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INTRODUCTION

HE title of this book would have to be incon-
veniently long if it were to be exact. In a
book so small as this it is not possible to cover the
whole field of cytology, and I have confined myself
to the technique of making permanent preparations
of animal cells. It is in no sensc a histological book :
the cell is regarded as a living entity, and not as a
unit in a tissue. Histological methods for special
tissues are not given. Nevertheless, the principles of
cytological and histological technique are the same,
and it is hoped that the book will serve also as an
introduction to the methods of histology.

My guiding principle has been to give as few
methods as possible, and to describe them in great
detail, with full information as to the nature of the
reagents used. It has been my object to tell the
student throughout what he is doing, so far as is
possible in such a difficult subject. All irrational
methods, with which the literature abounds, have
been carefully avoided. Many investigators have
published formulae for fixatives and other fluids,
without giving any indication of the researches which
have led up to them. They have given no concrete
evidence of why they are to be preferred to other
fluids, nor of whether various proportions of the sub-
stances used were tried, with what results. Often
they have mixed oxidizers and reducers, or acids and
basic substances. In such cases one does not know
to what extent the results obtained are due to the
original components, and to what extent to the
results of their reactions. One is working in the

Vil



INTRODUCTION ix

dark, without knowing what one is doing. Such
irrational methods often give satisfactory results, but
one cannot properly interpret those results, and one
cannot get better results than by the use of rational
methods. Such considerations have led me to omit
many well-known and much-used methods.

It is to be hoped that cytological technique will
become a truly scientific subject, and that no one
will think of publishing a new technique without
having a full knowledge of the substances used, with-
out considering the possibility of reactions between
them, and without giving a full account of the results
which caused him to choose certain substances and
to mix them in certain proportions.

In reducing the number of methods to the absolute
minimum, I have chosen those rational methods
which have given the best results in my hands.
Probably if I had worked with other tissues, I should
have chosen other methods. I shall be well satisfied
if the student really understands the few here de-
scribed, for then he will have, I hope, a solid basis of
understanding which will enable him to appreciate
others already existing, and perhaps to invent new
ones. 1 have written the practical instructions in
the laboratory while actually engaged in doing the
things described. I have hoped in this way to give
a living account of the methods, and to include all
the small details which one soon learns to perform
almost without consciousness, and which one is very
apt to forget to mention, and yet which often make
all the difference between success and failure.

Limitation of space has prevented me from dis-
cussing colour tests for definite chemical substances
contained in cells, despite the growing importance of
this subject.

Technical methods are usually treated in an entirely
impersonal way, but I have not hesitated to give
biographical information. The cytologist is a human
being, interested in other human beings, and especi-
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ally in other cytologists. Nine hundred and ninety-
nine people out of a thousand would have thought
the effect of formaldehyde on the fingers merely a
nuisance. F. Blum thought what it meant, and
introduced one of the most important fixatives into
cytological technique. Knowledge of the sort of
way in which discoveries were made in the past may
help towards the making of new discoveries.

In the future the study of the living cell will
become ever more important, and the making of
permanent preparations only accessory to it. 1
belicve that it will always be an important accessory,
and this book is intended to give both understanding
and proficiency in it.
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CHAPTER 1
THE LIVING CELL

HE living cell of many-celled animals is very

difficult to study, for several reasons. It is
usually not possible to separate it from other cells
without the help of various substances which kill it,
and unless we separate it, we cannot get a good view
of it. If we choose a cell which we can observe
(&ﬁely while still alive, we are still confronted with
the difficulty that its contents are mostly colourless
and transparcnt, and only distinguishable from one
Another, if at all, by relatively small differences in
the degree to which they refract light. If we use
all our patience as well as all our resources in ordi-
nary and dark-ground illumination, we may see the
structures shown in Fig. 18. These structures may
be seen while the cell still lies in the body-fluid of
the animal from which it was taken, without the
use of any fixative or stain.

The cell shown in the diagram is supposed to be
an undifferentiated one. The cytoplasm is a homo-
geneous fluid, about four-fifths of which is water.
Two classes of proteins, albumins and globulins, are
in colloid solution in the water, as emulsoids ; that
i8, water molecules are contained in the molecular

aggregates of protein. These two classes of proteins
1
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THE LIVING CELL 3

both consist of many amino-acids, neither basic nor
acidic ones preponderating. Both are, of course,
soluble in weak salt solutions, like the water of the
cell, but the globulins differ from albumins in being
insoluble in distilled water. The aggregates of pro-
tein molecules are far too small to be seen, and we
can only be made aware of their existence by the
use of the ultramicroscope. They are far too small
for any optical apparatus to produce an image of
them, but the ultramicroscope will reveal diffraction
haloes round them. Inorganic salts and sugar are
in true solution in the water. The cytoplasm is
bounded by a cell-membrane, which probably con-
tains lipides. Floating in the cytoplasm arc mito-
chondria, probably formed of phospholipides and
protein in varying proportions in different cells. A
group of vacuoles contains a watery fluid which stains
easily with a dye called neutral red.

The nucleus is a large globule whose substance is
separated from the cytoplasm by a membrane. This
membrane is a morphological structure in the cell,
and not simply an interface between two immiscible
liquids. The nucleus consists of a watery fluid as
homogeneous as the cytoplasm. It contains a special
protein in colloid solution. This special protein
is nucleoprotein or chromatin. The terminology
of the nucleoproteins is unfortunately rather mud-
dled. 1 shall follow Kossel (1918) in calling all
compounds of nucleic acid with proteins nucleopro-
teins. Nucleic acid is the same substance in many
and perhaps in all animal cells. It contains phos-
phoric acid, a carbohydrate, substances allied to
uric acid and others. It is probably hexavalent
(Mathews, 1930) and capable of combining with
various amounts of various proteins. It appears
that in most nuclei the combination between nucleic
acid and proteins is not simply that of a salt,
though Osborne (1924) thinks that plant nucleopro-
teins may always be salts. When the nucleoprotein
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is not obviously a salt, and the protein or proteins
concerned not particularly basic, T shall call the
nucleoprotein a nuclein. A part of the protein may
often be split off from a nuclein by peptic digestion.
while the rest resists peptic digestion but can be
separated from the nucleic acid by trypsin. (Many
authors reserve the word nuclein for the substance
left after peptic digestion, but this appears to be a
somewhat artificial nomenclature.) There is another
type of nucleoprotein, in which the combination is
simply that of a salt, the acid radicle being .aucleic
acid and the basic radicle a basic protein, either
protamine or histone. The nucleoprotamines, which
constitute nearly the whole of the head of the sperms
of the salmon and certain other fishes, arc examples
of this type of nucleoproteins. Protamines are very
simple proteins, consisting of few amino-acids. They
are strongly basic, and so is their compound with
nucleic acid. The nucleohistones are similar to the
nucleoprotamines, but histones are not so strongly
basic, and they consist of more amino-acids. They
occur in the nuclei of many cells. The nucleoprotein
of thymus gland, which is an casy one to extract,
is mostly nucleohistone, but nuclein is also present.
We shall study the effect of fixatives on this mixture
of nucleohistone and nuclein later in this book.
Nucleohistone occurs also in the nuclei of birds’
blood-corpuscles, and in sea-urchin sperms. It is
evidently a widely distributed component of auclei.
Ordinary nuclei contain nuclein and often nucleo-
histone. Nuclein is an acidic substance, because the
protein component is not strongly basic, while
nucleic acid is quite a strong acid. Accordingly the
nucleoprotein of most nuclei is acid, though any great
admixture of nucleohistone would make it less so.
It could become yet more so by the incorporation of
more nucleic acid in the molecule, or by the loss of
basic amino-acids from the protein component.
Something of this sort must occur in the prophase of
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cell division, for the chromosomes, when they appear,
become more and more acidic, and thercfore stain
more and more strongly with the basic dyes. Their
intense avidity for basic dyes is the reason for their
name, which means colour-bodies. In the fully
formed chromosomes the nucleic acid may perhaps be
present as such (Mathews, 1930), and not in com-
bination with protein at all. When, in telophase,
the chromosomes disappear, basic proteins are ap-
parently incorporated in the molecule, which goes
into colloid solution.

