation,
and their histological elements are fairly well preserved. But
the vitellus rapidly becomes excessively hard and brittle, so as
greatly to interfere with section cutting.

The following processes give good results as regards sec-
tion cutting.

Put the ova for a few minutes into 1 per cent. osmic acid ; as
soon as they have taken on a light-brown colour bring them
into Miiller’s solution. Open them therein with fine scissors—
the vitellus, which immediately coagulates on contact with air,
dissolves on the contrary in Miiller’s solution ;—and the germ
and cortical layer can be. extracted from the capsule of the
ovum. They should be left in clean Miiller’s solution for a
few days, then washed with water for twenty-four hours, and
brought through successive alcohols.

Another method is ag follows. The ova are fixed in solution
of Kleinenberg containing 10 per cent. of acetic acid. After
ten minutes they are opened in water containing 10 per cent.
of acetic acid, which dissolves the vitellus. The embryos are
put for a few hours into pure solution of Kleinenberg, and
are then brought through alcohol of gradually increasing
strength. '

672. Kowalewsky’s Method (Zeil. f. wiss, Zool,, xliii, 1880, p. 434),
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to remain in it for three to four hours, and then be brought
into 70 per cent. alcohol.

577a. Amarcecium (Mavrice and ScHULGIN, Ann. Sei. Nat.
Zool., xvii, 1884).—Stain in borax-carmine, wash out, and
stain for fifteen to twenty hours in very weak solution of blew
de Lyon in 70 per cent. alcohol with a few drops of acetic
acid. In sections the epiblast and hypoblast appear chiefly
blue, the mesoblast cells on the contrary appearing almost
entirely red.

Mollusca.
578. Cephalopoda (Ussow, drch. de Biol., ii, 1881, p. 582).

—Segmenting ova are placed, without removal of the mem-
branes, in 2 per cent. solution of chromie acid for two minutes,
and then in distilled water to which a little acetic acid (one drop
to a watch-glassful) has been added, for two minutes. If an
incision be now made into the egg-membrane the yolk flows
away and the blastoderm remains ; if any yolk still cling to it,
it may be removed by pouring away the water and adding
more. The blastoderms thus prepared show, when appro-
priately stained, fine karyokinetic figures.

579. Gasteropoda (Huxnrauy).—Ova of Helix may be fixed
for from four to six hours in Mayer’s picronitric solution
(§ 56). The carbonate of lime that encrusts the external
membrane 1s thus dissolved, and the albuminous coat of the
egg is coagulated. The egg is opened with needles; the
albumen comes away in bits, and the embryo can be removed.
Treat with successive alcohols, and imbed in paraffin.

580. Limax (early stages) (Mark, Bull. Mus. Comp. Zool., Harvard
Coll., vi, 1881).—The ova are treated with acetic acid of 1 to 2 per cent. for
four or more hours. The two external membranes are incised with fine
scissors, and the egg squeezed ount in its albumen membrane. This is dis-
sected off on a slide, the egg is separated from the albumen, stained, and
mounted in glyeerin.

For later stages, or for making sections, osmic acid is used instead of
acetic acid, and the egg is hardened within its albuminous coats.
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the fly may be fixed by plunging the animal for some time
into boiling water, then dissecting out and bringing them into
70 per cent. alcohol. ' Laid eggs may have boiling water
poured over them, or be put into solution of Flemming in-a
test-tube which is plunged into boiling water until the eggs
begin to darken (about aminute). Cold solution of Flemming
easily causes a certain vacuolisation of the contents of the ova.
Open the ova at the larger end, stain with borax-carmine for
fifteen to thirty hours, and cut in paraffin,

588. Aphides (Winn, Semper's Arbeiten, 1883, p. 223).—Sections to
be made through the entire animals containing the ova and embryos. The
animals are killed in water of 707 C., and brought into alechol. The cuticle
may then be pricked with a needle and the animals stained in the mass with
borax-carmine or heematoxylin. Yon may imbed in collodion and eollodio-
nise the sections as cut.

587. Araneina (Barrour, Quarf. Journ. Mic. Sei., 1880, p. 167).—
Balfour hardened the embryos in bichromate of potash, after placing themn
for a short time in nearly boiling water. After removal of the membranes
they were stained as a whole with hmmatoxylin, and imbedded for cutting
in coagulated albumen.

588. Agelena (Locy, Bull. Mus. Comp. Zool. Harvard, xii, 3, 1880 ;
Zeit. f. wiss. Mik., iii, 2, 1886, p. 242).—Fix by heating the ova in water
to 80° C., and bring them into alcohol. The liguid of Perényi may .
also be used ; it has the advantage of not making the yolk so granular.

- 589. Phalangida (Barniant).—The ova of Phalangium opilio ave en-
closed in a chorion covered with yellow corpuscles which renders them quite
opaque. They may be cleared by treating them with water containing a
little solution of caustic potash and raised to boiling-point. The ova are
then laid on blotting-paper, and the chovion is removed by rubbing them
gently with a small brush. The vitelline membrane remains intact and
transparent, and the embryo may be studied through it.

580. Phalangida (HexxiNe, Zeit. f. wiss. Mik., iii, 4, 1886, pp. 470
et seq.).—Fix with boiling water or “ Flemming.” Preserve the ova in
90 per cent. aleohol. To open the chorion, bring them back into 70 per cent.
alcohol, which canses them to swell up so that the chorion can easily be
pierced with needles, and the ovum turned out. Stain with borax-earmine
or with * eosin-hematoxylin " (sic). Penetrate with bergamot oil (rather
than chloroform or toluol) and imbed in paraffin,

591. Astacus (RErcHENBACH, from Zeif. f. wiss, Mik., 1886, p- 400).—
Fix in water gradually warmed to 60° or 70° C. (if the chorion should burst,
that is no evil), harden for twenty-four hours in 1 to2 per cent. bichromate
of potash or (r5 per cent. chromic acid, wash out for the same time in run.
ning water, and bring into aleochol. Remove the chorion, remove the em-
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may be used in a similar way. These reagents cause no
obstruction to the processes of cell-division, and are useful,
but their action as anmsthetics is inconstant.

Indifferent Media.—One per cent. salt solution, iodised
serum, syrup, cold water (+ 1° C.), and warm water (35°—
40° C.). The tail may be excised from the living animal and
studied for a long time in these media (PrremescEko, Arch.
f- mik. Anat., xvi, 1879, p. 437).

Perhaps (Fremwing, ibid., pp. 304 et seq.) the very best
subject for these studies is Salamandra. .The adult offers for
study the thin transparent bladder ; in the larva the gills and
caudal ““ fin” may be studied in the living state. The gills
are difficult to fix in position for observation, and are obscured
by pigment. In the fin there is always a spot, near to the
. hind limbs, that is free from pigment ; and on lightly coloured
larvee other such spots may be found on the ventral half of
the fin and on the lateral line. On a flat-finned larva it is
possible to study these spots with high-power glasses.

The larva may be fixed in a suitable cell, or wrapped in
moist blotting-paper, or may be curarised; or the tail may
be excised. (It is preferable to cut through the larva close
in front of the hind limbs.) '

A favorable object for preparation is found in the gill-plates,
delicate laminz that are to be found attached to the gill-carti-
lages on the mouth side.

Larvee may be bred from adults kept in confinement, and
supplied with a vessel of water, in which they will place the
larvee of their own accord. In May, gravid females may be
killed and the larvee extracted. The larvee must be kept in
frequently changed water, and fed every day ortwo. Aquatic
worms may be used for feeding them, viz. Tubifex rivulorum.

It is extremely important that they should be fed regularly
and abundantly, for if not, cell-divisions in the tissues become
rare, and may even cease altogether.

600. Stains for Living Cells.—It is sometimes of the very
greatest.importance to be able to stain a cell in the living
state, even though it be but feebly and imperfectly. Methylen
blue, dahlia, or gentian violet may be used in solution in pure
water, or in an indifferent liquid—the addition of a trace of
chloral hydrate will enable you to obtain a clear solution of
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dictates ; and of course other examination media than solution
of Ripart may be employed. But, for general purposes, the
methyl-green-osmium-and-Ripart’s-medivm method gives such
good results, and is so very convenient, that it may well be
called the classical method for the study of fresh cells. I
think great credit is due to Carnoy for his frequent insistence
on the excellence and handiness of this method,

Other fixing agents and stains that are applicable to this
kind of work will be found discussed in the course of the
following paragraphs,

602. Some Microchemical Reactions.—Methyl green is a test
for nuelein, in so far as it colours nothing but the nueclein in
the nucleus. It is, however, not a perfect test, for the intensity
of the coloration it produces varies greatly in different nuclei,
and may in certain nuclei be extremely weak, or (apparently)
even altogether wanting., In these cases other tests must be
applied in order to establish with certainty the presence or
absence of that element. The following suggestions are
taken from Carxoy, who is, I believe, the only writer, on the
zoological side at all events, who has insisted on the necessity
of applying microchemical methods in a systematic manner to
the study of cells.

Nuclein is distingunished from the lecithins and from albu-
minoids by not being soluble, as these are, in water, and in
weak mineral acids, such as 0-1 per cent. hydrochloric acid. It
1s easily soluble in concentrated mineral acids, in alkalies, even
when very dilute, and in some alkaline salts, such as carbonate
of potash and biphosphate of soda. In the presence of 10
per cent. solution of sodium chloride it swells up into a gela-
tinous mass, or even, as frequently happens, dissolves entirely
(Biol. Cell., pp. 208—9). It is only partially digestible (when
in sitw in the nucleus) in the usunal laboratory digestion fluids.

The solvents of nuclein that are the most useful in practice
are—1 per cent. caustic potash, fuming hydrochloric acid, or
cyanide of potassium, or carbonate of potash. These last
generally give better results than dilute alkalies. They may be
employed in solutions of 40 to 50 per cent. strength. If it be
desired to remove all the nuclein from a nucleus, the reaction
must be prolonged—sometimes to as much as two or three days,
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combined with clearing in glycerin, and staining, may be
nseful for bringing out reticula and nucleoli. Chloride of
gold preserves the forms well, but generally leaves the nuclear
structures unstained. Nitrate of silver is hopelessly uncon-
trollable in its action. Alcohol has much the effect of chromie
acid, but often causes a much greater shrinking of the nuclei.
Bichromate of potash and chromate of ammonia bring out very
sharply the appearance of a reticulum, but these appearances
cannot be accepted as true (1. c., p. 334 ef seq.).

< Those who seek to study cell-division by means of bichromate
of potash or other chromic salts are hopelessly n the wrong
road.” And this because of the injurious action of the
bichromate, not on the body of the cell, which it preserves
well, but on the chromatin structures. Chromic salts are
excellent reagents for general histological work, but not for
puclear structures. They dissolve nucleoli, destroy nuclear
““networks,” and swell up and distort karyokinetic figures to
such a degree that the appearances obtained from them are
merely unnatural caricatures of the true structure.

Altmann’s nitric acid method is excellent for the purpose
of hunting for cell-divisions in tissues; but the minute struc-
ture of the figures is not so well preserved as it is by means
of chromic or picric acid. The same must be said of Kleinen-
berg picrosulphuric acid method.

The best fixing agent in general is the chromo-aceto-osmic
acid mixture (§§ 35, 36). Attempts to omit the chromic acid
did not give good results. The omission of acetic acid (as in
Max Flesch’s formula, § 34) causes the figures to be far less
sharply brought out. The presence of acetic or formic acid
in all osmium solutions is favorable to the precision of subse-
quent staining with hematoxylin, picro-carmine, or gentian-
violet. But mixtures of osmic and acetic acid without chromie.
acid (Eimer) do not give such good results as the chromo-
aceto-osmic acid mixture. Mixtures of picric acid with osmic
acid or with osmic and acetic acid (proportions of the latter
as in the chromo-acetic osmic mixture (§ 35), but of pieric acid
about, 50 per cent.) fix quite as well as the chromic mixtures,
but precise staining is even more difficult than with pure
osmic acid preparations. Flemming concludes that the bene-
ficial effects of the osmium in all these mixtures are to be
ascribed to the instantaneous rapidity with which it kills, the
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it may safely be stated as a general rule that if you take the
strong mixture, and fix thoroughly in it, you are not likely to
go far wrong. And what is meant by a thorongh fixation ?
Half an hour may be taken to be generally enough ; but for
very delicate things, such as the Nebenkern and the achro-
matic figure, at least eighteen hours ought to be given.

It only remains to point out that this doctrine is at variance
with that expressed in the first edition and in the Traité, and
with the earlier recommendations of Flemming ; but I feel
some confidence that it will not be called in question by the
majority of workers at this subject. Of course it goes without
saying that further precise evidence on the matter is very
much to be desired.

Two or three of the fixing agents proposed by other writers
fix quite as faithfully as Flemming’s mixture. There is
Rapr’s chromo-formic acid (§ 32). Fix in this for twelve to
twenty-four hours, wash out well with water, and pass into
alcohol. And there is the same observer’s platinum chloride
solution (§ 47). In Rabl’s latest communication (Adnat. Anz.,
iv, 1889, p. 21) he recommends that Salamandra larvee be
fixed (for twenty-four hours) in a solution of from one tenth
to one eighth per cent. strength. Inhisearlier work he used
solutions of 1—300 strength. Platinum chloride has the
peculiarity of causing a slight shrinkage of the chromatin,
which helps to bring into evidence the granules of Pfitzner
and the longitudinal division of the chromosomes, i

+ Aeetic Aleohol is a reagent with which some of the most im-
portant work in recent eytology has been done—namely, much
of that on the maturation and fecundation of the ovum of
Ascaris. :

Carnoy (La Cellule, iii, 1, 1886, p. 6) used at first a mixture
of three parts of absolute alecohol with 1 of glacial acetic
acid ; later (ibid., iii, 2, 1887) the chloroform mixture (§ 52).
From five to fifteen minutes is enough for even the most re-
sistent ova.

Van Benepes and Neyr (Nouvelles Rech. sur la Fée. et la
Division mitosique, 1887) employed a mixture of equal parts of
absolute alcohol and glacial acetic acid, or even pure acetic
acid. 1 :

Acetic alecohol may be washed out with either pure alcohol,
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the stain at once must be warmed over and over again.
Clove oil must be avoided for clearing.

Bexnpa's copper hematoxylin stain may also be employed
(see below, § 612).

The staining of the achromatic figure, including the Neben-
kern, is another matter. These structures only stain in a
really distinet manner in two reagents, Kernschwarz and
‘hematoxylin. I unhesitatingly recommend hematoxylin
(see below, § 607).

For a double-stain I recommend Rabl’s combination of
hzematoxylin followed by safranin, if it be wished to demon-
strate the achromatic figure at the same time as the chromatic
element. This is the only combination known to me that will
do so in a really satisfactory way. Omne would think that
safranin and Kernschwarz might be better, but hitherto I
have not been able to succeed with this plansible combination.

605. Mounting.—For fresh objects you have so large a
choice of mounting media that you may take whatever liquid
oives you the best optical results. Sections of hardened tissue
should always (if possible) be mounted in damar (or colopho-
nium), not balsam, as the slightly lower index of damar or
colophonium solutions gives more powerful images of very
delicate details. If you have to deal with objects so delicate
that you have cause to fear mechanical injury to them on put-
ting them into damar, they may be mounted in thickened
turpentine (or cedar oil, but turpentine is preferable on ac-
count of its lower index). Rabl has lately been using methyl
alcohol as an examination medium for dehydrated objects ;
but the preparations do not keep in this. Castor oil may be
tried (GrENACHER) ; T have not had good results with it.

606. Synthetic Review.—The following examples will serve
to gather up into one view the directions given in the preced-
ing paragraphs.

Fresmming’s Method may be stated as follows. Fix, for
twenty-four hours or more, in chromo-aceto-osmie acid or in
one of Rabl's liquids. Wash out in rununing water for an
hour or more. Bring the preparation into aleohol, and let
it remain in absolute alcohol for at least some hours. Then
imbed it by the method of simple imbedding, without penetra-
tion, in paraffin, in pith, or in celloidin, and make sections
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perience—and I have studied the most various forms— Helia is
by far the best subject. The best method for sections is that
last recommended by Prarser (Arch. f. mik. dnat., xxxii,
1889, p. 125).  Fix for an hour in Flemming’s sfrong chromo-
aceto-osmic mixture, and then for twenty-four hours in a fresh
quantity of the mixture diluted with three fo four volumes of
water. (I can confirm the statement that a thoroughly long
fixation is absolutely necessary; I generally used the un-
diluted fluid for twenty-four to thirty-six hours). Platner then
washeg out with water, brings the gland into aleohol, stains
for twenty-four hours in Apathy’s modification of Heidenhain’s
heematoxylin, and washes out for some hours (twelve to twenty-
four) in the alcoholic bichromate solution, then washes out for
days in 70 per cent. alcohol in the dark, dehydrates, clears
with cedar oil, and imbeds in paraffin. The method followed
by me differed from this only in so far as I made sections
first, and stained on the slide with dilute Delafield’s heema-
toxylin, or double-stained with heematoxylin followed by
safranin.

In an earher communication (Zeit. f. wiss, Mik., iv, 3, 1887,
p. 350) Platner had recommended Kernschwarz (see § 195)
for staining. This gives very good results, but 1 think not so
good as heematoxylin. I do not think the Nebenkern stains
more electively, and the cell body does not seem to me to re-
main so transparent as with hematoxylin.

It 1s very important to supplement the results thus obtained
by study of the living cell. V. ra Varerre Stv. Groree (Arch.
fo mik. Anat., 1885, p. 584, and 1886, pp. 8 and 9) recom-
mends the use of an indifferent liguid such as serum, with
which a little gentian violet or dahlia is rubbed up. Perhaps
methylen blue may be found still more useful. If the cells
be killed by 1 per cent. acetic acid, the Nebenkern may be
stained (lightly) with dahlia or gentian.

808. Nucleus of Batprant (“ Noyau Vitellin,” “ Cellule Embryo-
gene ) (Zool. Anz., 1883, p. 659).—This may be observed in the fresh state,
without the addition of any reagent, in the ova of some animals, amongst
others a great number of Arachnida and Myriapoda. Tt may be brought out
more distinetly by treating the ova with a mixture of equal parts of acetic
acid and 1 per cent. osmie acid, to which is added a little sodium chloride.
This mixture does not render ova so granular as pure dilute acetic acid.

609. Division of Ovum (Echinodermata) (Freming’s method,
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Other Ova.

Herrwia, 0. (Morph. Jahvb., x, 1884, p 338, Rana).

