XVIIL.—ON THE PRESERVATION OF EMBRYONIC MATERIALS AND
SMALL ORGANISMS, TOGETHER WITH HINTS UPON EMBED-
DING AND MOUNTING SECTIONS SERIALLY.

By JoHEN A. RYDER.

The question frequently asked of the investigator is, ¢ How shall I
preserve the materials I may collect for you?” This isa very important
question, because, unless eggs, embryos, or small portions of animals
which are to be studied microscopically by means of sections are prop-
erly prepared to begin with, it is often impossible for the embryologist
or histologist to get satisfactory results. And from personal expe-
rience I may remark that there is, nothing more mortifying to the stu-
dent than to find a rare and valuable, or perhaps unique, specimen ruined
beyond repair Ly the preliminary ¢ preparation” it has suffered at the .
hands of persons either ignorant of proper preservative methods or in.
different in regard to their application. Alcohol, so universally used as
a preservative, can be made to yield splendid results if properly em-
ployed, but if applied without discrimination or an understanding of
the end in view, it may utterly ruin otherwise valuable materials if it is
desired to use then in the prosecution of delicate anatomical or histolog-
ical investigations. The shrunken, distorted, alcoholic specimens too
often seen in our museums are a reproach to science, and it is high time
that more care was exercised in the preparation of such objects, as it
would not only be to the advantage of the systematist, but also to the
anatomist and histologist, to say nothing of the better appearance which
" would be presented by such properly prepared collections of zoological
materials.

The directions which fellow are meant to be useful to those seeking
information as to the proper mode of breparation to be applied to such
delicate objects as embryos or small soft organisms which are to be trans-
mitted to the National Museum in the best possible condition. Some
suggestions under the heading of alcohol are also intended to apply to
the care and preservation of large obJects

Vessels.—As receptacles for specimens, vials, jars, or bottles w1th con-
veniently wide mouths should be selected. Their form is of small conse-
quence, provided they are sufficiently large to accommodate the object
without distorting it, and with a mouth wide enough to admit of the re-
moval of the specimen without injury after it has become indurated by
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the preservative agent. They should also be capable of being closed se-
curely so as to guard against leakage when packed for shipmerit, and
also to prevent evaporation when stored away in the cabinet. Rubber
corks are probably the best for small vials in which it is designed to
preserve small embryos or small organisms.

Crowding a large number of small specimens into one vial is wrong,
and abundant space should left besides the specimens for accommoda-
. tion of a sufficient amount of the hardening reagent or the preserva-
tive fluid which may be used, otherwise it is not possible in inost cases
to harden the specimens uniformly and quickly, because there is not
enough of the reagent around the specimens. Delicate embryos are
often distorted in the process of killing and hardening, so as to be bent
and twisted, which makes it difficult to get the axis of their bodies into
a single plane, which is very desirable, especially if it is intended to
prepare serial sections with the newer forws of the sledge microtome.
In order to avoid sach distortion as much as possible, if embryos or
other small animals are killed and hardened immediately in the vials,
it is best to cork the latter and lay them on their sides so that the ob-
jects, especially if slender, do not rest in a mass on the bottom, but on
the undermost side of the vials. These precautions should be borne in
mind in bandling recently hatched fish embryos, the tails of the latter
being especially liable to become bent and distorted by the weight of
those overlying those on the bottom of the vial if the latter is placed
upright while the process of hardening is in progress.

Packing and labeling.—It is of the utmost importance that small, deli-
cate objects should be carefully packed in the bottles when it is pro-
posed to ship them, so that they may not be shaken about, especially
if moderately large; unless this is done important portions may be
broken off and lost after the specimens have been hardened by the
preservative. To avoid this, the specimen, if large, should be wrapped
in pieces of cheese cloth, which may be secured around the object With
string. If the objects are small wrapping them carefully in soft tissue
paper will be found expedient, or if the bottle should not be full, soft
tissue paper crushed into springy masses may be used to fill up the .
vacant space in the bottles, care being taken that the packing of paper
is not forced in too tightly so as to injure the specimens. Paper is bet-
ter for this purpose thau cotton wool, which, in the case of specimens
which have hooked teeth or processes projecting from the body fre-
quently becomes entangled with such processes as to cause thewn to be
torn off when the specimens are unpacked. Finally, it is a good rule in
packing to fill the vials full of the preservative fluid, which keeps the
specimens immersed and also prevents injurious shaking when shipped.

