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The frequent occurrence of Cl. oedematiens in
war wounds in general and in gas gangrene in
particular (1) has stimulated the study of the
physiologic effects of the toxin of this organism.
The availability of Cl. oedematiens toxin in puri-
fied form has made it possible to investigate its
action as distinct from toxins of other synergistic
and symbiotic organisms which contribute to the
clinical picture of anaerobic infections. Such a
study is herein reported.

The pathologic effects of Cl. oedematiens were
described first by Novy (2); and, subsequently,
on the same or closely related organisms, by Wein-
berg and Seguin (3), and others (4 to 6). Pre-
vious studies of the physiologic effects of this toxin
have not, however, reached our attention. It has
not been demonstrated that more than one toxin
is produced by the organism, although analogy
with Cl. welchii makes this a possibility.

Recent work from this laboratory (7 to 13) has
shown that the presence of clostridia may consti-
tute an important factor in some forms of trau-
matic shock produced experimentally in dogs.
The present communication points out that a pic-
ture similar to that of traumatic shock may be
produced experimentally in dogs by the injection
of Cl. oedematiens toxin.

MATERIALS AND METHODS

The experiments have been carried out using several
preparations of purified Cl. oedematiens (Novyi) toxin.*

1 This is publication No. 631 of the Cancer Commis-
sion of Harvard University, and No. IX in the series
entitled “The Toxic Factors in Experimental Traumatic
Shock.”

2 The work described in this paper was done under a
contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research and
Development and the Massachusetts General Hospital.

8 Grateful acknowledgment is due the Josiah Macy, Jr.
Foundation for a grant for the histopathological studies.

4 These preparations were made available to us by
Professor Milan A. Logan.

The toxins were prepared by ammonium sulfate fractiona-
tion of toxic filtrates of Cl. oedematiens strain N21B of
the Lederle Laboratories. They remained stable over a
period of months when kept in dry form over phosphorus
pentoxide at 4° C. The toxins assayed 500 to 2,500
mouse MLD (subcutaneous LD,) per mgm. dry powder.
Aliquots of dry powder were weighed out as needed and
were dissolved in 5 ml. of 0.18 M phosphate buffer and 0.9
per cent sodium chloride, pH 7.2. Further dilutions were
made with 0.9 per cent sodium chloride. These solutions
were always used within an hour of their preparation.

The methods used in this study have been described
previously (14), with the following exceptions: liver
function was tested by the bromsulfalein excretion method ;
and kidney function was tested by phenolsulfonphthalein
excretion.

RESULTS
Cl. oedematiens intravenously

Dosage: Thirty-five dogs were injected intra-
venously with a dosage of toxin which ranged
from 3,700 down to 20 MLD per kgm. Of 9 un-
anesthetized dogs simply injected with varying
amounts of toxin and then observed, there was
only 1 survivor, the animal receiving the 20 MLD
per kgm. dose. Dogs given 46 and 90 MLD per
kgm. died on the third day. With larger doses
of toxin (over 500 MLD per kgm.) the survival
time was uniformly shortened to a matter of hours.

Twenty-six dogs were anesthetized and, follow-
ing carotid and tracheal cannulation, were injected
intravenously with toxin. The majority of these
animals were given 1,250 MLD per kgm., and
only 3 out of the 26 survived longer than 8 hours.

Rate of injection: There was no great differ-,
ence in the effect of the toxin whether it was given
rapidly in small volume (less than 10 ml.) by
syringe, or diluted to 100 ml. and allowed to drip
into the animal by slow infusion over a period of
hours. The survival time following slow infusion
was an hour or two longer, and the decline of the
blood pressure more gradual, but otherwise the
picture was the same by either method.