Herrwia, O. and R. (Jen. Zeit. f. Naturw., xix, 1885, p. 124). —Fecundation
of Strongylocentrotus (Echinodermata). Careful study of cell-anmsthetics.
Abstracts in Zeit. f. wiss. Mik., iii, 4, 1886, p. 505, and Journ. Roy. Mic.
Soe., 1887, p. 835.

612. Spermatological Methods.—One of the great difficulties here
met with consists in getting a sufficiently rapid fixation of spermatids and
spermatozon, some of which are probably the most rapidly contracting ele-
ments that exist. For fresh material, teased on the slide, strong solution of
permanganate of potash is very useful, being the most rapidly fixing agent
that I know of. Tincture of iodine is also useful. For staining, gentian
violet or dahlia should be used as far as possible, as they have a speecial
affinity for spermatic cells. For mounting aqueous preparations, solution
of Ripart and Petit, or some such mercurial fluid as those of Pacini, are in-
dicated.

As to the Nebenkern, which is here so important an element, see anfe,§ 607.

Besides the papers quoted for cytological methods, see the following :

DowpeswerLr (Quart. Journ. Mic. Sei., 1883, p. 336).—Stain in magenta,
one part; glycerin, 200; aleohol, 150 ; water, 150.

Carxox (La Cellule, i, 1885, p. 209, Avthropoda).

Girsox (ibid., i, 1885, pp. 40, 56, 58, 87,121, 141, and ii, 1886).—Here is
a useful fixing medinm for fresh teased preparations—iodised osmic acid,
made by adding a little of a concentrated solution of iodine in iodide of
postassinm fo 2 per cent. osmic acid ; and some other formule useful for
their special objects (most various forms of Arthropoda).

SwAEN ET MasQueLiy (dvch. de Biol.,iv, p. 752).—Selacians, Salamandra,
Bos. -

Fresyine (dAreh. f. mik. Anat., xxix, 1887, p. 387 ; abstracts in Zeit, f.
wiss. Mik., v, 2, 1888, p. 236, and Jowrn. Roy. Mic. Soc., 1888, p. 146).

Prexawt (Intern. Monatschr. f. Anat., iv, 1887, p. 358 ; abstracts in
Zeit. f. wiss, Mik., v, 1, 1888, p. 84 ; and Jowrn. Roy. Mic. Soc., 1888, p.
844 (Mammalia) ).

REexsow (dreh. de Biol., iii, 1882, p. 302).

Bexoa (dreh. f. Anat. w. Phys. ; Phys. Abth., 1886, p. 186).—For his modi-
fication of Weigert's heematoxylin stain, see below.

JENsox (Areh. de Biol., iv, 1883, p. 11, et passim [S-élnciana and Inverte-
brates) ).—Concentrated solution of oxalic acid for hardening.

Barpiant (Lec. sur la Génér. des Vertébrés, 1879, p- 244),—Double-stain
sections with picrocarmine and methyl green. The latter stages of differ-
entiating cells stain blue, less advanced ones lilac; and the cells which form
the walls of the tubes stain only red. '

Rypeg, in Warmyman's Meth. of Research, p. 52,—Sections of herm aphrodite
gland of Lamellibranchiata stained for two or three hours in a mixture of equal
parts of concentrated aleoholic solution of safranin and methyl green, diluted
with eight volumes of water, washed out for five to ten minutes in aleohol

19
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by imbedding in pith and cutting with a knife wetted with
alcohol) as there deseribed.

B816. Tactile Corpuscles (Fiscurr, Arch. f. mik. Anat., 1875,

p. 866).—Fischer employed the gold-method of Luw:t see

§207. Ranvier (Traité, p. 918) also recommends this method,
as well as his two gold-methods, Nos. 208, 209. Pieces of
skin are first impregnated whole, then hardened by alcohol,
and sectioned. He finds (as do other authors) that osmic acid
and picro-carmine are invaluable aids to the study of these
structures and to that of the corpuscles of Pacini. Purpurin
and hsematoxylin may also be used for after-staining. See
Ranvier, Traité, p. 919,

617. Tactile Corpuscles and Rete Malpighi (LANGERHANS,
Arch. f. mik. Anat., 1873, p. 730).—Pieces of fresh skin are
placed for twenty-four hours in alarge quantity of § per cent.
osmie acid, and are then found to be both stained and hardened
to the right point for cutting sections.

618. Corpuscles of Herbst and Corpuscles of Grandry (CARRIERE,
Arch. f. mik. Anat., 1882, p. 146).—Take fresh beaks of ducks,
remove the skin and papillze from the margins, and put pieces
for twenty-four hours into 1 per cent. osmic acid, wash in
water, and put into 90 per cent. alcohol : or put them at once
into aleohol (40 per cent. for a few hours, then 70 per cent.,
then 90 per cent.). The latter are made into sections and
stained with neutral carmine, picro-carmine, fuchsin, or heema-
toxylin. The last gives the best results. Or, the pieces of
skin are treated as follows :

Formic acid (50 per cent.) twenty minutes or until trans-
parency is attained ; remove the corneous layer of epithelium ;
rinse in water; gold chloride 1 per cent. (twenty minutes) ;
rinse 1n water ; Pritchard’s solution (amyl-alcohol 1 per cent.,
formic acid 1 per cent., water 98 per cent.) from mid-day till
next morning (in the dark) ; rinse in water ; treat with alcohol ;
imbed in paraffin, and make sections.

It is important to take only small quantities of gold
c:hlm-ide, not more than about 10 c.e. of the solution to

“quite a number”’ of pieces of skin and papille. On the

other hand, large quantities of Pritchard’s aolutlun should be
employed.
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623. Papillee Foliate of the Rabbit (HEermany).—See Zeil. f.
wiss. Mik., v, 4, 1888, p. 524.

623a. Olfactive Organs of Vertebrates (Doairr, Arch. f. mik.
Anat., 1887, p. 74).

624. Cornea.—Impregnation with gold and with silver is
indispensable in the study of the cornea.

Negative images of the corneal cells are easily obtained by

the dry silver method (Krmiv). The conjunctival epithelium
should be removed by brushing from a living cornea, and the
corneal surface well rubbed with a piece of lunar caustic.
After half an hour the cornea may be defached and examined
in distilled water.
** In order to obtain positive images of the fixed cells the
simplest plan (RANVIER) is to macerate a cornea that has
been prepared as above for two or three days in distilled
water. There takes place a secondary impregnation, by
which the cells are brought out with admirable precision.

The same result may be obtained by cauterising the cornea
of a living animal as above, but allowing it to remain oun the
living animal for two or three days before dissecting it out,
or by treating a megatively impregnated cornea with weak
salt-solution or weak solution of hydrochloric acid (His).

But the best positive images are those furnished by gold
chloride. Ranvier prefers his lemon-juice method to all
others for this purpose, see § 209, It is important that the
cornea should not remain too long in the gold-solution, or the
nerves alone will be well impregnated.

Ranvier also recommends this method as being the best for
the study of the nerves,

Rouerr (Stricker’s Handbuch, p. 1115) recommends a
double impregnation with silver followed by gold for obtaining
gold-stained negative images. A cornea having been treated
Jor a short time only with 0'5 per cent. silver nitrate solution,
and the silver reduced, is treated with 0'5 per cent. gold-
chloride solution. The brown stain of the silver disappears
immediately the preparation is placed in the gold-solution ;
after a few minutes the preparation is exposed to the light in
acidulated water. Reduction of the gold rapidly takes place,
and in the place of the former brown stain of the silver the
ground-substance shows the well-known blue of reduced gold
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iii, 1875, p. 1), and employed by himself in his researches on
the tactile corpuscles (Arch. f. mik. Anat., xii, p. 366).

For birds, a muscle (viz. the M. complexus) is cub up into
strips 1 to 2 mm, thick and 10 mm. long, which are treated
with dilute formic acid (1 part of the acid of sp. gr. of 1-06
to 2 parts water) until they become transparent. (During
this maceration the strips are teased to facilitate the pene-
tration of the gold). They are then passed direct into 1 per
cent. gold chloride, and remain there a quarter of an hour.
They are then washed with water and placed, according to
Lowit’s method, in a solution of formic acid 1 part, water
3 parts, where they remain twenty-four hours. They are not
treated with the concentrated acid.

For reptilia and for pisces the same method was adopted.
For. amphibia the same method also, except that dilute acetic
acid was used in the first instance in the place of formic acid
to produce the necessary swelling of the tissues.

632. Motor Plates (Raxvier, Traité, p. 813).—Ranvier finds
that for the study of the motor terminations of batrachia the
best method 1s his lemon-juice and gold-chloride process
(§ 209). The delicate elements of the arborescence of Kiihne
are better preserved by this method than by the simple
method of Liwit.

For the study of the motor plates of reptiles, fishes, birds,
and mammals, he finds (ibid, p. 826) that his formic-acid and
gold-chloride method, § 208, gives preparations infinitely
superior to those obtainable by the method of Léwit, but the
lemon-juice method 1is still better, especially for lizards and
mammals, The branches of the terminal arborescence are
more regular than in preparations obtained by the formic-
acid process.

He finds that the silver-nitrate method of Cohnheim is also
useful. He employs it as follows : (ibid, p. 810).—Portions of
muscle (gastrocnemins of frog) having been very cavefully
teased out in fresh serum ave treated for ten to twenty seconds
with nitrate of silver solution of 2 to 8 per 1000, and exposed
to bright light (direct sunlight is best) in distilled water. As
soon as they have become black or brown they are brought
mto 1 per cent. acetic acid, where they remain until they have
swelled up to their normal dimensions (the swelling induced
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(1). The method of Lowit is particularly applicable to thin entire (un-
teased) muscles.

(2). Preliminary treatment with weak (05 per cent.) formie acid, and re-
duction in dilute glycerin containing one fourth to one fifth volume of
formic aeid, in the dark, is a good process for muscles of warm-blooded
animals.

(3). The same process, with omission of the preliminary acidification, is to
be recommended for cold-blooded animals.

(4). The method of Gorer (Mem. delle R. Acad. di Sei. di Torino, ii,
xxxii) is applicable to all classes of objects. It is as follows :—Acidification
with 0'5 per cent. arsenic acid, impregnation in 0'5 per cent. solution of
double chloride of gold and potassinm, and reduction in 1 per cent. arsenic
acid in sunlight.

(5). A modification of the last, consisting in impregnation in a mixture
containing ('5 per cent. arsenic acid, 0'25 per cent. chloride of geold and
potassium, and 0°1 per cent. osminm, Emd reduction as before, is stated to be
particnlarly applicable to Reptilia.

Kiithne also remarks that teasing ounght to be done in the gold solution.
Specimens should be removed from the gold every few minutes, and from
the reducing medium every hour, so that the right duration both of impreg-
nation and reduction may be hit off. Preliminary acidification is unfavour-
able to the preservation of the arborescence, and the treatment with -acids
after impregnation is best abbreviated as much as possible. Mounting in
formie-acid glycerin is not favourable for the preservation of detail. This
15 best studied in arsenic acid. Entire muscles are best mounted in balsam.

834. Ramifications of Nerves in Muscle (Mavys, Zeit. f. Biol., 1884,
p- 449 ; Zeit. f. wiss. Mik., 1885, p. 242).—Thin muscles are putinto a freshly-
prepared mixture of

05 per cent. solution of double chloride of gold and

potassium . 3 . - . 1 gramme.
2 per cent. solution u‘f osmic amd : - : sl -
Water . . . . 20 1

As soon as the nervous mmlﬁcaf.mns hegm to ma.Le their appearance, the
muscles are bronght into a mixture of

Glycerin : : Syl : . ; . 40 grammes.
Water . . i i . 2D o
25 per cent. hyﬂrﬂ-chlurm a.mﬂ 3 : . Fad ,,

in which they are left for about a day.

Another method (for thiek muscles) is as follows :—The fresh musele is
put for twelve hours into 2 per cent. acetic acid, and then into a freshly pre-
pared mixture of

(r5 per cent. solution of double chloride of gold and

potassium . . . . . . 1 gramme.
2 per cent. osmic acid aulutmn s 5 A | s
2 per cent. acetic acid . . e g S BT

The muscle remains in this for two or three hours, until the nerves arve
impregnated, and then is put for a few hours into the glycerin and hydro-
chlorie acid mixture,
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Smooth Muscle.

638. Smooth Muscle, Isolation of Fibres (ScawaLer, Arch. f.
mik. Anat., 1868, p. 394) —Maceration in weak chromic-acid
solution. (002 per cent. proved a generally useful strengt-h:}
This is a better reagent than osmic acid, 1 per cent. acetic
acid (Moleschott), weak sulphuric acid, pyroligneous acid
(Meissner), 20 per cent. nitric acid (Reichert), 32 to 35 per
cent. potash solution (Moleschott), as it preserves better than
any of these the finer structure of the cells.

Gace’s methods (see Journ. Roy. Mic. Soc., 1887, p. 327).

Mdnius, liquid for maceration of the muscle of Cardiwm (see
above, § 512).

639. Bladder of Frog, Innervation of (Worrr, Arch. f. mik.
Anat., 1881, p. 362).—A frog is killed and a solution of. gold
chloride of 1-20,000 injected into the bladder through the
anus. (If the injection flows out on removal of the syringe,
tie the frog’s thighs together.) Now open the frog, dissect
away the attachments of the bladder, ligature the intestine
above the bladder, and cut away the abdomen of the frog so
as to have in one piece bladder, rectum, and hind-legs. (All
this time the bladder must be kept moist with wealk gold-
solution.) The bladder and the rest are now put into gold-
solution of 1:2000 for four hours; the bladder i1s then ex-
cised, slit open, and pinned (with hedgehog spines) on to a
cork (outside downwards). Place it under running water
until all the epithelinm is washed away. Use a pencil if
necessary. Put for twenty-four hours into gold-solution of
1:6000. Wash in pure water, and put away in the dark “for
some time’ in acidulated water, and finally reduce in fresh
water in common daylight. The muscles should be pale blue-
red ; medullated nerves dark blue-red ; sympathetic nerves
and ganglia carmine-red. Ranvier (Traité, p. 854) recom-
mends one or the other of his two gold-processes. The
bladder of frogs should be carefully distended by injection of

the lemon-juice or gold chloride and formic acid through the
cloaca.

640. Musculus dilatator pupille (Doarer, Arch. f. mik. Anat.,
1886, p. 403).—An enucleated eye is divided into halves and
the anterior one with the iris brought for some days into a
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minutes in 0'05 per cent. agqueous solution of chromic acid,
rinsed in water, dehydrated, cleared, and mounted in balsam.

This method is stated to be peculiarly adapted for the
demonstration of very fine fibres and their relations to
ganglion-cells.

Hamrrrox (Jowrn. of Anat. and Physiol.,, xxi, 1887, p. 444 ; Journ.
Roy. Mic. Soe., 1888, p. 1051) mordants his preparations with a copper sul-
phate solution, and makes sections by the freezing method, after imbedding
in collodion.

Beever (Brain, 1885, p. 227; Jowrn. Roy. Mic. Soc., 1886, p. 808)
cives a very slight modification of Weigert's original process.

Par (Wien. med. Jahrb., 1886 ; Zeif, f. wiss. Mik., iv, 1, 1887, p. 92;
Med. Jahrb., 1887, p. 589 ; Zeit. f. wiss. Mik., 1888, p. 88) deseribes the
following process :—After staining in the hsmatoxylin solution the sections
are washed in water (if they are notstained of a deep blue, a trace of lithium
carbonate must be added to the water). They are then brought for twenty
to thirty seconds into 025 per cent. solution of permanganate of potash,
rinsed in water, and brought into a decolouring solution composed of —

Acid, Oxalic. pur, ' ‘ 1-0
Kalinm Sulfurosum (SD K.) - - 10
Aq. dest. g ! 20000

In a few seconds the grey suhsta.uce of t-he sections is decolourised, the
white matter remaining blue. The sections should now be well wushed out,
and may be double-stained with Magdala red or eosin, or (better) with piero-
carmine or acetic-acid-carmine.

For further details as to the somewhat elaborate minutia of the process
see the papers quoted, or BEERENS, Ko0ssEL, and SCHIEFFERDECKER’s, Das
Mikroskop, i, p. 199.

652. Gorer's Methods for Medullated Nerves. (1) Bichromate
and Silver-nitrate Process.—I take the following rdsumé of this
method from the interesting paper of Golgi’s pupil, Rezzoxico,
“ Sulla struttura delle fibre nervose del midollo spinale,” in
the Arehivio per le scienze mediche, iv, No. 4 (1879), p. 85.

1. Take pieces of perfectly fresh spinal cord, and soak
them in a 2 per cent. solution of bichromate of potash, for a
period of time varying according to temperature. (In summer
eight to fifteen days may suffice, in winter about a month is
necessary.)

2. Wash them, and put them into a 0:75 per cent. solution
of nitrate of silver. The period of immersion therein depends
on the temperature : in summer the reaction will be complete
thronghout the tissues in two or three days; in winter eight,
ten, or more days.
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2 per cent. solution of bichromate of potash 10 parts.

1 per cent. solution of osmic acid . : . 2 parts.

After about an hour’s immersion the piece of nerve may
be cut into lengths of % to 1 c¢m., which are put back into the
liquid.

Four hours after the first immersion of the nerve in the
mixture, begin to put the pieces into nitrate of silver solu-
tion, transferring a certain number of pieces every three
hours, so as to be sure that some of them shall have had a bi-
chromate bath of a proper duration. (This duration may,
roughly speaking, be said to lie between six and twenty-four
hours.)

The strength of the nitrate of silver solution is 0-50 per
cent. The duration of the silver-bath must not be less than
eight hours ; it may be indefinitely protracted.

Dehydrate, clear with turpentine, mount in dammar.

The method is more expeditious and easier of application
than the bichromate and silver-nitrate method, and the results
are somewhat more precise, but the preparations do not keep
n dammar.

These two methods serve for the demonstration in peripheral
medullated nerve-fibres of the funnel-shaped coils of sustain-
ing filaments discovered by Rezzonico in the medullated
fibres of the spinal cord.

In all methods for the demonstration of the funnels it is
important to observe the utmost delicacy of manipulation,
and in particular, the fibres must not be stretched ; their stretch-
ing 1s a weak point in the methods of Ranvier (No. 656).

Moxnpivo (Arch. per le Sci. Med., viii, p. 45; Zeit. f. wiss.
Mik., 1885, p. 547) recommends that the preparations be left
in the bichromate mixture longer than directed by Golgi—
viz. from one to eight days; and also that they be left for
over twenty-four hours in the silver-bath.

For some minutiz concerning the application of the bichromate and silver
method to cerebro-spinal nerves, see PETRONE, in Internaf. Monatschr. 1.
Anat., v, 1, 1888, or Zeit. f. wiss. Mik., v, 2, 1888, p. 238.

