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F16. 8. Transfer from a 24-hr culture. Formation of a large
body and extracellular granules.

in this fashion in a great number of cultures. No evi-
dence of fusion was found, as described for Proteus
(1). The development of these elements was not de-
termined, since they remained unaltered for periods up
to 3 weeks, exeept for budding in a few instances. No
cell-wall stains were made to determine whether fusion
between different cells of the same rod took place. It
appears that in this organism the formation of large
bodies follows a pattern of direct transformation from
rods to either balloon-shaped or rodlike structures.
They are more like the ones described for Azotobacter
agile (2) than for other gram-negative bacilli. No evi-
dence of the events described by Klieneberger-Nobel
(3) was found here.
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Prevention of Ulcers in the
Shay Rat by Ox Bile!

Casimir Funk, Philip Tomashefsky,
Arthur Ehrlich, and Robert Soukup

Funk Foundation for Medical Research, Inc.,
New York City

As part of our general plan of work on the cure
and prevention of gastric ulecers we have extensively
studied (1) the preventive action of certain salts of
organic acids on the formation of stomach and eso-
phageal ulcers in the Shay (2) rat.? We came to a
clear-cut conclusion that certain salts, particularly
potassium acid acetate, display a marked curative and
preventive action when given per os, in a dose of about
75 mg. Usually the stomachs of treated animals are

1 Work supported by a grant from the U. 8. Vitamin Corp.
and by numerous contributions from this country and Latin
America.

2The procedure involves starvation of animal for 72 hr,
then ligation of pylorus under ether anesthesia. The ab-
dominal wall is clipped and coated with collodion to prevent
licking of blood. Animals are sacrificed 8 hr after ligation
and stomachs removed. Stomach contents are collected, and
the washed stomach is stretched upon a white surface for
examination. Some animals die from perforated ulcers before
8 hr.
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coated with a mucuslike lining, and the action is inde-
pendent of the alkalinity of the salts, excellent results
being obtained with material given at pH 4.5.

In our second communication (3) we studied the role
of hematuria and pigmented urines in the causation
of ulcers. The relationship of the two phenomena, and
the finding that practically no ulcers were observed in
animals having hematuria or pigmented urine, sug-
gested a possible role of bile in ulcer prevention. Mad-
den, Ramsburg, and Hundley (4) reported that liga-
tion of the esophagus, ureters, or the bile duct resulted
in gastric ulcer prevention. Our inquiries among sev-
eral internists as to whether icterus is associated with
ulcer remissions yielded no answer.

Our experiments with bile were started with fresh
ox bile and later continued with a USP bile powder
preparation and with some isolated fractions and puri-
fied bile acids obtained from fresh bile. The experi-
mental methods and the formulation of the “ulcer
index” in this study were identical with those of our
previous communications.?

The bile fractions from fresh bile were prepared as
follows. Bile, normally alkaline, was neutralized to pH
7.0 with dilute sulfuric acid, and evaporated #n vacxo
to dryness. The residue was dissolved in aleohol, and
a small amount of insoluble material (mostly mineral)
was filtered off. Benzene was added to the filtrate.
After it was allowed to stand at ~10° C overnight, an
insoluble material (Bile-3) was filtered off. The filtrate
(Bile-4) was evaporated and dried in vacuo. Bile-4 was
extracted with ethyl acetate, and the soluble fraction
precipitated with ether (Bile-11). Concentrated sul-
furic acid was added to the ether soluble. A precipitate
formed (Bile-12), which was separated off by cen-
trifugation. In view of the possible preventive action
of some mineral organic acid combinations, the ash
content of our fractions was estimated and found to
be below 8%, a quantity entirely insufficient to exert
any beneficial effect.
~ The commereial bile powder was exhausted in a large
Soxhlet, allowing a cold extraction with ethyl acetate.
The extract, sterol material (13) free from bile acids
was tested, the extracted powder was dissolved in
methyl aleohol and fractionated as Ba-salts, one in-
soluble fraction (14) and the other soluble (15). These
salts were decomposed quantitatively with sulfurie
acid.

The material to be. tested was given by mouth in
two divided doses totaling 50-150 mg, the first one at
the time of ligation, the second 3 hr later. The total
dose was given in 14 ml volume, the amount of wastage
thus being minimized. The presence of the bile mate-
rial in the stomach was evidenced by heavy milkiness
of the juice, compared to that of the controls.

