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The peritoneal lining cells are entirely lost in some places; in
others, a few poorly stained cells still adhere to the subserosa. The
subserosa is hyaline and stained red; its nuclei are decreased m
number, misshapen and fragmented. The nuclei of the outer mus-
culatr tunic are lost and the muscular tissue is bright red, brownish
or purple in color. The same is true but to a less marked extent
of the inner muscular layer. The cells lying nearest the supporting
connective tissue always suffer the most. The submucosa shows a
fairly well-marked leucocytic infiltration. The mucosa suffers only
slightly. Only in the dog which lived ten days after the injection
could leucocytes in any considerable number be found in the sub-
serosa and muscularis. The parietal peritoneum suffers changes
similar to those affecting the visceral.

The most striking feature in these cases is the intense haemorrhage;
in some of the sections examined this occupies the entire thickness
of the intestinal wall except the mucosa. Blood cells or -blood
pigment are so abundant that the tissues into which the haemorrhage
has occurred are unrecognizable. Well-preserved red blood corpus-
cles and granular pigment are often associated in the same section;
and while one part of the intestinal wall shows naught but red cells
other parts may show nothing but blood pigment. The mesentery
is in all cases the seat of fibrinous inflammation, often accompanied
by profuse haemorrhage.

The peri-pancreatic and interlobular connective tissue of the
pancreas of the dog before alluded to is the seat of an intense fibrin-
ous inflammation; the fibrin is delicately fibrillar, and mixed with
leucoeytes and granular necrotic material formed from the neighbor-
ing pancreatic parenchyma. The changes in this organ diminish
in severity as its more central portions are reached; here the cells
are ill contoured, granular, and show evidences of nuclear degener-
ation.

The peritoneal fat suffers markedly under the action of formalin.
Frequently the fat cells are .found filled with purplish, hyaline
material. At other times, instead of the changes described above,
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necrosis of fat cells has occurred and is accompanied by intense
leucocytic infiltration. In the mesenteric fat, the deleterious action
of the formalin most often manifests itself by the production of a
fibrinous inflammation. Leucocytosis, karyolysis and karyorrhexis
are often extreme.

The results of an experiment performed by Adler (10) agree well
with my own. This investigator introduced several pith balls satur-
ated with 4% formalin into the peritoneum of a rabbit. After
twenty-four hours small ecchymoses were found on the surface of
the colon where the pith cubes, surrounded by a soft, translucent,
mucoid exudate had lodged. Microscopical examination of the
cubes revealed polynuclear and large and small mononuclear leuco-
cytes, plasma cells, “ mastzellen,” red blood corpuscles, tissue cells
and epithelioid cells.

Borst (11) introduced fish bladders filled with blood into the peri-
toneal cavities of rabbits. When the bladders were sterilized in
formalin and then washed in water, the usual cellular infiltration
did not occur. This he believed to be due to a swelling of the cells
in the fish bladder, or to a negative chemiotaxis exerted by the
retained formalin.

The pancreatitis in one of my experiments is similar to the pan-
creatitis associated with fat necrosis which Flexner (12) produced
in two dogs by injecting 2% formalin into the pancreatic ducts.

Experiments to determine the lethal dose of formalin introduced
intraperitoneally were performed upon guinea pigs with the follow-
ing result:

(a) Two guinea pigs died within two days after the injection of 1 cc.
of a 1-1000 formalin solution for each 100 grm. of body weight.

(b) Five guinea pigs died within twenty-four hours after the injection
of 2 cc. of 1-1000 formalin for each 100 grm. of hody weight.

(¢) One guinea pig, weighing 345 grm., died three days after the in-
jection of 6 cc. of 1-1000 formalin.

(d) Ome guinea pig, weighing 306 grm., withstood the injection of
3 ce. of 1-1000 formalin; at the end of four weeks the animal weighed
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400 grm., and withstood the injection of 8 cc. of formalin of the same
strength.

(e) Four guinea pigs were killed by 2 cc. of 1% formalin in periods
ranging from six to twelve hours.

IV. INJECTION OF FORMALIN INTO THE LUNG.

In these experiments slow injection through the chest wall was
resorted to.

Ezp. 1.—Guinea pig, wt. 405 grm. Injected 1 cc. of 1-1000 formalin
into right lung.