. 853. Stain for Neuroceratin Funnels (GarLi, Zeit. . wiss, Mik,, iii,
1, 1886, p. 467).—An ischiatic nerve is excised, and fixed and hardened for
eighteen to twenty days in solution of Miiller. Small portions of the nerve
are then further treated for one or two days with solution of Miillér diluted
with two parts of water, then for a quarter of an hour with glyeerin con-
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CHAPTER XXX.
CENTRAL NERVOUS SYSTEM.

657. Introductory.—For small objects, such as the spinal cord and en-
cephalon of very small Mammalia and of inferior Vertebrata, the ordinary
methods of microscopic anatomy are very often sufficient. The cord and
encephalon of Batrachia, for instance, may be treated as follows :—Corrosive
sublimate, half an hour or so; alcohol of from 50 to 70 per cent., about two
hours; then borax-carmine, or Mayer's aleoholic cochineal; paraffin ; and
sections mounted in balsam. The same organs of somewhat larger animals,
such as the eat or rabbit, can also be prepared without recourse to any very
special methods. They may be fixed and hardened in liquid of Erlicki, or
other bichromate solution, well washed out with water, stained and imbedded,
or first imbedded in collodion and stained after sectioning with alum-carmine,
ammonia-carmine, or Heidenhain's hiematoxylin, or, if it be desirved to study
the topography of nerve-fibres, with Weigert's hamatoxylin. HEven the
cord of Man may be treated by these methods ; or rather, could be so treated if
it did not almost always come into the hands of the anatomist in a state of post-
mortem softening that necessitates special precantions in the hardening process.

But the voluminous encephala of Man and the larger Vertebrates cannot
be thus simply treated. They rvequive specially modified methods for har-
dening, for the manipulation of sections, and for staining.

These methods have lately been described with great completeness in the
works of Bevax Lewis (The Human Brain; Histological and Coarse
Methods of Research, London (Churchill); and OnersteiNer (dnleitung
beim Studivimn des Baues d. nervisen Centralorgane im gesunden w, branken
Zustande, Leipzig (Toeplitz). These very welcome additions to the literature
of the subject relieve me from the obligation of treating the subject with all
the minuteness that might be desived by specialists ; the more so, as they
show that so to treat the subject requires a volume, not a chapter.

Hardening.

858. Hardening by the Freezing Method.—This is in many cases
a very good method, and in particular may be of service for the histological
study of the cortex.

If it be desired to freeze an organ that has been already hardened by re-
agents, the freezing may be done by means of a freezing mixture of ice and
salt ; but in this case the preparation should first be pgnetmted by a muei-
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tion from floating above the level of the hardening liquid (a
thing that easily happens where somewhat dense liquids, such
as Miiller’s solution, are used), and of preventing the torsions
of the tissues that may otherwise be brought about by the
elastic fibres of the pia mater and arachnoid.

The cerebrum should be very delicately laid out on a layer
of cotton wool, or, if possible, hung up in it. Plugs of the
wool should be put into the fissure of Sylvius, and between
the operculum and the median lobe, and as far as possible
between the convolutions. Unless there are special reasons
to the contrary, the brain should be divided into two sym-
metrical halves by a sagittal cut passing through the median
plane of the corpus callosum. Betz recommends that after a
few hours in the hardening liquid the pia mater should be
removed wherever it is accessible, and the choroid plexuses
also. I have found this by no means easy, and think it is an
operation that can only be recommended for experienced hands.

The cerebellum should be treated after the same manner.

The temperature at which the preparations are kept in the
hardening solufion is an important point. The hardening
action of most solutions is greatly enhanced by heat. Thus
Wereerr (Centralb. f. d. med. Wiss., 1882, p. 819 ; Zeit. f. wiss.
Mik., 1884, p. 388) finds that at a temperature of from 30° to
40° C. preparations may be sufficiently hardened in solution
of Miiller in eight or ten days, and in solution of Erlicki in
four days; whilst at the normal temperature two or three
times as long would be required.

But it is not certain that this rapid hardening always gives
the best definitive results. Sanrni, who has recently made a
detailed study of the hardening action of chrome salts, is of
opinion that it does not, and thinks it ought for this reason
to be abandoned (see Zeit. f. wiss. Mik., 1885, p. 3),

On the other hand, the slowness of the action of chromic
salts at the normal temperature is such that decomposition
may easily be set up in the tissues before the hardening and
preserving fluid has had time to do its work. For this reason
voluminoug preparations that arve to be hardened in the slow
way should be put away in a very cool place—best of all in
an ice-safe. :

660. The Reagents to be employed.—T'he hardening agents
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harden small pieces of fissue sufficiently in 5 to 10 days
(Exwur).

Bichromate of potash should be talken at first of not more
than 2 per cent. strength ; this is then gradually raised to 3
or 4 per cent. for the cord and cerebrum, and as much as 5
per cent. for the cerebellum. Obersteiner begins with 1 per
cent. and proceeds gradually during six to eight weeks to 2
or 3 per cent. (This is at the normal temperature ; at a tem-
perature of 35° to 45° C. the hardening can be got through
in one or two weeks).

Bichromate of ammonia should be taken of half the
strength recommended for bichromate of potash, or even
weaker at first; it may be raised to as much as 5 per ecent.
for cerebellum, towards the end of the hardening.

Chromie acid is not much used alone. See supra, § 70. It forms part of
some of the mixtures mentioned below. A very little chromic acid (say one
to two drops of 1 per cent. solution for each ounce) added to bichromate
solution will do no harm, and will quicken the hardening.

Nitrie acid has been and still is employed in strengths of 10 to 12 per
cent., and gives particularly tongh preparations. Perhapsa weaker solution
might give good results, but T cannot find that any such have been tried.

Neutral acetate of lead in 10 per cent. solution affords an excellent pre-
servation of ganglion-cells, according to Axxa KorrirEwskr (see Zeif. f.
wiss. Mik., iv, 3, 1887, p. 387).

TrzepINsK: ( Virchow's Aveh., 1887, p. 1; Zeil. f. wiss. Mik., iv, 4, 1887,
p. 497) finds that as regards the faithful preservation of ganglion-cells (of
the spinal cord of the rabbit and dog) the best results are obtained by har-
dening for eight days in 10 per cent. solution of corrosive sublimate, followed
by hardening in aleohol containing 0°5 per cent. of iodine.

Droyworr (ibid. p. 409) also obtained very excellent results by har-
dening small pieces of brain (as suggested by Gavre, Ogara,and BECHTEREFE)
for from five to nine days (not more in any case) in 7 per cent. sublimate
solution, and then putting the tissues for twenty-four hows into 50 per
cent. alcohol, and for the same time into 70 per cent. and 96 per cent. alechol
successively. (This process produces artificial * pigment spots "' similar to
those produced by solution of Erlicki; they may be dissolved nut'hy pro-
longed treatment with warm water, or in five minutes by strong solution
of Lugorn.) The tissues are of a good consistence for cutting. Chloride
of zinc has been recommended for some purposes, see below, § 673,

The next following paragraphs give in detail some methods of hardening
recommended by some of the most competent workers.

662. Spinal Cord (Krause, Avch. f. mik. Anat., 1875, p. 226).
—~Solution of Miiller, twenty-four hours. Then chromic acid,
I per cent. On the fourth day the solution must be changed

21
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solution of chromic acid for a fortnight, and then in rectified
spirit.

665. Cerebrum (Brvan Lewis, The Hwinan Brain, p. 102).—
Methylated spirit, twenty-four hours ina cool place. Miiller’s
solution, three days in a cool place. Then change the liquid ;
and after three days more change it again, or, preferably,
substitute a 2 per cent. solution of potassium bichromate. Af
the end of the second week a solution of double the strength
may be added ; and if, at the termination of the third week,
the mass is still pliable and of the consistence of ordinary
rubber, it is as yet unfit for section cutting, and the reagent
should be replaced by a solution of chromie acid.

666. Brain (Hamivrow, Jowrn. of Anat. and Physiol., 1878,
p. 254).—Take a fresh brain and make a series of incisions
into different parts, still keeping everything in situ ; or slice
it into any number of segments about one inch thick, but of
the whole length or breadth of the organ, as may be desired.
Do not remove the membranes ; they form a projection for the
superficial layers, and do not interfere with the hardening
process. The large segments are placed flat in a large vessel
padded with cotton ; do not put them one above the other.
Cover them with the following fluid :

Miiller’s md . : 3 3 parts.

Methylated spirit : : I part.
(Heat is evolved on mixing these liquids, and the mixture
must be allowed to cool before pouring it over the brain
tissue.) Put the preparations away in an ice-safe. Turn the
segments over next day. Change the solution in a fortnight
or three weeks; or if on examining a section of one of the
pieces it is found that the hardening reagent has penetrated
to the interior, they may be at once removed to the following
mixture :

Bichromate of ammonia - 1 grm.

Water ; : : i 400 c.c.
in which they remain for one week. Then change the solu-
tion to one of 1 per cent. for one week ; and let this be followed
by a solution of 2 per cent. for another week, or longer if
required. The pieces will now be sufficiently hard for cutting ;

they may be kept permanently in solution of ehloral hydrate,
twelve grains to the ounce, '






BRTZ'S METHOD. 325

the liquid. After a day or two it will have lost much of its
alecohol, and will sink to the bottom of the vessel, which is
equally undesirable ; this must be watched for, and the pre-
paration hung up or otherwise supported.) The vessel 1s put
away in a cool place. As soon as a brown turbidity is seen
in the liquid, together with a brown deposit on the prepara-
tion, the hardening may be considered to be complete. The
preparation must be at once washed with water, and put away
until wanted in a 4 to 1 per cent. solution of hichromate.

Cerebellum.—Must be quite fresh, and before placing in
the iodine the membranes and vessels must as far as possible
be very carefully removed. (If the pia mater does not come
away freely, the organ munst be macerated for a few hours in
iodine solution in which other preparations have been kept,
and which is diluted before using for this purpose). The
membranes having been removed, the cerebellum isplaced (sup-
ported on cotton-wool, with which the different organs are so
propped up as to preserve their natural position) in solution
of 1odine for two or three days, and fresh 1odine solution fre-
quently added.

The pia mater is now removed from the rest of the prepara-
tion, which is put back for seven to fourteen days into the
iodine solution. If at the expiration of this time it be found
that the cerebellum can be supported on the finger by the
vermiculus alone without bending, the preliminary hardening
is complete, and it is brought into a 5 per cent. solution of
bichromate, where it remains until fit for cutting.

Cerebrum.—The cerebrum is divided into two halves along
the median line of the corpus callosum, and put into the
iodine solution. After a few hours the pia mater is removed
from fthe fissure of Sylvius and from the corpus callosum, and
if possible, the choroid plexus is removed likewise.

The preparation is now put away in the iodine solution in
a cool place (in summer in a cool cellar), and fresh iodine
added as soon as the liquid is seen to lose eolour (which must
be watched for). After twenty-four to forty-eight hours the
remaining pia mater is carefully removed by means of seissors
and forceps from the fissures and convolutions, and one half-
volume of fresh iodine solution is added to the liquid. (To
facilitate the penetration of the liquid, wads of cotton-wool
are stuffed into the fissure of Sylvius, between the operculum
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871. Nervous Centres of Reptiles and Batrachia (Masox, Central
Nervous System of certain Reptiles, &c.; WHirMAN's Methods, p. 196).
—Todised alcohol, six to twelve hours; 3 per cent. bichromate, with a piece
of camphor in the bottle, and to be changed once a fortnight until the
hardening is sufficient (six to ten weeks).

Imbedding and Cutting.

672. The Methods of Imbedding.—The paraffin infiltration
method can only be used for the smaller objects of this class.
Human spinal cord (which is quite at the upper limit as re-
gards size) can be properly penetrated with paraffin by taking
the precaution of first cutting it up into slices of not more
than 1 millimetre in thickness. The largest objects of this
class, such as entire hemispheres of man, cannot be properly
penetrated by any known imbedding mass ; and the anatomist
must be content with simple imbedding, a proceeding which
is here of the greatest service. For intermediate objects—
those whose size varies between that of a small nut and a
walnut—it appears to me that no hesitation as to the proper
course is possible; such objects should be treated by the
collodion method, which is at once the safest, the most con-
venient, and the most advantageous as regards the ulterior
treatment of sections.

Bevax Lewis recommends the ether freezing method for fresh brain.
For hardened brain he recommends some of the old-fashioned wax-and-oil
and other fatty mixtures, a doctrine at which I am surprised.

HaxrrroN recommends freezing in the gum and syrup mass given above,
§ 808. He also recommends a method of penetrating with collodion, which
is hardened in the usnal way, the hardened mass being cut with an ice-and-
salt freezing microtome (see Jowrn. of Anat. and Physiol., 1887, p. 444 ; or
Jowrn. Roy. Mic. Soe., 1888, p. 1051).

For sections of the entire human brain, DeEckE (1. c.) proceeds as follows:
—The brain to be cut is placed upon the piston of the microtome (a Ranvier
model) and held in sifu by several pieces of soft cork. It is then imbedded
in a cast of paraffin, olive oil, and tallow, which, after it has become hard, is
held in position by a number of small curved rods attached to, and limjecting
upwards from, the piston to the height of about an inch. Before cutting,
and as it proceeds, the cast is cavefully removed from around the specimen to
the depth of about half an inch (which is easily done by the use of a good-
gsized carpenter’s chisel), so that the knife never comes in contact with the
S ;

Cutting is done under alcohol, the entire microtome being immersed in a
copper basin. The sections are floated, with the aid of a fine camel-hair
brush, on to sheets of glazed writing paper. They are removed thereon
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A third method of the same author consists in staining with carminic acid,
and afterwards treating with a mordant. See the papers quoted.

Freenors (Amer. Mon. Mic. Journ., 1888, p. 231 ; Jowrn. Hoy. Mic.
Soe., 1889, p. 305) also recommends carminic aeid, followed by treatment
with 10 per cent. solution of chloride of iron.

Boraz-carmine may be used. It is chiefly useful when
employed for double-staining with indigo-carmine or an anilin
blue to follow. I have obtained some superb stains with
Seiler’s borax-carmine and indigo-carmine process (§ 229).
Recently (Zeit. f. wiss. Mik., 1884, p. 566, and 1885, p. 349)
MerkEL’s mixture of borax-carmine and indigo-carmine (§230)
has been strongly recommended by Max Frescm, who says
that 1t gives extremely rich and instructive images.

Duvar (Journ. de U Anat., 1876) speaks very highly of the
dounble stain quoted ante, § 231.

Alum-carmine (Grenacher’s or Csokor’s) may be used as a
nuclear stain (OpersteiNEr). The stain principally takes
effect on non-nervous nuclei.

MayEr’s cochineal is a very good re-agent for staining in
the mass.

Heaematowylin may be used as a general stain. Bevan Lewis
recommends the formula of Kleinenberg, or a formula that he
attributes to Minot, which is essentially the same as Bohmer’s.
Bernuemmer’s formula, which is quoted in regard to the retina,
§ 645, is practically the same thing.

Alizarin has been recommended by BeExczur (see THANHOFFER's Das
Mikroskop ; or Zeit. f. wiss. Mik., 1884, p. 97). Tt is directed that sections
be stained for twenty-four hours in a concentrated solution of alizarin in
aleohol.

Anilin blue alone is useful for the demonstration of ganglion-cell processes,
see ZUPPINGER, in Arch. f. mik. Anaf., 1874, p. 255.

Anilin blue-black was first recommended by Savkey (Quart.
Jowrn, Mic. Sei., 1876, p. 69). He stained in a 0'5 per cent.
solution, and, in order to obtain a differential stain, washed
out for twenty to thirty minutes in solution of chloral hydrate.
Bevay Lmwis (Huwman Brain, p. 125) considers this to be one
of the most valuable stains for nervous centres. He stains
sections for an hour in 0°25 per cent. aqueous solution, and
clears and mounts (in the case of brain or cord sections) ; for
the cortex of the cerebellum, he washes out for twenty to
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days’ immersion will suffice, but twenty to thirty should be
preferred.

The tissues are then passed direet from the bichromate
into the bichloride of mereury. The solutions of the latter
employed by Golgi varied from 0:25 per cent. to 0°50 per
cent. : he cannot say which strength is to be preferred. The
immersion in the bichloride must be much longer than the
immersion in the nitrate of silver bath of that process; for
the latter, twenty-four to forty-eight hours suffice ; but in the
bichloride, an immersion of eight to ten days is necessary in
order to obtain a complete reaction through the whole thick-
ness of the tissues. During the bath, the bichromate will
diffuse out from the tissues into the bichloride, which must
be changed every day; at the end of the reaction the pre-
parations will be found decolourised and offering the aspect
of fresh tissue. They may be left in the bichloride for any
time. '

Before mounting, the sections that have been cut must be
repeatedly washed with water (if it be wished to mount them
permanently), otherwise they will be spoilt by the formation
of a black precipitate. Mount in balsam or glycerin; the
latter seems the better preservative medinm.

The result of this process is not a true stain, but an ““appa-
rently black reaction ;" the tissues appearing black by trans-
mitted light, white by reflected light. Golgi thinks that
there is formed in the tissue elements a precipitate of some
substance that renders them opague. The elements acted on
are (1) the ganglion-cells, with all their processes and ramifi-
cations of the processes. These are made more evident than
by any other process except the bichromate and silver-nitrate
process. An advantage of the mercury process is that it
demonstrates nuclei, which is not the case with the silver
process. (2) Connective-tissue corpuscles in their charac-
teristic radiate form. But the reaction in this case is far
less precise and complete than that obtained by the silver
process. (3) The blood-vessels, and particularly their mus-
cular-fibre cells.

The method gives good results only with the cortex of the
cerebral convolutions, hardly any results at all with the
spinal cord, and very scanty results with the cerebellum.
And, on the whole, the method shows nothing more than can
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stated to be simpler than Weigert’s, The tissues are hardened in a liguid
composed of :—Water, 100 c.c.; chromic acid, 0075 g. to 1 g.; acetate of
copper, 5 g. Human cord requires six to eight days; the cord of the dog,
three to four ; brain of dog, fifteen to eighteen. They are then dehydrated
and imbedded in celloidin, Sections are stained in a liquid made by adding
seven to eight drops of a 5 per cent. solution of hmmatoxylin in absolute
aleohol to about 30 c.c. of aleohol. After two hours they are bronght into a
mixture of eight drops of hydrochlorie acid with 100 c.c. of absolute alcohol,
and washed therein until the white substance is seen to be differentiated
from the grey. They are washed out for twenty minutes or more in water,
dehydrated, and mounted. The sections may be double-stained with borax-

carmine.

