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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-bite 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-
genism or by immunizations In a similar manner the discov-
ery of & cure or prophylaxis has often afforded a clue as
to the cause of the disease. For instance, a diet including
cabbage or citrus fruits was found to prevent scurvy. This
eventually led 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 £ind means of preventing experimental gastric ulcers in
the hope that this may throw some light on their etiology.
Before discussing methods of prevention, however, we shall
review the present theories of the etiology and prevention

of peptic ulcers.

Ko Acid Theory
The most common theory of the etidlogy of peptic ulcer
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is that the gastric juice, especially the HCl, 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 facts: (1) except in cases where the ulcer
is caused by a specific disease, such as tuberculosis or
syphilis, the ulcer occurs in that portion of the gastro-
enterio tract where the wall is exposed to the acid action,
0.8+ in the lesser curvature 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 cases of gastro-jejunostomy the
stomal ulcer occurs at that point where the gastric Juioce
hits first; (3) healing is encouraged when the excess acid
of the juice is neutralized. They (8) also mention the
hype;ohlorhydria found in the majority of patients with
duodenal ulcers snd add that even though cases of gastric
ulcer do not show hyperacidity this mgy be due to the re-
sultant gastritis and does not exclude a preexisting hyper-
acldity.

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

However, Best amd “aylor (9) state that "Though the
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;mportanoe of acid in the production of ulcer can not be
denied, this factor can not be solely concérned.” For
instance, (1) many people with hyperacidity do not have
ulcers and there are some cases of ulcer with no free scid.
Also, as mentioned above, gastric ulcers usually occur with
a slight hypoacidity. The experimental work of Stalker,
Bollmun and Mann (72) with cincophen shows that this ohenm-
ical produces ulcers even though there is no change in gas-
tric acidity.

It is possible that the acid in the stomach, even though
not csusing ulcers, does act as an important factor either
in causing locsal erosion after some other factor has lowsred

the resistance of the stomach 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 tie ner-
vous "highly strung" type person is more likely to develop
ulcer than the phlegmatic type. In ulcer treatment this
factor is emphasized. Sedatives are given and the patient
is téld to avoid mental stress and strain of any kind.
Most ulcer patients find that their symptoms which may have
oompletoly‘éu591ded recur if they undergo & period of worry
or emotional shock., Harvey Cushing (22) found a high inci-

dence of acute gastric ulocers foliowing certain intracranisl
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operastions, He also noticed a frequent association be-
tween gastro-enteric disturbances and tumors of the hy-
pothalamus. He suggested that influences arising in the
parasympathetic centers of the hypothalamus are conveyed
along the vagus csusing 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 ulcers has been observed (8). That these correla-
"tions are not coincidentsl is borne out by experimentel
work, Many investigators have produced gastric hemorrhage
end 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 these
changes by cutting the vagus nerve, Stimuli arising in
other parts of the brain and central nervous system also
seem to affect the stomach wall; extirpation of the
celiac ganglia (42), section of the splanchnic nerves
(42), section or removal of the vagus (5, 32), all lead

to ulcér formatione.

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 adjecent to

ulcers also tends to point to a local phenomenon (49).

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

4.



It must be 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.

Ce Ciroculatory 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 cut off no necrosis resulted.
He mentions the possibility of collateral circulation. The
production of ulcers by pilocarpine 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 lurata (42) believes the
ischemia is due to the spasmodic contraction of the gastric
musculature caused by the drugl

' Hewlett (32) explains the observation that gastric

ulcers in young people are usually acute while in older per-
sons generslly 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

arteridsclerotio, thereby causing progressive interference with

AN
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the nutrition of the stomach wall and so a more chronic

lesion.

D. Endoorine Theory

Several well known facts concerning peptic ulcers
suggest that the endoorine glands are important etiologic
factors. The difference in sex susceptibility has often
been observed, In children before puberty the ratio of ul-
ocers in male to femsle is 1l:1 but after puberty this ratio
changes to 4:1 (63). Pregnancy csuses remissions in ulcer
patients. In a series of 25 ulcer patients (63) who became
pregnant 62 times, only 2 had active symptoms during preg-
nanoy and these two had abnormel births. Out of 70,310 con-
gecutive cases (63) of pregnancy, there was only one proven
case 0of peptic ulcer although there was & relatively high
incidence of other gsstro-enteric disturbances. In 1938
Sandweiss and his co-workers (62) found thet 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
ulcer cases (63) were not so marked as in pregnancy, 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 nonQpregnant women, pre-
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pared in the same wey as antuitrin S and found it beneficiel
in dogs. The extract from the urine of ulcer patients lacked
the protective factor.

