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The Relation of Blood Phospholipids to 
Gastric Ulcers and Studies on the Antagonism 
of Various Drugs to the Gastric Ulcer Pro­
ducing Action of Bile Salts*

I. Introduction*

It is well known that the prevention and knowledge 
of the origin of a disease are often closely related* If 
the cause of a disease is known methods of prevention and 
treatment are often, though not always, suggested* For 
instance, the disease of dog-hite can be prevented by avoid­
ing dogs, and most diseases caused by known bacterial agents 
can be prevented by avoiding contact with the offending or­
ganism or by Immunization* In a similar manner the discov­
ery of a cure or prophylaxis has often afforded a d u e  as 
to the cause of the disease* For instance, a diet including 
cabbage or citrus fruits was found to prevent scurvy* This 
eventually loci to the discovery that scurvy is caused by a 
vitamin C deficiency* Because of this Interrelationship 
between causative and preventive factors we have attempted 
to find means of preventing experimental gastric ulcers in 
the hope that this may throw some li$it on their etiology* 
Before discussing methods of prevention, however, we shall 
review the present theories of the etiology and prevention 
of peptic ulcers.

A* Acid Theory
The most common theory of the etidogy of peptic ulcer
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is that the gastric juice, especially the HC1, is largely 
responsible. Best and Taylor (8) state that the pepsin-HCl 
of the gastric juice is a dominant causative factor as shown 
by the following faots: (1) except in cases where the ulcer 
is caused by a speoifio disease, such as tuberculosis or 
syphilis, the uloer oocurs in that portion of the gastro- 
enterio tract where the wall is exposed to the acid action, 
e.g, in the lesser ourvature of the pyloric region, in the 
lower oesophagus and cardia where the acid may be regurgi­
tated , in the first part of the duodenum where the acid is 
not neutralized; (2) in oases of gastro-jejunostomy the 
stomal ulcer oocurs at that point where the gastric juice 
hits first; (3) healing is enoouraged when the excess acid 
of the juice is neutralized. They (8) also mention the 
hyperohlorhydria found in the majority of patients with 
duodenal ulcers and add that even though cases of gastric 
ulcer do not show hyperacidity this mey be due to the re­
sultant gastritis and does not exclude a preexisting hyper- 
aoidity.

Experiments on dogs (19, 44) show that injection or 
instillation of dilute HOI into the stomaoh will cause 
ulcers. Histamine, which stimulates the secretion of acid, 
also produces ulcers and will increase the severity of 
those caused by aoid injection* (19)

However, Best and Taylor (9) state that "Though the
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importance of .acid In the production of ulcer can not be 
denied, this factor can not be solely ooncCrned." For 
instance, (1) many people with hyperacidity do not have 
ulcers and there are some oases of ulcer with no free acid* 
Also, as mentioned above * gastric uloers usually ocour with 
a slight hypoaoidity. The experimental work of Stalker, 
Bollman and Mann (72) with cinoophen shows that this chem­
ical produoes ulcers even though there is no change in gas­
tric acidity*

It is possible that the acid in the stomaoh, even though 
not causing ulcers, does aot as an important faotor either 
in causing looal erosion after some other faotor has lowered 
the resistance of the stomaoh mucosa or in preventing heal­
ing* (32)

B* Neurogenic Theory
The neurogenic theory is supported by clinical and 

experimental observations. It is well known that the ner­
vous "highly strung" type person is more likely to develop 
ulcer than the phlegmatic type. In ulcer treatment this 
faotor is emphasized* Sedatives are given and the patient 
is told to avoid mental stress and strain of any kind.
Most ulcer patients find that their symptoms which may have 
completely subsided recur if they undergo a period of worry 
or emotional shook. Harvey Cushing (22) found a high inci­
dence of acute gastric uloers following oertain intracranial
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.operations* He also noticed a frequent association be­
tween gastro-enterio disturbances and tumors of the hy­
pothalamus. He suggested that influences arising in the 
parasympathetio centers of the hypothalamus are conveyed 
along the vagus causing changes in the gastric mucosa, 
which then develops an ulcer. An association between 
tumors of the mid-brain and of the diencephalon and pep­
tic uloers has been observed (8). That these correla­
tions are not coincidental is borne out by experimental 
work, itany investigators have produced gastric hemorrhage 
and ulcers by injuring the hypothalamus. Cushing*s theory 
is further substantiated by the work of Beattie (4). who 
caused hyperemia and small erosions in the gastric muscu­
lature by stimulating the hypothalamus but prevented theBe 
changes by cutting the vagus nerve. Stimuli arising in 
other parts of the brain and central nervous system also 
seem to affect the stomaoh wall; extirpation of the 
oeliao ganglia (42), seotion of the splanohnic nerves 
(42), seotion or removal of the vagus (5, 32), all lead 
to ulcer formation.

