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rest. The total period of repeated stimulation
was 30 seconds and the flow per minute was
calculated.

The flow of blood from an open free flowing
cannula was caught and measured, both dur-
ing a period of control when the limb was rest-
ing and flaccid, and during a period of stimu-
lation as described above. Near the end of one
of the procedures, the cannula became par-
tially occluded by clotted blood, and the flow
was reduced to a slow drip. The flow during
both exercise and rest was also recorded
under these circumstances. Several observa-
tions were recorded on each dog, and averages
were computed as shown in the tables.
Measurements during stimulation were alter-
nated with measurements during rest in an
effort to eliminate after-effects of stimulation
on blood vessels.

Results. Measurements are recorded in the

1 Krogh, August, The Anatomy and Physiology
of the Capillaries, New Haven, Yale University
Press, 1927.

2 Biilbring, Edith, and Burn, J. H., J. Physiol.,
1939, 95, 203.
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TABLE 1.
At rest ‘With stimulation
No obstruetion ce ce
Dog No. 1 45 90
39 79
33 74
Avg 39 81
Dog No. 2 30 53
27 50
Avg 28.5 51.5

table. The venous return was increased from
80 to 100% by stimulation of the muscles
when the cannula was flowing freely. When
there was a partial obstruction, the increase
was considerably greater, in one observation.

Conclusions. From these observations it
is concluded that the venous flow of blood
from a limb is increased by muscular con-
tractions elicited by periodic electrical stimu-
lations. The increase in flow was from 80 to
100%. Results suggest that increased blood
flow is one of the reasons why similar methods,
when applied to a large number of postopera-
tive patients, have effected a marked reduc-
tion in the incidence of venous thrombosis.
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Protection of Gastric Mucosa of the Rat against Ulceration by Prefeeding
with Protein Hydrolysates.

HaArrY SHAY, MARGOT GRUENSTEIN, HERMAN SrpLET, AND S. A. KoMARrov,

From Samuel 8. Fels Research Institute, Temple University School of Medicine,
Philadelphia, Pa.

The beneficial effects which Co Tui and his
associates! reported to have resulted from the
addition of large amounts of protein hydroly-
sates to the dietary of patients with gastric
or duodenal ulcers have been amply corrobor-
ated by subsequent clinical experience. How-
ever, no adequate explanation of the action
of such preparations has as yet been found.
It has been thought that the buffering action?
of the protein hydrolysates and/or the re-

1Co Tui, Wright, A. M., Mulholland, J. H,,
Galvin, T., Barcham, I., and Gerst, G. R., Gastro-
enterology, 1945, 5, 5.

sultant improvement in the nitrogen bal-
ance!l** may be responsible for the beneficial
effects observed. Opinions based on clinical
studies have been expressed in favor of each
of the above mechanisms, but the evidence
presented cannot be regarded as conclusive.
While the administration of protein hydroly-

2 Levy, J. S, and Siler, K. A,, 4m. J. Digest,
Dis., 1942, 9, 354

3 Hodges,  H. H., Gastroenterology, 1947, 8,
476.

4 Kenamore, B., Lonergan, W., and Shy, J. C,
Gastroenterology, 1948, 10, 177.
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sate to ulcer patients has given encouraging
clinical results, the effect of the hydrolysate
on peptic ulcer and the mechanism of its
action, as far as we know, have not been
investigated experimentally.

We have described a method for the uni-
form production of ulceration in the rumen of
the rat.® With this method ulceration de-
velops as a result of the action of acid gastric
juice accumulating in the empty stomach after
pyloric ligation. In addition, a certain mini-
mal concentration of pepsin and of acid is
necessary for the development of ulceration,
since neutralization of the acid or inactiva-
tion of the pepsin prevents ulceration.’
We realize that rumen ulcers in the rat
represent lesions of the wall of a cavity
lined with squamous epithelium which in
their pathogenesis may differ somewhat
from ulcers of the glandular mucosa. How-
ever, as we® have pointed out previously,
this method is valuable in studying the re-
sistance of the gastric mucosa to acid-pepsin
ulceration under various experimental condi-
tions. This method has been employed by
others®® as well as by ourselves' for assay-
ing antacid and anti-ulcer agents. By its
means we have studied the effect of protein
hydrolysates on the development of experi-
mental ulcers in the rat. In this communica-
tion we report results which indicate that the
fortifying of an otherwise adequate diet with
protein hydrolysate affords definite protection
to the gastric mucosa of the rat against the
ulcerative action of acid gastric juice.

