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Dietary Production of Gastric Ulcers in Rats and Prevention by Tocopherol
Administration.

P. L. Harris, E. L. Hovg, M. MELLOTT, AND K. HICKMAN.

From the Laboratories of Distillation Products, Inc., Rochester, N.Y.*

A previous paper! from this laboratory re-
ported that g-tocopherol prevented stomach
ulcers in rats receiving minimal amounts of
vitamin A. The possible explanation ad-
vanced to explain this action was based upon
the well-known ‘“sparing” of vitamin A by
tocopherol, in vivo.2

Further experiments were designed to test
this explanation and also to determine wheth-
er tocopherols would be beneficial in pre-
venting stomach ulcers caused by dietary re-
strictions other than vitamin A.

# Communication No. 108.

UJensen, J. L., Science, 1946, 108, 586.

2 Hickman, K. C. D., Kaley, M. W., and Harris,
P. L., J. Biol. Chem., 1944, 152, 303; Harris,
P. L.. Kaley, M. W, and Hickman, K. C. D,
J. Biol. Chem., 1944, 1532, 313; Hickman, K. C. D,,
Kaley, M. W.; and Harris, P. L., J. Biol. Chem.,
1944, 152, 321.

In a preliminary experiment 40 weanling
male rats were placed on a diet (USP XII,
with olive oil), low in vitamins A and E, for
2 weeks. At this time supplementation was
begun of all rats with 300 units of vitamin
A-acetate daily. Half of the rats were also
given 0.5 mg of d,a-tocopherol daily. After
7 weeks the animals were killed and exam-
ined for gastric lesions. Fifty per cent of
the rats on the high-A, low-E diet had one
or more ulcers in the fore-stomach, while
none of the rats receiving vitamin E had
lesions.

In a second experiment 170 male weanling
rats were completely depleted of vitamin A
in the usual manner. The diets used were
based upon the USP vitamin A-test diet, but
with variable amounts and kinds of fat. These
variations are indicated in Table I. At the
time of depletion 3 or 4 rats from each group
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were examined, but no gross lesions were pres-
ent. It is evident that vitamin A-deficiency
per se, does not produce ulcers. The de-
pleted animals were placed on a daily sup-
plement of 2 or 30 units of vitamin A-ester
concentrate, dissolved in olive oil, with or
without 0.5 mg a-tocopherol. Half of the
rats on the low-fat diet were supplemented
daily with 100 mg of sesame oil to supply
adequate linoleic acid.

Table 1T shows the data on gain in body
weight and incidence and severity of rumen
lesions after a 7-week experimental period.

It is highly significant that vitamin A even
in high doses did not prevent ulcer develop-
ment. This indicates that the action of
tocopherol cannot be explained simply a
sparing of vitamin A in the gastrointestinal
tract. However, the fact that injections of
tocopheryl phosphate did not prevent the
lesions is presumptive evidence that the
tocopherol effect is localized in the stomach.
It is interesting to reflect at this time that
in all vitamin A bioassays which have been
conducted without providing adequate vita-
min E to the animals during the depletion
or curative periods, 50% or more of the ani-
mals used probably had gaping lesions in their
stomach. These gastric ulcers certainly were
an important factor in causing some of the
disturbingly wide variations in growth re-
sponse observed in vitamin A bioassays.

The influence of fat in the diet is interest-
ing. The lesions occurred on the 5% level
of olive oil or stripped (E-free) corn oil;
but on the 10% oil level the lesions were ab-
sent or reduced in number even without
tocopherol supplements. On the low-fat diet
a very high incidence and severity of lesions
was noted and tocopherol at the levels used
had no beneficial effects.

Since fat in the diet is a significant factor
in the prevention of rumen lesions, it was of
interest to examine the stomachs of rats
deficient only in essential fat acids. The fat-
low diet used in the preceding experiment
contained 56% corn starch which probably
supplied about 0.6% fat as a constituent.?
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Thus the diet contained about 0.3 to 0.4%
fat which furnished at least 10 mg linoleic
acid daily to each animal.!