In addition to the dissolved nucleoprotein, there
are usually a fow lumps in the nucleus, called karyo-
somes. These may be shown by microchemical tests
to contain nucleic acid. In addition there is often a
protein sphere called a plasmosome, which does not
contain nucleic acid, and whose significance is obscure.

There is very strong evidence from genctics that
the chromosomes do not lose their continuity between
one cell division and the next. The cytological evi-
dence is that in the great majority of cases (though
not all) the nucleic acid which has largely constituted
the chromosomes during cell division is mostly dis-
solved between one cell division and the next, in the
form of nucleoprotein. This paradoxical disagree-
ment between genetics and cytology provides one of
the major problems of biology. The fact that in a
few cases the chromosomes can be followed from onc
cell division to the next does not resolve the difficulty
that in the great majority of cases the substance of
the chromosome is, so far as one can see, dissolved.
Those who have attempted to resolve the problem
have mostly stultified their work by using fixatives
which precipitate nucleoprotein in an unlifelike way.
Perhaps there are invisible chains of genes in the
nucleus, and nucleic acid only attaches itself to these
during cell division.

The structures already mentioned are all that can
be seen in the living cell in most cases, but there are

2
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other structures which may be regarded with some
certainty as existing, because the most diverse treat-
ments bring them into evidence. These are shown in
Fig. 1A, which represents an undifferentiated cell
with all the structures which it probably contains
during life. Those which we have not seen during
the life of the cell are the centriole, archoplasm, and
Golgi bodies. The first two are occasionally seen
during life (Heiderich, 1910), the last extremely
rarely, but there are sound reasons for believing in
its existence. The centriole is a granule which
divides into two at cell division and appears to play
an important part in that process. Its chemical
composition is unknown. Striations called asters
radiate in the cytoplasm from the centrioles during
cell division, and a spindle-shaped mass of cytoplasm
stretches between them. Most fixatives produce
striation in the spindle, but the observational and
experimental evidence is that it is homogeneous until
treated with a protein precipitant. Once again there
is a conflict with genetics, for geneticists find pecu-
liarities at that part of the chromosome which appears,
in fixed cells, to be attached to a spindle fibre.

The protoplasm round the centriole is often denser
than the cytoplasm as a whole, and is called the
archoplasm. The neutral red vacuoles often lie in it.
Round it are distributed the Golgi bodies, often
banana-shaped. These probably consist of a lipide,
but the evidence is not conclusive.

I have figured an undifferentiated cell. It remains
to add that the mitochondria might have been drawn
as granules, the centriole as double, the neutral red
vacuoles as separate from the archoplasm, the archo-
plasm and the Golgi element as dispersed through the
cytoplasm, and the karysomes many or absent.
Protein granules might have been drawn in the
cytoplasm. The cytoplasm might have been a gel
and not a sol. Further, it must be realized that the
particular functions of the cell in various parts of the



THE LIVING CELL 7

body will require the greatest diversity of shape and
structure. The parts drawn and described are those
which are of nearly universal occurrence.

The study of the living cell will become of supreme
importance when someone has thought of a con-
venient way of examining it. Till then, and probably
always, we must rely partly on preserving the cell
in a fairly life-like condition, cutting thin sections of
it, and staining them differentially so as to show up
clearly the previously transparent parts. The advan-
tages of so doing are so obvious as not to require
discussion. Unfortunately we generally make the
cell most unlife-like when we make permanent pre-
parations of it in this way. (See Fig. lc.) The
whole cell is shrunken. The cytoplasm, previously
homogeneous, is usually precipitated in the form of
a spongework. The mitochondria, Golgi bodies and
neutral red vacuoles are dissolved away. The
nucleoprotein is precipitated in the form of a coarse
spongework, holding particles at the junctions of the
threads of the sponge. It is the purpose of this book
to describe methods of preserving cells or parts of
cells in a life-like way, and to explain them, so far
as iy possible with our present knowledge, in terms of
chemistry. This is the process usually adopted. A
small piece of tissue is soaked in a solution which
prevents decay and renders the contents of the cells
insoluble. This is called fixation. The fixative must
usually be washed out. Then it must be impregnated
throughout with melted paraffin. This can only be
done indirectly. The water must be completely ex-
tracted with alcohol. Paraffin and alcohol will not
mix, so the alcohol must be extracted with a sub-
stance which mixes with both. Benzene and cedar-
wood oil are convenient for this purpose. Then the
tissue must be soaked in changes of paraffin until the
benzene or cedarwood oil is extracted. The melted
paraffin is then cooled to a solid block. This is cut
into very thin sections with a slicer called a micro-
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tome. The sections, still impregnated with paraffin,
are attached to a glass slide. The paraffin is dis-
solved away, usually with xylene, and this is washed
away with pure alcohol. This is replaced by weak
alcohol or water, and the section is then immersed
in a solution of a stain. After staining the section
is passed through alcohol to xylene once more. A
drop of a resin called Canada balsam dissolved in
xylene is put on a coverslip, and this is lowered on to
the section. The slide is kept on a warm plate until
the xylene has mostly evaporated away. The balsam
is transparent and has the same refractive index as
glass, 1t dries hard and holds the coverslip firmly
in position. If everything has been done carefully
and intelligently, the cell should be seen with little
distortion, the parts showing up clearly in one or
more colours ; and the maker of the slide should have
some concept of what he has done.