Gastric ulcers are commonly aasociated with and ag-
gravated by hyperthyroidism (1), Tashiro and Schmidt,
(1931, 756) in our lsboratories, 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 typee.

Injections of various other hormones will also cause
ulcers in certain animals, e.g. pitressin (48), adrenaline
(29, 30)s, Certain others seem to retard ulcer 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 guinesa
pigs by bacterial toxins; the toxins were ineffective how-
ever if neutralized. A4Also it has been noted that gastrioc
ulcers often ocour with various foci of infection, such as
diseased tonsils, teeth, appendices. (32)

Immunological factors mey also play a part. Shapiro
and Ivy (68) suggest that ulcer production mey be a form of
Schwartzman reaction since they obtained acute ulcers in rab-
bits and dogs after local anaphylaxise. KXondritzer, (39)
in this laboratory, found that enimals which 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), nutritionsl
(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 cesuse of ulcer

in the majority of cases.

. Methods of Treatment and Cure.

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

Many widely varying methods of prevention have been
tried, Dietary changes (44), fundusectomy (63), and in-
jection of pituitary extracts (25) are just a few of tha
measures used,

Even with the same preventive treatment in the sawe
type ulcer different workers disagree as to results. For
instance Weiss and Aron (79) reported bensficiasl effects
using histidine in dogs with Mann-Williasmson 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.

Ge Phospholipid Factore.

The relation of blood phospholipids to gestric ulcers
was first suggested by Dr. Tashiro's work (1931,74) on bile
selts in the blood. He observed that the freer the bile salt
fraction was of lipids, the more toxic it becams., Following
this Tsuruta (1931, 77), in our laboratories, found that the
gastric ulcer producing property of bile salts was not af-
feoted 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 phospholipidse. They used
five different agents, diphtheria toxin, streptococcus
suspensions, bile salts, thyroxine, and adrenaline, and in

 all cases the blood phospholipid values were decreased from
11 to 51%.

On the other hand in pregnancy there is s decreased
gusceptibility to ulcer formation and an increase in blood
phospholipid. Boyd's work (10-17) (1934-37) on the changes
in blood phospholipids during pregnancy is very extensive
and conclusive. He finds that the increase occurs in the

plasme gnd that the rise is marked in those animals which
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qhow this phenomenon., This increase of phospholipids in
pregnancy is found in humans, mares, fowls, guinea pigs,
end mice (78), but there is a decrease in cows and rabbits,
and no significant change in dogs snd rats. No explanation
for this species variation is given, nor is the cause for
the phospholipid changes known. Boyd mentions that an en-
docrine origin is one of the most popular explasnations of
the lipemia of pregnancy.

We kmow that phospholipids will prevent the ulcer-
ogenic aotion of bile salts and also that ulcer producing
agents cause & decrease in blood phospholipids. The pur=~
pose of this Investigation was to determine if there are
any substances which are neither phospholipid nor even lipid
in nature which will antagonize bile salt ulcer formation
and, if so, to select the most promising of these antagon-
izers and to determime if it causes any change in the blood
phospholipld level,

II. Experimental Work.
A+ Problem 1 - The Antagonism of Drugs to Bile Salt Ulcers
l. Methods.

Because bile salt ulcers have been extensively studied
in these laboratories we use@ thig meens of producing ulcers
in our experiments. The dosage of bile szlts used was high
enough to assure ulcer formation. 20mg. per 100gm. body weight

is the ulcer dose, but in all our experiments we injected,
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Table I

Prevention of Gastric Ulcers

Control Series - Bile Salts Alone

Humber | Bile Salt Ulcer No Ulcer

Of G.P. mg/lOOg’n.
used |body wt. |number | 7% number | %
19 25,0«30,0 17 89,5 2 10.5
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, The problem . of drug antegonism to the formation of
experimental ulcers 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 ald in healing.

2+ Controls.
4 series was run using bile salts alone to serve as
.8 control for the rest of these experiments. As seen in
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 dascryorrhetin, which is an
ulcer 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)s The desired quantity was injected intraperitoneally
using sterile technic. Doses from 0.025 to 25. O mg. per
100 gm. body weight were tried to see which amounts were
most effgotive. Becsuse 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 sslts. In this way the atropine effect would be pro-
longed.