Evidence of the importance of local nerve reaction is 
shown by the production of ulcers in rabbits by paralyzing 
the motor nerve terminals and the sensory secretory plexus 
(6). The finding of perineuritis of the nerves adjacent to 
uloers also tends to point to a local phenomenon (49).
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It must "bo remembered however that the changes in innerva­
tion may affect other systems which may then be directly 
responsible for the ulcer rather than the nerves per se*

C* Circulatory Theory
The production of gastric ulcers by interference with 

the local blood supply supports the circulatory theory*
Such interference may be produced by emboli (1), ligation 
(56), or by narrowing of the lumen of the vessel (56)* How­
ever Alvarez (1) says that in animals in which 1/3 to 4/5 
of the gastric blood supply was out off no necrosis resulted*
He mentions the possibility of collateral circulation* The 
production of ulcers by pilooarpine is interpreted by some 
as favoring the circulatory theory* Westphal (42) believes 
this drug causes extreme vagal irritation with resultant vas­
cular spasm and ischemia, whereas Ifurata (42) believes the 
isohemia is due to the spasmodic contraction of the gastric 
musoulature oaused by the drugl

Hewlett (32) explains the observation that gastric 
ulcers in young people are usually acute while in older per­
sons generally chronic on the basis of circulatory diseases.
In the young the circulatory disturbance is usually infectious 
or embolic, therefore causing an acute gastric defect, whereas 
in older people the vascular disturbance is more likely to be 
arteriosclerotic * thereby causing progressive interference with
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the nutrition of the stomaoh wall and so a more chronic 
lesion*

D* Endocrine Theory
Several well known facts concerning peptic ulcers 

suggest that the endocrine glands are important etiologic 
factors* The difference in sex susceptibility has often 
been observed* In children before puberty the ratio of ul­
oers in male to female is 1:1 but after puberty this ratio 
ohanges to 4:1 (63)* Pregnancy causes remissions in uloer 
patients* In a series of 25 uloer patients (63) who became 
pregnant 52 times, only 2 had aotive symptoms during preg- 
nanoy and these two had abnormal births* Out of 70,310 con­
secutive oases (63) of pregnanoy, there was only one proven 
case of peptic ulcer although there was a relatively high 
incidence of other gastro-enterio disturbances* In 1938 
Sandweiss and his co-workers (62) found that antuitrin S, 
the anterior pituitary-like gonadotropic hormone found in 
great abundance during pregnancy, was of value in preventing 
ulcers produced by the Mann-Williamson operation. Theelin 
was not effective. The results with antuitrin S in human 
uloer oases (63) were not so marked as in pregnanoy, but he 
explains that the doses given were much lower than the levels 
maintained during pregnancy. Following this work (1939, 63) 
he used an extract from the urine of non-pregnant women, pre­
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pared in the same way as antuitrin S and found it beneficial 
in dogs. The extract from the urine of ulcer patients lacked 
the protective faotor.

Gastric uloers are commonly associated with and ag­
gravated by hyperthyroidism (1). Tashiro and Schmidt,
(1931, 75) in our laboratories, have shown that thyroxine 
increases the susceptibility to ulcers produced by bile salts. 
They also showed (75) that thyroxine changes the type of ulcer 
from super-acute to one similar to the human type.

Injections of various other hormones will also cause 
ulcers in certain animals, e.g. pitressin (48), adrenaline 
(29, 30). Certain others seem to retard uloer development 
(45, 25, 31, 54).

E. Miscellaneous Theories
The bacterial theory is supported by the work of 

Rosenow and Anderson, (60) who produced ulcers in guinea 
pigs by bacterial toxins; the toxins were ineffective how­
ever if neutralized. Also it has been noted that gastrio 
uloers often occur with various fooi of infeotlon, such as 
diseased tonsils, teeth, appendioes. (32)

Immunological factors may also play a part. Shapiro 
and Ivy (68) suggest that uloer production may be a form of 
Schwartzman reaction sinoe they obtained acute uloers in rab­
bits and dogs after local anaphylaxis. Kondritzer, (39) 
in this laboratory, found that animals whioh had been pre-
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.viously shocked were more resistant to bile salt ulcers.
Other factors which seem to be of some importance are 

the mechanical (43), traumatic, hereditary (1), nutritional 
(5), especially the vitamin factors, and chemical (47), but 
evidence indicates that although they may play a secondary 
role or retard healing, they are not a primary cause of ulcer 
in the majority of cases*

F* Methods of Treatment and Cure*
A study of the literature shows that the question of 

gastric ulcer treatment is very oonfused. The methods of 
uloer production are extremely varied and although certain 
measures prevent one type of uloer formation, they are in­
effective in another* Insulin is reported as beneficial in 
human ulcers (31, 54), but Mimaki (45) found that it in­
creased the number and depth of uloers produced by hista­
mine. Seotion of the vagus prevented ulcers from hypothala­
mic lesions (4), but there are many reports that section 
and removal of the vagus nerves actually produce ulcers (42)* 

Many widely varying methods of prevention have been 
tried* Dietary changes (44), funduseotomy (63), and in- 
jeotion of pituitary extracts (25) are just a few of the 
measureA used*

Even with the same preventive treatment in the same 
type ulcer different workers disagree as to results* For 
instance Weiss and Aron (79) reported beneficial effects 
using histidine in dogs with Mann-Williamson operation*
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Sandweiss et al (61) found no significant results*
Because of this confusion and the many discrepancies 

we do not feel that the literature on ulcer prevention is 
worthy of further discussion*

G» Phospholipid Factor*
The relation of blood phospholipids to gastric uloers 

was first suggested by Dr. Tashiro*s work (1931,74) on bile 
salts in the blood* He observed that the freer the bile salt 
fraction was of lipids, the more toxic it became* Following 
this Tsuruta (1931, 77), in our laboratories, found that the 
gastrio uloer producing property of bile salts was not af­
fected by fatty acids but was antagonized by phospholipids*
A definite protective ratio between phospholipid and bile 
salts was established*

Tashiro and Schmidt (1931,75) have shown that ulcer 
producing agents lower the blood phospholipids* They used 
five different agents, diphtheria toxin, streptococcus 
suspensions, bile salts, thyroxine, and adrenaline, and in 
all oases the blood phospholipid values were deoreased from 
11 to 51%.