Not less important than the packing is the proper labeling of the
specimens. Every vial, if containing only a single specimen or a single
series, should be labeled with the date of collection, the locality, and
the name of the collector. If a number are sent in the same vessel, each
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distinet specimen or distinet series should be wrapped separately and
have a label securely attached, giving the date of collection, locality,.
&e.. In the case of embryos, care should be taken to record the age of
the different series where tlhis is. known, and in the cases of fishes, am-
phibjans, and some articulates, this may be known very exactly. To
prepare a series of embryos of fishes, for example, and especially where
their eggs are artificially hatched in some kind of hatcbing apparatus,
it is very easy to prepare a series of specimens at intervals of, say, every
twelve to twenty-four hours, and to place the separate lots of different
ages in different vials, so that the investigator may use the material 8o
prepared in a very complete study of the development of the form. In
the preparation of such series it is important to give the date, and, if
possible, the hour of the day when the eggs were impregnated, and to
indicate upon a label within or pasted on the outside of the bottle, the
exact age of the contents. The locality and collector’s name should also
be given. Labels placed within the vials so as to be immersed in the
preservative agent should not be written in ordinary iuk, but with a
soft lead-pencil, as common writing ink is liable to become effaced from
the paper by the solvent action of the preservative fluid. India ink,
according to Semper, when dissolved in strong acetic acid, makes a
black marking fluid which will remain perfectly black and legible in

alcohol for years.
PRESERVATIVE AGENTS.

All of the best preservative agents tend to harden animal tissues.

Alcohol.—When alecohol of 95 per cent. is used it should almost
always be diluted. One of the few cases in which 95 per cent. or
absolute alcobol may be used to advantage is in the preservation of
sponges, as I am informed by Dr. Benj. Sharp. These may be im-
mersed in the very strongest alcohol as soon as they are removed from
the water, a recent investigator having found that for the study of their
pinute structure this was the best preservative medium, after the un-
satisfactopy trial of a great many. The collared flagellate cells lining
the respiratory and digestive cavities of these organisms are thus best
_ preserved. '

In almost all cases, however, the use of very strong alcohol is fol-
lowed by more or less extensive and injurious shrinkage of tbe object,
especially if it is very soft and watery, a8 in the cases of embryos,

" polyps, and mollusks, more particularly. In these cases the mixture
first used should consist of alcohol, 1 part; water, 10 parts.

If the object is small or of moderate size it may be left in the above
twenty-four hours, then transferred to & mixture of alcobol, 1 part;
water, 3 parts, or to a mixture of alcohol, 1 part; water, 2 parts, ac-
cording to the consistency of the object, and in whicl it may remain for
two or three days and then be transferred to alcohol, 2 parts; water, 1
part, and, after & day or two, into 95 per cent. alcohol, if the specimen
is intended for histological purposes.

8. Mis, 46——39
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‘With care and attention an organism as soft as the oyster may be
hardened and preserved in common alcohol by gradually increasing the
strongth of the preservative solution, so that there is little or no per-
ceptible shrinkage. The cause of shrinkage is the removal of the water
of organization by the alcohol, and, in the case of badly prepared speci-
mens, it will usually be found that the first bath of alcohol into which
the object was plunged was too strong and had caused the withdrawal
of the water of organization much too rapidly and produced an excess-
ive shrinkage, much to the injury of the specimen. Some investigators
recommend very strong alcohol for the preservation of brains, which it
is desirable to harden as rapidly as possible and without distortion. In
the case of such soft objects, especially if they are of considerable size,
they should be suspended in the preservative fluid by a string attached
to the cork, in order that the specimen’s own weight may not distort
it while the process of hardening is in progress, the distortion being
aggravated by any curved or uneven surface upon which such a soft
object may rest. .

In the case of comparatively large objects, such as mammals and fishes,
the body cavity should be filled with 40 per cent. alcohol by means ofa
syringe, 80 as to enable the preservative to act from within as well as
from without. In the case of fishes, which are usuajly thickly covered
with slime, especially such species as the eels, hags, and lampreys, the
slimy coating should always be washed off before immersion in alcohol.