Clinical course: (Dose of toxin, 125 to 3,750
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MLD per kgm., sodium pentobarbital anesthesia,
30 mgm. per kgm. Period of observation up to 8
hours after toxin injection.) There was a latent
period of approximately 1 hour, after injection of
the toxin, during which no abnormal change was
noted in the animal. The first changes were
noted in the cardiac output, which commenced to
fall after the first hour and continued to do so
progressively until death. The total peripheral
vascular resistance rose concomitantly with the
fall in cardiac output. The blood pressure did not
decline significantly, however, until much later—
several hours after the administration of the toxin.
No significant change occurred in the whole blood
hemoglobin or hematocrit levels. Plasma volume
dropped late in the course of the disease. There
was no hemolysis. The relationship of these find-
ings is summarized in Table I.

Electrocardiograms done in 2 dogs showed no
significant change. There was no consistent change
in temperature in 29 dogs, but both pulse and re-
spiratory rates increased as the cardiac output fell.
In an effort to determine whether myocardial fail-
ure was an important part of the picture of Cl.
oedematiens toxemia, the effect of an additional
burden of transfused blood and of albumin on the
cardiac output was tested. Seven dogs, given
1,200 to 1,500 MLD per kgm. doses of toxin, were
transfused with compatible, defibrinated blood
after the cardiac output had fallen considerably
and the blood pressure had commenced to fall. Six
dogs were transfused with purified bovine albumin °
under similar circumstances. The amount of fluid
administered ranged from 25 per cent up to 100
per cent of the estimated blood volume. It was
noted (a) that the blood pressure always rose
promptly, but fell within -a few minutes after ter-
mination of the transfusion; (b) that right auricu-
lar pressure remained low even when the transfu-
sion was given at a rate of 10 to 15 ml. per minute;
and (c) that the cardiac output invariably rose
transiently after the transfusion, although it just
as invariably fell promptly after the transfusion.
This evidence all pointed to the intactness of the
myocardium.

The results of a typical experiment and the inter-
relationship of the various data are illustrated in

5 The ‘authors are indebted to Professor Edwin J. Cohn
for generous supplies of purified bovine albumin.
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Figure 1. It is to be observed that the blood vol-
ume was lower than previously, in spite of the
administration of a large volume of blood. It was
consistently found that blood or plasma given to
an animal following a lethal dose of toxin did not
prolong life appreciably. Such fluid appeared to
be lost rapidly from the actively circulating blood
volume, and to increase the hemorrhage and edema
present in various organs.

Efforts to prevent or delay the fatal outcome
by administration of adrenal cortical extract or
lanatoside C were unsuccessful.

Hepatic clearance of bromsulfalein was followed
in 2 dogs after injection of toxin; in one case, the
rate of dye excretion per 20 minutes decreased
from 60 to 30 per cent; in the other case, there was
a decrease from 81 to 36 per cent.

Renal clearance of phenolsulfonphthalein was
performed in 2 dogs. In both cases the control
clearance was 70 ml. per minute. Three and one-
half hours after toxin administration the clearance
‘was 5 ml. per minute in one case and none in the
other. As the experiment progressed, there was
a decrease in urinary output. (From the above
clearance tests it is impossible to decide what part
of the decrease in excretory function to ascribe to
decreased blood flow through the organ, and what
part to damage to parenchymal cells.)

Antitoxin: Nine dogs were injected first with
Cl. oedematiens toxin, then with Cl. oedematiens
antitoxin, as contained in a polyvalent antitoxin.®
The dosage of Cl. oedematiens antitoxin ranged
from 500 to 2,300 antitoxin units, which provided
a 50 to 200-fold excess of antitoxin over the toxin
given. The results indicated that antitoxin given
5 minutes after the rapid injection by syringe of
a single dose of 1,250 MLD of toxin per kgm. pro-
tected the animal completely. Antitoxin given 15
minutes after a similar injection of toxin, however,
failed in 5 out of 5 dogs to prevent a lethal out-
come. In 4 instances, the toxin was administered
by intravenous drip over a period of 1 to 2 hours,
and antitoxin was given immediately thereafter.
Three out of 4 dogs died within 5 hours after the
antitoxin had been administered.