On the other hand in pregnanoy there is a decreased 
susceptibility to ulcer formation and an inorease in blood 
phospholipid* Boyd's work (10-17) (1934?-37) on the changes 
in blood phospholipids during pregnanoy is very extensive 
and conclusive* He finds that the inorease oocurs in the 
plasma and that the rise is marked in those animals which
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show this phenomenon* This increase of phospholipids in 
pregnancy is found in humans, mares, fowls, guinea pigs, 
and mice (78), hut there is a decrease in cows and rabbits, 
and no significant change in dogs and rats* Ho explanation 
for this species variation is given, nor is the cause for 
the phospholipid ohanges known* Boyd mentions that an en­
docrine origin is one of the most popular explanations of 
the lipemia of pregnancy*

We know that phospholipids will prevent the ulcer­
ogenic aotion of bile salts and also that ulcer producing 
agents cause a decrease in blood phospholipids. The pur­
pose of this investigation was to determine if there are 
any substanoes which are neither phospholipid nor even lipid 
in nature which will antagonize bile salt uloer formation 
and, if so, to seleot the most promising of these antagon­
ize s  and to determine if it causes any change in the blood 
phospholipid level*

II* Experimental Work*
A* Problem 1 - The Antagonism of Drugs to Bile Salt Uloers 
1* Methods*

Beoause bile salt ulcers have been extensively studied 
in these laboratories we used this means of producing uloers 
in our experiments* The dosage of bile salts used was high 
enough to assure uloer formation. 20mg. per lOOgm* body weight 
is the ulcer dose, but in all our experiments we injeoted,
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Table I
Prevention of Gastric Ulcers

Control Series - Bile Salts Alone

ITumber 
0f G.P. 
used

Bile Salt 
ms/lOOgm. 
body v/t.

Ulcer Ho Ulcer
number > number %

19 25.0-30.0 17 89.5 2 10.5
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The problem of drug antagonism to tbe formation of 
experimental uloers is complicated by the question whether 
the antagonistic agent actually prevents ulcer formation 
or whether it merely aids the healing processes* We shall 
use the term "antagonism" to mean either actual prevention 
or aid in healing*

2. Controls*
A series was run using bile salts alone to serve as 

a control for the rest of these experiments* As seen in
t

Table I, only 2 out of a group of 19 did not get ulcers, a 
10*5% variation*

3* Atropine.
Atropine was tried as an antagonizer because it pre­

vented some of the effects of daoryorrhetin, which is an 
uloer producing agent prepared in this laboratory*

Atropine sulphate was weighed and dissolved in a 
known quantity of sterile distilled water each day, because 
it has been reported that solutions of atropine deteriorate 
(2). The desired quantity was injected intraperitoneally 
using sterile technic* Doses from 0.025 to 25. 0 mg. per 
100 gm. body weight were tried to see which amounts were 
most effective* Beoause of previous experience atropine was 
injected 10 minutes before bile salts* Later it was thought 
that better results might be obtained by dividing the dosage, 
giving half 10 minutes before and half 2 hours after the
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■bile salts* In this way the atropine effect would he pro­
longed*

As seen in Table II atropine will antagonize the pro­
duction of ulcers* A divided dosage is more effeotive, 
giving 74% antagonism as compared with 47% for the undivided 
dose series* Large doses did not seem more antagonistic 
than small either when they were undivided or divided*

A small series was run on mice to see if atropine 
would prevent death, the toxic manifestation of bile salts 
in this species. In the control group, using 40mg. per 
lOOgm. body weight, only 28.5% lived, but when atropine 
was given 100% of the animals survived (Table III.)

4. Pilocarpine.
Because the injection of pilocarpine produces uloers 

(30) it was used first to see if small doses would inorease 
the animals susceptibility to bile salts* Subminlmal doses 
of pilocarpine and bile salts were given 10 minutes apart. 
When no aggravating effect was found (Table IV) this drug 
was then tried as an antagonizer. Enown amounts of pil­
ocarpine hydroohloride dissolved in sterile distilled water 
were injeoted intraperitoneally 10 minutes before bile salts. 
This time interval was sufficient to show the first effects 
of the drug, e.g. salivation. No marked antagonistic ef­
fect was found (Table V). The series was small, however, 
so that the results are not of much significance.
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Table II
Prevention of Gastrio Ulcers

Atropine and Bile Salts
Number n-P G.P. Atropine 

mg/lOOgm. 
body wt.

Ulcer No Ulcer
01 w •
used number % number %

undivided
12 .025-0.37 7 58.3 5 41.6
5 0.5 1 20.0 4 80.0
6 1.0 3 50.0 3 50.0
9 12.0-21.0 6 66.6 3 33.3

Total
32 .025-25.0 2.7 53.1 15 46.8

divided
15 0.5-0.75 4 26.6 11 73.3
11 1.0-1.5 2 18.1 9 81.8
1 25.0 1 100.0 0 0.0

Total
27 0.5-25.0 7 26.0 20 74.0

Grand
Total
59 .025-25.0 24 40.7 35 59,3

Statistical analysis showed results of tatal 
series reliable, difference between divided 
and undivided dose series questionable.
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Table III
Prevention of Death

Atropine and Bile Salts - Mice
Uumber Bile Salt Atropine 

mg/l00gm. 
body wt.