Dr. Whitman®*, speaking of the use of alcohol says: ‘ Intheprepara-
tion of animals or parts of animals for museums or histological study,
it is well known that the chief difficulties are met within the process of
killing. Alcohol, as commonly used for this purpose by collectors, has
little more than its convenience to recommend it. Dr. Mayer has called
attention to the following disadvantages attending its use in the care of
marine animals : .

¢(1.) Inthick-walled animals, particularly those provided with chitin-
ous envelopes, alcohol causes a more or less strong maceration of the
internal parts, which often ends in putrefaction.

¢ (2.) In the case of smaller crustacea e.g. Amphipods and Isopods, it
gives rise to precipitates in the body fluids, and thus solders the organs
together in such a manner as often to defy separation even by experi-
enced hands.

¢(3.) It fixes most of the salts of the water adhering to the surface of
marine animals, and thus a crust is formed which prevents the penetra-
tion of the fluid to the interior.t

» Methods of Microscopical Research in the Zoological Station in Naples, Am. Nat.
. X1V, pp. 697-706 and 772-785, 1882.

t Dr. Mayer first noticed this in objects stained with Kleinenberg’s hematoxylin,
and afterwards in the use of cochinoal, whore o gray-green precipitate is sometimes
produced which renders the proparation wortbless. Such results may be avoided by
first soaking the objects a few hours in aoid alcokol (one to ten parts hydrochlorie acid
to one hundred parts seventy per cont. alcohol.)
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‘(4.) This crust also prevents the action of staining fluids, except
aqueous solutions of the latter, by which it would be dissolved.

“ Notwitbstanding these drawbacks, alcohol is still regarded at the
Naples Aquarium as an excellent fluid for killing many animals designed
for preservation in museums or for histological work. In many cases
the unsatisfactory results obtained are to be attributed not to the alco-
hol per se, but to the method of using it. Most of the foregoing objec-
tions do not, as Dr. Mayer has expressly stated, apply to fresh-water
animals; and Dr. Eisig informs me that he has no better method of
killing marine annelids than with alcohol. Judging from the prepara-
tions which were kindly shown to me, and which were all beautifully
stained with borawz-carmine, Dr. Eisig’s mode of treatment must be pro-
nounced very successful. The process is extremely simple: a few drops
of alcohol are put into a vessel which contains the annelid in its native
clemont, the sea water; this is repeated at short intervals until death
ensues. After the animal has been thus slowly killed, it may be passed
through the different grades of alcohol in the ordinary way (as described
above), or through other preservative fluids. Objects killed in this man-
ner show no trace of the external crust of precipitates which arises where
stronger grades of alcohol are first used. The action of the alcohol is
thus moderated, and the animal, dying slowly, remains extended and
in such a supple condition that it can easily Le placed in any desired
position. The violent shock given to aniwmals when thrown alive into
alcohol of forty to sixty per cent, giving rise to wrinkles, folds, and dis-
tortions of every kind is thus avoided, together with its bad effects.”*

Acid alcohol.—Dr. Whitman also says, “In order to avoid the bad
effects of alcohol, such as precipitates, maceration, ete., Dr. Mayer rec-
ommends acid alcohol, 95 volumes, 70 per cent.; or, 90 per cent. alco-
hol, 3 volumes hydrochloric acid,t *for larger objects, particularly if
they are designed for preservation in museums. The fluid should be
frequently shaken up, and the object only allowed to remain until thor-
oughly saturated, then transferred to pure 70 per cent. or 90 per cent,
aleohol, which should be.changed a few times in order to remove all
traces of the acid. For small and tender objects, acid alcohol, although
preferable to pure alcohol, gives less satisfactory results than picro- -
sulphuric acid.”