Experimental method and results. 1In the
present study 106 rats were used. All the

3 Shay, H., Komarov, S. A., Fels, S. 8., Meranze,
D., Gruenstein, M., and Siplet, H., Gastroenterol-
ogy, 1945, 5, 43.

6 Wick, A. N, Irish, A. J., Pauls, F., and Mac-
Kay, E. M., Proc. Soc. Exp. Rror. aND MED.,
1947, 64, 40.

7 Pauls, ¥., Wick, A, X, and MacKay, E. M.,
Gastroenterology, 1947, 8, 774.

8 Risley, E. A., Raymond, W. B., and Barnes,
R. H., 4m. J. Physiol., 1947, 150, 754,

9 Morris, C. R., Grossman, M. 1., and Ivy, A, O
Am. J. Physiol.,, 1947, 148, 382,

10 Shay, H., Komarov, S. A., Siplet, H., and
Gruenstein, M., 4m. J. Digest. Dis., 1947, 14, 99.
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animals were females of the Wistar strain,
bred in our own colony. After weaning, they
were maintained on the Rockland Diet.* We
confined our investigation to one sex in these
experiments on account of the difference in
the weight curves of the two sexes, and
particularly since Zucker and Zucker'' have
shown that the more rapidly growing male re-
quires more protein in the diet than the
female. At the beginning of the experiments
the weights of the animals ranged from 100
to 120 g. The females in each litter were
divided into 3 groups, one control and 2 ex-
perimental. All the animals were fed the
Rockland Diet ad libitum and the amount of
food consumed by each animal during the
experimental period of 28 days was recorded.

Two commercial preparations of protein
hydrolysate were used as dietary supplements,
each in a separate experimental series. Thus,
in addition to the colony diet, animals in one
series received by stomach tube 2 cc of
hydrolysate At in the morning and also
in the late afternoon 6 days a week for a
period of 4 weeks (28 days). The animals.
in the second experimental series received
similar 2 cc quantities of a suspension of
hydrolysate B,} which has a nitrogen
content equivalent to that of hydrolysate
A. Since hydrolysate A contains 22% of
sucrose, a similar solution of sucrose alone
was administered as a supplement to the
animals in the control series to substitute for
the protein hydrolysate. The experiments
were done on 10 animals at a time, namely,

* The ‘‘Rockland Rat Diet’’ contains 24.83%
of protein, 4.67% of fat, and 49.32% of carbo-
hydrate, according to the statement of the manu-
facturers (Arcady Farms Milling Company).

11 Zucker, T. F., and Zucker, L., Proc. Soc.
Exp. BroL. AND MEp., 1944, 55, 136.

t Hydrolysate A, supplied by Sharp and Dohme,
Ine., contains an equivalent of 35% of protein, as
caleulated from the nitrogen content (N X 6.25),
and in addition 229, of sucrose.
solution contained added
hydrolysate A.

{ Hydrolvsate B, supplied by Mead, Johnson and
C'0., contains an equivalent of 75% of protein, as
calenlated from the nitrogen content (N X 6.25).
Caloric value: 1 g = 3.75 C.

Control sucrose
vitamins present in
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TABLE IL
Severity of Uleeration in Protein Hydrolysate-Treated* Rats and in Sucrose-Treated Controls.

Rumen lesions per animal

K N
No.of Single Coalescent Total
Series animals  mean mean Mean 8.D.t Pi
Suerose-treated eontrols 3¢ 82 85 147 11.60
0.003
Protein hydrolysate-treated* 50 4.2 4.6 8.8 8.30

* Amisate and protolysate treated sevies combined.
t Standard deviation.
{ Probability of both groups belonging to same population.

TABLE IIIL
Average Daily ¥ood Consumption and Caloric Intake and Average Weight Gain per Animal During
Experimental Period (28 Days).

Food intake (g) Wt (g)
Xo. of , N Caloriec ,————
Series animals Protein Carbobydrate Fat intake Imitial Gain
Suerose-treated 32 a 3.27 6.51 0.61 47 110 38.8
(control) b —_ 0.68 —
c 100% 100% 100%
Amisate-treated 44 a 2.90 5.79 0.55 47 111 43.7
b 1.17 0.68 —_
c 125% 89.99, 90.1%
Protolysate-treated 30 a 2.89 5.72 0.54 44 111 38.9
b 1.16 — —
¢ 124% 79.8% 88.4%

a: Intake with Rockland diet.

b: Intake with hydrolysate (values for protein equivalent ecaleulated from nitrogen content (N X

6.25)).

c¢: Total intake expressed as percentage of intake of sucrose-treated control series.

portion of the protein hydrolysate-treated
animals, namely, 419 in the hydrolysate A-
treated series and 27% in the hydrolysate B-
treated series, no ulceration developed, while
of the control animals only 3% had no ulcers.
This difference was found to be highly sig-
nificant statistically.  Furthermore, those
animals in the hydrolysate-treated series that
did develop ulcers showed significantly fewer
lesions per animal than the animals in the
sucrose-treated series (Table II).