Death Fo Deathoi mi c e 
used

mg/ iuu gm * 
body wt. number % number %

7 40.0 -0.0 5 71.4 2 28.5
7 40.0 0.5 0 0.0 7 100.0

Statistical analysis showed results significant.
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Table IV
Production of Gastric Ulcers

Pilocarpine and Subminimal Doses of Bile Salts
Number 
of G.P* 
used

Bile Salt 
mg/l00gm. 
body wt.

Pilocarp. 
mg/lOOgm. 
body wt.

Ulcer
number %

4 9.0 0.1-1.0 0 0.0

* >

Table V
Prevention of Gastric Ulcers

Pilocarpine and Toxic Doses of Bile Salts
Number 
of G.P. 
used

Bile Salt 
mg/lOOgm, 
body wt.

Pilocarp. 
mg/lOOgm. 
body y/t.

Ulcer No Ulcer
number % number

s

of
/O

6 25.0-35.0 0.05-1.0 3 50.0 3 50.0

Statistical analysis showed that while apparantly 
pilocarpine had an antagonistic action similar to 
that of atropine, the number of experiments was too 
few for the result to be significant.
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5* Ergotamine.
Ergotamine was tried as an antagonizer because 

Ornstein and his oo-workers (50) have reported that it 
causes a "tendency" towards an inorease in blood phos­
pholipids.

It was injected in the form of gynergen (Sandoz), 
a solution of ergotamine tartrate. The injections were 
given intraperitoneally immediately before the bile salts.

As seen in Table VI, it prevented uloer formation in 
76?o of the oases, a sigiifioant antagonism.
6. Antuitrin S.

Antuitrin S., the anterior pituitary like gonado- 
troplo hormone from pregnanoy urine, was used because hr. 
Tashiro (It.) had received a personal communication that 
it might increase the blood phospholipids. Following this 
some preliminary experiments (»jfc ) in these laboratories 
showed that it exerted some antagonism to the ulcer producing 
property of bile salts. The results of this early work were 
irregular, probably due to the instability of the preparation 
at that time. Our work was started before the publications 
of Sandweiss et al (62, 63). Since their articles have ap­
peared the importance of this hormone in gastric ulcers has 
beoome more evident.

The antuitrin S solution was injected suboutaneously 
over a period of days for slower absorption and a more last-
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Table VI
Prevention of Gastric Ulcers

Ergotamine and Bile Salts
Number 
of G«P« 
used

Ergotamine 
mg/lOOgm. 
boxly wt.

Ulcer No Ulcer
number % number /O

21 0.16-0.29 5 23.8 16 76.2

Statistical analysis shovred results significant.
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ing effect* In all but one case 10 rat units per lOOgm. 
body wei^it Con the basis of daily weight) was given daily 
(exoept Sunday) for varying lengths of tine. In that one 
oase a daily dose of 5 rat units per lOOgm* body weight was 
given* The bile salts were injected immediately after the 
last antnitrin S injeotion* In 3 cases a second injection 
of bile salts was given after a lapse in antuitrin S treatment. 

Adequate amounts of antuitrin S prevented ulcers 
(Table VII)* We are not sure, however, if adequacy is de­
pendent on the size of the dose or the length of treatment*
In view of Sandweiss's statement (63) that he got no ev­
idence of larger doses being more effective it is probable 
that the length of treatment is more important. With the 
prolongation of treatment the percent of antagonism rose 
from 28,5 to 77,7% (Table VII), It was also found that 
the antagonistic effeot seemed to last for at least 7 days 
but not for 35 days (Table VIII),

7* Pregnancy.
In humans pregnancy seems to protect against ulcers* 

Beoause of this and because there is a marked rise in blood 
phospholipids during gestation in guinea pigs (15), we 
tried to determine if pregnancy will antagonize bile salt 
ulcers in guinea pigs*

In these experiments bile salts were injected dur­
ing the first quartile of pregnanoy in 2 oases, and, in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table VII
Prevention of Gastric Ulcers

Antuitrin S and Bile Salts
Number 
of G.P.
used

Antuitrin 
R.U/lOOgm 
body \vt.

Ulcer No Ulcer
number /» number /o

5 10-100 3 60,0 2 40.0
8 100-200 5 62.5 3 37.5
9 200-330 2 22.2 7 77.7

Total
22 10-330 10 45.4 12 54.5

Statistical analysis showed total results 
questionable, but results using over 100B.U. 
significant.

Table VIII 
Prevention of Gastric Ulcers

Antuitrin S and Bile Salts - Prolonged Effect
Number 
of G.P. 
used

Antuitrin 
R.U/lOOgm 
body \vt.