3We repeat here the formula of the ulcer index: Each
ulcer animal is graded from 0 to 4, according to the extent
of ulcerations, perforations, and time of survival, 4 being
maximum ulceration. The individual ratings for each group
of animals are added, multiplied by 100, and divided by the
Ulcerx 100 _ leer

number of rats in the group, so that: No. of Tats

index. Maximum, therefore, is 400.
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TABLE 1

pH of

boe QR RS s Speg
1 Ox bile 1: 4 1/8 ml Abo¥e 7 100 (333) 7.0 (3.1) 3 (3)
2 Chloroform ext of 1 1/8 ¢¢ Below 7 129 (200) 2.1 (1.8) 7 (6) -
3 Water ext of 1 - 1/8 ‘¢ 7 129 - (200) 2.2 (1.8) 7 (6)
4 Aleohol ext of 1 1/8 . ¢¢ 7 192 (227) 2.7 (2.3) 12 (11)
5 Bile-2 33 mg “ 7 158 .(300) 2.7 (1.7) 12 (8) -
6- Bile-3 75 . 7 50 (289) 2.5 (1.4) 6 (6) .
7. Bile-3 150 ¢ 7 30 (242) 3.3 (1.3) 10 . (12)

8 Bile-4 100 ¢ - T 118 (233) 2.8 (1.6) 11 (7)
9 Bile-3 + Bile-4 50 +50 ¢¢ “ 7 56 (243) 3.2 (2.0) 9 (7)
10 Bile:11 100 ¢¢ T 125 © (338) 2.8 (2.5) 8 (8)
11 Bile 12 50 ¢ “ 7 243 (338) 1.9 (25) 7 (8)
12 Bile-13 50 ¢ “T 264 (217) 2.2 (1.7) 11 (12)
13 Bile-14 100 ¢¢ ca 5 138 (300) 3.1 (1.6) 8 . (8) -
14 Bile-15 100  ¢¢ “ 6 57 (300) 4.0 (1.6) 7 (8)
15 Ox bile powder ; 150 ¢ Above 7 64 (291) 2.8 (1.7) 11 (11)

(Eimer & Amend)- R
16 Cholie aeid 150 - ¢¢ T - 160 (200) 2.9 (2.2) 10 - (10)
(Matheson) (NH; salt) ) )
17 Desoxycholic 75 ¢ Below 7 © 188 (338) 2.2 (1.7) 8 (8)
~ (Hygrade) D n '
18 Taurocholie 150 ¢ ca 7 200 (338) 29 (1.7) 8 - (8)
(Eimer & Amend) ‘ (Na salt) ) :
19 Dehydrocholic 150 ¢ Below 7 ° 238 (213) 2.5 (1.5) 8 (8
(Hygrade) , :
20 Glychocholic 150  ¢¢ ca 7 100 (213) 3.0 (1.5) 3 (8
(digestive ferments) ) (Na salt) e :
21 Lithocholic © 150  ¢¢ Below 7 150 (263) 1.9 (1.6) -8 (8)
(Winthrop-Stearns) ) .
22 Mixture of above acids 25 | ¢¢ Neutral 238 (263) 1.8 (1.6) 8 (8)
each . :

* T = Treated animals.
+ C = Controls.

The therapeutlc results Wlth the fractions are sum-
marized in Table 1.
From Table 1 we can conclude that fresh bile, com-

‘mercial bile powder, and fractions made- from ‘the -
above possess a distinet preventive action against

Shay rat uleers. Some of the isolated bile acids show
less effect, on the whole, than the more complicated
fractions, but a mixture of known bile acids proved
inferior to the same total dose of any one acid. We
have routlnely titrated to standard end points the
stomach juices of our animals. A typical analysis of
the stomach contents is given in Table 2.

Since both total and combined acid are so much
lower in the treated group, it would seem that the

TABLE 2
Sub- Total Free HCI Combined
starice acid aeid acid

Bile-3  39.2mEq/l 27.9mEq/l 152mEq/l 11.2 mEq/1
Control 70.1- ¢~ 59.7 ¢ 508 ¢ 105 ¢

action of the bile compound is to reduce seeretion of
acid rather than to neutralize acid that is normally
secreted. In Funk et al. (1) and in the. present paper
we have found marked anti-ulcer. and: anti-acid secre-
tion activity of substances which themselves were dlS-
tinetly acid or at least neutral.

The question remains as to whether bile contams a
small amount of active substance which contaminates
the bile acids and the fractions obtained from bile, or
whether it is a bile acid itself which is active. The
investigation is being continued, but it can be said now
that the deseribed activity is not in any way bound
to the alkaline reaction of the products tested.
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