Ezp. 2—Guinea pig, wt. 372 grm. Injected 2 cc. of 1-1000 formalin.

Both animals remained apparently well. The first was killed on the
sixth and the other on the second day after the injection.

On post-mortem examination the lung on the injected side is not as
perfectly collapsed as that of the other side, and on cross-section the lung
tissue feels slightly granular.

Ezp. 3—Terrier. Injected 5 cc. of 10% formalin into right lung.
After two days, during which the animal coughed from time to time,
the dog was killed.

Post-mortem shows only the right middle lobe to be affected. This
does not collapse, is firm, and does not crepitate; pieces of it sink in
water. The cut section is brownish-red and from it drips a light, straw-
colored fluid. In the center of the lobe is found a sharply defined red
area the size of a dime. The bronchi contain thin mucus.

Ezxp. 4 —Terrier. Injected 3 cc. undiluted formalin into right lung.
Death occurred in 18 hours.

On post-mortem examination the left lung is pink in color and crepi-
tates throughout. The right lung is dark red, firm, non-crepitant, and
sinks in water; from the cut section drips a bloody fluid. In the center
of the lower lobe is found a cavity 2 cm. in diameter filled with a bloody,
necrotic material.

Ezp. 5.—Large cat. Injected 3 cc. of undiluted formalin into the
right lower lobe. The animal died immediately.

On post-mortem examination a brownish-black solid area, the size of a
small cherry, is found in the right lower lobe. The bronchi of the cor-
responding side contain bloody froth.

Histological examination of the lungs of the animals in the first
two experiments reveals pneumonia on the right side. There is a
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slight leucocytic infiltration of the alveolar walls, together with
capillary congestion. Scattered throughout the lung substance, but
especially common about the larger blood-vessels and the bronchi,
are circumscribed areas of leucocytic infiltration. Here the alveoli
are filled with eosinophiles, mononuelear and polynuclear leucocytes.
Sometimes red blood corpuscles are found, but it is possible that their
presence is due to the trauma consequent upon the hypodermie pune-
ture. There is desquamation of the lining cells in some of the
bronehi.

In Exp. 3 the pnenmonia is much more severe. The dark area
described in the anatomical findings is made up of red blood cor-
puscles, blood pigment and necrotic lung tissue. About this necrotie
focus is a zone of intense leucocytic infiltration. Leucocytosis of a
less severe type extends throughout the tissue of the affected lobe.
About the blood-vessels and bronchi denser areas of infiltration are
noted. The leucocytes are mainly of the polynuclear variety.
Eosinophile and mononuclear leucocytes are comparatively rare.
All the alveoli are filled with a homogeneous, red-stained exudate,
mixed with leucocytes, strands of fibrin and desquamated alveolar
epithelial cells. There is intense capillary congestion and the large
vessels are also well filled. Extravasation of blood has occurred in
many localities. The bronchi contain leucocytes, red blood corpus-
cles and necrotic material. Total loss of bronchial epithelium is a
common feature of the bronchitis. The walls of the bronchi are
oedematous and infiltrated with leucocytes.

The lungs in Exp. 4 show practically the same characteristics as
those in the experiment just described. There is greater extravasa-
tion of blood and in places, actual breaks in the vessel walls can be
made out.

In Exp. 5 the only discoverable change is a most intense capillary
congestion. Except for an occasional red blood corpuscle the alveoli
are empty.

TT0Z ‘vg Arenuer uo Bio ssaidni-wal woliy papeojumoq


http://jem.rupress.org/

Published February 1, 1905

Martin H. Fischer 505

V. SUBCUTANEOUS INJECTION OF FORMALIN.

Formalin, varying in strength from 0.1% to 10%, was injected
under the skin of the hind leg, or under the skin over the ribs of
guinea pigs and rabbits.

The histological findings were, in all cases, quite similar. They
varied in severity and extent, with the strength and with the amount
of injected formalin. The characteristic lesion is an intense exuda-
tion into the subcutaneous tissues. There is found underlying the
skin a yellowish, jelly-like mass, from which when cut across drips a
large amount of light straw-colored fluid. Such an exudate is most
abundant eighteen hours after the injection of formalin, and may
then be 3 or 4 em. in thickness. Absorption of the exudate usually
occurs in a few days, but may be markedly delayed when the formalin
is not diluted. A marked proliferation of the connective tissue is con-
comitant with the absorption of the exudate.