% Boiling alcohol.—In some cases among the arthropods, Dr. Mayer
has found it difficult to kill immediately by any of the ordinary means,

* [Embryo fishes may be killed without distortion by exposure to the fumes of chlo-
roform. The embryos are placed in a watch-glass in water, or in a ring on the plate
of & compressorium, when a few drops of chiloroform are placed alongside of the watch-
glass or ring filled with the water containing the emlryos, and the whole covered with
a larger watch-glass or bell-glass, and loft a fow minutes till the embryos are killed
in their fully extended condition. The interesting collembolan, Smyntkurus, may bo
killed in chloroform or other with its remarkable bifurcate collophoro fully extruded.]

tAcid alcohol as abovo prepared loses its original qualities after standing some
time, as other compounds are gradually formed at the expense of the acid.
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and for such cases recommends boiling absolute alcohol, which kills in-
stantly, For tracheata (insects) this is often the ouly means by which
the dermal tissues can be well preserved, as cold alcohol penetrates too
slowly.” :

‘It will be profitable to lay down the following general principles re.
specting the use of alcohol: -

(1) In almost all cases where 8oft tissues or objects are to be prepared,
either for museum or histological purposes, it is best to gt first imamnerse
the object in weak alcohol, and to gradually increase its strength 8o as to
extract the water of organization by degrees, and thus avoid the injurious
shrinkage and distortion due to the use of too strong a mizture.

(2) Sometimes it is desired to preserve a very large, soft object in
alcohol, but, at ordinary temperatures, decomposition often begins in
the center of the object before the alcohol has had time to completely
saturate the ohject. Decomposition of this sort may be hindered and
even prevented by placing the vessel containing the object in moder-
ately strong alcohol in a refrigerator kept at a .little above freezing.
This prevents decomposition, and gives the alcohol time to saturate
the object. Any other hardening agent may be applied in the same
way to large objects, but in such cases care must be taken that the
solution is not frozen during the process. Solutions of Miiller’s fluid
or chromic acid may be frozen; alcoholic solutions not so readily, unless
they are very dilute.

We have considéered aloohol first as a preservative, killing, and hard-
ening agent, because it is the best known and most generally used and
has not yet been superseded by any of the many compounds which
have been suggested as substitutes, mainly on the score of their cbeap-
ness.

Muller’s fluid.—Tor conveniencesthis compound probably ranks next
in value to alcohol, as a temporary preservative agent and as a harden-
ing fluid. The formula for its preparation is as follows:

Bichromato of potash........ooooiiiiiiiiiiiiiiiiaaiat 5 parts.
Sodic sulphate... ...t iirtiame e accecencencceeenn P
Distilled Water ... . ccocerceecarirececerrenecacecrocaacaacan 200 ¢

This makes an orange-colored solution in which embryos, small animals,
and pieces of tissue may be preserved for histological purposes. And
it possesses one important advantage over chromic acid in this, that the
object may be left in it for a month without injury, although it darkens
albuminous substances permanently like chromic acid and may be ob-
jected to by some on this account. Ne.vertheless, it is a very convenient
preservative compound in cases where the care and attention required
in the use of better reagents cannot be applied to the preservation of
such materials on account of their numbers or when the collector is
traveling, with only occasional opportunities for overhauling and caring
for .his collections.
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A convenient way for the traveling collector to carry the ¢ stock” for
this mixture is to have the solid ingredients put up in bulk by an apothe-
cary. The bichromate of potash should be pulverized in a mortar, 8o
as to dissolve the more readily, and mixed with sodic sulphate in the
proportion of & parts to 2 of the latter. This mass can then be weighed
out into parcels of 1 ounce, 1 dram, 1 scruple, which is exactly the
quantity of solid material needed to mix with 1 quart of water (wine
measure). These parcels containing the dry powder ready mixed can
then be carried conveniently and the fluid mixzed, to the amount of a
quart at a time, whenever required.

After the objects have been kept in this solution for a month or so,
they should be transferred to about forty times their own volume of
water and the water changed every day for two or three days, in order
to get rid of the bichromate of potash, when the specimens may be
transferred to 70 per cent. alcohol. It has been objected that Muller’s
fluid produces precipitates in the cavities of objects, but there are few
preservatives which do not, and on account of the convenience with
which it may be used by collectors, it is, next to alcohol, probably, one
of the most useful of all hardening and preservative compounds.