CHAPTER IT
METHODS OF RESEARCH ON FIXATION

F we cut a piece of tissue out of an animal and

leave it without further treatment, it will soon
become very unlife-like. It will dry up and shrink
unless we keep it wet. If we keep it wet with a
salt solution of the proper osmotic pressure, it will
not immediately undergo any large changes, but
soon bacteria will begin to multiply and destroy the
tissue unless we prevent them. Kven if we keep
out bacteria by strict asepsis, changes will occur.
Every cell contains enzymes, which synthesize the
amino-acids brought to it into the particular pro-
teins of the cell. After death the cell becomes acid,
and when this happens these enzymes begin to work
in the wrong direction, splitting the proteins into
amino-acids, which diffuse away out of the cell.
This sort of decay is called autolysis. 1f we prevented
this from happening, should we have °fixed’ the
cell 2 We should not, for we have not only to pre-
vent ordinary post-mortem changes in the cell, but
also to prevent subsequent necessary treatment from
causing unwanted changes. We are going to cut
thin sections of cells, and the substances in them
would dissolve out later unless they were rendered
insoluble. They would also shrink and become dis-
torted when put in such unfavourable fluids as hot
melted paraffin. The substances of the cell must
be made insoluble, then, and also prevented from
subsequent shrinkage. To sum up, cytological fix-
atives are solutions which prevent bacterial decay

9
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and autolysis, and render the substances of the cell
insoluble and prevent its subsequent shrinkage and
distortion. These are not the only effects of fixa-
tives. They often change the refractive indices of
various parts of the cell and thus make them more
easily seen. This is not usually very helpful, for
the parts will generally be stained after fixation ;
but a very useful property of fixatives is that they
usually make the parts of the cell easily stainable.

The substances which appear to me to be important
as fixatives are the following : ethyl alcohol, formalde-
hyde, acetic acid, picric acid, chromic acid, potas-
sium dichromate, mercuric chloride, cobalt nitrate,
and osmium tetroxide. A large number of sub-
stances has been used, but I doubt whether better
results can be obtained than by a judicious use of
these nine. Kach has its advantages and disadvan-
tages, and fixing fluids are therefore usually mix-
tures of two or more. People with no chemical
knowledge have often mixed them together in quite
a haphazard way, so that their fixative propertics
have been destroyed. The total number of useless
fixatives with names attached to them is very great.
In this book I describe only six fixing mixtures, in-
vented by men who knew what they were doing,
and whose names deserve to be perpetuated. We
cannot begin to understand mixtures, however, until
we have first studied the properties of their com-
ponents. Let us see how these properties have been
studied. The chief properties which we must con-
sider are (1) their effects on proteins, lipides, and carbo-
hydrates, as revealed by precipitation and other ex-
periments ; (2) the artificial appearances which they
may cause in cells ; (3) the rate at which they penc-
trate ; (4) the degree to which they alter the volume
of cells, and protect cells from subsequent shrinkage ;
and (5) their effects in altering the physical properties
of tissues.

In this chapter we shall only study the mothods
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of attack of those who have made a general study
of some aspect of fixation. In the next chapter we
shall study their results, and also the results of those
who have made special investigations of the separate
substances. The next chapter will naturally be the
more interesting, but the methods by which the know-
ledge was obtained must not be neglected.

(1) Precipitation experiments. Proteins are dis-
persed throughout the cell, and therefore they are
more important than lipides and carbohydrates in
its general fixation. We shall only study the
chemistry of the action of fixatives on proteins here,
leaving the lipides and carbohydrates to the part of
the book where the various fixatives are described
separately.

The first man to put the subject of fixation on a
really scientific basis was Alfred Fischer, who des-
cribed his results in his great book, Fixierung, Farbung
und Baw des Protoplasmas, in 1899. Fischer mixed
protein solutions with fixatives in small bottles or
in Petri dishes, and left them for a day. He noted
whether precipitates were formed, and if so what
they were like, and whether they were soluble in
water. He studied many proteins and meta-pro-
teins, but the only ones which are of real interest
to the cytologist are albumin (from blood serum and
from egg-white), globulin (from blood serum), nuclein
(from yeast), and nucleic acid (from yeast and from
thymus gland). (He also studied what he called
‘ nucleo-albumin ’, and his results with this have been
quoted in more than one book as though the sub-
stance were nucleoprotein. Reference to his own
book will show that he was studying casein, a protein
which contains no nucleic acid whatever, though it
contains phosphorus. Casein is of very little signi-
ficance to the cytologist.) He usually used a 2%,
solution of protein. He dissolved albumin in water,
and globulin and nuclein in warm 0-2%, potassium
hydroxide. The yeast nucleic acid he dissolved in
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warm water, the thymus nucleic acid in 29, potassium
hydroxide. It appears, from indirect evidence, that
he used only small amounts of the fixatives in com-
parison with the amounts of the proteins. This was
unfortunate, for in actual practice the fixative is
generally present in great excess. The result some-
times differs according to whether fixative or protein
is in excess.

Mann (1902) extended the work of Fischer by
means of the test-tube experiments, chiefly with
egg-albumin, and Berg made experiments with nuclein
and nucleic acid (1903) and with nucleoprotamines
(1905). This work on the nucleins and nucleic acid
is in the main confirmatory of Fischer, but some of
his results were different. Both Fischer and Berg
used commercial vegetable nucleins. Iam not aware
that any one has previously studied the effccts of
fixatives on animal nucleoproteins (though they have
studied nucleic acid from animal sources). I have
therefore made a study of the mixed nucleoproteins
(nucleohistone and nuclein) of thymus gland, that is,
chiefly the nucleoproteins of the interkinetic nuclei
of white blood-corpuscles. In the preparation of
nucleoproteins, alcohol is usually used to wash the
product. Since it is probable that alcohol has a
chemical as well as an obvious physical effect on
ordinary proteins, it seems best to avoid its use when
studying nucleoproteins, if we are to study them so
far as possible as they occur in the living cell. 1
therefore prepared a solution of nucleoprotein as
follows :

The fresh thymus of a calf was freed from fat.
100 grams of it was minced with a machine, ground
up with clean sand, and extracted for a day with
a litre of distilled water, a few drops of chloroform
being added to prevent decay. The fluid was then
filtered, which took a day. 20 c.c. of 109, acetic
acid was added to the filtrate, which precipitated
the nucleoproteins. The precipitate was filtered off
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and washed twice with a litre of 19, acetic acid.
It was then dissolved in a litre of Y%, potassium
hydroxide. It took about a day to dissolve. A
small residue remained undissolved. This was separ-
ated by filtration and discarded. The solution was
now an alkaline solution of nucleoprotein. This
was brought as close to neutrality as was possible
without danger of precipitation, by the addition of
4+6 c.c. of 109, acetic acid to every 100 c.c. of nucleo-
protein solution. 100 c.c. of the solution were
evaporated to dryness, and found to contain 0-725
gram of nucleoprotein. 69 c.c. of the solution were
measured out and made up to 100 c.c. with distilled
water. The solution was now approximately a 19,
solution of nucleoproteins in weak potassium acetate
solution. This was the nucleoprotein solution used
in the experiments described later in this book.