The epithelial covering shows no changes. The exudate is stained
red, and mixed with cellular debris, isolated connective tissue cells
and leucocytes. All forms of the latter are present, but polynuclear
cells, especially the eosinophiles, predominate in the specimens ob-
tained soon after the injection. The number of connective tissue cells
(formative cells) varies with the length of time that has elapsed
since the injection, and with the strength of the formalin. Active
proliferation of the existing connective tissue can be found on the
second or third day after injection. When strong solutions of
formalin have been used, proliferation is at first delayed, but once
started, becomes excessive. A delicately fibrillar fibrin, differing in
amount in the various experiments, is found scattered through the
exudate. The blood-vessels are enormously congested.

VI. THE EFFECT OF FORMALIN UPON THE MUSCLES.

After the injection of formalin varying in strength from 0.1%
to 100% into the leg muscles of dogs and rabbits, it is usually found
at autopsy that the chemical has acted upon a circumsecribed area of
tissue. When strong solutions have been employed, the affected
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muscle is brown in color, hard and dry, cutting much like a piece
of dried bread. Exudation into the fascia usually takes place and
soft boggy lines run through the dry areas. When dilute solutions
are used the exudation is more severe, and the area of muscular tissue
acted upon by the chemical is dark red and soft and from it drips a
slightly bloody fluid. In one dog, I found within the muscular
tissue fifteen days after the injection of 4 ce. of 10% formalin, a
cyst containing straw-colored serum and a mass of clotted blood.
The walls of the cyst had been formed by active proliferation of the
connective tissue of the fascia.

Histologically, we have to deal with a myositis of varying severity.
Between the muscular fibers dense aggregations of leucocytes are
found. In specimens examined twenty-four hours after the injec-
tion of the formalin, infiltration is mainly of the polynuclear variety;
in older specimens the mononuclears become very numerous. A
homogeneous red-stained exudate often mixed with fibrin is found in
the intermuseular septa. When a few days have elapsed since the
injection of formalin, evidences of conmnective tissue proliferation
manifest themselves. In the course of two or three weeks this be-
comes excessive. The muscular fibers are sometimes swollen, some-
times shrunken and wavy; they are hyaline and stain bright red.
Total loss of nuclei and muscular striation is common. In many
places segmentation of the fibers has oceurred. Often, especially when
strong solutions have been employed, the muscular fibers are shrunken
and stain blue with haematoxylin; at other times the musculature
stains a uniform deep purple. In these localities no leucocytes can
be found. Any or all of the above conditions may be present in a
single field of the microscope.

It is not necessary that the formalin be injected into the tissues
in order that all the above changes may occur. Changes identical
with those deseribed occur in the musculature of the eyelids when
formalin is dropped into the eyes, in the abdominal wall after intra-
peritoneal injections, or in the skeletal muscles after the chemical
has been injected subcutaneously.
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‘When formalin comes in eontact with non-striated muscular tissue,
changes similar to those observed in voluntary muscles result. In
the intestinal wall, for example, after the injection of formalin into
the peritoneum or into the stomach, the muscle cells are contracted,
stain red with eosin or, if the destructive action has been more
marked, purple with haematoxylin. A loss of nuclei is very common,
and slight leucoeytic infiltration is occasionally present.

VIiI. THE EFFECT OF FORMALIN AND FORMALDEHYDE UPON THE EYE.

Lacrymation and congestion of the conjunctival vessels are present
in the eyes of all animals exposed to the vapors of formaldehyde.
The intensity of these symptoms varies only slightly with the length
of exposure, and seems to depend more upon the concentration of the
gas to which the animals are exposed. The symptoms usually sub-
side within twenty-four hours. Histological examination a few
hours after exposure to the gas shows only vascular congestion.

The slight cloudiness and pupillary contraction which follow very
soon after the injection of formalin, up to the strength of 1-500, into
the anterior chamber of the eye, always pass off in a few hours.
When a drop or two of a 5% solution are injected definite changes
can be found after twenty-four hours. The anterior chamber be-
comes filled with delicately fibrillar, densely matted fibrin, with
which polymorphonuclear leucocytes are mixed. These are most
numerous in the angle between the iris and the cornea. The lining
cells of the anterior chamber are swollen and often desquamated.