In the present experiment, weanling rats
were placed on a fat-free diet of the follow-
ing percentage composition: Casein (Labco)
20, sucrose 76, and salt mixture, USP No. 2,
4. B-complex vitamins were added to the
casein to furnish 10 y of thiamin, riboflavin,
and pyridoxine, 25 v calcium pantothenate,
1 mg choline chloride, and 0.1 mg i-inositol
per gram of ration. Fifty units of vitamin
A-acetate and 5 units of vitamin D were
given daily in a propylene glycol solution.

After 7 weeks depletion the rats were di-
vided into groups of 6 each and placed on
experiment with and without 20 mg of ethyl
linoleate also with and without 0.5 mg to-
copherol daily. After 6 weeks the stomachs
of the rats were examined for lesions. The
results are shown in Table II. Hyperplasia
of the juncture (or ridge) separating the
glandular portion from the rumen, usually
precedes or accompanies hyperplastic ulcers
in the rumen. The incidence of such junc-
ture hyperplasia has been indicated, as well
as the incidence of ulcers.

The data in Table II show that rats de-
ficient in essential fatty acids do not have
stomach lesions. However, half of the rats
receiving 20 mg of linoleate showed typical
ulcers. Juncture hyperplasia was marked in
this group. Either a- or y-tocopherol pre-
vented the lesions.

It was of further interest to determine
whether ulcers produced by dietary restric-
tions other than vitamin A or essential fatty
acids would also be prevented by tocopherol.

Male albino weanling rats were placed
upon a pyridoxine-deficient ration for 6
weeks. The percentage composition of the
ration was: Casein (Labco) 20, sucrose 71,
salt mixture, USP No. 2, 4, lard 4, and cod
liver oil 1. B-complex vitamins were added
to the casein to furnish 10 y thiamin and
riboflavin, 25 y calcium pantothenate, 1 mg
choline chloride, and 50 y of vitamin K per
gram ration.

3 Taylor, T. C., and Nelson, J. M., J. Am. Chem.
Soc., 1920, 42, 1726.

4+ Taylor, T. C,, and Lehrman, L., J. Am. Chem.
Soc., 1926, 48, 1739.
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TABLE 1L
Effeet of Tocopherol and Methyl Linoleate on Development of Gastrie Lesions in Rats Deficiext
in Essential Fatty Acids.™

Daily supplement

Incidence of gastric lesions

N ~
Methyl d.a- Juncture
linoleate tocopherol Ulcers hyperplasia
Trial (mg) (mg) (%) (%)

L 0 0 0 0
0 (L) 0 17

2000 0 50 67

20,0 o5 () 0

20,00 0.5t {) [\

It 0 0 0 33
200 0 0 83

20,0 (L) 0 17

* 6 animals per group.
t ~4-tocopherol.

TABLE 1L
Effect of Tocopherol in Preventing Development of Rumen Lesions in Rats Recovering froe.
Pyridoxine Deficieney,

Mg Avg wt gain Incidence of
Pyridoxine a-tocopherol in 6 wk rumen lesions
(y daily) daily No.of rats (g =8.D.) (%)
0 " 7 4. 0
1 7 7.1 0
1.0 0 1 31.5 + 6.3 50
1 4 03.5 += 4.9 0
2.0 o 7 14 +7.6 57
1 v 82.7 + 8.3 0
4.0 U v 91.3 + 5.0 29
1 v 105.8 + 4.8 0
8.0 0 § 124.0 = 7.7 0
1 b} 120.0 + 6.0 0

After 6 weeks depletion. the rats were fed
various levels of pyridoxine with and with-
out tocopherol. Pyridoxine (free-base) was
prepared from synthetic pyridoxine-hydro-
chloride (Merck) and given in propylene
glycol solution from a calibrated dropper.

The resulting gains in body weight dur-
ing the subsequent 6 weeks and the inci-
dence of rumen lesions at this time are sum-
marized in Table ITI. These data indicate
that pyridoxine deficiency in itself does not
result in rumen lesions. However. when
suboptimal doses of pyridoxine are fed. lesions
do occur but are preventable by 4-tocopherol.
Higher doses of pyridoxine maintain normal
stomachs in the rats even without tocopherol.