To make an albumin solution for a series of experi-
ments comparable in general with those of Fischer
and Mann, some egg-white was measured out and
four times its volume of distilled water added and
the mixture beaten up. The globulin was preci-
pitated by the distilled water. The fluid was then
filtered, which is a very slow process. The filtrate
wag roughly a 29, solution of albumin. (A crystal
of thymol may be added to such solutions to prevent
rapid decay.) The experiments with nucleoprotein
and albumin solutions, described in the next chapter,
are very easy to carry out. Precise instructions
are given. The results will be as stated if they are
carefully followed.

(2) Artefacts. In the last year of last century
there was published a paper in the Journal of Physi-
ology, which must rank along with Flemming's
‘ Mittheilungen zur Farbetechnik ’® (1884), Heiden-
hain’s ‘ Uber Kern und Protoplasma’ (1892), Fis-
cher’s ¢ Fixierung, Firbung und Bau des Protoplas-
mas’ (1899), Tellyesniczky’s ‘ Uber die Fixierungs
—(Hirtungs—) Fliissigkeiten ’ (1898) and Mann’s
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¢ Physiological Histology ’ (1902), as one of the classics
of cytological technique. The paper referred to is
Hardy’s ‘On the Structure of Cell Protoplasm ’
(1899). Previously it had been supposed that the
spongework seen in sections of fixed material (Fig. 10)
represented a structure that was present in the living
cell. People thought that there was a spongework
of denser cytoplasm holding a less dense cytoplasm
inits meshes. Hardy made a solution of egg-albumin,
took drops of it in loops of silk thread, and fixed
them in various fixatives. He also put larger drops
in moulds of porous paper and fixed them. He cut
thin sections of fixed albumin solution and stained
them with iron haematoxylin. (See p. 99.) He
showed that the albumin was precipitated as a sponge-
work, looking like a network in thin sections. In
thicker sections a haze appears to fill the meshes.
This is simply caused by the strands of the sponge-
work, out of focus above and below the spaces. In
extremely thin sections (0-6-1-0 x thick), no substance
whatever can be demonstrated between the strands,
not even with undifferentiated iron haematoxylin.
The space between is simply filled with Canada
balsam or other mounting medium. The size of
the meshes, both with albumin solutions and with
the cytoplasm of cells, depends on the fixative used.
Some fixatives produce a very coarse mesh, others
a very fine one. Spherical masses occur at the
points where one strand meets another. The whole
spongework is an artefact. The cytoplasm of cells,
like an albumin solution, is a colloid solution of
protein in water.

Fischer (1899) impregnated elder-pith with protein
solutions under reduced pressure, fixed in various
ways, sectioned the pith and obtained somewhat
similar results independently of Hardy.

What Hardy did for the cytoplasm, Tellyesniczky
did for the nucleus (1902 and 1905). He showed
that the ground substance of the nucleus is homo-
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geneous. His reasons for disbelieving in the mesh-
work in the nucleus were (1) that it is invisible
during life ; (2) it does not appear after fixation
with those fixatives that arec not protein precipi-
tants ; (3) that it does appear after fixation with
protein precipitants ; and (4) that in appearance
it resembles a protein coagulum. His observations
were chiefly on the large spermatogonia of the
salamander. In the nucleus is suspended a plasmo-
some and often several karyosomes. In a few nuclei,
for example those of the lung and mesentery cells
of the newt, the living nucleus is cloudy, with irregular
spots and stripes; but this is most unusual. 1t
must be mentioned that so recently as 1927 (Martens)
the presence of a network in the living nucleus has
been upheld, in the case of the young ovules of or-
chids and in cells of the styles of several grasses.
There seems little doubt, however, that the ground
substance of the nucleus is structureless, and that
the network or spongework is an artefact produced
by fixation. Still tradition dies hard, and those
fixatives which produce a clear, sharply defined net
are often spoken of as ‘good’ nuclear fixatives, while
those which preserve the life-like condition are
called * bad’.

Before Tellyesniczky had studied the living nucleus
in detail, he had studied the ctfects of various fixa-
tives on the large spermatogonia and primary sperma-
tocytes of the salamander, and had published his
results in his important paper, ¢ Uber die Fixierungs
—(Hértungs—) Fliissigkeiten * (1898). He chose
these cells because they are large and spherical, con-
tain no secretory products, are undifferentiated, and
are very susceptible to the effects of reagents. After
fixation he embedded and sectioned the material,
and made a careful study of the result with each
fixative.

Strangeways and Canti (1927) studied the living
cell and watched it being fixed, using dark-ground
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illumination in order to overcome its transparency.
Their paper is illustrated by beautiful figures, which
deserve carcful study. They worked with -cells
from tissue-cultures of the choroid and sclerotic of
the chick embryo. They found no structure in the
ground cytoplasm or ground nucleoplasm before
fixation. Their work is a valuable contribution to
the investigation of the immediate effects of fixatives,
but of course does not teach us anything of the degree
to which fixatives protect the cell against the re-
agents in which it is soaked after fixation, which is
one of the most important functions of fixatives.
Thus the work is complementary to that of Telly-
esniczky, who did not study the immediate but
only the remote effects.

