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Role of Hemoconcentration in Production of Gastric and Duodenal Ulcer
Following Experimental Burns.*

STANLEY R. FrieseN AND OWEN H. WANGENSTEEN.

From the Department of Surgery, University of Minncsota Medical School, Minneapolis, Minn.

The occurrence of hemoconcentration fol-
lowing extensive burns in man, first noted by
Baraduc,' is well known. Hemoconcentration
was suggested by Kapsinow as the mechanism
of the production of Curling’s Ulcer.> The
role of sepsis in the mechanism of the occur-
rence of gastric and/or duodenal ulceration
following experimental burns has been studied
by Hartman.?

The purpose of this study is (1) to evaluate
the role of hemoconcentration in the produc-
tion of ulceration of the gastro-intestinal tract
following burns, and (2) to correlate the inci-
dence of hemoconcentration to the incidence
of ulceration in dogs subjected to extensive
superficial burns, with and without accom-
panying administration of histamine-in-
beeswax mixture, with and without treatment
directed to the prevention of hemoconcen-
tration.

When daily intra-muscular injections of
histamine-in-beeswax mixture are given to
normal dogs, 40 days (or an average of 23
days) are necessary to produce ulcer with
regularity.*

Method. Healthy dogs, weighing 15 to 36
pounds, anesthetized by intravenous injection
of sodium pentobarbital (15 mg per pound),
were subjected to 40%, third degree burns
by immersion into water at 100°C for 10 to 15
seconds. No evidence of pain or discomfort
to the animal was noted. The hair was closely
clipped prior to scalding. Blood studies were

* This study is supported in part by the Dr. and
Mrs. Harry B. Zimmerman Fund for Surgical
Research and the Graduate School of the University
of Minnesota, Minneapolis, Minn.
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carried out on all dogs, 3 determinations before
the burn for the average of normal values, and
serial determinations after the burn. The
following determinations were made: Hemo-
globin (alkaline hematin method), Hematocrit
(Wintrobe method), Erythrocyte Count,
Specific Gravity of whole blood and plasma
(copper sulfate method of Phillips, Van Slyke,
et al.), BUN (Karr’s urea nitrogen method),
Plasma and Blood Volumes (Gibson and
Evan’s method), and Rectal Temperatures.
Blood for these determinations was obtained
under oil from the femoral vein before the
burn and from the heart following the burn.
A number of the dogs received, in addition,
daily intramuscular injections of histamine-
in-beeswax mixture (30 mg base) prepared
after the method of Code and Varco,” the first
injection being given 30 minutes prior to the
burn. No restriction of food intake was made,
except that dogs were fasted for 18 hours
before each experiment. Water intake was
allowed up to 250 cc per day in all dogs. In
some of the animals an attempt was made to
prevent the hemoconcentration following
burns by slow intravenous administration of
human dried plasma into an antecubital vein,
regulation of the rate of drip being determined
by serial blood studies. Blood pressure deter-
minations were made in 3 dogs by serial or
continuous recordings on a kymograph, the
carotid artery being cannulated. Dogs were
sacrificed 4 hours to 6 days following the burn.
Animals in Series II were sacrificed when
death was impending or allowed to die. Sec-
tions of the stomach, duodenum, liver, lung,
brain, kidney, and adrenals were obtained for
microscopic studies.

Experiments. Studies were carried out on
30 dogs in 3 series of experiments:

Series I. Fourteen dogs were subjected to
40%, third degree burns accompanied by

5 Code, C. F., and Varco, R. L., Am. J. Physiol.,
1942, 137, 225.
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histamine-in-beeswax administration. Blood
determinations were carried out in all animals.

Series II. Five dogs were subjected to 40%,
third degree burns alone, blood determinations
being carried out in all dogs.

Series IT1. Six dogs were subjected to 40%,
third degree burns accompanied by histamine-
in-beeswax administration, and attempts to
prevent the hemoconcentration were carried
out by intravenous infusion of plasma. One
dog (No. 41) received, in addition, 5% glu-
cose in normal saline, and another dog (No.
49) received 5% glucose in normal saline
alone. As an additional control, one dog
(No. 48), not subjected to a burn, received
histamine-in-beeswax, was anesthetized, and
received a comparable amount of plasma by
intravenous infusion. Four additional dogs
received daily intramuscular injections of
histamine-in-beeswax for 5 successive days,
and were sacrificed at the end of this period.

Results. Series I. (See Table I). Twelve
of the 14 dogs subjected to 40% burns accom-
panied by histamine administration developed
increased concentration of the blood. All 12
dogs demonstrated marked congestion of the
mucous membrane of the stomach and
duodenum. Nine of these 12 dogs were sacri-
ficed 24 hours or more after the burn and
showed definitive ulcers, 5 bleeding and 2
perforated. Three of the 12 dogs were sacri-
ficed at 4, 6, and 18 hours after the burn, the
latter showing in addition to the congestion,
marked diffuse bleeding from the surface of
the gastric and duodenal mucosa. The 2 dogs
which failed to develop increased concentration
of the blood demonstrated no gastric or
duodenal pathology in one and 4 days.

Series II. (See Table II). Four of the
5 dogs subjected to 40% burns without ad-
ministration of histamine-in-beeswax devel-
oped increased concentration of the blood
and demonstrated congestion of the gastro-
intestinal mucosa in 2 to 6 days. Two of
these dogs showed, in addition to congestion,
bleeding petechial gastric ulcers, and antral
bleeding points with hemorrhagic gastritis
and duodenitis. One dog failed to develop
increased concentration of the blood and
demonstrated no gastric or duodenal path-
ology in 4 days.
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TABLE 111L.