Frevn’s gold method (Aveh. f. Anat. w. Phys., 1884, p. 453)
may be used for controlling the results obtained by Weigert’s
process, and for obtaining an impregnation of axis cylinders.
This method is based on that of Frecusic (see § 211), which I
auppress;, as it gives less certain results. Freud proceeds as
follows :—Sections of material hardened in solution of BErlicki
(which may be followed by alcohol without hindrance to the
impregnation) are washed with water and put for three to five
hours into 1 per cent. solution of gold chloride. After again
washing with water, they are treated for three minutes with a
solution of 1 part of caustic soda in 5 or 6 of water. They
are then drained (not washed) and brought into 10 or 12 per
cent. solution of iodide of potassium. After from five to
fifteen minutes therein, they are washed with water, de-
hydrated, and mounted in balsam. (In the case of objects
that stain easily, it is useful to dilute the gold solution with a
volume or two of alcohol—the stain is more highly selective.)

Beckwirh (Jowrn. Roy. Mic. Soe., 1885, p. 894) modifies this process by
intercalating a treatment for thirty minutes with 10 per cent. solution of
carbonate of potash between the soda and the iodide.

The gold method is one of the most important methods for
the study of the finer nerve fibrils of the spinal cord. The
instructions given by Gerrac (Stricker’s Handb., p. 678)
have been already quoted, ante, § 211, p. 117.

BowL (dreh. f. Psych. u. Nervenkr., iv, p. 42 ; Ginrke, Zeit.
S wiss. Mik., 1884, p. 403) makes the following observations
on Gerlach’s process :—The hardening in bichromate ought
not to be prolonged further than is ubsolutely necessary, for
after eight days the elective susceptibility of the tissues for
gold impregnation begins to diminish, and after fifteen days
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Water ; ; ; : : ; : 3 40 parts.
Saturated aqueous solution of methylen blue . 24 ,,
5 per cent. solution of borax : ; ; ; 18, 3,

(Mix, let stand a day, and filter).

The sections are then washed either in water or aleohol until the grey
matter can be clearly distinguished from the white, ave cleared with cedar
oil, and mounted in balsam. Nerve-tubes are stained blue, ganglion-cells
areenish, nuclei of neuroglia blue. Micrococci are stained, if any be present
in the tissnes. The preparations ave not perfectly permanent.

Safranin followed by methylen blue gives a very special stain of spinal
cord. The method is due to Apamriewics (Sifzb. k. dead. Wiss. Wien,
Math. Naturw. KL, 1884, p. 245; Zeil. f. wiss. Mik., 1884, p. 587).
Sections are washed first with water, then in water acidified with a little
nitrie acid, and stained in concentrated solution of safranin. They are then
treated with aleohol and clove oil till no more colonr comes away, and ave
brought back again into water, washed in water acidified with acetic acid,
stained in methylen blue, and cleared as before. The process is said to de-
monstrate the existence of ““chromoleptic zones™ which surround the grey
matter. Mpyelin (* erythrophilous substance ” of Adamkiewics) 1s ved, nuclei
of nerves, of neuroglia, and of vessels, violet. The erythrophilous substance
of pathological nerve-tubes does not take the stain, so that the method is
valuable for the study of degenerative changes.

Nixirorow (Zeit. f. wiss. Mik., v, 3, 1888, p. 338) modifies the foregoing
method as follows. The tissue is to be hardened in a chrome salt. It isnot
to be washed in water afterwards. Sections are brought diveet from aleohol
into the safranin stain, either concentrated aqueous, or Babes’s solution, or a
solution in 5 per cent. carbolic acid. Stain for twenty-four hours. Bring
the sections into alcohol until the eolour is sufficiently extracted for the
grey substance to be distingunished from the white. Then put them into a
weak (01 to 0°2 per cent.) solution of chloride of gold or platinum or any
metallic salt. They are to be left in this until the grey substance just begins
to get a violet tone (not longer). They are then well washed in water, and
put into aleohol until the resy violet of the grey substance becomes dis-
tinctly marked off from the red of the white substance. Clear with clove
oil, wash out the clove oil thoroughly with xylol (this is absolutely necessary
for the permanence of the preparations), and mount in balsam. Nikiforow
says that this method gives much shaiper and move certain results than that
of Adamkiewics.

Purpurin, according to Duvax, has a special action on nerve-tissue (espe-
cially spinal cord) that has been hardened in bichromate of ammonia. Nerve-
cells and their processes, axis cylinders and connective-tissue fibrils remain
unstained ; whilst the nuclei of connective tissue and of capillaries stain

red (see § 189).

Mounting.

675. General Mounting Methods.—Under this head it is to
be noted that it is often advisable to fix sections to the slide
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time the ganglion-cells appear with their processes. Nuclei, vessels, and
whatever else may be in the preparation, ave totally invisible. Merkel thinks
this method superior to all others for the study of the distribution of nerve-
fibres. The preparations are not permanent, though they may be kept for
some weeks by mounting them in Canada balsam. When a preparation
(either in xylol or balsam) has become so transparent as to be of no further
use (which will always eventually happen), it may be reprepared by putting
it back into the aleohol, and thence again into the xylol.

Bevax Lewis (The Human Brain, p. 122) proceeds as follows :—A sec-
tion is placed, saturated with spirit, on a slide. When the spirit has nearly
all evaporated, a drop of oil of anise is allowed to flow over the section (not
to float it up), and the clearing is watched on the stage of the microscope ;
then, just when the desived image is arrived at, a drop of balsam is allowed
to run over the section, and a cover put on.

Instead of oil of anise, Lewis has frequently employed glycerin followed
by mounting in glycerin jelly, with the same results.

Byrom Bramwirn (Edinb, Med. Jowrn. Oct,, 1886) also recommends
the process. He uses clove oil. i

6878. GiacoMiNt's “ Dry » Process for preserving Brains (drch. per
le Secienze Mediche, 1878, p. 11).—Although this is in intention a maero-
scopic method, it appears worth while, both on acecount of its thorough success
and on account of its suggestiveness, to give an account of 1t here.

The object is to make “ dry ™ preparations of the encephalon ; by which
is meant preparations that can be permanently preserved in fhe air. The
methods hitherto employed were not successful because they consisted in
making preparations that were “dvy ™ in the literal sense of the word, that
is, deprived of their natural water; and since brain-substance contains 88 per
cent. of water, such preparations could not of conrse be obtained without so
great an amount of shrinkage as to most seriously diminish the scientific
value of the result. The principle of Giacomini’s method is, on the contrary,
to refain the natural water of the tissues, or an equivalent for it, by means
of impregnation with a hygroscopic substance,—glycerin.

The process consists of two divisions : 1, hardening ; 2, impregnation with
glycerin.

1. For hardening may be used, zinc chloride, bichromate of potash, chromie
acid, nitrie acid, or aleohol.

Chloride of zinc gives the best results. Perfectly fresh brain is put into
a saturated aqueous solution of the salt (if there be reason to fear that the
tissues are somewhat softened through having been left too long after the
death of the subject, it is well first to inject 600 grammes of the solution
through the internal carotid arteries). After forty-eight hours’ immersion
(during which time the floating brain must be turned over three -or four
times, so that all parts of it may duly come into contact with the liguid) the
surface of the brain will have attained a consistency that will allow of the
removal of the arachnoid and pia mater. The meninges having been removed,
the encephalon is put back into the solution for two or three days more,
during which time it will be seen that, increasing in specific gravity, it tends
towards the bottom of the vessel containing it. When this is seen to happen,

22
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“ Baw. d. nervisen Centralorgane,” 1882) is as follows : Tissue
hardened in Miiller’s solution, washed out, and dehydrated,
is put for several weeks into pyroligneous acid. The best
acid for this purpose is an “artificial pyroligneous acid,”
composed of— :

Glacial acetic acid . : . 100 grammes,
Water . 5 ; ; s =800 &
Kreasote . xxx drops.

Carriire (Arch. f. mik. Anat., 1877, p. 126) hardens spinal
cord for ten days in bichromate of potash or chromate of
ammonia of 1 to 600, and macerates for from three to five
days in strong solution of ammonia-carmine.

SerierrerpECKER (Ibid., 1878, p. 38) gives the following
method : Pieces of spinal cord about half a centimetre thick
are macerated in a small quantity (just enough to cover
them) of Ranvier’s alcohol (one-third alcohol) for several
days. Small fragments of the grey matter are then taken
and well shaken in a test-tube with a small quantity of water.
There is then added a little glycerin and a few drops of con-
centrated solution of picro-carminate of soda, and the whole
18 set aside for one or two days. Decant, and to the red
deposit, which now consists chiefly of stained ganglion-cells,
add one or two drops of glycerin, and place the whole for
two days in a dessicator with sulphuric acid. (This part of
the operation is best performed in a watchglass, or, hetter,
flat-bottomed cell.) The cells are best got on to a slide by
pouring a drop of the dehydrated glycerin on to it. :

Freepory (Amer. Mon. Mic. Journ., 1888, p. 281 ; Jowrn.
Roy. Mic. Soc., 1889, p. 298) gives the following : Thin slices
of spinal cord or cerebellum not over one sixteenth of an inch
thick are placed i fifty times their volume of 5 per cent.
aqueous solution of potasssium chromate for twenty-four
‘hours. At the end of this time the grey matter has become
jelly-like and transparent, and then, having been cut away
‘from the white, is placed in a long narrow tube. Mohr’s
burette with the lower end plugged with a cork answers the
purpose perfectly. The burette is then filled up to within an
inch of the top with fresh macerating fluid, and a cork forced
m until it comes within half an inch of the surface of the
flnid. The burette is then inverted, and this manipulation is
repeated at intervals of half an hour until the: bits of tissue












KHRLICH’S  MASTZELLEN.” 343

hours in turpentine, It is dissolved also in xylol, ether and
kreasote. ~ Flemming finds that very good demonstration-
preparations may be made by treating fatty tissue with
chromo-aceto-osmic acid, staining with safranin or gentian,
and then treating for a few hours with turpentine until all the
fat is dissolved. The optical hindrance caused by the high
refraction of the fat being thus eliminated, nuclei and eyto-
plasm may be studied to far greater advantage than in the
usnal preparations.

684. Granule Cells (“ Plasmagzellen” and *“ Mastzellen *).—In
1874, there were described by WALpEYER (drch. f. mik. Anat, Bd. xi)
certain special cells existing between the bundles of connective tissue, besides
the flat cells, and lymphatic and fat cells. They are large round cells con-
taining large granules; Wn’ldajm called them plasma cells (** Plasmazellen™).
Later on, Exrricn (ibid., xiii, 1877) distinguished in the same tissue and in
other places certain cells containing large granules, which have a superficial
resemblance to Waldeyer's plasma cells, but which differ from them in

staining reaction (Verhandl. Berl. Physiol. Ges., January 17, 1879 : Reichert
u. Du Bms Reymond's Arch., 1879, p. 166). Ehrlich named these food
cells (* Mastzellen ), intending to express thereby the opinion that these cells
are derived from fixed connective tissue cells by a fransformation brought
.about by exalted nutrition.

It is a pretty general character of these elements, that they take the stain
of anilin colours and retain it on treatment with alcohol with greater energy
than other tissue cells. And further (at least so far as regards the true
Mastzellen of Ehrlich) that in suceessful preparations they show the nucleus
unstained, the general mass of eytoplasm unstained or but slightly coloured,
and, in the cytoplasm, the characteristic granules very intensely stained,

~ 685. EnruicH’s ¢ Mastzellen ” (Arch. f. mik. Anat., 1876, p.
263).— Flirst method.—Stain with neutral dahlia, Emd wash
out with acidified water, and mount as directed, supra, § 103.
If there be any Masnzellen in the preparation they will be
brought out by the superior energy with which they take the
stain.

Second method.—It may be desirable to obtain a specific stain
of the plasma-cells alone, which may be done as follows :

The tissnes must first be well hardened in strong aleohol
(chromic acid and its salts must be avoided). They are then
placed for at least twelve hours in a staining fluid composed
of—

Absolute alcohol . : . y 50 c.c.
Aqua . . ; i : : 100 ec.c.
Acid. acet. g]a;ma.l B SIR Gite 4o v Lad: oie;
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and HerzHEIMER, see the paper by MARTINOTTI in Zeit. f. wiss.
Mik,, iv, 1, 1887, p. 31.

LusTGARTEN’S process, which is simple, and gives very good
results, consists in fixing with mixture of Flemming for
twenty-four or forty-eight hours, washing with water, harden-
ing with alcohol, making sections, and staining for twenty-
four hours in aleoholic solution of Vietoria diluted with 2 to
4 parts of water (see § 100). The colour used by him was
called ¢ Vietoriablau 4 B,”” and this is probably an important
detail. The sections are washed, treated with alcohol, and
mounted in balsam. I believe it is essential that they slmuld
have been fixed in an osmie or chromiec mixture ; or if fixed
with aleohol, they should be mordanted with chromic acid or
osminm before staining.

But perhaps the best method is that of Marrivorrr (1. c.).
Fix in a chromic liquid, wash, stain for forty-eight hours in
strong (5 per cent. Pfitzner’s) solution of safranin, wash,
dehydrate, clear, and mount in balsam. Elastic fibres are
stained of an infense black, the rest of the preparation show-
ing the usual characters of a safranin stain.

The staining will be performed quicker if it be done at the temperature of
an incubating stove (GriEseacH, tbid., iv, 1887, p. 442). And Ferzia
(ibid., v, 3, 1888, p. 342) says that clearer preparations will be obtained if
the sections be left for a long time, say twenty-four hours, in the aleohol, or
be treated for a short time with very dilute alecoholic solution of caunstic
potash. This decolourises more completely the ground of the preparations.

For another somewhat complicated method of Marrivorrr's, with nitrate
of silver, which is, I think, of more theoretical than practical interest, see
Zeit. f, wiss. Mik., v, 4, 1888, p. 521.

For the methods of Uxwa and TAENZER with nitrate of rosanilin salts,

see Monatsch. f. prakt. Dermat., vi, 1887 ; or BEnrExs, Kosszr, u. Scmnr-
FERDECKER, Das Mikroskop, 1, p. 204.

689. Bone, Non-Decalcified (Raxvier, Traité, p. 297).—
Ranvier points out certain precautions that it is necessary to
take in the preparation of sections of dry bone. In general,
the bones furnished by “ naturalists,” or procured in ana-
tomical theatres, contain spots of fatty substance that prevent
good preparations from being made. Such spots are formed
when bones are allowed to dr y before being put into water
for maceration ; when a bone is left to dry the fat of the

medullary canals infiltrates its substance as fast as its water
evaporates,
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690. Bone, Decalcified (Fremwiva, Zeif. f. wiss. Mik., 1886,
p. 47). Sections of decalcified bone are made with the free
hand. They are soaked in water, and brought in a drop of
water on to a glass plate where they are spread out flat. The
excess of water is removed with blotting-paper, and' the
sections are covered with another glass plate, to prevent them
from rolling. The whole is brought into a plate and covered
with alcohol. After the lapse of half an hour, the sections
have become fixed in the flat position, and may be brought
into absolute alecohol without risk of their rolling. To mount
them, wash them with fresh alcohol (which may be followed
by ether) ; lay them again flat on glass, and cover them with
a double layer of blotting-paper and a somewhat heavy glass
plate, and let them dry for a day in the air or in a stove.
When they are dry, put a drop of melted balsam on a slide,
and let it spread out flat and cool. Prepare a thin glass
cover in the same way, put the section on the prepared slide,
cover it with the prepared cover, put on a clip, and warm, -

By this process, sections can be very expeditiously pre-
pared, which show the lacunar system injected with air in
guite as instructive a manner as non-decalecified sections.

Kénuxer (Zeit. f. wiss. Zool., xliv, 1886, p. 662) recom-
mends the following process for the demonstration of the
“fibres of Sharpey ” in decalcified bone. Seections are treated
with concentrated acetic acid until they become transparent,
‘and are then put for one quarter to one minute into a con-
centrated solution of indigo-carmine, then washed in water
and mounted in glycerin or balsam. In successful prepara:
tions the “fibres of Sharpey” appear stained of a pale or
dark red, the remaining bone-substance blue. :

691. Cartilage (and Decalcified Bone)—For an excellent
discussion (especially as regards staining) of the methods
that have been vecently recommended for these objects, see
the exhaustive paper of ScHAvrer in Zeit. f. wiss. Mik., v, 1,
1888, which gives in sufficient detail all the methods in ques-
tion. The following appear to be the best :— SR

Ranvier’s purpurin method. - This has been given in detail
in § 189. | o f Susriit

:S-E‘IEHFFER’E safranin method. This methow ‘s due in its
principle to Bouma (Centraib. f. d. med. Wiss., 1883, p. 866),
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piment for each form. As a rule, it should be strong, 1 to
2 per cent. According to Biondi, 2 per cent. is best. Fixed
specimens may be preserved for use in acetate of potash
solution (Max Frescm, Zeit. f. wiss. Mik., v, 1, 1888, p. 83).
The time-honoured process of drying drops of blood over a
flame gives rise to great deformation of the elements, and
should be abandoned.

693, Stains for Blood.—Blood prepared as above can be
satisfactorily stained with many of the usual reagents, such
as picro-carmine or heematoxylin.

Eosin stains rose-red all parts of blood-corpuscles that
contain hmmoglobin (see Wissowsky, Arch. f. mik. Anat.,
1876, p. 479) ; parts that do not contain hsemoglobin, such as
the nucleus, remaining unstained. This suggests double-
staining with eosin and hematoxylin,

Wissowsky (L c.) stains in a solution of equal parts of
eosin and alum in 200 parts of alcohol, and then with haema-
toxylin.

Moorg (The Microscope, 1882, p. 73 ; Journ. Roy. Mic. Soc.,
1882, p. 714) stains for three minutes in a similar solution
without the alum, washes, and stains for two minutes in a
1 per cent. aqueous solution of methyl-green. Red corpuscles,
red ; nuclei and white corpuscles, bluish-green.

MEerkEeL’s carmine and indigo-carmine stain has been dis-
cussed above, §§ 230 and 691.

Harris (Jowrn., Roy. Mie. Soc., 1885, p. 537) recommends
“ Spiller’s purple ” in 1 per cent. solution.