(3) Rate of Penetration. Fixing fluids diffuse into
cells, but the process is more complicated than simple
diffusion of indifferent substances into protein solu-
tions, because fixing fluids fix as they go, and the fixed
proteins arc in varying degrees impermeable to the
fixative. Thus fixatives make a barrier against their
own penetration, unless they are without effect upon
albumins and globulins, as acetic acid is.  Acetic acid
penetrates more rapidly than any other fixative,
simply because it does not form a barrier against itself.
It dashes through the tissues, fixing the nucleoproteins,
but leaving the cytoplasm unfixed. Tellyesneczky
(1927) carefully poured fixatives on to the surface of
white of egg, in such a way as to avoid mixing of the
fluids, and noticed that a membrane was at oncc
formed, which protected the rest of the albumin solu-
tion from precipitation. The membrane gradually
grew in thickness, as the fixative penetrated through
it and fixed the underlying albumin. He mcasured
the thickness of the membrane after three days with
various fixatives. With tannin and platinum chloride,
both of which are powerful precipitants of proteins in
test tube experiments, the membrane remained im-
measurably thin throughout this time. No penetra-
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tion whatever took place, while saturated mercuric
chloride penetrated 10 mm. or more. Tellyesniczky
concludes that tannin and platinum chloride are use-
less as fixatives, though the latter has been largely
used, despite its high cost.

Tellyesniczky also put pieces of liver, spleen, kidney
and brain into fixatives, and cut them open at various
periods thereafter to note how far they had pene-
trated, by naked-cye observation of visible changes in
the fixed part. Once again he found tannin and
platinum chloride the slowest.

Tellyesniczky found that 2%, osmium tetroxide
penetrated about twice as quickly as 1Y%, The
ordinary rate of diffusion is increased about 29, for
cach degree Centigrade that the temperature is in-
creased, but Tellyesniczky found that in fixation this
figure is not approached. Since decay and maceration
occur much more quickly at higher temperatures, he
does not recommend fixing at the body temperature of
warm-blooded animals. He found that in mixtures
one of the components often penetrated more rapidly
than another.

Miss Underhill (1932), working under my super-
vision, studied the rate of penetration of fixatives into
cylindrical masses of cavy liver, made with a cork-
borer of internal diameter 0-7 mm. Liver was chosen
for the study as being more homogeneous than most
tissues, and firm enough to give good borings. The
fixatives were generally allowed to act for a quarter
of an hour, and the pieces were then left for a week in
a macerating fluid, to make the distinction between
fixed and unfixed cells as sharp as possible. The
tissue was embedded, sectioned transversely, and
stained. The amount of penetration was measured
under the microscope by means of a micrometer eye-
piece. Seven to eleven cylinders of tissue were used in
the study of the action of each fixative, and means were
calculated. Tellyesniczky’s figures, on the contrary,
appear to have been based on one measurement each.
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(4) Shrinkage and Swelling. Perfectly even altera-
tion in volume would not be very harmful, but
shrinkage caused by fixatives is always unequal in
different parts and this distorts the cell. Kaiserling
and Germer (1893) took eggs from the ovaries of cows
and measured them in the follicular liquid. Four
diameters, at 45° from one another, were measured,
and the mean taken. They were then washed free
from the follicular liquid with salt solution, so that the
proteins of the follicular liquid should not be pre-
cipitated later and so obscure the eggs. The eggs
were measured as before, and then transferred to
various fixatives. After about a quarter of an hour’s
fixation they were measured again. Unfortunately
the salt solution used was hypotonic (0-6-0-75%,), and
the eggs naturally swelled in it.

Berg (quoted by Tellyesniczky, 1927) measured the
volume of livers and spleens before and after fixation,
and after the various other processes up to embedding,
with the various fixatives. Patten and Philpott
(1922) studied the shrinkage and swelling caused by
fixation in pig embryos. The crown-rump length was
first measured to the nearest Yz mm., and after fixation
and other treatments up to melted paraffin it was
measured again. Unfortunately the only pure sub-
stance tested was formaldehyde, for the author’s
object was to be able to comparc the amount of
change in size caused by the usual fixing mixtures.
Tarkhan (1931), working under Carleton’s supervision,
made an ingenious study of shrinkage. He attached
two hooks to the ends of a piece of tissue. One piece
was secured near the bottom of an upright tube. The
piece of tissue was arranged with its long axis vertical.
The hook fixed into its upper end was connected by a
thread to one end of a lever, whose other end made a
mark on blacked paper on a very slowly revolving
drum. The mark gave a permanent record of the
shrinkage caused by fixation and by the subsequent
processes. The results obtained were however only
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relative. Absolute measurements werc unfortunately
not, recorded. Liver, spleen, intestine and limb-
muscles of the cat and rabbit were studied. Seventy
fixations were made. Thirty were carried right
through to the melted paraffin, a hot-water jacket
being placed round the tube for this purpose.

It might be thought that the osmotic pressure of
fixatives would influence the shrinkage or swelling
that they cause, and people have suggested that they
should be isotonic with the cell. 1t is obvious that
when fairly strong solutions are used, it can only
make them a little more hypertonic if one dissolves
them in 0-9Y, saline than if one dissolves them in dis-
tilled water. It is an extraordinary fact that the
inventors of fixing fluids have sometimes been fascin-
ated by physiological saline, as though this could in
itself in some miraculous way make solutions of other
salts in it isotonic. Similarly, fixatives for marine
animals are often made up in sea water instead of
distilled water, as though that made them isotonic
with the tissues.

Tellyesniczky (1927) is of opinion that the osmotic
pressure of a fixative is in itself of no significance,
although the concentration of its constituents will be
of importance in other ways, in determining the hard-
ness or softness of the protein precipitates, the degree
of preservation of lipides, and the rate of penetration.
He thinks that when a cell begins to be fixed, it is
changed in such a way that it no longer responds to
changes in osmotic pressure.

Mr. C. E. J. Crawford and I (unpublished results)
have thought it worth while to test the osmotic pres-
sures of fixatives by freezing-point determinations,
despite Tellyesniczky’s very reasonable criticism.
Two of the fixatives, picric acid and mercuric chloride,
presented the difficulty that they are usually used in
saturated solution. We could only determine the
osmotic pressure of a saturated solution in an indirect
manner, because cooling to freezing-point naturally
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results in precipitation, and hence weakening of the
solution, and hence lowering of the osmotic pressure.
We have therefore used half-saturated solutions and
doubled the osmotic pressures obtained. The results
are necessarily only approximate. It will be realized
that any fixative consisting of or containing a satur-
ated solution will vary slightly in concentration (and
hence osmotic pressure) according to the temperature
of the room at the time when the solution was made
up. We have tested fixing mixtures as well as the
unmixed substances, because in mixtures each con-
stituent may alter the degree of dissociation, and
therefore the osmotic pressure, of the others. One
could not calculate the osmotic pressures of mixtures
from a knowledge of those of their constituents.
Bouin’s fluid (p. 65) has such a high osmotic pressure
that our thermometer would not measure it. We
therefore got an approximate figure by mixing the
fluid with an equal volume of water and doubling the
osmotic pressure obtained.