In three animals in which a few drops of 10% formalin were
dropped into the eyes no changes except vaseular congestion of the
eyeball and eyelids resulted. For several hours after the introduc-
tion of the formalin there was intense lacrymation.

A single drop of undiluted formalin is sufficient to injure an eye
permanently. The changes which result are generally as follows:
Immediately after the introduction of the formalin there is lacryma-
tion, blepharospasm and contraction of the pupil. After twenty-
four hours the pupil is contracted to almost pin-hole size, and refuses
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to dilate after the use of atropine. Intense oedema of the eyelids
develops and prevents their closure; the cornea becomes dry and
opaque. At the end of three days the lids become less oedematous
and their margins may become agglutinated through fibrinous
exudate.

The conjunctiva and cornea become infiltrated with leucocytes.
In the angle between the visceral and parietal conjunctiva large
collections of leucocytes are found; twelve or eighteen hours after
formalin has been dropped into the eye the cornea is oedematous and
its corpuscles show evidences of proliferation. About the canal of
Schlemm ‘there is intense infiltration with polynuclear leucocytes.
The anterior chamber of the eye is filled with exudate stained homo-
geneously red with eosin and mixed with delicately fibrillar fibrin,
and large numbers of leucocytes. The intensity of the process is
subject to great variation.

As in the eye, the changes in the eyelids do not always give a defi-
nite reaction to a definite amount of injected formalin. When the
reaction is but slight, there may be only well-marked leucocytic
infiltration of the mucous lining of the eyelids; the muscular tissue
may assume a brownish color after staining with haematoxylin and
eosin; sometimes myositis is present. In very severe cases the
mucous membrane is covered by a layer of fibrin, the blood-vessels
are markedly congested, the tissues are oedematous, and between the
necrotic cells are found masses of fibrin.

In addition to the local effects following the injection of formalin,
pathological changes occur in the parenchymatous organs in conse-
quence of the absorption of the chemical from the point of injection.
These lesions will now be considered.

VIII. CHANGES IN THE LIVER.

Among the general changes produced by formalin in whatever
way it is introduced into the body are those occurring in the liver.
These consist essentially of cloudy swelling, varying in intensity
associated with vacuolation of protoplasm and destruction of the
nuclei ; ultimately total destruction of cells may oceur.
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Changes in the liver may be noted after injections into the peri-
toneum of even dilute solutions. In guinea pigs after the injection
of from 4 to 8 cc. 'of a 1-1000 solution, these changes are of a
mild form ; the liver cells are swollen, their outlines obscured and the
protoplasm granular; the nuclei show no changes. After the injec-
tion of 1% solutions the changes are more severe. The columnar
arrangement of the cells is partially lost and definite boundaries
between the rows of liver cells cannot be distinguished. The cells
are more swollen, the granulation is coarser than normal, and the
cell outlines are entirely obscured; the nuclei in a few cases are
somewhat crenated. The cells about the central veins stain more
lightly than those at the periphery of the lobules. Accompanying
these changes is a general vascular congestion; occasionally a leuco-
cyte is found in the tissue.

Intraperitoneal injection of undiluted formalin into dogs results
in the production of a diffuse cloudy swelling of the liver; the cells
are swollen, the outlines lost and the protoplasm is granular. The
nuclei are crenated and of bizarre shapes. Between the rows of liver
cells are found a few polynuclear and mononuclear leucocytes. The
interstitial tissue contains many nuclei and the blood-vessels are
congested. These changes are noted from the second to the fourth
day after the injection of formalin.

Subcutaneous injections of formalin are capable of producing only
slight cloudy swelling of the hepatic cells. Severe changes cannot
be found even after the use of strong solutions.

The most severe changes in the liver were noted in those experi-
ments in which formalin was injected into the lungs or into the
stomachs of animals, and after the inhalation of the vapors of
formaldehyde. The changes under these conditions are very uni-
form; the columnar arrangement of the liver cells is almost entirely
lost and the cells are enormously swollen, some of them having
attained fully three or four times the size of the normal cell. The
cellular outlines can rarely be distinguished and the protoplasm is
greatly vacuolated and granular. The appearance of fatty degenera-
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tion is produced, but the irregular contour of the vacuoles speaks
against this view. The nuclei are somewhat swollen but have pre-
served their smooth contour in many cases; at other times the nuclei
are crenated or bizarre in shape. Between the rows of liver cells
are many polynuclear and occasionally mononuclear leucocytes.
Figures simulating karyokinesis are found, but the exact nature of
these I could not determine. It is possible that they represent
broken down nueclei or polymorphonuclear leucocytes. An increase
in the number of nuclei in the interstitial connective tissue is due
either to cell proliferation or to infiltration with mononuclear leuco-
cytes. The blood-vessels are filled with blood. The greatest leuco-
eytic infiltration occurred in a dog into the lungs of which 10%
formalin was injected.