In one instance, toxin was given subcutaneously,
and antitoxin was given intravenously 15 minutes
later. The antitoxin did not prevent the develop-

6 Lederle’s polyvalent gas gangrene antitoxin.
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ment of a massive edema, which spread from the
injection site. ‘

Pathology: * The gross autopsy findings associ-
ated with intravenous administration of Cl. oede-
matiens toxin in lethal dosage to non-immunized
dogs consisted of the following : edema and hemor-
rhage into the lungs; congestion of the liver;
hemorrhage into the adrenals; congestion and
submucosal hemorrhage into the small intestine,
particularly into the duodenum; small, subendo-
thelial hemorrhages into the cardiac musculature,
especially near the attachments of the chordae
tendineae. The spleen was uniformly small and
contracted. The weights of organs in animals
receiving Cl. oedematiens and Cl. welchii toxins
have been recorded in Table II. The liver, lungs,
and small intestine showed significant increases
in weight, and the spleen a significant decrease,

7 According to Doctor A. C. Ivy (15), the capillaries
of the duodenum of the dog have been known to be es-
pecially sensitive to various toxic substances ingested”
or produced in the body. The peculiar blood supply
of the villi in the duodenal mucosa in the dog (16) ap-
pears to offer the best explanation of this phenomenon.

The blood volume is given in cubic centimeters, and the blood loss as per

when a lethal dose of Cl. oedematiens toxin was
given intravenously. If the average change in
organ weight is used it appears that there is an
increase in weight of the above organs, including
the spleen, totalling 2.1 per cent of the body
weight. This weight increase, if due to trapping
and extravasation of blood into these organs, could
represent 20 per cent of the total blood volume.
The microscopic sections revealed a marked en-
gorgement throughout the lungs and viscera, par-
ticularly in the former.® Capillaries and venules
in the submucosal region of the duodenum were

-extraordinarily dilated and engorged with blood.

The mucosa and submucosa of the stomach were
spared, and a clear-cut line of demarkation ap-
peared at the pylorus between the relatively nor-
mal pallor of the stomach and the red blush of the
duodenal mucosa.

Immunized animals (17) injected intravenously
with a lethal dose of Cl. oedematiens toxin re-
vealed little if any engorgement of blood vessels

8 The authors are indebted to Dr. Benjamin Castleman
for reviewing and interpreting the microscopic findings.
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TABLE II

Mean organ ‘weights, recorded as per cent of body weight

Liver - Spleen Small intestine Lungs Heart Kidneys
n lMean a n | Mean| o n | Mean| o n | Mean | o n | Mean| o n | Mean| ¢
Controls 11 140 | .84 {11 (.55 | .15(11 (3.0 | .38]10|1.05 | .13| 5| .88 | .01 |10 | .65 | .11
Cl. welchii—I.M.1 17134 | 65|17 .44 | .19 |14 |29 | .66 {12 (1.08 | .48 |12 | .83 | .33 |12 | .63 | .09
Cl. welchii—1.V.t 7143 {1.20(5].95 |.27(3]|26 |.50|5]1.55%|.12|5]|.83].13|5]|.79 .19
Cl. oedematiens—I.M. 4135 (.28{2(.53 |.17(2(32 |.60|3]148 |.64(3|.85].23|3].5|.15
Cl. oedematiens—I1.V. 12 | 4.9%( .69 {11 | .37*| .08 [10 | 3.6t .21 | 6 | 1.87*| .64 | 6 | .87 | .18 | 6 | .65 | .09
I.M. = Intramuscularly.
1.V. = Intravenously.
* = Difference from control value significant (p < .01) (20).
t = Difference from control value probably significant (p < .05).
1 = Details of these experiments are given elsewhere (14).
o = the standard deviation.
n = the number of animals.
in the lungs or viscera. Polymorphonuclear leuco- i
cytes were found in considerable numbers in the Dogno, | Survival cderminal Hematocrit
walls of the pulmonary and adrenal capillaries, time oo’ | contral Final
resentin icture similar to that seen in im-
presenting a picture ; : 388 | 17 hrs. 5 50 73
munized animals injected intravenously with CL 324 32 hrs. 7 _ 62

welchii toxin (15).