(5) The Physical Properties of Fixed Tissues. Some
fixatives make tissues hard, others leave them soft.
If they are hard, they may be tough or brittle. It
would be valuable to have numerical data expressing
the physical properties of tissues after fixation by the
different fixatives, for the ease of sectioning depends
upon them. So far we have little exact knowledge,
and must rely mainly on the gencral impressions that
every one gains who does any cytological or histo-
logical work. Wetzel (1920), however, has investi-
gated the clasticity of tissues after fixation, thinking
that clasticity determines not only the behaviour of
the tissue under the razor, but also its resistance to the
disturbing effect of the diffusion currents which cannot
be avoided when it is transferred from one fluid to
another. He used the belly muscle of the cat for his
observations. An elongated piece was cut out and
tixed. The piece was then attached to a vertical
support by one end, in such a way that it projected
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horizontally. A weight was attached to the frec end,
and the amount of sag carefully measured. The
tissue was kept wet during the process. The elasticity
was calculated from a formula involving the dimen-
sions of the piece of tissue, the weight, and the amount
of sag. The higher the figure of clasticity, the more
difficult is the tissue to bend. The figure with the
different fixatives varied from about 4,500 with
alcohol to only 9 with acctic acid. The figure for
alcohol is about one-sixth of that for pine-wood. It
appears that Wetzel made only one or two measure-
ments with each fixing fluid. When two measure-
ments were made, large discrepaucies were found in
the results, probably depending on the relative
amounts of muscle and connective tissue in the piece
tested. Wetzel calculated his results to a large
number of figures, which was shown to be quite un-
justified by the great discrepancies. It would have
been far better to have caleulated his results to only
two significant figures, but to have made numer-
ous observations with each fixative. Nevertheless,
Wetzel’s work is a start along an important line.

We have discussed the methods of those who have
studied the physical effects of fixatives on cells and
parts of cells. We have not discussed the chemistry
of fixation, since the different fixatives act so differ-
ently, from a chemical point of view, that each sub-
stance is best treated separately. The little that is
known on the subject is reserved for the next chapter.

1t is generally best to kill animals for cytological
work by a blow on the head or by cutting off the head.
The piece of tissue, usually about 2 mm. thick, should
be cut out directly after death with as little roughness
as possible. Tt should not be held in forceps, but
transferred with a scalpel. A smart tap on the scalpel
will shake it into the fixative. Immersion of the scalpel
in certain fixatives causes chemical interaction and is
to be avoided.



CHAPTER IIT
SIMPLE FIXATIVES

Ernvi Anconon
Suitable concentration for fixation : wndiluted

ETHYL alcohol, C,H,OH, is a colourless liquid,
miscible with water in all proportions. 1t was
introduced as an anatomical preservative by Robert
Boyle in 1663. The discovery was made at Oxford
(Gunther, 1925). Alcohol is prepared from starchy
substances, such as potatoes and grain, which are
mashed up with water. Germinating barley grain
is added. This contains an enzyme which changes
the starch into sugars in less than an hour. Yeast
is now added, which converts the sugars into alcohol
and carbon dioxide. Strong alcohol is obtained
from this weak solution by distillation at 78° C.
All except the last traces of water arc removed from
the distillate by quicklime. Commercial absolute
alcohol contains less than 19, of water.

Aleohol is a reducing agent, being easily oxi-
dized to acetaldehyde and thence to acetic acid.
It must therefore not be used in mixtures with
chromic acid, potassium dichromate or osmium
tetroxide.

The following experiments show the effects of
alcohol on protein solutions :

Place 1 c.c. of the albumin solution described in the
last chapter in a test tube and add 9 c.c. of absolute
alcohol. A light flaky precipitate is formed in-
stantaneously. When this has settled remove the

22
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supernatant fluid with a pipette, and add 10 c.c. of
distilled water. The precipitate is insoluble. Add
2 ¢.c. of a saturated solution of sodium chloride. The
precipitate does not dissolve.  This distinguishes the
precipitate from that formed by mercuric chloride.

Repeat the experiment using the nucleoprotein
solution, prepared as directed in the last chapter,
instead of albumin. There is now no immediate pre-
cipitate, but it has formed in a quarter of an hour and
gradually falls to the bottom. Remove the fluid and
add 10 c.c. of distilled water. The precipitate dis-
solves instantaneously, in striking contrast to the
albumin precipitate. It is clear that alcohol is not a
fixative for chromatin.

Fischer found that albumin, globulin and nucleic
acid were precipitated by alcohol, the two former giv-
ing insoluble and the latter soluble precipitates.
Berg found nuclein precipitates sometimes soluble,
sometimes insoluble.

The rendering insoluble of proteins by alcohols,
strong acids and salts of heavy metals is called
* denaturation ’. (See under mercuric chloride.) Tt
appears (Jordan Lloyd, 1926) that denaturation by
alcohol may be a different process from denaturation
by strong acids and heavy metals, which, as we shall
see, is a similar process to coagulation by heat.  (See
under mercuric chloride.) In all cases the linkages
of the proteins appear to be altered. Not only is
solubility affected, but also the combining capacity
with both acids and bases is increased, and sus-
ceptibility to enzymes changed. The change of
combining capacity makes for easier staining, but it
is less marked with alcohol than with other fixatives.

Hardy and Gardiner (1910) showed that the
albumins and globulins of horse blood-plasma, pre-
cipitated by alcohol at freezing-point or below, are
freely soluble in water. This shows that alcoholic
fixatives should not be used at low temperatures.

Fats and phospholipides are soluble in alcohol,
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which must obviously be avoided in fixatives when it
is desired to preserve them. In general, therefore,
alcohol is to be avoided in studies of the Golgi bodies
and mitochondria, though those mitochondria that
contain a large protein component are not dissolved.

Glycogen is precipitated by alcohol, but in no sense
fixed, for it retains its solubility in water. It is used
when glycogen is to be studied, but fluids containing
less than 509, alcohol are to be avoided in the after-
treatment.

Underhill found alcohol the third fastest penetrator
of the fixatives she tried, being exceeded by acetic
acid and mercuric chloride. It penetrated 0-46 mm.
in a quarter of an hour. Tellyesniczky found that
90% alcohol penetrated moderately rapidly, 31 mm.
in twelve hours. Short fixation (one to a few hours)
suffices for small pieces.

Kaiserling and Germer found that it shrunk cows’
eggs greatly and irregularly, e.g. from 137 p in
diameter in saline to 101 u.

Berg found reduction of 189, in volume of liver
after fixation in 969, alcohol. This is a large amount,
but less than with chromic and picric acids.

Wetzel’s figure for resistance to bending is 4,500,
miich more than with any other fixative.