Days since 
final Ant. 
injection

Ulcer No Ulcer
number % number %

1 320 7 0 0.0 1 100.0
2 320 35 2 100.0 0 0.0
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the third case, during the latter period of gestation* 
There seemed to he an antagonism exerted if hile 

salts were injected early in pregnancy, hut the effeot 
was doubtful if hoth early and late term animals were 
included (Table lX). With such a small series, however, 
these results can not he regarded as conclusive*

B. Problem II - Changes in Blood Phospholipids.
Since we were able to antagonize ulcer formation by 

non-phospholipid substances we proceeded to the second 
problem* Bo antagonizers change the blood phospholipids? 
As antuitrin S seemed the most promising of the drugs used 
we studied the phospholipid levels in the blood of guinea 
pigs which had been treated with this hormone*

I. Methods*
Samples of blood from guinea pigs were taken by 

cardiac puncture* Bo anesthetic was used lest it affect 
the phospholipid levels* The blood was heparinized and 
centrifuged using calibrated centrifuge tubes to take ac­
count for any deviations in the ratio of plasma to cell 
volumeb . Determinations were made on the plasma as the 
changes in phospholipid values usually ocour here (18, 69) 

2oo. of the heparinized plasma was pipetted off and 
slowly added to about 20 co of aloohol-ether mixture ( 3 
parts absolute methyl aloohol to 1 part absolute ether ),
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Table IX
Prevention of Gastric Ulcers

Pregnancy and Bile Salts
Number 
of G*P« 
used

Period of Ulcer No Ulcer
Pregnancy

number ■rf

Vo number /»

2 1st Quartile 0 0.0 2 100.0
1 4th Quartile 1 100.0 0 0.0

Total
3

1st and 4th 
Quartile 1 33.3 2 66.6

Statistical analysis showed total results 
questionable, but results of early pregnancy 
only significant.
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which was rotated to keep the particles of plasma well broken 
up. This was vigorously shaken and allowed to stand overnight 
It was then filtered through Schleicher fat-free filter paper, 
washed with the same aloohol-ether mixture and made up to 50cc 

25co. portions were taken (representing lcc. of plasma) 
and evaporated to dryness after the addition of a drop of 
oapryllic alcohol to prevent foaming. The lipid phosphorus 
was then determined according to the Piske-Subarrow method 
(27) as modified by Schmidt (66). 2.5cc. of 5N H2SO4 was
added to the evaporated portion and the solution heated on a 
Band bath until charring appeared complete and there were no 
more white fumes. Then 0.5oo. concentrated HIIO3 was added 
and the heating continued until all HETOg fumes disappeared, 
and the white fumes reappeared. The tube was oooled, 10co. 
distilled water, 2.5oo Llolybate III (2,5% (HH4)gMo04 in 
water) and loo. reducing agent (1-amino 2-naphthol 4-sul- 
fonic acid) added. This was made up to 25oc. with distilled 
water and allowed to stand 15 minutes. The standard was 
made up simultaneously in the same manner except that 
Molybdate I (2,5% (HI^JgMoC^ in 511 H2SO4) was used instead 
of Molybdate III. The standard and experimental solutions 
were compared in a mioro-oolorimeter. Calculations were 
made according to Beer's law. Blanks were run on the aloohol- 
ether mixture. The phospholipid values were oomputed from 
the phosphorus values by multiplying by the factor 23.5 (37).
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Table X
Effect of Antuitrin S on Blood Phospholipids

Phospholipids in Pl3ana as Lecithin

G.P.

Before
Treat,

After Antuitrin S Treatment
10 Rat Units/lOOgm.body wt./day
8 Days 15 3ays 26 Days

ITo. m g , % m z , % % incr. mg.^ %  incr. mg.^ % incr.
#76 48.64 66.51 36.7 68.15 39.8 57.81 18.8
#77 49.35 77.32 56.6
#78 54.05 64.15 18.7 73.79 36.5 59.69 10.4
#79 44.65 61.91 38.4 58.88 32.1
#80 48.88
#81 58.75 58.75 0.0 63.16 15.2

Mean 50.72 66.68 31.4 67.91 33.8 59.91 16.1

Statistical analysis showed increase significant.
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Table XI
Phospholipids in Total Blood Volume and Doses of
Bile Salts Antagonised by Phospholipid Increase

Ant. S. 
Treat.

Body
Wt.
gins.

"Blood
Voll
cc.

Phos]i
Cone.
mg.#

oholioj
otal
Blood
mg.

Lds
’otal
Cncr.
mg.

Bile Salt 
mg/lOOgm. 
body wt. 
antag. by 
PI. incr.

Bile Salt 
mg/lOOgm. 
body wt. 
injected

Ulcer

G.P.#26
Before 
8 Days 

15 Days 
26 Days

353
370
401
510

26.1
27.6
29.8
38.0

48.6
66.5
68.1
57.8

12.6
18.3
20.3 
21.9

5.7
7.6
9.3

15.3
19.0
18.5 2Q.0

O.P.#77
Before 
8 Days

385
430

28.3
32.0

49.3
77.3

13.9
24.7 10.8 25.0 died before inj.