Chromic acid.—Solutions of this substance have been extensively used
for the hardening of embryological and histological materials, and either
alone, or, better still, in combination with other substances, is still rec-
ognized as one of the most useful reagents for this purpose. Whitman,
speaking of it, says: “ Chromic solutions have, in common with osmic
acid, the peculiarity of bardening by virtue of the chemical combina-
tions which they form with cell-substances, and all the consequent dis-
advantages with respect to staining. The use of chromic acid in the
zoological station of Naples may be said to have been largely superseded
by picro-sulphurio acid, corrosive sublimate, and Merkels fluid, for it is
now seldom used except in combination with other fluids. It is some-
times mixed with Kleinenberg’s flujd, for example, when a higher de-
gree of hardening is required than can be obtained by the use of the
latter fluid alone. It is a common error to use too strong solutions of
chromic acid, and to allow them to act too long. Good results are in
some cases obtained when the objects are treated with a weak solution
(one-third to one-half of 1 per cent.) and removed soon after they are com-
pletely dead.” Weak solutions of one-half to one-fourth of 1 per cent., or
even less, are also recommended by Semper, who allows it to act ouly for
a short time, or until the cells are killed. But it is important in any
case that as much as possible of the acid should be extracted by sub-
sequent immersion of specimens treated with it in water or weak alco-
hol, since its presence often renders subsequent staining with carmine
dlfﬁcult It interferes with the staining by means of the aniline dyes
much less perceptibly, and in the case of some of those most diffusible
and soluble in aleohol or water scarcely at all. Flemming uses ex-
ceedingly dilute solutions of chromic acid in order to fix the cleavage
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figures and asters developed in eggs during their early stages of devel-
opment. For this purpose he uses solutions of chromie acid of one-tenth
of 1 per cent. to one-half of 1 per cent.

Dr. Whitman has recently discussed its unsuitableness when used
alone in the treatment of pelagic fish-eggs in the American Naturalist
for November, 1883. He writes: “The transparent eggs of various
Teleostei floating on the surface of the sea present unusual difficulties
in the way of bardening. I have had recourse to all the fluids commonly
used for this purpose, and have failed to find any satisfactory method
of bardening the velk. Even the germinal disk cannot be well pre-
served by any of the ordinary hardening agents. Kleinenberg’s picro-
sulphuric acid, for instance, causes the cells all through the cleavage
stages as well as the later embryonic stages to swell, and in many cases
to become completely disorganized. The embryonic stages can be
hardened in chromic acid (1 per cent.), but the yelk contracts consider-
ably without becoming well hardened even after three days’ imner-
gion.

«All sorts of wrinkles and distortions are caused when the ova are
transferred from the acid to the alcobol; my best results have been ob-
tained with osmic acid and a modified form of Merkel’s fluid. This
fluid, as used by Dr. Eisig, consists of chromic acid (one-fourth per
cent.) and platinum chloride (one-fourth per cent.), mixed in equal parts.
Thus prepared it canses maceration of the embryonic portion of theegg.
By using a stronger chrowic acid (1 per cent.), and combining it a8 be-
fore with the same quantity of platinum chloride (one-fourth per cent.),
everything may be well preserved and hardened except the yelk. Before
transferring to alcohol, after one to two days’ immersion in this fluid,
it is necessary to prick the egg membrane in order that the alcohol may *
reach the egg readily, otherwise the membrane wrinkles badly and often
injures the embryo.

“ For the cleavage stages this fluid cannot be used with success un-
less the egg has been first killed by another agent; for eggs placed in
this fluid continue to live for a considerable time, and may even pass
through one or two stages of cleavage. It is therefore necessary to use
sowe agent that kills almost instantly. Tor this purpose, I have found
osmicacid the best reagent. The eggs are placed in a watch-glags with
afew drops of sea-water, and then a quantity of osmic acid (3 per cent.),
equal to that of the sea-water, is added. After five to ten minutes the
eggs are transferred to the mixture of chromic acid and platinum chlo-
ride, and left for twenty-four hours or more. -This flnid not only arrests
the process of blackening, but actually bleaches the egg.

“ After this treatment it is an easy matter to separate the blastoderm
from the yelk by needles, and the preparations thus obtained can be
mounted in foto or sectioned. As the blastoderm is quite thin during
the cleavage stages, a whole series of these stages may be mounted and
studied from the surface to advantage. After removal from the acid the