As seen in Table II atropine will antagonize the pro-
duction of nlcers, A divided dosage is more effective,
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 toxlc manifestation of bile salts
in this species., In the control group, using 40mg. per
100gm. 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 ulcers
(30) it was used first to see if small doses would increase
the snimals susceptibility to bile sslts, Subminimal 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. EKnown gmounts of pil-
ocarpine hydrochloride dissolved in sterile distilled water
were injeocted 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-
foct 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 Gastric Ulcers

Atropine and Bile Salts

Number | Atropine Ulcer No Ulcer
of GePo| mg/100gm.
used | body wt. |number| % number| %
undivided
12 «025-0,37 7 58,3 5 41.6
5 0.5 1l 20.0 4 80.0
6 1.0 o) 50,0 3 50.0
9 12,0-21,0 6 66,6 3 5543
Total
32 «025=25,0 17 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 1l 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 tgtal

series reliable, difference between divided
and undivided dose series questionable,
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Table III

Prevention of Death

Atropine and Bile Salts - Mice

Number [Bile Salt | Atropine Death No Death
of Mice|mg/100gm. | mz/100gm.
used |body wt. | body wt. |[number | % number| %
7 40,0 -0.0 5 | 71.4 2 | 28.5
7 40,0 045 0 0.0 7 1100.0

Statistical analysis showed results significant.
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Table IV

Produgtion of Gastric Ulcers

Pilocarpine and Subminimal Doses of Bile Salts

Prevention of Gastric Ulcers

Number {Bile Salt | Pilocarp. Ulcer
of G.Ps|mg/100gm. | mg/100zm,
used |body wt. | body wte nurber %
4 9.0 0.1-1.0 0 0.0
.
Table V

Pilocarpine and Toxic Doses of Bile Salts

Number | Bile Salt| Pilocarp. Ulcer No Ulcer
of GeP.| mz/100gm, | mg/100gm. -
used | body wt. body wte. {number| % number | %

6 95,0=35,0] 0.05-1,0 3 50,0 3 50,0

Statistical aneslysis 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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be Ergotamine.

Ergotamine was tried as an antagonizer because
Ornstein and his co-workers (50) have reported that it
causes a "tendency" towards an increase in blood phos-
pholipids.

It was injected in the form of gynergen (Sandoz),

& solution of ergotamine tartrate. The injections were
given intraperitoneally immediately before the bile salts.

As sesen in Table VI, it prevented ulcer formation in
76% of the cases, a significant antagonism.

6. Antuitrin S.

Antuitrin S., the anterior pituitary like gonado=-
tropic hormone from pregnancy urine, was used because Ur.
Tashiro (916.) had received a personal communication that
it might increase the blood phospholipids. Following this
some preliminary experiments (7¢.) 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 sl (62, 63). Since their articles have ap-
peared the importance of this hormone in gastric ulcers has
become more evident.

The gntuitrin S solution was injected subcutansously

over & 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 | Ergotanine Ulcer No Ulcer

of G«Ps mg/lOOgm.

used |boly wt. |number| 7% number | 7%
21 0.16-0.29 5 23.8 16 76.2

Statistical analysis showed results significant.
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ing effect. In all but one case 10 rat units per 100gm.
body weight (on the basis of daily weight) was given daily
(except Sunday) for varying lengths of time. In that one
case a daily dose of 5 rat units per 100gm. body weight was
given. The bile salts were injected lmmediately after the
last antuitrin S injection. 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)e 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 eve
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 effect seemed to last for at least 7 days
but not for 35 days (Table VIII).

7. ZPregnancye.
V In humans pregnancy seems to protect against ulcers.
Becauge of this and becmuse 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 pregnancy in 2 cases, and, in
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Table VII

Prevention of Gastric Ulcers

Antuitrin S8 and Bile Salts

Number | Antuitrin Ulcer Yo Ulcer
of G.P. R.U/lOOgm
used | bodr wte. number| % number| %
5 10-100 3 60.0 2 40,0
8 100-200 5 62,5 3 37.5
9 200=330 2 22.2 7 777
Total
22 10-330 10 45,4 12 54,5

Statistical gnalysis showed total results
questionsble, but results using over 100R.U.
gignifiesnt,

Table VIII

Prevention of Gastric Ulcers

Antuitrin S and Bile Salts - Prolonged Effect

Number | Antuitrin | Days since Ulcer No Ulcer

used body wte | injection |number 3 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 be an antagonism exerted if bile
salts were injected early in pregnancy, but the effect
was doubtful if both early and late term animals were
included (Table 1X), With such a small series, however,

these results can not be regarded as conclusive.