G.P.#78
Before 
8 Days 

15 Days 
26 Days

374
410
423
540

27.0
30.5
31.3
40.2

54.0
64.1 
73.8 
59.7

16.4
29.2
36.4 
38.0

12.8
19.9
21.6

31.0
47.0
40.0 24.7

-

G.P.#79
Before 
15 Days 
26 Days

352
414
530

26.1
30.6
39.5

44.6
61.8
60.0

11.6
18.9
.23.7

7.3
12.1

17.6
22.0 25.0 w»

G.P.#81
Before 
8 Days 

26 Days
396
370
560

29.1
27.6
41.7

58.7
58.7 
63.2

17.1
15.9
26.4

deer.
9.3 16.6 25.3

*Blo6d Vol. «ibody wt. (gms.) X -0*08
1.06
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2, Results.
There was a definite increase In the plasma phosphol­

ipids after 8 days of treatment. This increase continued 
until sometime between the 15th and 26th day when the phos­
pholipid concentration decreased (Table X), If, however, 
aooount is taken for the increased blood volume which ac­
companies the increased body weight it is seen that the total 
amount of phospholipid in the circulating blood was still in­
creasing (Table XI),

III, Discussion.
Will any one of the existing theories of ulcer etiology 

explain the antagonism exerted by all the drugs which we used? 
Atropine and antuitrin S have been reported by some workers 
to decrease gastric aoidlty (21, 35), but others have found 
no ohange (3, 57, 26, 63,). The effeot of ergotamine has not 
been reported.

Discussion of the action of these drugs on the nervous 
system is complicated by the faot that their effects vary 
with the dosage, species of the animal used as with the 
"neurotonic oondition of the animal and the functional 
state of the organ affected", (20), However, generally 
speaking, atropine is a parasympathetio inhibitor, while 
ergotamine paralyzes the sympathetica (3, 70), Antuitrin 
3 has not been studied in this regard.

The same discrepancies occur when the circulatory 
system is considered. Generally atropine dilates blood ves­
sels, ergotamine constricts (3, 70), and the effeot of
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antuitrin S is not known#
In a like manner it is impossible to explain the an­

tagonistic effect of all these drugs on the basis of any 
of the other common theories. Because of these inconsist­
encies it is improbable that the antagonism of these drugs 
is dependent on any of these factors.

Before postulating the theory that the phospholipids 
prevent ulcer formation it is necessary to see if the var­
ious conditions which influenoe ulcers affect phospholipids

As stated earlier many substances which produce ul­
cers deorease phospholipids. Various bacterial agents such 
as diphtheria toxin and streptococcus suspensions cause 
ulcers and also deorease blood phospholipids (75). Fried­
man (29) and McCann (42) produced ulcers in rabbits and 
guinea pigs using adrenaline, which according to numerous 
authors decreases blood phospholipids (33, 24, 53). Pitres 
sin, which forms ulcers in rabbits and rats (7) also de­
creases phospholipids (58). Bile Salts are known to cause 
gastric ulcers (67) and to reduce the phospholipids (75). 
Vitamin B deficiency has been reported to produce ulcerB 
(23) and also to decrease blood phospholipids (38).

On the other hand, lecithin, which will reduce the 
incidence of bile salt ulcers (77), not only is itself a 
phospholipid, but, according to Osoda (51), inoreases the 
lecithin of the blood. The increased blood phospholipid
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in pregnancy and the decreased susceptibility to ulcers 
has already been discussed* Antuitrin S increases resist­
ance to uloers (63)* Laskowski (40) found that gonadotropic 
hormone from the pituitary or from mare serum raised the 
blood phospholipids in resting and laying hens. He says 
however that the gonadotropic hormone of urinary origin 
does not change the blood phospholipids, but he gives no 
tables nor any account of his methods of preparation.

A difference in sex susceptibility to gastric ulcers 
has been observed both in experimental animals and in hu­
mans (1, 77). In guinea pigs (75) and fowls (41) the blood 
phospholipid is higher in the female than in the male. Ho 
comparisons have been reported yet in humans. It is pos­
sible therefore that this sex difference in ulcer suscepti­
bility is on the basis of phospholipid values.

The so called "ulcer age" is from £0 to 40 years.
This is very interesting in view of the statement by Stearns 
and Warweg (73) that the phospholipids reach a maximum in 
early childhood and maintain that level throughout early 
adolesoence and one by Parhon, Ornstein and Sibi (55) that 
lecithin values in a group of individuals 18 to 48 years 
old were lower than those in a 60 to 85 year old group.
Page et al (52) found no significant difference between 
the ages of 20 to 90 years. However their observations 
were made on men. The other authors do not state the
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sex of their groups. Kaufman and Muhlbaok (34) found the 
lecithin values in women after menopause to he higher than 
those in normal or castrated women.

The sex hormones may influence the levels of blood 
phospholipids. If so we can then explain the observation 
that the incidence of ulcers in children is independent of 
sex while in adults ulcers are four times more common in 
men than in women. The marked deorease in the occurrence 
and symptoms of ulcers during pregnancy also conforms with 
this explanation as here there is a rise in blood phos­
pholipids. The work of Lawrence and Riddle (41) on fowls 
presents an interesting correlation. They noted that the 
phospholipid content of the plasma in males and in non­
laying females was much lower than in laying females.

In our experiments we found that atropine, ergot­
amine* antuitrin S, and early pregnancy antagonized bile 
salt ulcers. The only previous work on the effeot of the 
drugs on blood phospholipids is that of Ornstein et al (50). 
The changes they report were so slight and irregular that 
we do not regard them as significant. The effect of preg­
nancy on blood phospholipids has been determined by Boyd 
(10-17). He found a marked rise in the blood phospholipids 
in pregnant guinea pigs (15).