A marked contraction of the hepatic cells associated with
vacuolation, instead of the ordinarily observed swelling, is
found in some of the specimens. In no case was I able to find an
increased number of leucocytes in the liver sooner than forty hours
after the injection of the formalin. In four of the animals which
had inhaled formaldehyde I found areas of focal necrosis in the
liver. Such foci are sometimes small and six or twelve liver cells
have undergone destruction (Fig. 4); at other times areas as large
as half a liver lobule are destroyed. Mixed with the granular debris
and the shrunken and broken down remains of liver cells are poly-
nuclear and mononuclear leucocytes. Eosinophiles are rarely found.
That regeneration of the cells occurs is indicated by the fact that no
histological changes can be discovered in the livers of animals which
survive for two or three weeks the intraperitoneal injection of dilute
formalin.

Hensen (13) has produced parenchymatous changes in the liver
by injecting 1.5 cc. of from 0.5 to 4% formalin into the gall-bladders
of cats. The changes varied from slight cloudy swelling to total
necrosis of the liver cells. In all cases only a slight inflammatory
reaction occurred, and evidences of regeneration were plentiful. My
own observations agree well with those of Hensen, and it is of interest
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to note that formalin, no matter in what way introduced into the
body can produce lesions in the liver similar to those resulting from
the injection of the chemical directly into the organ.

IX. CHANGES IN THE KIDNEYS.

Changes in the kidneys are constantly present after the injection
of formalin. Definite changes are noted in the kidneys within six
or eight hours after the injection of from 3 to 6 ce. of 1-1000 for-
malin into the peritoneal cavities of guinea pigs. Macroscopically
the kidneys are firm, swollen, dark red and bloody. Microscopically,
the glomeruli show an indistinct structure. The sepearate cells can-
not be distinguished from each other; the nuclei are polymorphous
or crenated, and often show figures suggesting karyokinesis. The
uriniferous tubules show a variety of changes; for the most part the
cells lining the convoluted tubules are swollen, granular, and stained
red with eosin, while often a faintly reticular structure can be made
out. The cells are swollen to the extent of occluding completely the
lumina of the tubules, and the cellular ontlines are obscured. The
nuclei of the cells are pale and swollen, and. some have entirely dis-
appeared. In some areas in the kidney the epithelial lining of the
tubules has been lost so that nothing but empty holes remain;
sometimes these holes contain a small amount of granular material,
at other times, desquamated cells with fragmented nuclei. Often
the entire epithelial lining is contracted and found lying free in its
connective tissue casing. Some of the tubules are filled by a homo-
geneous, bluish staining mucus-like material. The changes in the
straight tubules are similar to those in the convoluted tubules, the
cells being swollen and granular. Often the arrangement of the
cells upon the basement membrane is disturbed and sometimes total
cellular necrosis has occurred, only the empty connective tissue
tubules remaining.

In two guinea pigs, one dying eight, the other twelve hours
after the intraperitoneal injection of 4 cc. of a 1% solution of for-
malin, all of the changes described above are found. No definite
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structure can be made out in the glomeruli and intense vacuolation
of the cells has occurred. In the glomeruli and in the tubules an
occasional polymorphonuclear or mononuclear leucocyte can be seen
and blue hyaline material is found in some of the tubules.

The administration of formalin by the stomach or its injection
into the lungs produces the same changes in the tubules of the kidney
as those just described. The same result follows intraperitoneal
injections of undiluted formalin into dogs. The glomerular changes,
however, are of a severe type. In one case after the injection of
3.5 cc. of undiluted formalin some of the glomeruli are entirely lost
and in their places a small amount of poorly stained granular
material is found. In another dog there are found only empty
tubules containing red vacuolated bodies, probably the remains of
necrosed cells.