B. Problem II - Changes in Blood Phospholipids.

since we were able to antagonize ulcer formation by
non—phospholipi@ substances we proceeded to the second
problem. Do antagonizers change the blood phospholipids?
As antultrin 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.

Semples of blood from guinea pigs were taken by’
cardiac puncture. No anesthetic was used lest it affect
the phospholipid levels. Tﬁe blood was heparinized and
centrifuged using calibrated centrifuge tubes to take ac-
count for any deviations in the ratio of plasma to cell
volumes. Determinations were made on the plasma as the
changes in phospholipid values usually occur here (18, 69).

2cc. of the heparinized plasma was pipetted off and
slowly added to about 20 cc of alcohol-ether mixture ( 3
parts absolute methyl alcohol to 1 part absolute ether ),
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Table IX

Prevention of Gastric Ulcers

Pregnancy and Bile Salts

Number | Period of Ulcer No Ulcer
of GePe| Pregnancy
used number P number| %

2 1st Quartild O 0.0 2 1100,0
1 4th Quartild 1 |100.0 0 0.0

Total |1st and 4th
3 Quartile 1 33.3 2 66,6

Statistical znalysis showed total results
questionable, but results of early pregnancy
only significant.
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yhich was rotated to keep the particles of plasma well broken
up. This was vigorously shasken and allowed to stand overnight.
It was then filtered through Schleicher fat-free filter paper,
washed with the same alcohol-ether mixture and made up to 50cc.
25cc. portions were taken (representing lcc. of plasma)
and evaporated to dryness after the addition of a drop of
capryllic alcohol to prevent foaming. The lipid phosphorus
was8 then determined according to the Fiske-Subarrow method
(27) as modified by Schmidt (66). 2.5cc. of 5N HpSO4 was
added to the evaporated portion and the solution heated on a
sand bath until charring appgared complete and there were no
more white fumes. Then O.5cc. concentrated HNOz was added
and the heating continued until all HNOz fumes disappeared,
and the white fumes reappeared. The tube was cooled, 10coc.
distilled water, 2.5c0 Molybate III (2,5% (NH4)sMoO4 in
water) and lcc. reducing agent (l-smino 2-naphthol 4-sul-
fonic acid) added. This was made up to 25cc. with distilled
water and ailowed to stand 15 minutes. ‘he standard was
maede up simultaneously in the same manner except that
Molybdate I (2.5% (NH4)pMoO4 in 6N HpS04) was used instead
of Molybdate III. The standerd and experimental solutions
were compared in a micro-colorimeter, ‘Caloulations were
made according to Beer's Lawe. B8lanks were run on the alcohol-
ether mixture. The phospholipid values were computed from

the phosphorus values by multiplying by the factor 23.5 (37).

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



Table X

Effect of Antuitrin S on Blood Phospholipids

Phospholipids in Plsama as Lecithin

Before |After Antuitrin S Treatment
Treat, 10 Rat Units/100gm.body wt./day
G.P. 8 Days 15 Days 26 Days
No.| mg.% mnge% |% iner.| mg.% |% incr.| mg.% |% incr.
#76 | 48.64 | 66,51 | 36,7 68,15 39.8 57.81| 18.8
#77 | 49.35 77632 56,6
#78 | 54,05 64,15 18.7 73679 3645 59.69 10.4
#79 ]| 44,65 €l.81 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 3348 59,91 16,1

Statistical analysis showed increase significant,
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Table XI
Phostholipids in Total Blood Volume and Doses of

Rile Salts Anteasonized by Phospholipid Increase

Phospholinids Bile Salt] Bile Salt

Body |Blood Total |Total |mg/100gm.| mg/1002m.
Ant. S. | Wt.| Vol?|Conc.JBlood {Incr, |body wt. | body wt. | Ulcer
Treat, antage. byl injected

gmsd cc. |mge% | mg. |mg. |Pl. incr,

GcPo#ZG
Before 353 | 26,1 48,4 12.6

15 Days 401 | 29.8| 68.1 20.3] 7.6 19.0
26 Days 510 | 38.0| 57.8 21.9] 9.3 18.5 20,0 -

GePe#77

Before 285 | 28,3 49,3 13.9
8 Days 430 | 32,0 77.3| 24.7110.8 25,0 died before inje.