Dogs Subjected to 40% Burn, Accompanied by listamine-in- Beeswax
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Series TII. (See Table III). Of the 6
dogs subjected to 40% burns accompanied
by histamine-in-beeswax administration in
which an attempt at prevention of the hemo-
concentration in burns was made, 3 dogs were
well controlled throughout the entire dura-
tion of the experiment; 2 dogs, partially con-
trolled: and one dog, overtreated. The 3
dogs in which blood concentration values
were maintained at normal levels demon-
strated no gastric or duodenal pathology
when sacrificed in 18 to 24 hours. The 2
dogs in which normal blood concentration
values were maintained except for a period
of 18 hours out of a total duration of 54
hours, demonstrated gastro-intestinal conges-
tion, with lesser curvature ulcers and per-
forated duodenal ulcer, respectively. One
dog was overtreated in the first few hours
of the experiment so that marked hemodilu-
tion occurred. Death occurred in this ani-
mal in 16 hours, presenting pallor of the
stomach with several areas of mucosal and
submucosal hemorrhage and erosions.

Microscopic examination of the viscera of
the animals developing hemoconcentration
showed marked vascular congestion; of the
animals in which hemoconcentration did not
take place cr was prevented, no significant
findings were noted.

Four dogs receiving daily intramuscular in-
jections of histamine-in-beeswax for 5 days
developed no hemoconcentration and no gas-
tro-intestinal abnormality.

Discussion. Tt is apparent that there ex-
ists a close correlation between increased con-
centration of the blood and gastro-intestinal
abnormality following burns. That hemo-
concentration, with its resultant congestion,
renders the gastro-duodenal mucosa more
susceptible to the action of gastric acid-peptic
juice is evident in the marked increase in the
incidence of ulceration when histamine-in-
beeswax administration accompanies the burn.
1t is shown, in addition, that prevention of
the occurrence of hemoconcentration follow-
ing severe burns portends a normal gastro-
intestinal tract, even when histamine-in-bees-
wax is administered and animals are sacri-
ficed in less than 5 days. Failure of 3 dogs
in Series I and II to develop hemoconcen-
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tration and mucosal pathology following the
burns may be attributable to the fact that
those animals received a 409% 10-second
burn, a less severe burn than the majority
of the animals in this study received. Serial
blood pressure determinations were made in
3 burned dogs, continuously anesthetized,
which developed hemoconcentration, and no
readings of shock level were observed. Ani-
mals were usually awake and moving about
after 4 hours following the burn.

It is interesting to note that superficial
necrosis of the gastric mucosa was present
upon microscopic examination in 2 dogs, both
sacrificed, one after marked hemodilution
due to overtreatment, the other after marked
hemoconcentration and congestion of the
mucosa. Microscopically, the vascular spaces
of the mucosa of the overtreated animal were
conspicuously devoid of blood, while those
of the untreated animal were markedly dilat-
ed and engorged with blood with extravasa-

tion and necrosis. Both conditions result in
mucosal ischemia, susceptible to the erosive
action of gastric acid-peptic secretions.

Conclusions. Evidence is presented to
show that increased concentration of the
blood following burns is an important factor
in the occurrence of gastro-duodenal ulcer
after experimental burns. (The occurrence
of gastro-intestinal congestion, erosion and/or
ulcer in burns is directly related to the oc-
currence of hemoconcentration).

Moreover, gastro-intestinal abnormality
following burns, even when accompanied by
histamine administration, may be prevented
by avoidance of the hemoconcentration of
burns by proper therapy.

The incidence of gastric and/or duodenal
ulceration provoked by hemoconcentration in
burns is markedly increased when histamine-
in-beeswax administration accompanies the
burn.
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Comparative Utilization of Raw and Autoclaved Soy Bean Protein by
the Human.

JEssica H. Lewis anp F. H. L. TavLor.
(With the technical assistance of M. A. Adams and L. J. Harrison.)

From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard),
Boston City Hospital, and the Department of Medicine, Harvard Medical School, Boston.

Osborne and Mendel* in 1917 noted that
rats fed raw soy bean flour grew more slowly
than a control group which received the same
flour after it had been autoclaved. Hay-
ward, Steenbock and Bohstedt? confirmed
these investigations and suggested that this
effect was not due to a difference in palata-

10Osborne, T. B.,, and Mendel, T.. B., J. Biol.
Cliem., 1917, 82, 369.

2 Hayward, J. W., Steenbock, H., and Bohstedt,
G., J. Nutrition, 1936, 11, 219.

3 Hayward, J. W., and Hafner, F. H., Poultry
Science, 1941, 20, 139.

4+ Almquist, H. J., Mcechi, E., Kratzer, F. II., and
Grau, C. R., J. Nutrition, 1936, 63, 277,

3 Johnson, Y. M., Parsons, H. T., and Stcenboch,
IL, J. Nutrition, 1939, 18, 423,

bility but to a deficiency in the raw flour.
Later investigations by Hayward and Haf-
ner,> Almquist, Mecchi, Kratzer and Grau?*
and Johnson, Parsons, Steenboch® suggested
that this increase in biological activity pro-
duced by autoclaving raw soy bean flour was
due to a rise in the level or increase in the
availability of sulfur bearing amino acids.

That the autoclaved soy bean protein has
a high biological value similar to egg white
and liver protein has been shown by Cahill,
Schroeder and Smith® from a study of ni-

6 Cahill, W. M., Schroeder, L. J., and Smith,
A. H., J. Nutrition, 1944, 28, 209.

7 MeNaught, J. B., Scott, V. C., Woods, F. M,,
and Whipple, G. H., J. Exp. Med., 1936, 63, 277.