Cl. oedematiens toxin intramuscularly (8 dbgs)

Following intramuscular injection of toxin into
the thigh muscles in dosages ranging from 150 to
12,000 MLD per kgm., there was a latent period
of approximately 6 hours, during which little of
significance was observed. From this time on
there developed an increasing local edema which
spread both up and down the thigh, eventually pre-

senting itself in the retroperitoneal, gluteal, peri-.

neal, and neighboring regions. This edema be-
came maximal at 18 to 24 hours, associated with
a severe hemoconcentration, the hematocrit reach-
ing values up to 75. The animals became pro-
gressively sluggish, developed bloody diarrhea,
and died 18 to 38 hours after injection. In 1 dog,
injected with a 12,000 MLD per kgm. dose of
toxin, death occurred in 10 hours, and the amount
of edema was not striking, amounting to 1 per
cent of the body weight. This latter finding sug-
gests that death of the animal cannot be accounted
for on the basis of local fluid loss alone, but that
a generalized toxemia is probably present when
the intramuscular dose of toxin is enormous.

In 2 dogs injected with a 150 MLD per kgm.
dose of toxin, leg measurements were made, with
the following results:

The amount of edema was increased if the same
quantity of toxin was injected fractionally into
several sites.

In order to determine the minimum dosage of
toxin which would produce edema by the intra-
muscular route, all 4 legs were injected in a single
dog weighing 13 kgm. The volume of fluid in-
jected into a single limb was kept constant at 5 ml.
The dosage of toxin injected ranged, however,
from 80 MLD to 10 MLD per kgm. Eighteen
hours later, there was massive edema (360 ml.)
of the limb where the 80 MLD per kilogram dose
had been given; moderate edema (210 ml.) in the
limb given 40 MLD per kgm.; minimal edema
(70 ml.) in the limb with 20 MLD per kgm. ; and
no visibly recognizable edema (40 ml. by measure-
ment) in the limb given 10 MLD per kgm.

Pathology associated with intramuscular injection

of toxin

Local effects: At the site of injection, there was
an area approximately a centimeter in diameter
where the muscle substance had been almost com-
pletely disintegrated. The surrounding muscle
tissue was edematous, with separation of the mus-
cle fibers by edema. Small, flame-shaped hemor-
rhages in countless number were present along
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the course of the dilated and engorged smaller
branches of the blood vessels supplying muscle tis-
sue near the injection site. Edema was greatest
in the fascial spaces and subcutaneous tissue.
Distant effects: There was 20 to 30 ml. of straw-
colored fluid in the pleural and peritoneal cavities.
The lungs and visceral organs showed much the
same picture although less pronounced than that
produced by the intravenous route of injection.

Effect on eyes

One MLD of toxin was injected into the corneae
of each of 4 rabbits’ eyes.® Eighteen hours after
injection, there was marked chemosis of the con-
junctival blood vessels. By means of slit lamp
illumination and the high-power dissecting micro-
scope, tiny flame-shaped hemorrhages were seen
extending out from a number of the vessels.
There were dilatation and engorgement of all
vessels.

DISCUSSION

Experiments on the effect of Cl. welchii toxic
filtrates (14) have demonstrated that the dosage,
rate, and route of administration of the toxins de-
termine the type of effects on dogs. The same
considerations apply to the present studies on CI.
oedematiens toxin. Rapid intravenous adminis-
tration of a large dose of toxin is a situation far
different from the slow elaboration of the toxin
by organisms multiplying in a damaged muscle.
Intramuscular injection of a small, sub-lethal dose
of toxin appears to approach the clinical situation
most closely. Here the effect of the toxin is prin-
cipally local, resulting in edema and hemoconcen-
tration. Such a picture of Cl. oedematiens
myositis, predisposing to wound shock, has been
observed in forward field hospitals (18).