Alcohol naturally requires no special washing out.
Tissues may be transferred directly to benzene or
cedarwood oil and embedded. It leaves the tissues
in a less stainable state than any other fixative.
Only haematoxylin can be relied upon to stain after
alcohol fixation.

Fig. 2 represents stained sections of spermatogonia
of the salamander, fixed in various ways. The living
cell is also shown, for comparison. The figures are
taken from papers by Tellyesniczky (1898 and 1905).
The cell fixed in alcohol is very characteristic. As
alcohol diffuses into tissues, it shrinks the cytoplasm
of the cells as it precipitates it, and carries it before it
until the precipitate is held back by the cell-mem-



Alive Aleohol Formaldehyde

Acetic Acid Picric Acid Chromie Acid

Potassium Dichromate  Mercuric Chloride  Osmium "Tetroxide

Fie. 2.—The Spermatogonium of the Salamander, as it oxists
during life and as it appears in gection after various

fixatives

* The figure labelled Acetic Acid represen’ts a cell still lying in the fixative, not a
tion

(From papers by Tellyesniczky (1898 and 1905), by kimd permission
of Messrs. Julius Springer)
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brane. The outer part of the ccll is left empty. The
contents of the nucleus are affected in much the same
way. Towards the centre of the piece of tissuc this
cffect is less marked, because the alcohol has been
diluted by the water contained in the tissue.

Strangeways and Canti worked with cells with very
delicate processes. As was explained in the last
chapter, they described the cells while they still lay in
the fixative, not after sectioning. It is natural that
fine spongeworks, of the sort described by Hardy,
cannot be scen cxcept in very thin sections. Abso-
lute alcohol caused a granular appearance throughout
the cytoplasm and considerable shrinkage of the cell
processes, while fat globules ran together and then
dissolved, leaving spaces in the protein precipitate.
Mitochondria were dissolved away. More shrinkage
was caused than by any other fixative except chromic
acid.

ForMALDENY DE

Suitable concentration for fixation : 4%, -10°.  Osmotic
pressure at 4%, : 32 atmospheres.  (Maminalion
blood : 6-7 atmospheres.)

Formaldehyde, HCHO, is a gas. 1t is sold as a
colourless solution in water, containing nearly 409 of
formaldehyde. This solution is called formalin.
The formaldehyde given off from it is extremely
irritating to the cyes and nose.

Yormaldehyde was introduced into cytology by
F. Blum (1893), who had previously discovered its
antiseptic properties. He discovered its hardening
properties accidentally on his own fingers. One day
he slit up a mouse that was infected with anthrax and
left it overnight in a solution of formaldehyde (pre-
sumably as an antiseptic). In the morning he was
surprised to find that it felt as hard as though it had
been preserved in alcohol. He then started a sys-
tematic study of its effects on tissues, trying it at 49,
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on various tissues, including liver, kidney, the mucous
membrane of the stomach, and brain. He found that
it hardened tissues faster than aleohol, and preserved
their external form better, so far as could be seen with
the naked eyc. He then embedded liver, kidney and
mucous membrane in celloidin, sectioned them, and
found the cells well fixed and capable of being stained
in haematoxylin and synthetic dyes.

Formaldehyde is prepared by passing the vapour of
methyl alcohol with air over strongly heated copper
gauze. The copper catalyses the oxidation of the
alcohol. The products of the reaction are formalde-
hyde (i.e. methylaldehyde) and water. These, passing
together into a receiver, constitute formalin. A solid
white condensation product, paraformaldehyde, forms
slowly in formalin.

The concentration of solutions of formaldehyde
should always be stated as percentage of formalde-
hyde, and not as percentage of formalin. ‘109,
formalin’ may mean 109, formaldehyde, and it may
mean 4%, formaldehyde.

It is convenient to give a general discussion of the
effect of osmotic pressure under the heading of
formaldehyde, because authors have stressed the
necessity of making up formaldehyde with isotonic
saline. Do fixatives with high osmotic pressures
shrink cells, and those with low osmotic pressures
swell them ?  Mr. Crawford’s and my osmotic pres-
sure determinations arc given under the headings of
the various fixatives in this and the next chapter.
5Y, acetic acid swells tissues, yet it has a pressure of
20 atmospheres, about three times that of mammalian
blood (and hence, presumably, of the fluid of most
mammalian cells). Saturated picric acid has a pres-
sure of only 2} atmospheres, roughly a third of that
of mammalian blood: yet picric acid generally
shrinks cells badly. What is the cause of the swell-
ing in one case and the shrinkage in the other ?
Clearly it is not osmotic pressure, for that would work
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in precisely the opposite direction. Now picric acid
is a strong precipitant of the proteins of the cyto-
plasm, while acetic acid does not precipitate them at
all. It is precipitant action, and not high osmotic
pressure, that causes shrinkage. 19, chromic acid,
with the very small osmotic pressure of 1-4 atmo-
spheres, shrinks the cytoplasm badly : Bouin’s fluid
(p. 65), with the enormous pressure of about 100 atmo-
spheres, shrinks much less or not at all.

For some unexplained reason, many authors have
thought it proper to dilute 409 formaldchyde to the
concentration required with 0-99, sodium chloride
solution rather than with water. In doing so they
have completely neglected the osmotic pressure of the
formaldehyde itself. 1f 409/ formaldehyde is diluted
to 4%, with water, the osmotic pressure gradually
rises from about 23 atmospheres the moment after
dilution to a fairly stationary figure of about 32 atmo-
spheres the next day. (The gradual rise is presumably
due to the formaldehyde being polymerized when at
40%, and gradually becoming depolymerized after
dilution. Fluids containing formaldehyde do not
maintain an absolutely constant osmotic pressure.)
We see, therefore, that if we dilute with water, the
49, solution is itself strongly hypertonic, having
nearly five times the osmotic pressure of mammalian
blood. If we dilute with 0-9 sodium chloride instead
of water, we have a fluid with an osmotic pressure of
39 atmospheres. It is obvious that the sodium
chloride makes the fluid even farther from being
isotonic with the tissues.

It should be mentioned that Carleton (1922) found
dilution with isotonic saline slightly preferable ; but
it appears to me that the subject requires reinvestiga-
tion. It might be advantageous, for some unex-
plained reason, to have formaldehyde solutions made
very highly hypertonic ; but if so, there can be no
likelihood of a 0-9Y%, saline solution having any par-
ticular merit, rather than any other arbitrarily
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chosen concentration. The salt may be helpful in
some quite different way, if it really is helpful.