In the animals exposed to the fumes of formaldehyde the cells of
the uriniferous tubules are the seat of intense vacuolation. Further,
the changes already deseribed are found and some of the glomeruli
are entirely destroyed. In three of the animals exposed to the fumes
of formaldehyde areas of focal necrosis were found in the kidneys.
Such foci are usually of small size, and cover an area corresponding
to the eross-section of two or three tubules. Mixed with the granular
debris and the broken down nuclei of the destroyed epithelium are
found mononuclear and polynueclear leucocytes.

X. CHANGES IN THE LUNGS AFTER ABSORPTION OF FORMALIN.

Pneumonia and bronehitis, with or without haemorrhage, are found
in the lungs of all animals after the injection of formalin. These
changes are of about the same type in all the animals, and do not
vary in severity with variations in the strength and the amount of
the injected chemical.

The bronchi contain desquamated bronchial and alveolar epi-
thelium, together with polynuclear leucocytes. The lining cells of the
bronchi are swollen and granular, and in places partially desquam-
ated. Many of the alveoli contain a finely granular or hyaline
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material (oedema) with which are mixed desquamated alveolar
epithelial cells and leucocytes. The epithelial cells of the alveoli
are swollen and granular, and their nuclei are pale and misshapen.
Many of these cells are in process of desquamation. The blood-
vessels are congested and contain a large number of leucocytes.

XI. CHANGES IN OTHER ORGANS.

Except for an apparent increase in the number of polynuclear
leucocytes, I was unable to find changes in the spleen of any of the
animals experimented upon. There was always an abundance of

blood pigment present and many of the leucocytes were filled with it.

In the heart 1 found no definite changes. The suprarenals were
unchanged.

A distinet eosinophilia was found in the bladders of two dogs. In
addition the epithelial cells of the bladder had undergone well-
marked necrosis (the cells were swollen and granular, with crenated
and broken down nuclei) and desquamation. To what extent these
changes were pathological, I am unable to say.

In the spinal cord and brain of four animals examined by Nissl’s
method, the ganglion cells showed chromatolysis, peripheral and
central migration of the Nissl bodies, and eccentric location of the
nuclei.

XII. CHRONIC FORMALIN POISONING.

Four animals were subjected to chronic formalin poisoning, re-
ceiving a series of intraperitoneal injections of dilute formalin. The
results were as follows:

Ezp. 1.—Rabbit, wt. 920 grm. Injected 6 cc. of 1-2000 formalin on
four successive days. The animal seemed slightly uncomfortable but
otherwise well. The rabbit was killed ten days later when no macro-
scopic changes could be found in the organs.

Ezp. 2—Guinea pig, wt. 765 grm. Injected 4 ce. of 1-2000 formalin
on four successive days. The animal lost 27 grm. in weight. Twelve
days later the pig had regained its former weight and formalin injec-
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tions were recommenced. Injections of 4 ce. of the chemical, beginning
with 1-2000 and gradually increasing in concentration, were made every
second day. No symptoms except a slight restlessness followed the in-
jections. The animal succumbed after the ninth injection—4 ce. of a
1-625 formalin solution. At death the animal weighed 702 grm. Time
of experiment 42 days.

Bzp. 3.—Terrier, wt. 25 kilo. The experiment extended over a period
of 38 days. The following injections were made, one day at least inter-
vening between the consecutive injections:

Ten injections of 8 ce. of 1-1000 formalin; one injection of 16 ce. of
1-1000 formalin ; three injections of 24 cc. of 1-1000 formalin ; one injec-
tion of 32 cc. of 1-1000 formalin ; one injection of 40 cc. and one of 50 ce.
of 1-500 formalin. The dog was killed with chloroform.

Exp. 4—Rabbit, wt. 1675 grm. The animal was observed for 106
days. The following injections were made, one day at least intervening
between injections:

Twelve injections of 6 cc. of 1-1000 formalin; two injections of 8 ce.
of 1-1000 formalin ; one injection of 12 ce. and one injection of 20 cc. of
1-1000 formalin.