The data gathered on the effects of this toxin
after intravenous injection, are consistent with the
interpretation that the principal site of its action
is on the peripheral vascular system. The toxin
appears to act by causing loss of tone and damage
to capillaries and other small blood vessels. As a
result, the smaller vessels of the lungs and viscera
become engorged with blood which then extrava-
sates into surrounding tissues. The quantity of

® These experiments were carried out in collaboration
with Dr. David Cogan.
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blood actively circulating is thereby decreased, and
a fall in cardiac output occurs. There is a com-
pensatory peripheral vasoconstriction, probably in
the arterioles, resulting in an increased peripheral
resistance. The extravasation of fluid and blood
into the pulmonary alveoli produces an interfer-
ence with oxygenation of the blood which eventu-
ally assumes critical proportions. The blood pres-
sure remains unchanged until a point is reached
where trapping of blood out of the active circula-
tion and interference with oxygenation become too
great for compensation. The blood pressure then
falls to shock levels and death follows.

The possibility that the effects observed may be
a non-specific foreign protein reaction is ruled out
by the protective effect of antitoxin when given
intravenously simultaneously with the toxin and
by the complete protection against either intra-
venously or intramuscularly injected toxin pro-
vided by active immunization (17).

When the toxin is injected intravenously, blood
vessels throughout the animal are exposed to the
toxin, and the lungs and visceral organs suffer
particularly. On intramuscular injection, how-
ever, blood vessels adjacent to the injection site
are exposed first and come into contact with the
greatest concentration of toxin. This correlates
with the observation that edema into the injected
area becomes the outstanding feature.

The clinical picture which this toxin produces
when injected intravenously is that of shock—
apparently as a consequence of 2 factors: (1)
trapping of whole blood in the viscera, rendering
it unavailable to the circulation as a whole; and
(2) extravasation of plasma and whole blood into
vital organs through damaged capillaries. Addi-
tion of fluid to the circulatory system under these
conditions does not restore the animal to normal,
although it has a temporary beneficial effect until
the additional fluid has likewise been lost from
the circulation. '

The inability of antitoxin to protect the animal
when given more than a few minutes after the
toxin suggests that the toxin produces some ir-
reversible action on the blood vessel wall. One is
tempted to reason from analogy with the action
of Cl. welchii alpha toxin that Cl. oedematiens
toxin (which appears to be protein in nature) may
be an enzyme which acts on cell surfaces, destroy-
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ing some architectural unit of the surface struc-
ture. Once the damage is done, antitoxin may
neutralize the effects of the toxin still circulating,
but the initial damage is irreparable.

The possibility that myocardial failure might
contribute to the circulatory failure has not been
completely eliminated in these experiments. How-
ever, it has been shown by means of heart-lung
preparations (19) that the cardiac ability and re-
serve are adequate up to the very end.

SUMMARY

Cl. oedematiens toxin administered intra-
venously produced the following picture: a latent
period of one or more hours without noticeable
change, followed by a progressive rise in periph-
eral vascular resistance, a fall in cardiac output,
and eventually a decline in blood pressure to shock
levels and death. Edema and hemorrhage in the
lungs and visceral organs were constant findings.
Cl. oedematiens toxin produced massive local
edema, hemoconcentration, and eventual death,
when administered intramuscularly in small
dosage. :

Intravenous fluids were of no permanent benefit
in this syndrome. Under the conditions used,
antitoxin did not prevent the lethal outcome if
given more than 5 minutes after injection of the
toxin.

The authors gratefully acknowledge the cooperation of
Doctors Austin M. Brues and Alfred Pope in the early
portion of this work. They are indebted to Mrs. Jean
Rubin, Mrs. Barbara Barus, and to Miss Lydia Brewster
for valuable technical assistance.
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