Fresh (anfixed) blood is perhaps best treated as follows
(Bizzozero and Torge, Archivio per le Seienze mediche, vol. iv,
No. 18, 1880, p. 390) : Dilute a drop' of blood with 075 per
-cent. salt solution in which has been dissolved a little methyl-
violet. 'This liquid in no wise affects the form of the elements,
stains intensely the nucleus of the red corpuscles, and, in the
white, stains the nucleus intensely, and the protoplasm less
intensely. May be used for the study of bone-marrow and
spleen. ]

For the staining of the blood-plates of Bizzozero, this
‘observer (drch. f. path. Anat. w. Phys.; Zeit. f. wiss. Mik.,
1884, p. 389) employs a 0:02 per cent. solution of methyl-
violet in salt solution, or a 1 : 3000 solution of gentian-violet,
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Thinner sections can be obtained if the agar-agar mass be imbedded in
paraffin by infilbration in the usual way, instead of pllh

Instructions, too long to be abstracted here, are given for the preparation
of a suitable agarv-agar mass. It may be ::-btmne:l ready prepared from
Herrn Kinig, E{, Dorotheenstrasse, Berlin, Celloidin, and others of the
usual imbedding masses, were tried, but without success.

For further details the English reader may consult the Journ. Ray Mic.
Soc., 1888, pp. 313, 659.

This is undoubtedly a valuable method, and is capable of extension fo the
study of other animal flnids besides blood.

896. Havem’s Methods.—In conclusion, see the exhaustive
work of Havem, Du sang et de ses altérations anatomiques,
pp. 1035, with 126 figures. Paris, Masson, 1889. A report
of over twenty pages on this important work is contained in
Zeit. f. wiss. Mik., vi, 3, 1889, p. 330. It has reached me too
late to be abstr acted here. : o e

Glands.

697. Mucus Glands.—It has already been stated that the
blue solutions of heematoxylin have a speeial affinity for muein.
For the demonstration of mueuns gland-cells the following pro-
cess is recommended by Fremmineg (Zeit. f. wiss. Mik., 1885,
p. 518) :—Stain sections first with hematoxylin of Heidenhain,
and afterwards with hematoxylin of Delafield or Bohmer,
The mucus cells are shown stmued violet.

698. “ Reticulum ” of Mucus Cells.—This was first ﬂemmlstmtm]
by ScHIEFFERDECKER (dArch. f. mik. Anatf., 1884, Hft. 3) by means of
anilin-green. This rcaction has given rise to a long polemic between
ScHIEFFERDECKER and Lixst, for which see Zeif. f. wiss. Mik., 1885, pp.
b1, 222, 223. According to List, the. reticula in quettmn stain in an equally
specific way in methyl-green, in Bismarck brown, in nitrate of rosanilin (of
(r0001 per cent., ten to fifteen minutes, see op. ¢it,, iii, 3, 1886, p. 393), and
in List's double-stains (§§ 253,. 254). Schiefferdecker, on the contrary,
maintains that the weticula demonstrated by the methods of List are not
:t]entlc:a.l with those demonstrated by a.mlmngl'een

699. Goblet Cells (FLemMING, Zeil. f. wiss. Mik., 1885 4P~ 019),
—The.cuntents_ of certain epithelinm cells of the intestine and
other organs take a specific dark blue or violet stain on treat-
ment with hamatoxylin after fixation with osmic acid or an
osmium mixture. Staining preparationsso fixed with safranin
or gentian-violet in the manner described in §§ 102 and 103
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3¥

“ Flemming,” and got a very poor preparation. The very
similar S. pinnata is fixed perfectly in this medinm.

Mollusca.

706. Fixation of Mollusca.—Two groups at least amongst the
Mollusea offer considerable difficulties in the way of fixation—
Lamellibranchiata and Gastropoda.

If it be attempted to take living and normal Lamelli-
branchiata from the water they are contained in, in order to
throw them into a fixing solution, they invariably withdraw
their siphon and foot, shut their valves, and die in a state of
contraction. And if it be attempted to open the shell by
force after death, the mantle is generally injured and it is
impossible to get the foot and siphon into the extended state.
De Casrerrarsav (La Hstacion Zoolog. de Napoles, Madrid,
1885) advises that they be killed by the method of Fisia and
AxprEs described for Actinie in § 13. Before dying, the
animals protrude largely their feet, siphons, branchiz, and
tentacles, and die with their shells open. They may be fixed
as soon as insensibility has supervened, by bringing them into
picro-sulphuric acid, or some other rapidly killing fixing agent.

In order to demonstrate the absence of the supposed aqui-
ferous pores in the root of Lamellibranchiata, FreiscaMaxs
(Zeit. f. wiss. Zool., x1ii, 1885, p. 376) proceeds as follows :—A
mussel is quickly seized at a moment when the foot is fully ex-
tended, and the two valves of the shell are foreibly pressed
together, so as to prevent any flowing back towards the
interior, of the liquid contained in the foot. The foot may
then be fixed by holding it for a few minutes in hot sublimate
solution.

The same methods recommended for Lamellibranchiata
sometimes give good results with Gastropoda. The asphyxia-
tion method has been described in § 18,

The quantity of mucuns that exists in the mtegumfmb of
Gastropoda is often a serions obstacle in the way of preparation,
Marenr (Areh. f. mik. Anat., 1867, p. 204) finds that if a
living Limax be thrown into moderately concentrated salt-
solution it will throw off enormous quantities of mucus, and
die in a few hours. The epidermis will be found well pre-
served. If the animal be thrown into osmic acid or Miiller’s
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has only been able to make the depigmentation process suc-
ceed with Heliz pomatia ; with Prosobranchiata he failed.

710. Eyes of Cephalopoda and Heteropoda (GRENACHER, AL,
naturf. Ges. Halle-a.-S., Bd. xvi; Zeit. f. wiss. Mik., 1885,
p. 244).—Fix in picro-sulphuric acid, or in a saturated solu-
tion of corrosive sublimate in picro-sulphuric acid (this mix-
ture is especially useful for Octopus, Eledone, and Sepia, but
does not succeed with the pelagic forms, such as Loligo,
Ommatostrephes, and Rossia), Depigment the specimens with
hydrochloric acid (in preference to the nitric acid used .by
Grenacher in former researches). The mixture § 550 may also
be used. The operation of depigmentation may be combined
with that of staining ; if you stain with borax-carmine and
wash out in the last-mentioned mixture, the pigment will be
found to be removed quicker than the stain is washed out.
But this process is delicate, and requires a practised hand.
The operation of depigmentation may be carried out on sec-
tions, but it 1s better to use portions of retina of 2 to 5 mm.
in thickness. Grenacher mounted his preparations in castor
oil, see § 393.

Similar methods are recommended by the same author for
the eyes of Heteropoda (see Abh. naturf. Ges. Halle-a.-S.
1886 ; Zeit. f. wiss Mik., 1886, p. 243). :

711. Eyes of Chitonide (Mosurey, Quart. Journ. Mic. Sei.
1885, p. 40).—Moseley worked by decalcifying the shell and
making sections. He places fragments of shell (of which the
tissues have previously been hardened in strong aleohol) in
100 to 200 c.c. of distilled water, and adds drop by drop con-
centrated nitric acid until gas is freely given off, which gene-
rally happens when from 3 to 4 per cent. of acid have been
added. If the decalcification is not complete at the end of
twelve hours, the objects should be removed to fresh distilled
water, and the operation repeated. This process is said to
give better results than the various processes of slow decal-
cification.

711 a. Eyes of Pecten and other Forms (see Parrey, in
Mitth. zool. Stat. Neapel, vi, 4, 1886, p. 733).

712, Maceration Methods for Mollusca,—For. the study of
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Molluscorda.

718 a. Bryozoa.—LI'or the methods of killing and fixing,
see 9% 7, 14, and 15,

Arthropoda.

714. General Methods for Arthropoda.—It may safely be
stated that, as gemeral methods for the study of chitinous
structures, the methods worked out by Panl Mayer (see §§ 4
and 9, and also 55 and 168) are superior to all others. It is
absolutely necessary that all processes of fixation, washing,
and staining should be done with fluids possessing great
penetrating power. Hence, picric-acid combinations should
be used for fixing, and alcoholic fluids for washing and
staining. Concentrated picro-sulphuric acid is the most gener-
ally useful fixative, 70 per cent. aleohol is the most useful
strength for washing out, and tincture of cochineal in alcohol
of 70 per cent. (§ 168) is the most generally useful staining
finid. Kleinenberg’s heematoxylin may sometimes be prefer-
able, and alcoholic-carmine and borax-carmine will oceasion-
ally give perfectly satisfactory results,

Some forms are very satisfactorily fixed with sublimate.
Such are the Copepoda and the larvee of Decapoda. Some
Copepoda, however (Copilia, Sapphirina), arve better pre-
served by means of weak osmic acid, and so are the Ostra-
coda. In many cases the osmic acid will produce a sufficient
differentiation of the tissues, so that further staining may be
dispensed with ; Copilia and Phyllosoma are examples of forms
that may be prepared in this simple manner.

715, Methods for Clearing and Softening Chitin.—The employ-
ment of eau de Javelle or eau de Labarraque, as suggested by
Looss, for making chitin transparent and permeable to re-
agents has been described above § 529.

List (Zeit. f. wiss. Mik., 1886, p. 212) has obtained good
results with Coceide by t-reatmg them (after hardening) for
eighteen to twenty-four hours with eau de Javelle, diluted
with four volumes of water. After washing out with water,
the objects may be dehydrated with alcohol and imbedded in
paraffin, the chitin being sufficiently softened to allow of their
being penetrated and good sections being obtained. You
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For dissociation preparations, put the eye or the optic
nerve for twenty-four hours into 5 per cent. solution of chloral
hydrate, tease, and mount in glycerin. If the elements of the
teased tissues be fixed to the slide by means of Mayer’s
albumen, they may be washed with aleohol and stained in situ,
or they may be depigmented before staining.

718, Optic @anglia (Vranranes, Ann. Sei. Nat. Zool., 1884,
4, and 1885, 4).—Fix in a mixture of 1 volume of 1 per cent.
osmic acid and 2 volumes of 90 per cent. alcohol. After fixa-
tion, throw the tissues into absolute aleohol. After twenty-
four hours, stain with alum-carmine or Kleinenberg’s haema-
toxylin, make sections and mount them in balsam or glycerin.

Cuccarr (Zeit. f. wiss. Zool., xlvi, 1888, p. 241) fixes the
brain of the blow-fly (Semoemya erythrocephala) (after having
carefully incised the integuments of the head in several places)
for twenty-four hours in liguid of Flemming or Rabl’s mixture.
The object is imbedded in paraffin and sectioned in the nsual
way. The sections are fixed to the shde with Mayer’s albu-
men and there freed from the paraffin and carefully brought
through successive aleohols into water. They are then
stained for half an hour in a solution composed of 3 grammes
of Siurefuchsin, 1 of chloral hydrate, and 100 c.c, of water.
They are washed for ten minutes in water, rapidly dehydrated
with alcohol, cleared with clove oil and mounted in balsam.

719. Nerve and Muscle of Arctiscoida (Dovire, Areh. f. mik.
Anat., 1865, p. 105).— A score or so of Milnesitum tardigradum
are collected (it is well to have a large number, as the process
by no means succeeds with all individuals) and put into a
test-tube with water that has been deprived of its air by
boiling. A drop of oil is run on to the surface of the water,
so as thoroughly to exclude the air. After twenty-four to
forty-eight hours the animals will be found, not dead, bus
fixed and extended in a cataleptic state ; the circulation of the
perivisceral fluid has ceased, the pigment of the cuticle has
disappeared or collected into patches that are no hindrance to
observation, the entire animal has gained in transparency, and
the nervous and muscular systems stand boldly out. The
animals are examined in boiled water, unless it be wished to

study the phenomena of resuseitation, in which case spring-
water should be used,
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remind the reader that, as pointed out by Voer and Yuna
(Trait. @ Anat. Comp. prat., p. 204), the observation of the
living animal may be of service, especially in the study of the
excretory system. And, as shown by PININER, teenime may be
preserved alive for several days in common water to which a
little white of egg has been added.

726. Trematodes (FrscHER, Zeit. f. wiss. Zool., 1884, p. 1).—
Opisthotrema cochleare may be mounted entive in balsam, after
treatment with absolute alcohol, picro-carmine, or hema-
toxylin or ammonia-carmine, and clearing with clove oll.
For sectioning, Fischer recommends imbedding in a mass
made by dissolving 15 parts of soap in 175 parts of 96 per
cent. alcohol. This mass melts at about 60° C., penetrates
very rapidly, and solidifies very quickly. The sections should
be studied in glycerin.

Wreiear and Macavnum (Jowrn. of Morph.,i, 1887, p. 1) find
that Splyranura is for most purposes best fixed in liquid of
Flemming, and stained with alum cochineal.

Cercarice.—ScHWARZE (Zeit. f. wiss. Zool., xliii, 1886, p. 45)
found that the only fixing agent that would preserve the histo-
logical detail of these forms was cold-saturated sublimate
solution warmed to 35° to 40° C.

727. Turbellaria.—For Rhabdocela Bravy (Zeit. f. wiss.
Mik., iii, 1886, p. 398) proceeds as follows:—For preparing
entire animals the animals are got on to a slide, lightly flat-
tened out with a cover, and killed by running under the cover
a mixture of three parts of liquid of Lang with 1 per cent.
osmic acid solution. After due fixation therein, they are
treated for some time with successive alechols, the cover is
removed, the objects are stained with alum-carmine (two to
three minutes is enough), washed, and brought into balsam
in the usual way. Other fixing media than that described
were not safisfactory. (Bommie, however, commenting on
this, says that for some of the tfissues, such as musele and
body parenchyma, nitric acid and picro-sulphuric acid are
very useful.) Sections may be made by the usual paraffin
method.

DErAGE (Arch. de Zool. ewp. et gén.,iv, 2, 1886 ; Zeit. f. wiss.
Mik., 11, 2, 1886, p. 239) strongly recommends fixation (of
Rhabdoccela) by the osmium-carmine mixture,.§ 161. Con-
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ACANTHOCEPHALI 360

the larger forms), cut them up quickly into lengths (not too
long), and throw these sharply into the sublimate, the mus-
cular contractions being less energetic in segments that are
no longer in connection with the cerebral ganglia,

Perhaps a better method than this will be found in the
simple process, suggested to me by Prof. DurLEsis, of fixing
with hot (almost boiling) water. On the few occasions on
which I have tried it, the animals have died in extension,
without vomiting their proboscis; and I think it is certainly
worth trial, especially for the larger forms.

I have tried Fourrinaer’s chloral hydrate method (§ 14) ;
my specimens died fairly extended, but vomited their pro-
boseides.

De CastELLARNAU (Hstacion Zool. de Napoles, p. 137) says
that Nemertians can be successfully narcotised by Eisig’s
alcohol method, described § 13.

For staining in fofo I hold that it is absolutely necessary
to employ alcoholic stains, for even the most delicate species
are not satisfactorily penetrated by watery stains in any
reasonable lapse of time. Borax-carmine or Mayer’s alco-
holie-carmine may be recommended; not so cochineal or
heematoxylin staing, on account of the energy with which they
are held by the mucin which in general exists in such great
abundance in the skin of these animals.

Sections by the paraffin method, after penetration with oil
of cedar (chloroform will fail to penetrate sometimes after
the lapse of weeks).

729. Nematodes.—The extremely impermeable cuticle of
these animals is a great obstacle to preparation. According
to Liooss (Zool. Anz., 1885, p. 318) this difficulty may be over-
come by treating the animals (or their ova, which are in the
same case) with eau de Javelle or eau de Labarraque, in the
manner described in § 529.

Brauw (see Jowrn. Roy. Mie. Soe., 1885, p. 897) recommends
that small unstained Nematodes be mounted in a mixture of
20 parts gelatin, 100 parts glycerin, 120 parts water, and 2
parts carbolic acid, which is melted at the moment of using.

730. Acanthocephali,—It is very difficult to kill Echinorhynei
so as to have the animals duly extended and the tissues well
preserved. Neither corrosive sublimate nor-strong osmic
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of cocain gave the best results. Warm water gave him good
results for large species, such as those of Hydatina and
Brachionus.

Haroy (Jowrn. Roy. Mic. Soc., 1889, p. 475) recommends
thick syrup added drop by drop to the water. Hupson (lbid.,
p. 476) mentions weak solution of salicylic acid.

Annelida.

733, Cleansing Intestine of Lumbricus (Kikexrman, Jowrn.
Roy. Mic. Soc., 1888, p. 1044).—Put the animals into a tall
glass vessel which has been filled up with bits of moistened
blotting paper. They gradually evacuate the earthy particles
from the gut and fill it instead with paper.

784, Killing Annelida.—Lumbricus may be anmsthetised by
putting the animals in water with a few drops of chloroform.
In order to kill Oriodrilus lacuum, Corrix (Zeit. f. wiss. Zool.,
xlvi, 1888, p. 474) puts the animals into a closed vessel with
a little water, and hangs up in it a strip of blotting paper
soaked in chloroform. KirenraaL (Die mik. Technik, 1885 ;
Zeit. f. wiss. Mik., 1886, p. 61) puts annelids into a glass
cylinder filled with water to the height of 10 centimetres, and
then pours 70 per cent. alcohol to a depth of 1 to 2 centi-
metres on to the water. The animals will be found sufficiently
narcotised for fixation in from four to eight hours. For
Opheliada he also employs 0-1 per cent. of chloral hydmte in
sea water.

The Polychata sedentaria offer the difficulty of a complex
and very contractile branchial apparatus. They may some-
times be satisfactorily fixed by bringing them rapidly into
corrosive sublimate. De Castellarnau (1. c., p. 139) says that
Sanvarore Lo Bianco obtains magnificent preparations of
Spirographis by this means. 'The species of Polychata
errantia that offer a contractile branchial apparatus, as Euntee
and Onwuphis, may be treated in the same way.

The greater part of the remaining forms of Polychaeta and
other marine annelids may be satisfactorily killed, according
to De Castellarnau, by the alcohol method of Bisig, § 13.

Very delicate pelagic forms, such as Alciope, Alciopina,
Vanadis, may be killed and fixed by iodised alcohol. SALVATORE
Lo Bianco brings them for one or two minutes into a mixture
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Helinodermal.

73%7. Holothuroidea.—These animals are difficult to fix, on
account of their confracting with such violence under the
influence of irritating reagents as to expel their viscera through
the oral or cloacal aperture. It has been recommended that
they be seized by the middle of the body and firmly squeezed
in the hand, and so plunged in a fixing liquid (acetic acid, for
instance) ; or that they be anmsthetised (in the case of Synapta
and Cucwinaria) by adding ether to the water in which they
are contained. So far as my experience goes, I am bound to
say that I know no better way of killing them than that ot
simply putting them into fresh water, in which they generally
die without contraction and with their tentacles extended.

Voar and Yune (dnat. Comp. Prat., p. 641) say that Cueu-
maria Planci (C. doliolum, Marenzeller) is free from the vice
of expelling its intestines under irritation; but they recom-
mend that it be killed with fresh water, or by slow intoxication
with aleohol, chromie aecid, or sublimate added to the sea-
water in which it is contained.