I now began to increase slowly the concentration of the chemical, as
well as to increase the amount injected. After increasing the strength of
the formalin I would at first decrease the amount injected so as to make
the transition with as little shock as possible to the animal. In 61 days
the amount of the chemical injected was raised from 16 cc. of 1-500 to
40 ce. of 1-150 formalin. After the ninth injection of 1-1000 formalin
the animal had lost 75 grm.; thereafter the animal gained in weight
and weighed, when killed, 1920 grm. For several days the animal
weighed 2026 grm. After a series of injections the rabbit would lose
weight ; the weight would be regained when the injections were stopped.
It was also noticed that an increase in the amount of formalin injected
was followed by a corresponding increase in the loss of weight.

On post-mortem examination no macroscopic changes of a type
much severer than those ordinarily observed could be found. The
kidneys and liver of the dog in Exp. 3 were yellowish. In the rabbit
of the last experiment the intestines had a distinctly granular feel,
and the mesentery was firmer and thicker than normal. The ecap-
sules of the kidneys were also thickened.
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Histological examination of the viscera gave the following result:
In the first three experiments there is fibrino-haemorrhagic peritonitis
such as T have already deseribed. In the third experiment organiza-
tion of the exudate is well advanced, while in the last experiment
there is enormous proliferation of the connective tissue. The mesen-
tery is made up almost entirely of embryonal connective tissue, and
the serosa of the intestines and abdominal wall is very markedly thick-
ened. Enormous proliferation of connective tissue has also occurred
in the omentum. In places areas of fibrin mixed with red blood
corpuscles are undergoing organization. A most striking infiltration
with eosinophile leucocytes is present in the mesentery, omentum,
serosa and submucosa of the intestines, and in the abdominal wall.
Other polynuclear and mononuclear leucocytes are present but they
are comparatively few in number. About the smaller blood-vessels
and irregularly scattered through the young connective tissue are
small, densely-crowded aggregations of lymphocytes.

The capsules of the kidneys, spleen and pancreas of the rabbit in
the last experiment are thickened, show active proliferation of con-
nective tissue, and are infiltrated with eosinophile and other forms
of leucocytes. These changes, it seems to me, are due to the formalin
which came in contact with these organs. It is probably the result
of this proliferation of connective tissue and thickening of the serosa
that the animals are able to bear without apparent suffering the
injection of large quantities of the stronger solutions employed in
the later experiments.

Severe cloudy swelling is'present in the livers of the animals used
in the last three experiments. In the dog there was marked fatty
degeneration. Areas of focal necrosis are found in the liver of the
guinea pig. In the guinea pig, and in the rabbit, more markedly in
the latter, the interlobular connective tissue is infiltrated with small
mononuclear leucocytes. Slight leucocytosis is present in the livers
of all the animals except the first.

The kidneys are the seat of diffuse cloudy swelling. Fatty degen-
eration is marked in the kidneys of the dog (Exp. 3). The connec-
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tive tissue in the kidneys of the last three animals is infiltrated with
small mononuclear leucocytes, but other forms are rarely found.
Areas of focal necrosis are found in the kidneys of the guinea pig.
In the dog extensive areas in which kidney substance has disappeared
are infiltrated with leucocytes of the mononuclear variety (Fig. 5).
Many plasma cells are present.

The lungs of the four animals show the slight bronchitis and
pneumonia usually present after the administration of formalin.
Their spleens contain a large amount of blood and yellow pigment
and in the last experiment a large number of eosinophiles.

I take pleasure in expressing my thanks to Dr. Hektoen for sug-
gesting the subject of this paper to me; and for continued interest
and guidance during its preparation.

SUMMARY.

The results of this investigation may be summarized as follows:

1. The inhalation of formaldehyde gas in even small quantities
is followed by bronchitis and pneumonia. Pneumonia is due to the
inhalation of the gas and not to secondary infection.

2. Formalin belongs to that rare group of poisons which are
capable of producing death suddenly when swallowed.

3. The introduction of formalin into the stomach is followed by
the production of a gastritis which varies greatly in character. The
duodenum and upper jejunum may also be involved in the inflam-
matory process.

4. Intraperitoneal injections of formalin cause peritonitis of
a fibrino-haemorrhagic character. A definite reaction is obtained
when very dilute formalin (1-1000) is employed. In the peritoneal
cavity formalin exercises a destructive action upon all organs
(pancreas, liver, peritoneal fat, Fallopian tubes, ete.) with which it
comes in contact and causes inflammation in these organs.