We found significant increases in plasma phospholi­
pids following Antuitrin S (Table X). This was especially
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true if tlie amount of phospholipid in the total blood volume 
was considered (Table XI). Tsuruta (77) has shown that a 
phospholipid : bile salt ratio of 1:10 prevents bile salt 
uloers in guinea pigs. Although the normal values of phos­
pholipid seem high enough to antagonize the amount of bile 
salts injected, it must be remembered that this phospholipid 
may already be used in antagonizing the bile salts whioh nor­
mally occur in the body. It is important therefore to see 
if the increase in phospholipids was sufficient to antagonize 
the amount of bile salts injected. We computed the amount 
of phospholipid in the total blood volume, and, on the basis 
of the animal's weight and Tsuruta*s ratio, found what dose 
of bile salts the increase in phospholipids would antagonize. 
The results are shown in Table XI. In guinea pig #76 the 
dose of bile salts injected could be antagonized by the in­
crease in phospholipid. This animal died of peritonitis; 
there were no uloers. Guinea pig #77 died following blood 
sampling so that no bile salt injection could be given. 
Guinea pig #78 had an increase great enou^i to antagonize 
more than the dose given, while the increase in guinea pig 
#79 would antagonize just slightly less than the amount 
given* Neither of these animals showed any toxic effeots 
from the bile salts. Although guinea pig #81 did not have 
an increase great enough to account for the protection 
against the bile salt injection it is noteworthy that the
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original concentration of bile salts was unusually high.
It is possible that this case is one of that small group 
which is naturally resistant to bile salt ulcers. This 
resistance may be due to an unusually high blood phospholi­
pid level.
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IV. Summary.

1* Atropine, ergotamine, antuitrin S and early
pregnancy antagonize bile salt ulcer production 
in guinea pigs.

2. Hone of the existing theories of ulcer etiology 
explain this antagonism.

3. A review of conditions influencing ulcers suggests 
the theory that blood phospholipids are a factor 
in ulcer prevention.

4. Pregnancy has previously been shown to increase 
blood phospholipids. Our determinations show that 
antuitrin S also increases blood phospholipids.

5. Blood phospholipids are a factor in ulcer pre­
vention.
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The Effeot of Atropine on the Toxic Actions 
of Daoryorrhetin*

I. Introduction*
The preparation and properties of daoryorrhetin pre­

pared from rausole have been reported previously (5)* A 
synthetio daoryorrhetin has also been prepared now in this 
laboratory* Details of this work will appear elsewhere 
(4). A toxic dose of this product, like that of natural 
daoryorrhetin, causes secretion of "milky tears", saliva, 
gastrio uloers, and death when injected into guinea pigs*
We have found that the production of bloody tears in rats 
by natural daoryorrhetin can be prevented by atropine (6)*
We have also found that the production of gastric ulcers 
and death in guinea pigs by bile salts can be prevented by 
atropine (6). Because of this we studied the effeot of 
atropine on guinea pigs treated with daoryorrhetin*

II* Experimental Work.
In all our experiments we used male guinea pigs*

The injections were made intraperitoneally using sterile 
teohnio* Dosage was computed on the basis of body weight*
The animals were kept on a regular stock diet*

A* Natural Daoryorrhetin
With daoryorrhetin prepared from beef heart musole, 

as low as 38mg* per 100 gm* body weight caused saliva and milky
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tears (Table I)* Atropine (1.0 mg. per 100 gm. body weight 
injected 5 minutes before daoryorrhetin) with comparable 
or even higher doses of daoryorrhetin always antagonized 
the saliva and tear production (Table II). The effeot of 
atropine on gastric uloers and death oaused by natural 
daoryorrhetin was not studied.

B. Synthetic Daoryorrhetin.
At the time these experiments were conducted the 

method of obtaining natural daoryorrhetin was not perfected 
so that there was great variation in the toxioity of the 
product. Because of this and because of the length of the 
procedure necessary to extract natural daoryorrhetin, the 
synthetic form was used in the following experiments.

The synthetic daoryorrhetin was prepared by Miss 
Badger in these laboratories. According to Dr. Tashiro and 
Miss Badger (4) the pure synthetic form will produce gas­
tric ulcers in guinea pigs in doses of 20Tper 100 gm. body 
weight, bloody tears in rats in doses of 10- 15Tper 100 gm. 
body weight when injected intraperitoneally. The product 
used in this work was impure, l/lOth as active as the pure 
judged on the basis of bloody tear formation. The impurity 
was largely urea. Since this substance has no effeot on 
ulcer production (4) and since there was little pure synthetic 
daoryorrhetin available, we used this product.

With the impure synthetio daoryorrhetin as low as 0.2 mg.
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Table I
Natural Daoryorrhetin-—  Control Series

Guinea Pirr Dacrv. Toxicitv
No.

Wt.
gins.

mg/lOOgm. 
body wt.