738. Asteroidea.—There are great difficulties in the way of
fixation here too. It is quite possible to obtain a fixation of
the ambulacral feet, branchiz and tentacles in the extended
state, by throwing the animals into boiling water, and then
bringing them into a fixing liquid. But this method has the
fault that the fixing liquid so employed only penetrates
extremely slowly into the interior of the animal, and therefore
does not give a good fixation of internal organs.

Hawany (Beitr. z. Hist. d. Echinodermen, i1, 1885, p. 2) finds
it preferable to inject the living animal with a fixing liquid.
The canula should be introduced under the integument at
the extremity of a ray, and the liquid injected into the body-
cavity. The ambulacral feet and the branchiz are soon dis-
tended by the fluid ; and as soon asit seems to have penetrated
sufficiently, the animal is thrown into a quantity of the same
reagent. ;

The study of the eyes present points of special difficulty.
In order to study them in sections, with the pigment preserved
in situ, the eye should be removed by dissection, should be
hardened in a mixture of equal parts of 1 per cent. osmic acid
and 1 per cent. acetic acid, and imbedded in a glycerin gum

24
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feu.t,ly satisfactory for the study of the chiet phases of meta-
morphosis.

Aurieularia and Bipinnaria.—The method described above
is equally applicable to these forms, and seems to be altogether
the best method for the study of the metamorphosis of Bipin-
naria. The earlier stages of the metamorphosis of Auricularia
are better studied by fixing with osmic acid, staining with
Beale’s carmine, and mounting in glycerin.

Larvae of Comatula.—The best method for the study of the
embryonal development of Comatula consists in fixing with
liquid of Lang, and staining with dilute borax carmine. It
is important (for preparations that are not destined to be
sectioned) to use only dilute borax carmine, as the strong
solution produces an over-stain that cannot easily be reduced.

Narcotisation by chloral hydrate before fixing is useful,
especially for the study of Pentacrinus larvee and of the young
Synapta formed from Auricularia. Without this precaution,
you generally get preparations of larvae either shut up (Penta-
crinus), or entirely deformed by contraction (young Synapte).

Cloelenterata.

741. Anthozoa: Fixation.—Herrwic’s method for killing
Actiniaria has been given, § 9. The methods employed by
AxDprEs have been given in great partin §§ 10 and 13. In Le
Attinie, Fauna w. Flora d. Golfes v. Neapel, the following are
also given :—Hot corrosive sublimate often gives good results.
- In the case of the larger forms, the solution should be injected
into the gastric cavity, and a further quantity of the liquid be
poured over the animals.

Freezing sometimes gives good results. A vessel containing
Actinize is put into a recipient containing an ice-and-salt
freezing mixture and surrounded by cotton wool.  After
freezing, the block of ice containing the animals is thawed in
alcohol or some other fixing liquid. :

The Zoantharia with calcareous skeletons are also difficult
to deal with on account of the great contractility of the
polyps. Sublimate solution, which ought very often to be
taken boiling, sometimes gives good results. D CASTELLARNAU
(La Est. Zool. de Napoles, p. 132) says that this process



21 L o bt gl
- T 2 A | | £ i’ o Ll ' Li il
- T3
i AT ' B
1
. 0 I - !

3 | a Hi £ 9

I - i cli Ll : 2 : : . :

= | | L)
T l ! ¥




MEDUSAL. 373

and then wash in acetic acid of the same strength till all
traces of osminm are removed from the tissues. They are
then left to macerate in the acid for a day; after which they
are stained in picro-carmine if the degree of maceration seems
sufficient ; if not, in Beale’s carmine. Finally, teased prepa-
rations are made in glycerin. This method has become
classical.

Liasr (Zeit. f. wiss. Mik., iv, 2, 1887, p. 211) recommends
dilute liquid of Flemming. Tentacles of Anthea cereus and
Sagartia parasitica treated for ten minutes with a mixture of
100 c.c. of sea-water with 30 c.c. of Flemming’s liquid (the
strong solution, § 36), then washed out for two or three hours
in 0:2 per cent. acetic acid, and teased in dilute glycerin, give
fine dissociations of the connective, sensory, and urticant cells
of the exoderm, and after removal of the epidermis allow of
the demonstration of ganglion-cells and the supporting
lamella. Piero-carmine may be used for staining.

743. Hydroidea, Polypoid Forms : Fixation.—In general the
polyps may be very well killed in boiling sublimate solution,
m which they should be plunged for an instant merely, and
be brought into alcohol. Ether attentively administered gives
good results with Campanulariade. Hydra is very easily
killed by treatment with a drop of osmic acid on a slide.
BreckeNvELD (Amer. Mon. Mic. Jouwrn., 1884, p. 49) obtains
good results by heating the animals in a drop of water on a
slide for from three to five seconds over a petroleum lamp.
The methods for sections are the usual ones.

744. Meduse : Fixation.—There is some difficulty in properly
fixing the forms with contractile tentacles, which easily roll
up on contact with reagents. The best results I have had with
these forms have been obtained by means of vay BENEDEN'S
acetic-acid method, § 51, followed by alcohol. A similar
method, with the difference that a mixture of chromic acid
and alcohol is used for washing out instead of pure aleohol, is
recommended by De CasreriarNav (La Hst. Zool. de Napoles,
p. 133) for Oceania, Lizzia, Bougainvillin, Podocoryne, Syn-
coryne, §c. 1 have seen good results obtained by etherisa-
tion, and also (for large forms) by poisoning with solid corro-
sive sublimate added little by little to the water confaining
the medusa. ;
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teasing with needles. A camel-hair pencil also sometimes
renders good service.

747. Siphonophora.—This group contains some of the most
difficult forms to preserve that are to be found in the whole
range of the animal kingdom. You have not only to deal
with the very great contractility of the zooids, but with the
tendency to general disarticulation of the swimming-bells and
prehensile polyps.

The recent method of Brpor has been given in § 44a.
Bedot states that the most important point in this process is
the bringing into aleohol .of gradually increased strength.
The liquid of Flemming for hardening ought to be added to
the solution of sulphate containing the Siphonophore, and
about two volumes of it should be taken for one of the sul-
phate solution. After hardening in the mixture a few drops
of 25 per cent. aleohol should be added to the fluid, with a
pipette, being dropped in as far as possible from the colony,
which should be disturbed as little as possible; and further
alcohol of gradually increasing strength should be added so
gradually that the strength of 70 per cent. be not attained
under fifteen days at least. 90 per cent. alcohol should be
used for definitive preservation.

Kororyerr’s method of paralysing with chloroform has been
given in § 11. T would only add that I have seen Physophora
very successfully killed by the careful administration of ether.

748. Ctenophora : Fixation.—The small forms are very easily
prepared by means of osmic acid. The large forms are for
the most part difficult to deal with on account of the extreme
delicacy of the tissues. I suppose nobody has ever success-
fully prepared a large Hucharis. DE CASTELLARNAU recom-
mends fixing in a mixture of 200 c.c. of 1 per cent. chromic
acid with four to five drops of 1 per cent. osmic acid.
According to GarsiNt (Manuale, p. 154) Savrvarore 1o Biaxco
employs for Callianira a mixture of “1 part chromic acid, 1
part pyroligneous acid, and 2 parts sublimate,” but, unfortu-
nately, Garbini does not give the strength of the solutions,
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PROTOZOA, 377

be pointed out that they will attack the silex of some delicate
spicules. Thus Dezsd found that the small stellate spicules
of the cortex of Tethya lyncurium are completely dissolved
by boiling hydrochloric acid. Potash solution is therefore
frequently to be preferred, notwithstanding that, in my expe-
rience, it does not give such clean preparations.

According to Noii, ean de Javelle is preferable to any of
these reagents (see § 528).

Impregnation with Silver (see § 202).

Larve of Spongise. Scuunrze (Zeit. f. wiss. Zool., xxxi, p. 295)
places the ova and larvee of Sycandra raphanus in hanging-
drop moist chambers, oxygenated by means of a few fronds
of green algee. He also (ibid., xxxiv, 1880, p. 416) found that
the best sections of the more advanced sessile larvee of Plakina
were obtained by selecting larvee that had settled down on
thin fronds of alge and treating them, together with the
fronds, with osmic acid, then alcohol of 52 per cent., alum-
carmine, Aq. dest., aleohol of 52 per cent., then 70 per cent.,
95 per cent., then absolute alcohol, turpentine, and finally
paraffin,

Protozoa.

750. Introductory.—Since the Protozoa may be considered
as free cells, and their peculiar organs known as “ nucleus ”
and “ nucleolus,” “ macronucleus ” and “ micronucleus,” &e.,
present in the main the same reactions as cell-nuclel, it 1s
evident that the reagents and methoéds of cytology are in great
part applicable to this group. One of the most generally
useful of these reagents will be found in the acid solution of
Methyl green ; it 1s the reagent that allows of the readiest and
best demonstration of the presence and form of the nucleus
and nucleolus (Bauian: et Hesxneauy, Compt. rend. Soc. de
Biol., 1881, p. 131).

Amongst useful reagents not mentioned in the following
deseriptions of the methods employed by different authors, 1
call attention to the weak solutions of alum, potash, and borax,
which serve to demonstrate the striations of the enticle and
the insertions of the cilia of Infusoria.

761, Staining intra vitam.—The possibility of staining Infu-
soria intra vitam was discovered independently and almost
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drawn in by means of blotting-paper applied at the opposite
edge. They are washed by the same process with alcohol of
70 per cent., 90 per cent., and then water. The objects are
then stained by a drop of Weigert’s picro-carmine, which is
allowed to act for from half an hour to two hours in a moist
chamber. They are then washed out with aleohol of 70 per
cent., followed by 90 per cent. and absolute aleohol, are cleared
with clove oil and mounted in balsam.

For Ameeba a drop of 2 per cent. solution of chromic acid,
which is allowed to act for two or three minutes, gives better
results than osmic acid.

LiaxpsperG (ibid.,p . 886) treats the organisms with the same
reagents, but operates by taking up the organisms separately
with a capillary tube and bringing them separately into a drop
of the respective reagents. Care must be taken to have a
small drop of liquid in the lower end of the tube before
bringing it near to the object to be taken up, in order to check
the violent rush up of the liguid into the tube. Landsberg
recommends that Actinospharium be mounted in glycerin
instead of balsam.

754. Branc (ebid., 1883, p. 22) employs for fixing Infusoria
a picro-sulphuric acid of the following composition :

Saturated picrie acid solution . . 100 vols.
53 sulphuric acid . - : s
Water . y : . 600

22

This ligquid is for larvee of Echinodermata, of Medusee, and
of Porifera; for Rhizopoda and Infusoria add two or three
drops of 1 per cent. acetic acid for every 15 e.c. of the ligunid.
The acetic acid is added in order to bring out the nuclei and
“mnucleoli,” Blanc fixes under a cover-glass, notwithstanding
the objections of Korschelt, Wash out with 80 per cent.
alcohol, followed by 90 per cent. and absolute. Stain with
saffron solation (§ 192), wash out with 80 per cent. alcohol until
the colour is sufficiently extracted, and pass through absolute
alcohol into clove oil.

Blane recommends the method for the preservation of most
microscopic organisms, and in particular for marine Nema-

todes, the stain being sufficiently penetrating to pass through
their thick chitinous integument.

7565. Carraneo’s Methods (Bollettino Seientifico, iii and iv ;






OTHER METHODS FOR PROTOZOA. 381

drop of water that contains them. But generally speaking
it is best to employ only the vapour of the solution, exposing
the organisms to its action for not more than from ten fo
thirty minutes).

The objects having been covered, the excess of liquid is
removed by means of blotting paper, and the following stain
1s allowed to flow in:

Glycerin . : - ; : . 1 part.
Water . : : : : s g 1
Picro-carmine . T .8

(Bosin may also be nsed. Soluble anilin-blue does not give
such good results.) The stain should be placed at the edge
of the cover and the slide put away in a moist chamber in
order that the water may evaporate very slowly and be
changed very gradually for the glvcerin-mixture ; if this pre-
caution is not taken, shrinkage may occur. When the
exchange has taken place, strong glycerin may be added and
gradually substituted for the dilute glycerin.

Certes states that the organisms thus prepared are fixed
perfectly in their natural form, and allow of the study of the
minutest detail of cilia, flagella, and the like, with the highest
powers ; the green colouration of Euglens and Parameecia is
preserved. The nuclear structures are sharply bronght out
by the picro-carmine.

798. SavirLe Kent and Berrsorp (Manual of the Infusoria ;
Jowrn. Roy. Mic. Soc., 1883, p. 451) prefer a brownish-yellow
solution of potassium iodide to osmie acid for fixing.

799. Demonstration of Cilia (WabniNgrox, Journ. Roy. Mic.
Soc., 1883, p. 185).—Solution of tannin, or a trace of alco-
holie solution of sulphurous acid.

760. Other Methods for Protozoa.

Mauras, Comptes rend., 1879, I sem., p. 1276, and 27¢ sem., p. 251.—
(Fixation with alcohol followed by picro-carmine, glacial acetic acid, and
elyeerin).

Du Prrssis, Yoar et Yuna, Trait. Anat. Comp. Praf., p. 92.—(Fixation
with 02 per cent. solution of corvosive sublimate. Let the preparation dry
up, and 1f the organisms have preserved their shape, stain, and mount in
balsam). :

GEza Exvz, Zool. Anz., 1881, p. 575.—(Fixation of the organisms in a
watch-glass with liguid of Kleinenberg. Wash out with- aleohol, stain for






APPENDIX.

761. Green Light.—The employment of green light in mieroscopy has
been alluded to above (§ 606) as recommended by Rabl. The suggestion is,
I believe, due to Excernaany (Pfliiger's Avch., 1880, p. 550). He strongly
recommends the use of green light for delicate observations as giving
sharper definition, allowing finer detail to be seen, and tiring the eyes less
than white light. Green glass of sufficiently good quality is found in
commerce. The glass is best put between the mirror and the object, e. g. on
the diaphragm. Blue glass (cobalt or ammonio-sulphate of copper) is also
useful, but less so than green. Red light is most hurtful. * The explana-
tion of these points, so important in practice, may be found in the results
obtained by Lamansky in his researches on the * Limits of sensibility of the
eye to the different colours of the spectrum” (dwch. f. Oplithalm., xvii,
p- 123, 1871).”

782. Cleaning 8lides and Covers (Hawamax, Journ. Roy. Mic. Soc.,
i, 1878, p. 295; American Naturalist, xii, p. 573).—To a cold saturated
solution of bichromate of potash, add } of its bulk of strong sulphuric acid
(care must be taken on account of the heat and vapours evolved).

(HExEAGE GIBBES, ibid., iii, 1880, p. 392).—Place the cover-glasses in
strong sulphuric acid for an hour or two, wash well until the drainings give
no acid reaction ; wash first with methylated spirit, and then with absolute
alecohol, and wipe carefully with an old silk handkerchief.

(SEILER, ibid., p. 508).—New slides and covers are placed for a few
hours in the following solution :

Bichromate of potash . ST - : . 2 ounces.
Sulphuric acid . : : ; . ; . 3 fluid ounces.
Water s : . ] . 25

Lk

Wash with water. The slides may be simply drained dry; the covers
may be wiped dry with a linen rag.

Slides and covers that have been used for mounting either with balsam or
a watery medium are treated as follows :—The covers are pushed into a
mixture of equal parts of aleohol and hydrochloric acid, and after a few days
are put into the bichromate solution and treated like new ones. The slides
are scraped free of the mounting medium with a knife and put divectly into
the bichromate solution.

For (Lehrb., p. 132) recommends either a solution containing 8 parts of

bichromate, 3 of sulphuric acid, and 40 of water ; or simply dilute nitrie
acid. .
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branes by preference) are brought fresh into a 4 per cent. solution of
methylen blue in physiological salt solution, After a few minutes therein
they are brought into saturated solution of picrate of ammonia, soaked
therein for half an hour or more, then washed in fresh picrate of ammonia
solution, and examined in dilute glycerin.

If it be wished only to demonstrate the outlines of endothelium cells, the
bath in the stain should be a short one, not longer than ten minutes in
general. Whilst if it be desired to obtain an impregnation of ground-sub-
stance of tissue so as to have anegative image of juice-canals or otherspaces,
the staining should be prolonged to fifteen or thirty midutes, and it 1s
advisable to remove the endothelial covering of the objects operated on
before putting them inté the stain.

If it be desived to preserve the preparations permanently, they had better
be mounted in glycerin saturated with pierate of ammonia.

The effect is practically identical (exeept as regards the colour) with that
of a negative impregnation with silver nitrate. If the process bears out all
that is claimed for it, it will certainly be valuable; for there are many
objects to which metallic impregnation cannot be readily applied. Marine
animals furnish many cases in point.

767. Venice Turpentine for Mounting (VosseLer, Zeif. f. wiss.
Mik., vi, 3, 1880, p. 292, ef seq.).—Vosseler strongly rvecommends this
medium as having considerable advantages over Canada balsam or damar.
Commercial Venice turpentine is mixed in a tall cylinder glass with an equal
volume of 96 per cent. alcohol, allowed to stand in a warm place for three
or four weeks, and decanted. It is stated that preparations may be mounted
in this medinm without previous clearing with essential oils or the like.
The index of refraction being lower than that of the above-named balsams
delicate details are more distinetly bronght out. Stains keep well in the
medinm, and Vosseler states that he possesses preparations made fifteen
years ago that ave perfectly well preserved.

7688. Gelatin-Soap Imbedding Mass (Gonrrixn, Journ. de Bot., 1889,
5, p. 87 ; abstract in Zeif. f. wiss. Mik., vi, 3, 1889, p. 317). Very compli-
cated and, as far as I can judge from the report, rather of the nature of an
emulsion than of a homogeneous mass.

769. Platino-Aceto-Osmic Mixture (HErMaNN, drel. f. mik. Anat.,
xxxiv, 1889, p. 58).—The author obtained excellent results by substituting
1 per cent. platinum chloride for the chromic acid in Flemming’s strong
formula, the other ingredients either remaining as before, or the osmium
being diminished ‘one half. Thus—1 per cent. platinum chloride 15 parts,
glacial acetic acid 1 part, and 2 per cent. osmic acid either 4 parts or only 2
parts. Hermann found that protoplasmic structures are thus better pre-
served than with the chromic mixture, which appeats to me very likely.

770. Todine Hematoxylin (Saxverier, Journ. de Microgr., xiii, 1889,
p. 335; Journ. Roy. Mio. Soe., 1889, p. 837).— Dissolve 070 g. hmma-
toxylin in 20 g. absolute aleohol, and 0'20 g, alum in 60 c. ¢, distilled water.,
Add the first solution, drop by drop, to the second. Exposer the mixture to

25
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INDE X.