5. The lethal dose of formalin when injected intraperitoneally
into guinea pigs is approximately 2 ce. of 1-1000 formalin for each
100 grm. of body weight.
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6. The injection of formalin into the lungs is followed by pneu-
nuonia and bronchitis.

7. The inflammation which follows subcutaneous injections of
formalin is characterized by intense exudation.

8. The injection of formalin into the musecles produces myositis.

9. The injection of formalin into the anterior chamber of the eye
causes the accumulation of an exudate containing leucocytes and
fibrin. When formalin is dropped into the conjunctival sac iritis
follows and may be severe enough to destroy the eye.

10. Formalin in whatever way introduced into the body is ab-
sorbed, and is then capable of producing lesions in the parenchy-
matous organs.

11. Changes in the liver after absorption of formalin consist of
mild or severe grade of cloudy swelling accompanied by vacuolation
of the pretoplasm, changes in the nuclei and leucocytic infiltration.
Focal necrosis may result. Similar changes follow the inhalation of
formaldehyde.

12. The injection of formalin or the inhalation of the vapors of
formaldehyde produces cloudy swelling of the parenchyma of the
kidney. Focal necrosis may result.

13. Pneumonia and bronchitis are found in all animals after the
injection of formalin. _

14. The leucocytic infiltration which follows the introduction of
formalin into an organ has these general characteristics: The eosino-
philes are the first leucocytes to appear; these are followed by the
other polynuclear leucocytes; last appear the large and small mono-
nuclear leucocytes. Similar phenomena occur in the trachea, bronchi
and lungs of animals subjected to formaldehyde inhalations.

15. Formalin is, directly or indirectly, chemiotactic for leuco-
cytes. The tissues which are not infiltrated with leucocytes after the
injection of formalin are those which have been so injured by the
chemical that an inflammatory reaction is impossible.

16. Animals subjected to chronic poisoning with formalin admin-
istered by intraperitoneal injection develop fibrinous peritonitis,
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associated with marked eosinophilia. The changes in the kidneys
and liver consist of cloudy swelling, fatty degeneration, focal necrosis
and leucocytic infiltration.

BiBLIOGRAPHY.

1. Aronson, H.—Zeitschr. f. Hyg., 1897, xxv, 168.
2. Fairbanks, A. W.—Centralbl. f. Bakt., 1898, xxiii, 20, 80, 138.
3. de Schweinitz, B. A.—Yearbook of the U. S. Department of
Agriculture, 1896.
4. Kobert, R.—Goerbersdorfer Veriffentlichungen, 1898, i.
Moeller, A.—Goerbersdorfer Veriffentlichungen, 1898, i.
Doty, A. H—New York Med. Jour., 1897, Ixvi, 517.
Klipstein, E—Zeitschr. f. klin. Med., 1898, xxxiv, 191.
Harrington, C.—A merican Jour. of the Med. Sci., 1898, cxv, 56.
Annett, H. BE.—Lancet, 1899, ii, 1282.
10. Adler, I.—International Contributions to Medical Literature.
Dedicated to A. Jacobi, 1900, 309.
11. Borst, M.—Verhand. d. Deut. path. Gesellsch., 1900, 176.
12. Flexner, S.—Contributions to the Science of Medicine. Dedicated
to William H. Welch, 1900, 743.
13. Hensen, H.—Arch. f. exper. Path. u. Phar., 1898, xlii.
14. Benedicenti—Arch. f. Anatl. u. Phys., 1897, 219.
15. Heile.—Virchow’s Arch., 1900, clx, 148.

L P2

EXPLANATION OF PLATES.

Fie. 1. Eosinophilic pueumonia in a guinea pig exposed for one and a half hours
to formaldehyde. (Sec. I, Exp. 1.)

Fie. 2. Pneumonia at a later stage, in a rat exposed for three and a half hours
to formaldehyde. (8ec. I, Exp. 2.)

F16. 3. Eosinophilic tracheitis in a guinea pig exposed to formaldehyde inhalation
for three and a half hours. (Sec. I, Exp. 2.)

Fi1g. 4. Focal necrogis in the liver in a guinea pig killed forty-two hours after
exposure for five hours to the vapors of formaldehyde. (Sec. I, Exp. 4.)

Fi1e. 5. Extensive leucocytic infiltration found in the kidney of a dog subjected
to chronic poisoning with formalin. (8ec. XII, Exp. 3.)
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PLATE XLI.
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