Discussion. It is evident that gastric lesions
can be induced by a variety of dietary de-
ficiencies when these are combined with low
intakes of vitamin E. Severe tocopherol de-

ficiency uncomplicated by deficiencies of oth-
er essentials does not induce ulcers. Hun-
dreds of vitamin E-deficient female rats with
evidence of resorption gestations have been
free of stomach lesions. Furthermore. un-
complicated deficiencies of vitamin A, or of
pyridoxine, or of essential fatty acids do not
induce ulcers. Ulcers are formed only in
rats which have stopped gaining weight as
a result of any of these deficiencies and which
then have been given the missing factor but
without supplying tocopherols at the same
time. Weight gain is resumed when vitamin
A, pyridoxine, or linoleate, respectively, is
supplied and it is during this period that
stomach lesions appear wunless sufficient
tocopherol is present in the gastrointestinal
tract. Tocopherols injected as the toccpheryl
phosphate during the experimental period
fail to prevent ulcer formation. Consequently,
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the evidence points to a mechanistic explana-
tion for lesion formation. Functionally, the
epithelium of the forestomach of the rat be-
comes abnormal due to deficiencies of either
vitamin A, or pyridoxine, or essential fatty
acids. Anatomically there are no lesions be-
cause of the gradual adaptation of the or-
ganism as a whole to a low level of metabolic
activity: food intake decreases, weight gain
ceases, and probably gastric secretion of pep-
sin and HCIl is diminished. However, ad-
ministration of the missing essential factor
induces food intake and resumption of weight
gain. Unless adequate tocopherol is also
administered the functionally abnormai
epithelium of the forestomach cannot cope
with the increased acid-pepsin medium with
which it is in contact and as a result lesions
are produced.” Whether tocopherols prevent
the erosion of the stomach wall by specifical-
ly inhibiting enzyme activity or more funda-
mentally by increasing epithelial resistance
perhaps by inducing greater mucous secre-
tion or improving blood circulation in the
mucosa® is not yet known.

The role of dietary fat in the etiology and
treatment of gastric lesions is also undeter-
mined. In our experiments an increase of
fat (olive oil or vitamin E-free corn oil) from
5 to 10% in the diet reduced the incidence
and severity of ulcers formed. Li and Free-
man® also found a higher incidence of peptic
ulcers in dogs on a low-fat (lard) than on

5 Matzner, M. J., Windmer, C., Sobel, A, E,, and
Polayes, S. H., I’roc. Soc. Exp. BioL. AND MED,,
1936, 34, 243.

6 Bachrach, W. H., Grossman, M. I, and Ivy,
A. (., Gastroenterology, 1946, 6, 563.

7 Li, T., and Freeman, S., Gastroenterology, 1946,
6, 140.

8 Matzner, M. J., Windmer, C., and Sobel, A. E,,
Am. J. Dig. Dis., 1938, 5, 1.
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a high-fat diet. However, Matzner and co-
workers® reported their highest incidence and
most severe stomach lesions in rats maintained
on relatively high fat (butter or lard) in-
takes.

It is emphasized that no attempt should
be made at this time to draw a parallel be-
tween these gastric ulcers in rats and those
in humans. Much more must be learned
concerning the etiology and pathology of the
lesions in the 2 species before generalizations
regarding treatment with fat or tocopherols
can be made. The level of protein intake
is also important and data showing a protein-
tocopherol interrelationship as measured by
ulcer production and cure is being prepared
for publication.

Conclusions. 1. Ulcers in the forestomach
were induced in rats: (a) Recovering from
vitamin A-deficiency with 2, 30, or 300 units
vit. A daily. (b) Recovering from a vit. Bg
deficiency with suboptimal amounts (1, 2,
or 4 y daily) of pyridoxine. (c) Recovering
from an essential fatty acid deficiency with
20 mg of linoleate daily.

2. Deficiencies of these 3 essentials did
not, in themselves, result in lesions. The
ulcers occurred only during the curative peri-
od in which the specific nutrient was fed.

3. a-Tocopherol fed daily to the rats dur-
ing the cure of the specific deficiency gave
complete protection. y-Tocopherol orally
was also effective, but a-tocopheryl phosphate
injected was not.

4, The amount of fat in the diet was re-
Jated to the incidence of stomach ulcers in
the vitamin A experiments. Ten per cent
gave good protection. Five per cent allowed
moderately severe lesions, which were pre-
ventable by tocopherol. Fat-low diets gave
very severe lecions not preventable by the
level of tocopherol fed, 0.5 mg daily.