Saliva Te^r
(milk)

966 229 38.4 4“ 4-
963 175 45.7 -F 4-
965 227 46.7 -F 4-
964 220 50.4 F 4-
974 260 49.0 -F 4-
902 174 51.Q -F -F
971 253 50.2 F -F
972 268 68.6 4- -F
973 265 77.4 -F 4- ’
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Table II
Natural Daoryorrhetin and Atropine

Guinea Pig Dacry. Atropine Toxicity
No, Wt,

gms.
mg/lOOgm 
body wt.

mg/lOOgm 
body wt. Saliva

Tear
(ail’k)

968 266 50.0 1.0 - -
967 250 51.6 1.04 mm -
969 250 59.6 1.0 - -
975 266 75.0 0.97 mm mm

966 259 77.0 1.0 mm slight
970 26? 100.0 1.0 mm -
965 255 101.0 1.0 - -
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per 100 gm. tody weight produced saliva and milky tears* 
larger doses (0*25- 0.31 mg. per 100 gm. hody weigit) pro­
duced gastric ulcers, either hemorrhagic spots or definite 
lesions, lung infarcts, and death within three hours (Table 
III). Atropine (0.5 mg. per 100 ga. hody weight 10 minutes 
before and 2 hours after daoryorrhetin) antagonized the toxic 
manifestations of daoryorrhetin even though higher doses of' 
daoryorrhetin were used. In 17 experiments none of the ani­
mals had milky tears or died, only one had salivation. In 
the 8 animals purposely killed 24 hours after injection only 
two showed ulcers (Table IV)*
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Table III
Synthetic Dacryorrhetin --- Control Series

Guinea Pig Dacry.
ToxicityNo. Wt.

gms,
mg/lOOgm 
body v/t.

Saliva Tear Death Ulcer Lung Infarcts

1432 716 0.195 + cleat
1433 839 0.20 milk -
1427 740 0.20 -h milk 40" -I- multiple
1435 788 0.247 7 l£hr -f multiple
1434 979 0.25 -f milk 2hrs mm

1428 754 0.25 + milk 3hrs ■+ multiple
1421 787 0.31 milk 35* + multiple
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Table IV
Synthetic Dacryorrhetin and Atropine

G.P 9 Dacry. Atropine Twci^ty
No. m . mg/l00gm mg/lOOgm Saliva Tear Death Ulcer Lung

m s body v/t. body wt. milk Inf.
before after

1415 558 0.30 0.5 0.5 w
557 0.32 0.56 0.5 —

562 0.30 0.5 0.5 + - # +• small
1416 797 0.30 0.5 0.5

787 0.30 0.56 0.5 — —

831 0.50 0.5 0.5 - - # - -

1417 770 0.30 0.5 0.5 mm

773 0.30 0.56 0.5 — — —

804 0.30 0.5 0.5 - - # - -

1418 729 0.80 0.5 0.49 mm

774 0.50 O.v) 0.5 - - # - -

1419 808 0.30 0.5 0.5 mm

830 0.30 0.5 0.5 - - # mm small
1420 773 0.32 0.47 0.54 * mm

789 0.50 O.o 0.5 - - # - small
*1432 733 0.30 0.5 0.5 - - # + small
*1433 349 0.30 0.5 0.5 - - # - small

jf - hilled 24 hours after injection for autopsy 
#•- used 9 days before in control series.
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III. Discussion.

We have shown that atropine will completely an­
tagonize the toxic action of hoth natural and synthetic 
dacryorrhetin. The way in which it acts is not yet clear. 
Some experiments, to he reported elsewhere (6), have shown 
that it does not act directly upon daoryorrhetin. Since 
we do not know yet how dacryorrhetin produces gastric ul­
cers or lung infarcts it is impossible to discuss its 
action in preventing these changes.

The production of milky tears was noted many years 
ago (3). The milky appearance is due to the presence of 
fat droplets. The origin of the secretion is not def­
initely established, but it is probable that it comes 
from Harder*s gland, which is the tear gland associated 
with the niotitating membrane (1). The gland is com­
posed of two parts, an upper "white" lobe and a lower 
"red" lobe (2). Microscopically it is similar in struc­
ture to the seoreting mamma and fat glands. Microscopic 
studies were made of the gland in normal and dacryorrhetin- 
injeoted guinea piga and rats. Since no pathological 
changes were evident, it is probable that dacryorrhetin 
produces milky tears by stimulation of fat seoretion of 
this gland.

The complete innervation of this gland has not been 
reported. Krause (2), in his work on the rabbit, speaks
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pf small nerve stems consisting of two or more "double out­
lined" ("doppelt konturierten") nerve fibers* This probably 
refers to medullated fibers, since most parasympathetic 
nerves are medullated while most sympathetic nerves are not* 
Stimulation of the parasympathetic nerves causes secretion 
of most glands* Atropine paralyzes the parasympathetic 
system. Thus, if the tear production is due to parasympa­
thetic stimulation of Harder's gland atropine will inhibit 
the seoretion* Salivation is caused by parasympathetic 
stimulation and is abolished by paralysis of these nerves 
through atropine* We believe therefore that the basis of 
the antagonistic action of atropine to the production of 
tears and saliva by dacryorrhetin is due to the paralysis 
of the parasympathetic nerves*
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IV* Conclusions*

1* Dacryorrhetin from beef heart muscle produces milky 
tears and saliva in guinea pigs*

2* Synthetic dacryorrhetin produces milky tears, saliva, 
gastric ulcers, and death with lung infarcts in guinea 
pigs.

2* Atropine prevents the toxic actions of both natural 
and synthetio dacryorrhetin.

4* The source of the milky tears is probably Harder*s 
gland.

5* It is suggested that dacryorrhetin produces jjilky 
tears and saliva by parasympathetic stimulation and 
that atropine antagonizes these actions by paralyzing 
these nerves*
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