The adopted classification of the rumen
lesions was, from the very nature of the
ulcerative process, somewhat arbitrary. How-
ever, under magnification of 10.5 X, the dif-
ferentiation between “single” and “coalescent”
multiple lesions is not difficult. The former
are characterized by even, circular margins;
the latter by scalloping or irregularity in out-
line and, as a rule, by greater dimensions.
The relatively greater reduction in the “coal-

escent” ulcers in comparison with single
lesions in the hydrolysate treated animals in-
creases the significance of the results,

The most striking feature of these experi-
ments is the absence of any significant dif-
ferences between the hydrolysate A- or the
hydrolysate B-treated series and the sucrose-
treated controls in respect of the volume,
acidity, and peptic power of the gastric con-
tents. The difference in the incidence of ul-
ceration manifestly cannot be attributed to
concurrently lower digestive power of the
gastric juice in the hydrolysate-treated
animals. We believe that our results indi-
cate this effect of protein hydrolysate to rep-
resent a true increase in the mucosal resis-
tance and that it is to be distinguished from
the protective effect obtained with other
agents, e.g., antacids, which act by depressing
the digestive power of the gastric juice. The
increased resistance of the mucosa in the hy-
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drolysate-treated animals was not due to a
greater caloric intake, since the average
amounts of food consumed daily by the
animals in all series were isocaloric, although
the diets differed in composition. This is
illustrated by the data presented in Table III,
which also shows the proportions of protein,
carbohydrate, and fat in the different diets,
so that the food intake of the hydrolysate A-
and the hydrolysate B-treated series may be
compared with that of the sucrose-treated
control series. The rate of growth was ade-
quate in all groups and no statistically sig-
nificant .difference was found between the
weight gain of the sucrose-treated controls and
that * of the protein hydrolysate-treated
animals.$ This indicates that the protein in
the Rockland Diet was adequate for the ani-
mals at the weight levels at which the experi-
ments were started, and that the addition of
protein hydrolysate did not result in any sig-
nificant increase in the nutritional value of
this diet.

Nevertheless, these experiments show that
the prefeeding of approximately 25% more
hydrolyzed protein to the experimental
animals than was fed to the controls for the
relatively short period of 28 days resulted in
a very marked increase in the resistance of
the rumen mucosa to peptic ulceration. This
may be regarded as a true prophylactic action.
The only other preparation that has been
reported to be effective in the prevention of
peptic ulceration is enterogastrone, as demon-

§ Hydrolysate A-treated wersus Hydrolysate B-
treated: t — 1.85, d. f. = 75, P = 0.06. Hydroly-
sate A-treated wersus sucrose-treated econtrol:
t = 1.64, d. f. — 81, P = 0.10. Hydrolysate B-
treated wversus sucrose-treated control: t — 0.02,
d. f. = 64, P == >0.55.
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strated in experimental studies on dogs.!?
It is noteworthy that this prophylactic ef-
fect of protein hydrolysate was exerted against
the ulcerating action of acid and pepsin, the
agents which were shown to be responsible for
the type of experimental ulcer produced by
our method in the rat, and which also are
generally accepted as factors of primary im-
portance in the development of peptic ulcer-
ation in man. All concepts regarding the
etiology of gastric and duodenal ulcers in man
recognize that factors other than acid and pep-
sin are also involved. Among these are in-
cluded differences in the resistance of tissues
to the destructive action of gastric juice. If
the prophylactic action of protein hydrolysate,
which is demonstrated in this study for the
the rat, should be found to apply also to man,
the first step in the solution of the all-
important problem of ulcer prevention will
have been accomplished by the simple expe-
dient of fortifying the diet. Experiments are
now being carried out to determine whether
the addition of native proteins to the diet will
produce the same effect as hydrolysates.

Summary. The supplementing of an al-
ready adequate diet with protein hydrolysates
in amounts equivalent to 25% of additional
protein produced in rats a marked increase in
the resistance of the gastric rumen to peptic
ulceration without concurrent changes in the
volume, the acidity, or the peptic power of
the gastric contents. This protective effect
was not accompanied by any significant
changes in the rate of growth of these animals
as compared with animals on a control diet
supplemented with sucrose alone.

ME?HTst, A. P., Greengard, H., Preston, F. W,,
Fauley, G. B,, and Ivy, A. C., Endocrinology, 1942,
380, 905.