The numbers vefer to the Paragraphs, not to the Pages.

A,

Absolute aleohol, preparation and uses,
G2,

Aeanthocephali, 730.

Acephala, 706, 707, and ses Mollusca.

Acetate, of alumina for mounting, 358 ;
of copper, G4 ; of lead, 87, 661 ; of
potash, 359; of uraninm, 65.

Acetic acid for fixing, 51, 52.

Aceto-carmine, 154—156.

Achromatic figure, 603, 604, 607.

Acids, see Acetic, Chromie, Formie,
Hydrochlorie, &e.

Acidulated aleohol, G3.

Aptiniaria, fixation, 9, 10, 12—14: |

maceration, 514, 741,
Actinospherium, 753,

ADAMEIEWICS, stain for nervous cen- |

tres, 674.
Adipose tissue, 36, 683.

576,

Agelena, embryology, 5588.

Albumen, imbedding masses, 306, 312 ;
injection mass, 471 ; section-fixing
process, 318,

Aleiope, Aleiopina, 734.

Alcohol, for narcotising, 13; fixing,
G0—63 ; hardening, 88, 89 ; mace-
rating, 498; preserving,
clearing, 341, 308.

Alcoholie carmines, 133, 168—166.

Aleoholic cochineal, 167, 168, 171,

Aleoholic hematoxyling, 179, 184,

Alcyonaria, 7, 741,

Aleyonella, 14.

362; |

ALPEROW, silver staining, 199,

Alizarin, 188, 673.

ALTMANY, fixing methods, 87 ; impreg-
nation and corrosion methods, 530.

Alum, for fixing, 44b ; preserving, 357.

Alum-carmine, 149—152; ditto, with
acetie neid, 151 ; with osmic acid,
150; with picric acid, 152,

Alum-eochineal, 169—171.

Alumina, acetate, 358,

Amarecium, embryoclogy, 577a.

Amber varnish, 422, 428.

Ammonia, bichromate, 80; neuntral
chromate, 80, 81 ; vanadate, 484 ;
molybdate, 221.

Ammonia-carmine, 134—139, 673.

Ammoninom, see Ammonia,

Amaeha, TH3.

Amphibia, for cytologieal study, 599;
embryology, 563 ef seg.

| Amphiozus, 630.
Agassiz and WHITMAX, pelagic ova, |

Amphipoda, embryology, 592.

Amyl-nitrite, 473.

Amyloid matter, 105,107,

Anehinia, 705.

ANDEER, phorogluein, 540.

ANDRES, Actinig, 10, 13, 741.

ANDREWSE, imbedding apparatus, 266,

Anilin dyes, generalities, 92, 95; clas-
sified list, 95; Hermann-Biticher
or Flemming staining process, 95—
104,

| Anilin black, 95, 129.

Anilin blue, 95, 125, 673.
Anilin blue-black, 95, 129, 678.

| Anilin green, 95, 101, 123,
. Anilin violet, 107, -
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malin, 555 ; of Tienia, 594 ; glacial
acetic acid, 51.

BENEDEN, VAN, and NEYT, cytological
methods, 603, 607, 611.

Bengal rose, 95, 117.

Bengalin, 110.

Benzol, for clearing, 540.

Benzo-purpurin, 95, 114.

Bergamot oil, 334,

BERLINERBLAT, F., regemeration of
Weigert's hematoxylin, 650.

BERNHEIMER, hmmatoxylin, 645.

Brerx’s Hard Finish, 403.

BERTHOLD, Infusoria, 758.

Berz, carmine, 136 ; brain methods,
663,

Bevaxy LEwIs, central nervous system,
657, 658, 660, 665, 672, 673, 677,
679,

Braxco, S. ro, Alriope, Alciopina,
734 ; Ascidians, 19; Callianira,
748; narcotising mixture, 13;
Spirographis, 784; Vanadis, 734,

Bichloride of mercury, see Corrosive
Sublimate.

Bichromate of ammonia, 80, 661.

Bichromate of potash, for fixing and
bardening, 40, 43, 44, 77—79;
661 ; for maceration, 507.

BicrraLvi, digestion fluid, 523.

Biebricher Scharlach, 95, 115,

BiepERMANY, methylen blue for nerve-
endings, 654,

Bilberry juice stain, 196.

Biniodide of mercury medium, 394,

Broxpr, triple stain, 252; blood, 692,
695,

Bismarek brown, 93, 95, 104, 106, 751.

Bitumen, 412.

Bizzozero, eytological methods, 610 ;
gentian violet, 102 ; picro-carmine,
147 ; maceration, 613 ; blood, 693,
fo4.

BreLovssow, injection, 472,

BrAckBURY, vegetable wax, 281,

Black currant stain, 196.

Blackley blue, 110.

Bladder of frog, 639.

Brawe, saffron stain, 192; picro-sul-
phurie acid, 754 ; Nematodes, 754.

Blattida, embryology of, 554.
Bleaching, 524, ef seq.

Blen de Lyon, 95, 109.

Blen de nuit, 109.

| Blen lumiére, 95, 108.

Brooaymaxy, ova of Amphibia, 5G3.

Blood, 6092—G606.

Blood-vessels of Vermes, 735, 736.

BosrETZEY, embryology of Lepidop-
tera, 583.

Bocearpr, gold method, 211 ; motor
plates, 633.

Bony, gold method, 211.

BoEMER, hematoxylim, 175.

Bonauie, Rhabdocwela, 727.

BoHxN, carmine, 142,

Born, gold-staining mnervous ecentres,
674,

Bone, deealeifieation, 531, 532 ; pre-
paration, 6889—691.

Bonellia, 731,

Boracic preservative medium, 354,

Borax-carmine, GRENACHER'S, 158,
163 ; Gipees’, 160: NIRIFOROW'S,
157 ; WoopwaRrD's, 159; BAUM-

GARTEN'8, 163; DvurIiLLECOL’s,
166; ditto and indigo, 229, 230,
G73.

BorpEN, cochineal, 171.

Boric-acid carmine, 162, 165.

Borrw, paraffin imbedding, 266; sec-
tion-fixing method, 821 ; plastic
reconstraction, 554,

Boroglyceride, 384,

Biorrener-HERMANN, staining process,
96 ; p. 57, note.

Rougainvilliz, Tdd.

Bouaa, stain for cartilage, 691.

Boveri, ovam of Ascaris, 607, 611
medunllnted nerve, G656,

Brachionus, T32.

BraDY, chloral hydrate medium, 361.

Brain, methods of, BeTz, 668; BEVAN
Lewis, 657, 668, 660, 665, 672,
478, 677 0679; Dovan, 668;
Deroxr, G667, 672; GIACOMINI,
G676, 678; Gorar, 673; Hamrr-
TOX, 666G, 672; MERKEL, 677 ; of
insects, 718 ; and see Central ner-
vous system.
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LoveErr's, 430; Marsn's gelatin,
408 ; STiEDA’S, 427 ; Tolu balsam,
426 ; turpentine, 420; ZIEGLER'S,
428,

Central nervous system, introduction,
6567 ; hardening, 658—669, 673,
678 ; imbedding and cutting, 672 ;
general stains, 673 ; special stains,
674 ; mounting, 675, 676 ; the
half-clearing method, 677 ; dry
processes for preserving brains,
678 ; dissocintion methods, 679 ;
neuroglia, 680 ; double stain, 681a;
myelon of reptiles, &ec., 681 ; me-
thods of AbpAMEIEWICS, 674;
APiTHY, 681; BEALE, 673;
BeCcHTEREFF, 66l; BECKWITH,
674; BExczur, 673; Berz, 136,
668 ; Bevaw LeEwrs, 657, 658, 660,
665, 672, 653, 677, 679; Boil,
674; Byrom BraMwELL, 677;
CARRIERE, 679; DEECKE, 667,
672; - Diomiporr, 661; Duvaz,
231, 603; Exx~er, 661, 669;
Fresom, Max, 651, 673, 678;
FREEBORN, 673, 679; FREUD, 674 ;
Gavie, 661; GErLACH, 674;
GracomInt, 674, 678; GIERKE,
005, 673, 680; Gorgr, 638, 645,
652, 673 ; Hauirrow, 666, 672 ;
JELGERSMA, 673 ; Korysurr-
DaszriEwics, 681; KoTLAREW-
BEY, G61; KrAvse, 662; Kvnr-
SOHITZEY, 674; v. LENHOSSEE,
681; Luvys, 673; MacIst, 673;
MArTINOTTI, 673 ; Masow, G71;
MEeREEL, 673, 674; NIKIFOROW,
674 ; OBERETEINER, 657, 660, 661,
673 ; Ocara, 661 ; Osporw, G67,
672, 681 ; Paz, 673 ; Rosst, 674;
RUuTHERFORD, 664; Samni, 659,
660, 674; SANKEY, 673 ; SCHIEF-
FERDECKER, 674, 679 ; ScEMIDT,
681 ; STinuiNg, 679; STIRLING,
673; TAL, 673; v. THANHOFFER,
679 ; Trzepinskr, 661; Ursox,
673; Wereenr, 650, 659, 674 ;
AUPPINGER, 673.

Cephalopoda, eyes, 710 ; ova, 578.

Cercaria, 726,

CerTES, Protoron, 751, ¥57.

Cestodes, 725.

Chain section-cutting, 274.

Chilognatha, 716.

China blue, 653.

Chinolin blue, 111.

Chironomus, salivary gland, 45.

Chitin, clearing and softening, 529,
715, T16.

Chitonidse, T11.
Chloral hydrate for narcotising, 14,

717; preservative solutions, 361 ;
for preserving injection masses,
432 ; for maceration, 501, 647,
717.

Chleride of cadminm, 211,

Chloride of caleinm mounting medium,
360,

Chloride of copper fluid, 64.

Chloride of gold, see Gold chloride.

Chloride of palladinm, 84, 755.

Chloride of platinum, 42, 47, 88.

Chloride of zine, 85; for hardening
brain, G78.

Chlorine solution, 544 ; see also Bleach-
ing.

Chloroform, for paraffin imbedding,
269 ; for celloidin imbedding, 204.;
for bleaching, 549, 716; for narco-
tisation, 11, 12.

Chondrosia, 202.

Chromate of ammonia, 43, 80, 81,

Chromate of lead stain, 219.

Chromates as fixing agents, 43.

Chromatin, reactions of, 602.

Chromic acid, generalities, 30 ; fixing,
30; hardening, 70, 660, 661;
maceration, 607; deealeification,
534, 535 ; chromie acid with acetie
acid, 31; with aleohol, 3%, 71;
with nitric acid, 39, 40, 535 ; with
platinum chloride, 42 ; with osmic
acid, 34; with acetic and osmic
acid, 35, 86.

Chromic objects, action of light on, 30,

Chromo-acetie acid, 81 ; chromo-aceto-
osmie, 85, 86 ; chromo-formie, 32 ;
chromo-nitrie, 89, 40; chromo-
osmic, 34, 72; chromo-picrie, 41,
74 ; chromo-platinie, 42, 73.
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Frecusia, gold method, 211.

Freiscunamaxy, Limaz, 700,

FremMMixg, chromo-aceto-osmic acid,
weak solution, 85; strong ditto,
36 ; eytological methods, 599, 601,
603, 606, 609; damar sclution,
899 ; double stains, 225 ; eyes of
Gastropods, 700; fixing liquids,
31, 35—37, 51, 59; imbedding
mass, 285; injection of Molluscs,
707; retina, 645, 646; spermato-
logieal methods, 612 ; fatty tissue,
G83 ; bone, 690 ; mucus cells, G997 ;
goblet cells, 699,

Frescu, Max, chromo-osmic mixture,
84, 72 ; douhble stains, 230, 233 ;
inner ear, 649;: modification of
Weigert's hematoxylin stain, 650,
G5l ; staining mnervous centres,
673; dry preservative process, 678 ;
dental tissne, 691 : ditto blood,
6892 ; stomach-glands, 700.

FLiGEL, serial sections, 319.

Froraraw, celloidin imbedding, 294.

FoeTTINGER, chloral hydrate narcotisa-
tion method, 14, 728; prepared
paraffin, 279,

For, albumen fixative, 318: chromo-
aceto-osmic acid, 35; cleaning
slides, 762 ; gelatin fixative, 322;
glycerin jelly, 392; gumming

labels, 763 ; imbedding in vacuo,-

271 ; injection masses, 446, 453,
458, 4606, 470; Infusoria, 50, 214,
760 ; mnarcotisation method, 17;
paraffin oven, 270 ; perchloride of
iron fixing and staining process,
50, 214 ; picro-carmine, 147 ; picro-
chromic acid, 41; reconstructing
sections, 554 ; ribesin, 196.

Foot-glands of Gastropoda, 708.

Formie acid, for fixing, 53.

FostEr and Barrour, embryology of
Aves, 556, B57.

Fowl, embryology of, 556 —559a,

FrawcorTe, aleoholic earmine, 165 ;.

section-streteher, 27¥3; vacoom
imbedding, 271; vegetable wax
ditto, 281.

FREEBORN, staining mnervous centres,

673 ; dissociation of ditto, G79;
connective tissuae, G52,

FREXZEL, serial section methods, 320,
324,

FrEUD, gold process for nervous cen-
tres, 674,

FREY, ammonia-carmine, 1389 ; injec-
tion mass, 464 ; 1odised sernm, 347 ;
Parma blue, 108,

Frog, bladder, 6313,

Fuchsin, 95, 104, 107, 246.

Fochsin 8., 112 ; and see Siurefuchsin.

G.

GAGE, picro-carmine, 147; section-
stretcher, 273 ; preservative fluid,
3G9 ; injection, 491 ; smooth mus-
cle, 638.

GALLI, stain for neuroceratin funnels,
653.

GANNAL, mounting medium, 358,

GARBINI, safranin staining, 103;
double stain, 248; Alcyonaria,
741 ; cleaning slides, 762,

Gastropoda, embryology, 579, 580;
foot-glands, 708 ; eyes, 709; pre-
paration, 18, 706.

GAULE, section-fixing process, 314;
hardening brain, 661,

GEHUCHTEN, VAN, eytological methods,
GO3, 611,

Gelatin, imbedding masses, 286—289,
310, 311, 768 ; injection masses,
432 et seq. ; cement, 408,

GELPRE, Weigert's hamatoxylin, G50.

. Gentian violet, 95, 102, 245,

Gephyrea, 731,

GeErpacH, gold method, 211, G74;
gelatin imbedding, 289 ; injection,
441 ; embryology of Aves, 556a.

Geza Extz, Protozoa, 760.

GracoMIsT, gelatin process for serial
sections, 674 ; dry process for pre-
serving brains, G78.

Ginses, HENBAGE, borax-carmine, 160,
229 ; combination stains, 234, 261 ;
cleaning slides, 762.

GIERKE, ammonia-carmine, 137 ; mace-
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Haxamax, cleaning slides, 762,

HAxNTs0H, glycerin medium, 385.

Hardening agents, 67 ef seq.; aleohol,
88 ; bichromate of ammonia, 80;
of potash, 77 ditto with cupric
sulphate, 79; chloride of palla-

dinm, 84; of platinum, 83; chro- |

mate of ammonia, 81; chromie
acid fluids, 70—74; nitric acid,
76; osmic acid, 75, 661, 669;
Errick1's solution, 79;: MERKEL'S,
solution, 83 ; MuLnER's solution,
78 ; generalities, 67 to 69; hard-
ening mnerve-centres, 609 ef seq. ;
PERENYIS solution, 39; picric
acid, BG. -

Hazrpy, Rotifers, 732.

HArRMER, silver staining marine ani-
mals, 202,

Harzis, stain for blood, 693.

Hartig, white injection mass, 463.

HARTING, preservative fluid, 363 ;
cement, 417.

Havew, blood, G96.

Heat, killing by, 7; fixing by, 25.

HEIDERHAIN, carmine, 143; hzma-
toxylin, 173; anilin blue, 125;
triple stain, 2562; small intestine,
701.

Heliz, eyes, 709; ova, 579; sexual
gland, 612,

HEexEING, collodionising sections, 275 ;
embryology of Diptern, 585; of
Phalangida, 590.

- HEXNNEGUY, nlum-c.u.rminn,: 151 ; em-
bryology of Aves, 557 ; of dxolotl,
964 ; of Gastropoda, 579;: of
Mammalia, 555; of Teleostea,
571 ; sexual gland of Helix, 612 ;
Protozoa, 750, 751.

HExocQUE, gold process, 211.

HERMANN, silver staining, 199 ; papillm
folinte of rabbit, 623; platino-
aceto-osmic mixture, 769,

HERMAXNK-BOTTCHER staining process,
p- 87, note.

~ Hemrwia, silver staining, 199, 202;

macerating methods, 514; Actinim,

9, 742; Meduswe, 745, 746; em-

bryology of Rana, 5G8, G11; of

Triton, 566; of Strongylocentrotus,
G11. :

| HERXHEIMER, clastic tissue, GBS,

Hescnn, amyloid matter, 105.

Heteropoda, eyes, 710.

HeypeENgEICH, amber varnish, 423.

HEvs, balsam, 397,

Hicksow, hematoxylin, 177 ; macera-
tion, 501 ; eye of Musca, 717.

Hirudinea, 737.

His, fixing, 37; cornea, 624.

HOCHSTETTER, injection, 487,

Horrarany, vacuum imbedding, 271.

“ Hofmann’s Grin,” 121.

Hogeaw, silver staining, 199 ; histo-
logical rings, 201 ; perchloride of
iron stain, 214.

Hoxx, toluol for imbedding, 268.

Holothuroidea, 737.

Horn, G13. .

Hovssay, foot-glands of Gastropods,
708,

HoOYER, ammonia-carmine, 138 ; neutral
ditto, 141 ; picro-carmine, 141 ;
silver staining, 199; gold ditto,
211; gum arabic mounting
medium, 378; gelatin injection
maszes—carmine, 445; Berlin blue,
454 ; lead chromate, 457 ; silver
nitrate, 459 ; green, 460 ; shellac
mass, 4849 ; oil-colour masses, 490,

Hupsox, Rotifers, 782, .

Huxrey and MARTI¥, ammonia-car-
mine, 189,

H¥YATT, imbedding method, 302.

Hydalina, 732.

Hydra, 741, 743,

Hydrate of chloral, for narcotising, 14 ;
and see Chloral.

Hydrochlorie acid for decalcifieation,
586, 537,

Hydrofluoric acid for desilicification,
641.

Hydrogen peroxide, for bleaching, 30,
547.