Blum (1927) tried concentrations of formaldehyde
from 049, to 409, and preferred 4%, Sjobring
(1900) recommended 8-109, as isotonic, but in this he
was manifestly wrong. Bang and Sjovall (1916)
found the best preservation of mitochondria with
109, (or stronger) formaldehyde, diluted from 40°(
with isotonic saline. This is of course a very hyper-
tonic solution.

Formaldehyde is easily oxidized to formic acid,
and therefore should not be mixed with chromic
acid, potagsium dichromate (see p. 45) nor osmium
tetroxide. The oxidation proceeds slowly even when
formalin is kept by itself in a closed bottle, and it is
therefore a good plan to keep some powdered calcium
carbonate at the bottom of the bottle, to neutralize
the formic acid as it forms. This does not result,
however, in absolute neutrality. The solution has
a pH of about 6-4 (Romeis, 1928). This slight acidity
is of no moment. For many purposes the acidity of
unneutralized formalin is not objectionable.

The effect on proteins may be tested thus. Put
5 c.c. of albumin solution in a test tube. Add 5 c.c.
of neutralized 8%, formaldchyde. The concentration
in the tube is now 49,. No precipitate is formed,
even after standing for a day. Repeat the experi-
ment with acidified formaldehyde (4-5 c.c. of 89,
formaldehyde with 0-5 c.c. of pure acetic acid).
The result is the same.

Repeat the experiment with neutral formaldehyde,
using nucleoprotein solution instead of albumin.
There is no precipitate. (A solution acidified with
acetic acid gives a precipitate, but it is caused simply
by the acid.)

Fischer found that even 409, formaldehyde has only
medium powers of precipitating proteins, and 49,
none at all. Berg obtained a slight precipitate of
nuclein at 59%,.
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Are we to conclude that formaldchyde at ordinary
concentrations is without effect upon proteins ?

Put 1 c.c. of undiluted cgg-white in a test tube.
Slant the tube and carefully add 10 c.c. of neutralized
49, formaldehyde with a pipette, avoiding mixture of
the cgg-white with the formaldchyde solution. The
cgg-white lies at the bottom. Cork the tube and
leave it for a week. The egg-white still lies at the
bottom, undissolved but still soft. Formaldehyde
does not harden the proteins of egg-white. Remove
the supernatant fluid with a pipette. Add 10 c.c. of
distilled water. Shake. The egg-white dissolves.
(A small precipitate, presumably of globulin, falls
on standing.) Has formaldehyde no effect upon
proteins ?

Repeat the experiment, but this time carcfully add
10 c.c. of absolute alcohol at the end, instead of
10 c.c. of water. As a control, put 1 c.c. of cgg-white
in another tube, and add 10 c.c. of absolute alcohol in
the same way. Leave the two tubes for two days.
The egg-white which has not been in the formaldehyde
is now an opaque white, and firm. The egg-white
which was previously in the formaldehyde is trans-
lucent and still soft. Pour away the alcohol and add
10 c.c. of distilled water. The egg-white does not
dissolve. Leave it for a day. It swells somewhat,
but does not dissolve. Shake. It dissolves. (A
small precipitate falls on standing.)

These experiments show that formaldehyde does
not harden albumin, nor render it insoluble in water.
What it does do is to render it no longer capable of
being hardened by alcohol. We shall see below that
formaldehyde hardens tissues strongly. It appears
that this must be due to an effect upon the lipides of
the cell-membrane, since the substance of the cell is
not hardened.

Formaldehyde exerts its effect upon proteins by
a chemical change. If we take the simplest amino-
acid of all, glycocoll, instead of a protein, to illustrate
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what happens, the reaction is probably to be repre-
sented thus :

1|\IH2 NCH,
l
H-—(IJ_—(J()()H. + HCHO = H—(—COOH } H,0.
|
H H

The compounds formed by the long action of the
formaldehyde are no longer precipitable by alcohol,
but this does not apply to the products of ordinary
short fixation, for great shrinkage often takes place
during dehydration after formaldehyde fixation.

It is gencrally allowed that formaldehyde does not
destroy nor preserve fats, and exerts some fixative
effect upon phospholipides. Millot and Giberton
(1927), however, find that all lipides gradually dis-
appear from tissues preserved in formaldehyde, the
disappearance from fish liver being complete in three
months. They think that a lipase present in the cells
is not destroyed by this fixative.  Kasarinoff (1910)
states that formaldehyde alone does not preserve com-
pound lipides, but the addition of 5%, of Carlsbad salt
achiceves this end. (Carlsbad salt is chiefly sodium
sulphate and bicarbonate.)

Formaldehyde is generally regarded as penetrating
fairly rapidly, but taking rather a long time to exert its
full effects.  Underhill found that it penetrated more
slowly than any other fixative (0-09 mm. in a quarter
of an hour) with the possible exception of potassium
dichromate. Tellyesniczky found the speed moderate
(21-5 mm. in twelve hours) as compared with his other
results. It will be noticed that with formaldehyde
Underhill’s and Tellyesniczky’s figures agree. Long
fixation (one or two days) is indicated by the slow
action on proteins. Tarkhan found that formalde-
hyde generally produces no shrinkage, but marked
shrinkage occurs in 90%, and absolute alcohol after-
wards. (See above.) Patten and Philpott found an
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average increase in length of 59, in pig embryos after
fixation in ‘109, formalin’ (whatever that may
mean). By the time, however, that they were em-
bedded in paraffin, they had shrunk to 799, of their
original strength. Berg found a minute shrinkage
(1%) in volume after fixation, but a shrinkage of 329,
by the time the tissue was in paraffin.

Wetzel found 109, formaldehyde next after alcohol
in hardening effect. After thorough washing, the
resistance to bending was 1,700 (alcohol 4,500).
After four days in 809, alcohol he found the tissue
actually softer. Formaldehyde and osmium tetroxide
are the only fixatives which do not result in the tissue
subsequently becoming distinctly harder in alcohol.

No special washing out is required after formalde-
hyde fixation. Schmidt (1910) discovered that tissues
that have been unduly hardened by formaldehyde
may be softened by soaking in 109, citric acid.
Tissues should be transferred direct from the fixative
to 709, or 90%, alcohol. The experiments described
above show that water is best avoided. Staining in
carmine and acid dyes is difficult. It has been shown
(Stiasny, quoted by Jordan Lloyd, 1926) that proteins
combine less easily with acids after combining with
formaldehyde.

Fig. 2 shows the great shrinkage that may be caused
by dehydration and embedding after fixation in 109,
formaldehyde. Strangeways and Canti found that
the fixative itself at 49, preserves the shape of the
cell well, without shrinkage even of the delicate pro-
cesses of tissue-culture cells. Fat was unchanged.
Mitochon