Hydroidea, 7, 743.

Hypochlorite of potassium, see Eau de
Javelle.

Hypochlovite of sodium, see Ban de
Lubarraque.

20
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J -

Jacoss, freezing mass, 311.

JAoQUET, injection of leeches, 736.

JicEr, glycerin medium, 385.

JARIMOVITCH, silver staining, 200;
medullated nerves, G56.

James, cleaning slides, 762; damar
solutions, 399.

Japan wax, 281.

JELGERSMA, staining nervous centres,
G73.

JexsoN, spermatological methods, 612.

Jorier, imbedding method, 300.

JoserH, injection-mass, 471,

KI

KApyI, imbedding mass, 284.

Ka1sER, glycerin jelly, 286, 288, 390.

KasTscHENEKO, reconstruction from sec-
tions, 554,

KEME, blood-plates, 694

Kexm, 8., Infusoria, 66, 758.

Kernschwars, 195, 607.

Kidney, 704.

Killing tissues and organisms, 6—21 ;
killing by heat, 7; by rapid fixing
agents, 8 ; by narcotisation, 9; by
nicotin, 10; by chloroform, 11,
12; by ether and aleohol, 13 ; by
chloral, 14 ; by cocain, 15; by car-
bonic acid, 17; by asphyxiation,
18; by chromic acid, osmic acid,
“ Kleinenberg,” or sublimate, 19 ;
by fresh water, 28 ; by warm water,
21.

Kiveerey, imbedding method, 266.

KITTON, asphalt, 412 ; cement, 429,

Kiens, glycerin jelly, 287.

Krerx, fixing mixture, 33 ; hardening
intestine, 81 ; cornea, 624.

KLEINENBERG, colophonium for mount-
ing, 401; embryology of ZLum-
bricus, 596 ; picro-sulphuric acid,
55 ; hwematoxylin, 184,

KremeNsIEwICS, piero-earmine, 147.

Knotting, for cement, 419,

Kocu, vow, coral method, 303,

KogANEI, iris, 641.

KérLer, embryology of Aves, 550a.

Kérrixegr, ovam of rabbit, 555 ; bone,
690.

Korrywawy, fixing mixture, 40.

Kovossow, gold method, 211 ; osmium
mixture, 28, 222,

KororxEerr, killing Siphonophora, 11 ;
paraffin imbedding, 272 ; lubricat-
ing microtomes, 704,

Konrscnerr, Infusoria, 753.

Korypurr-DaszrIEWICS, myelon of
reptiles, 681 ; plasma-cells, 686.

Kossiwskr, double stains, 249.

KoTLAREWSKY, central nervous system,
661.

KrAUsE, corpuscles of, 621 ; molybdate
of ammonium, 221 ; motor plates,
633 ; silver staining, 199 ; retina,
645, 647 ; spinal cord, G62.

Kreasote, for bleaching, 545 ; for clear-
ing, 208, 339 ; preservative fluids,
353—355.

KRONECKER, artificial serum, 348.

KR6X¥1G, cement, 421,

KtnxE, digestion fluids, 526 ; macerat-
ing mixture, 517 ; motor plates,
G33. : :

KUEENTHAL, Annelids, 14, 738, 734.

Kurrsonrrzey, fixing mixtore, 44;
donble imbedding, 298 ; preserva-
tive fluids, 362 ; ovum of Ascaris,
611 ; tactile corpuscles, 620 ; stain
for nervous centres, 674.

KuUNsTLER, Protozoa, 760.

KUPFFER, embryological methods, 561 ;
axis cylinder, 654.

Kusxow, digestion fluid, 524.

Kurscniy, clearing method, 330.

L.

Labelling slides, 763.

Labyrinth of car, 648, 649.

LAMANSKY, sensibility of the eye, 761.

Lamellibranchiata, aquiferous pores,
706 ; epithelium, 712 ; eyes, 711n ;
injection, 707 ; sexual gland, 612 ,
shell, 308, 304, 713.
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MavricE and ScuULGIN, double stain,
231 ; embryology of dmarascinm,
BTTa.

Mauvein, 95, 104,

Max FrescH, see FLESOH.

MAYER, PAUL, acidulated aleohol, 63 ;
aleoholic carmine, 164; prep. of
Arthropods, 5, 55, 168, 714 ; albu-
men fixative for séetions, 318;
bleaching, 542; Bismarck brown,
106 ; cochineal, 168, 673 ; desili-
cification, 541; injection, 482;
picro-carmine, 147 ; picro-sul.
phuriec aecid, 55; piero-hydro-
chloric aeid, 57 ; piero-nitric acid,
56 ; section-stretcher, 273 ; section
fixing methods, 317, 3158 ; shellac
fixative, 317.

MAYER, 3., “violet B.,”” for connective
tissue, 682,

MAvys, nerve-endings (gold process),
G634,

Maveern, Bismarck brown, 106.

Medullated nerve,; 650—656,

Meduswe, 12, 19, 44b, 514, 744—T46,

Mercury, bichloride of, 45, 46, 363 ef
seq. ; and see Corrosive sublimate,

MeRrxE, making up chromo-aceto-osmic
acid, 36, -

MzerEEL; chromo-platinic liguid, 42,
73, B3; impregnation method,
221 ; carmine and indigo stain,
230, 673, 693; celloidin imbedding,
200 ; half-clearing brain sections,
674.

Metallic stains, 197 ef seq.

Metanil yellow, 95, 119.

Methanilin green, 103 ;
violet, 107.

Methyl green, 95, 105, 602, 750 ; com-
bination stains with, 250—254.

Methyl violet, 95, 104, 107.

Methylen blue, 93, 95, 127 ; for nerve-
endings, 654 ; for central nervous
system, 674 ; for impregnation,
766,

MEYER, salicylic solutions, 875, 876,

Micagreon, corpuscles of Pacini, 619,

Microtomes, 263 ; oiling, 764.

MILLER, vegetable wax, 281,

methanilin

MrrLox's test, GOZ.

Milnesium, T19.

Mixot, hematoxylin stains, 181 ; clear-
ing celloidin sections, 208 ; mace-
rating skin, 613.

MircHELL, hematoxylin, 177,

MiTrorHANOW, gold process, 613 ;
maceration, ¢bid. ; sense organs of
Amphibia, 622,

Mésivs, macerating media, 512, 712,

MoznescHOTT, potash or soda solution,
502 ; MouescHorT and PIso
BorMEe's macerating fluid, 500.

Mollusea, 706—718 ; aquiferous pores,
70G; embryology, 578 ef seq.;
eyes, 709—712; fixation, 706;
foot-glands, 708; injection, 707 ;
maceration, 712; removing mucus
from, 706 ; shell, 303, 304, 713.

Molluscoida, 7, 14, 15; and see
Bryozoa.

Molybdate of ammonium, 221,

Monadina, 760,

Moxpixo, medullated nerves, 652,

Monobromide of naphthalin, 395,

-MoORE, stain for blood, 693.

MorGAN, ova of Arthropods, 582, 715.
Morphia for narcotising, 16,
MoseLey, shell, 711 ; Chitonidse, 711.
Mosso, blood, 692,

‘Motor plates, 631 ef seq.

Mounds of Doyére, 719,

Mounting media, see
media.

Mucilage for labels, 763.

Mucosa of intestine, 701.

Muecus, removing from Mollusea, 706.

Mucus glands, 697 ef seq.

MuLLER, hardening liguid, 78; silver
staining, 200 ; injection mass, 481.

MixDER, (., his histological reagents,
94, 103.

Muxsox, chloral hydrate fluid, 861,

Muscle, dissociation of, 517, 630;
nerve-endings in, 629 ef seq. ;
smooth, 638 ef seq.

Myelin, 65606,

Myelon, see Central nervous system.

Myrtillus, 196,

Myrtle wax, 281, °

Exnmination
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Orseillin, 95, 104.

OnTH, methyl violet, 107 ; lithium-
carmine, 153; picro-lithinm ecar-
mine, 228,

Ospory, embryology of T'wifon, 565 ;
brain of Urodela, 672, 681 ; serial
sections, 667.

Osmic acid, for fixing, 26—29; for
hardening, 75, 661, 669 ; for mace-
rating, 513 ; for impregnation, 28,
222 ; blackening of preparations
with, 28, 36, 542; how to keep
solutions, 26, 35, 36 ; KorLossow's
solution, 28 ; osmic acid and
aleohol, 29: and chromic naeid
mixture, 34, 72 ; and chromie and
acetic acid mixture, 35, 86 ; acetic
acid mixture, 28, 514 ; osmic and
oxalie acid stain, 222,

Osminm-blackened fat, 86.

Ozminm-carmine, 161.

Dsmosis, to avoid, 4.

Ostracoda, T14.

Ova, pelagic, 83, 575.

OVIATT, injection method, 473.

Ovum, maturation of, 609, 611; and
see Cytological methods.

Ovum of dscaris, 52, 611 ; other ova,
see Embryology. .

OWEN, preservative liquid, 367.

Oxalic acid for maceration, 519.

Oxygenated water, 547.

PI

Pacixt, corpuscles of, G19; preserva-
tive liquids, 36G4.

PAGENSTECHER, fixing fluid, 44b.

Par, hmmatoxylin stain, 651 ; staining
nervous centres, 673,

Palladium chloride, 48, 84, 755.

Palythoae, T41.

PANETH, making Weigert’s hmma-
toxylin, 650 ; goblet-cells, 699,

PaAxscH, injection-mass, 491.

Paper, imbedding method, 266 ; paper
trays, to make, ibid.; paper cells,
409,

Papillw foliatwe, 623,

Paraffin, imbedding processes, 267 ef
seq. ; review of, 277 ; paraffin
masses, 278—280; solvents of, 209,
276 ovens, 270.

Paris green, 105.

Paris violet, 107.

PARKER, turpentine cement, 420,

Parma blue, 95, 108, 126.

PARTSCH, cochineal stain, 169,

ParreN, embryology of Phryganida
and Blattida, 584 ; eyes of Molluscs
and Arthropods, 711a ; maceration
of Mollusca, 712.

PAvLsEN, goblet cells, 699.

Pecten, eyes of, 711a.

Pedicellina, 202,

Pelagic ova, 83, 575.

Pentacrinus, 740,

Perchloride of iron, for fixing, 50 ; for
impregnation, 214,

PEREMESCHEO, cytological methods,
599,

PerENYI, fixing fluids, 39.

PERGENS, picro-carmine, 147,

Periplaneta, ova of, 582, T15.

PeRL, soluble carmine, 162,

Permanganate of potash, 44¢, 506, 625,

Peroxide of hydrogen, 547.

PETRONE, cerebro-spinal nerves, 652,

Prirzen, imbedding mass, 285.

PrITZNER, safranin solution, 103 ;
gold chloride and safranin, 262;
damar solution, 899 ; Opalinag,
762 ; eytological methods, 606,

Phalangida, 721 ; ova of, 589, 590.

Phascolosoma, 731.

Phénicienne, la, 106.

Phenylen brown, 106,

Phoroglucin, 540,

Phoronis, T3l

Phryganida, embryology of, 584.

Phyllosoma, 714,

Physiologieal salt solution, 345,

Physophora, T47.

Picrie acid, fixing fluids, 54—59;
hardening ditto, 86; staining with,
118, 125—227; decalcifieation
with, 583.

Picro-nnilin green stain, 124,
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aqueous, 4380 ; iodised serum, 346 ;
maceration, 496—488 ; medullated
nerve, 656; motor plates, G632 ;
mucns  cells, 699; nerve-fibres,
intra-epidermic, 614; neutral car-
mine, 140 ; nitrate of silver im.
pregnation, 198, 199 ; picro-car-
mine, 144, 145; purpurin, 189;
retina, G644, 647 ; tactile hairs, 625.

Rasvier and VIGNAL, osmium mix-
ture, 29,

Reagents, how to procure, 94 ; selected
lists, with prices, 782, 783.

RECKLINGHAUSEN, VON, impregnation
methods, 197, 199, 200.

Reconstruction of objects from sections,
554, '

ReppinGg, gold process, 212,

REercn, silver nitrate, 199.

REICHENBACH, embryology of dstacus,
591.

REINKE, staining horn, 613.

RExAUT, hmmatoxylin, 183; hema-
toxylic eocsin, 239 ; cornea, 624,

RENS0N, spermatological methods, 612,

Reptilia, embryology, 560 et seq.

REsEcoTTI, coal tar stains, 98, 103,
245,

Resin, mounting media, 396, 401, 767 ;
imbedding mnasses, 304, 305;
cement, 420, 421,

Retina, 22, 644 et seq.; fixing, 644 ;
staining, 645; sections, 646 ; dis-
sociation, 647,

RETTERER, smooth muscle, 643,

Rezzoxico, medullated nerve, G52, G56.

Rhabdoeeela, 727.

Ribbon section-cutting, 274,

Ribesin, 196.

Ricuarp, Bryozoa, 15.

RicuArDpsow, imbedding in paper, 266.

RINDFLEISCH, cerebrum, 513,

Rifiging wet mounts, 407.

RirArT and PETIT, preservative fluid,
64, 370,

Ropix, injection-masses, 432—438a,

475; and see Injection-masses.

Ropixgki, silver nitrate, 199,

Ronoz, ZourAx voN, alum-carmine,
150,

Rocellin, 95, 104.

Roeche alum, 187 note.

RorrerT, carminroth, 162; freezing
process, 312 ; cornea, 506, 624,
625 ; sections of muscle, G29.

RooseveELT, pyrogallate of iron, 215.

Rose B. 4 l'ean, 116.

Rosein, 95, 104, 261.

Rossr, stain for nervous centres, G74.

RosstER, Phelangida, 721.

Rotatoria, 732, 741,

Rouge fluorescent, 95, 104.

Rovesr, silver nitrate, 199, 200.

Bubidin, 95, 104,

Rubin, 95, 104.

RuaE, imbedding mass, 306.

Ruxag, imbedding mass, 306,

RUTHERFORD, picro-carmine,
hardening brain, 664,

RxpER, double imbedding, 299 ; sexual
glaud of Lamellibranchiata, 612,

147

S,

Sacns, motor plates, 633.

SAEFFTIGEN, Eehinorhyneus, 730.

Saffron for staining, 192, 754.

Safranin, 95, 99, 103, 243, 246, 248,
249, 604, 674, 688, G91.

Sagartia, 742,

Sagitta, 202,

SAHLI, balsam, 397 ; nerve-centres, 659,
660 ; stain for, 674, i

Salamandra, embryology, 567 ; eyto-
logy of, 639,

Salicylic vinegar, 875, 376.

Saliva, artificial, 504,

Salivary glands, 239,

Salpa, 44b, 705.

Salt solution, 345, 499, 500.

Sandal-wood oil, 366.

SANFELICE, hematoxylin, 780,

SANKEY, staining nervous centres, G73.

Sapphirina, 714,

SARASIN, embryology of Reptilia, 562.

Sarcolemma of insects, 720.

SARGENT, injection method, 473 ;
bleaching, 544. -

SATTLER, silver staining, 200,
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seq. ; anilin blue and carmine, 231 ;
ditto and rosein, 261 ; ditto and
anilin violet, 261 ; borax-carmine
and indigo, 229, 230; ditto and
picro-carmine, 226; carmine and
anilin blue or blen de Lyon, 281 ;
carmine and picric acid, 225—228 ;
carmine and metallic stains, 150,
236 ; dablia and siurefuchsin, 245 ;
eosin and picro-carmine, 235 ; ditto
and anilin green, 256 ; ditto and
dalilia, 257 ; ditto and hematoxy-
lin, 238, 239: ditto and iodine
green, 259; ditto and methyl
green, 250, 251 ; ditto and methyl
violet, 258; ditto and gentian
violet, 245 ; fuchsin and methylen
blue, 246; gentian violet and
eosin, 245 ; gold chloride and other
stains, 262; hmmatoxylin and
delta- or benzo-purpurin, 114;
ditto and ecsin, 238, 230: ditto
and iodine green, 241; ditto and
nitrate of rosanilin, 242 ditte and
picrie acid, 225 ; ditto and safranin,
243 ; iodine green and Bengal rose,
260 ; ditto and anilin violet, 234 ;
ditto and hematoxylin, 241 ; ditto
and rosein, 234; lithium-carmine
and pierie acid, 228 ; methyl-green
combinations, 250—254; wmethyl
violet and eosin, 245; picro-car-
mine, 144 ef seq.; picro-carmine
and eosin, 235; ditto and iodine
green, 232, 234 ; ditto and methyl
green, 233 ; ditto and borax-ear-
mine, 226 ; ditto and other anilins,
234 ; safranin and anilin blue, 248 ;
ditto and hamatoxylin, 243 ; ditto
and gold chloride, 262 ; ditto and
indigo, 249 ; ditto and nigrosin, 249,

STEPHENS0N, mounting medinm, 394,

STIEDA, cements, 427,

STILnING, macerating fluid, 679,

Stiniisg and PFITZNER, stomach of
Trilon, B42.

StIRLING, double stains, 232, 241, 259 ;
gulpho-cyanides of ammonium and
potassium, 508 ; anilin blue-black,
673,

STOHR, double stain, 238.

Stomach-glands, 700 ; stomach of -
ton, 642,

Storax, 405.

STRAHL, embryology of Reptilia, 560.

STRASBURGER, cytological methods,
GOB.

STRASSER, plastie reconstruction, 554 ;
section-streteher, 273 ; serial sec-
tions, 315, 316, 327.

STRICKER, imbedding mass, 301.

Stryehnin for killing, 16.

Styrax, 405.

Sublimate, corrosive, see Corrosive sub-
limate.

Substitution of stains, 98,

Sulphate of copper fluids, 44, 44a, B2,

Sulphate of iron for fixing, 727.

Sulpho-cyanides, 503.

Sulphurie acid for maceration, 518.

Sulphurous acid, for Infusoria, 759
for nuclei, 603.

STMMERS, serial sections, 815, 825.

Svusspor¥, mucus cells, 639,

SwAEN and MasqUELIN, spermato-
logical methods, 612,

Syeandra, T49.

Sympodium, 741,

Synapta, 737, 740,

Syncoryne, 744,

T\

Tactile corpuseles, 616 ef seq.
Tactile hairs, 628,
Tenia, 725 ; embryology of, 504,

TAENZER, clastic tissue, 658,

TArANI, picro-anilin, 124 ; inner ear,
649,

TAacucHI, injection, 485,

Tarr, Lawsox, litmus stain, 196,

Taz, Golgi's mercury stain, 673.

Tannin solution, 871 ; for Infusoria,
759.

Tegumentary organs of Vertebrates,
618 ef seq.

TEICHMANN, white injection, 465 ; oil
mnss, 452, ,
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