| G.p.g78 |
Before 374 | 27,0 54.0| 16.4
8 Days | 410 | 30.5| 64.1] 29.2/12.8 31.0 T -
15 Days | 423 | 31.3| 73.8| 36.4[19.9 47.0
26 Days | 540 | 40.2| 59.7| 38.0| 21.4 40.0 24,7 -
G.P.#79

Before 352 | 2641 | 44.6| 11.6

15 Days 414 | 30,6 | 618} 18.9] 7.3 17.6

26 Days 530 { 39.5] 60.,0] 23.7({12.1 22.0 25,0 -
GePe#81

Before 396 | 29.1 | 58.7] 17.1

8 Days 370 | 27.6 | 58.7| 15.9 |decr.

1]
*Blodd Vol. =body wt.- (gms.) x 0.08
1.06
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2. Results,
. There was a definite increase in the plasma phosphole
ipids after 8 days of treatment. This increase continued
until sometime between the 15th and 26th day when the phos-
pholipid ooncentration decreased (Table X). If, however,
acocount is taken for the increased blood volume which ac-
companies the incressed 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 decreass gastric aocidity (21, 35), but others have found
no chsnge (3, 57, 26, 63.), The effect of ergotamine has not
been feported.

Disoussion of the action of these drugs on the nervous
system is complicated by the fact that their effeots vary
with the dosage, species of the animal used as with the
"neurotonic condifion of the animal and the functional
state of the organ affected”, (20). However, generally
speaking, atropine is a parésyhpathetio inhibitor, while
ergotamine parslyzes the sympathetics (3, 70). Antuitrin
S has not been studied in this regard.

The same discrepancies ocour when the circulatory
system is considered. Genersally atropine dilates blood ves-

sels, ergotamine constricts (3, 70), and the effect of
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antuitrin S is not known,

In a like menner it is impossible to explain the sn-
tagonistic effect of all these drugs on the basis of any
of the other common theories. Becsuse 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 influence ulcers affect phospholipids.

As stated earlier many substances which produce ul-
cers decrease phospholipids. Various bacterial agents such
as diphtheria toxin and streptococcus suspensions cause
ulcers and also decresse blood phospholipids (756). PFried-
men (29) and MecCann (42) produced ulcers in rabbits and
guines pigs using adrenalihe, which according to numerous
authors decreases blood phospholipids (33, 24, 563). Pitres-
sin, which forms ulcers in rabbits and rats (7) also de-
ereases phospholipids (58). Bile Balts are known to cause
gastric ulcers (67) and to reduce the phospholipids (756).
Vitemin B deficiency has been reported to produce ulcers
(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, 5ut, acocording to Osoda (51), increases the

_lecithin of the bdlood., The increased bipod phospholipid
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in pregnancy and the decressed susceptiblility to ulcers

has already been discussed. Antuitrin S increases resist-
ance to ulcers (63). Laskowski (40) fourd that gonadotropic
hormone from the pituitary or from mare serum raised the
blood phospholipids in resting and leying 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 experimentsl 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. No
comparisons have been reported yet in humsns. It is pos-

.sible therefore that this sex difference in ulcer suscepti-
bility 1s on the basis of phospholipid valuese.

The 80' called "ulcer age™ is from 20 to 40 years.
Thig 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 eerly
adolescence and one by Parhon, Ornstein and Sibi (55) that
lecithin values in a group of individuals 18 to 48 years
0ld were lower than those in a 60 to 85 year o0ld group.
Pagoe et al (52) found no significant difference between
the ages of 20 to 90 years. However thelr observations

were made on men. The othsr asuthors do not state the
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sex of their groups. Kaufman and Muhlback (34) found the
lecithin values in women after menopause to be higher than
those in normal or castrated women.

The sex hormones may influence the levels of blood
phospholipids. If so we can then explein 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 decrease in the occurrence
and symptoms of ulcers during pregnancy alsoc conforms with
this explanation as here there is a rise in blood phos=-
pholipids. The work of Lawrence snd Riddle (41) on fowls
presents an interesting correlation. <they noted that the
phospholipid content of the plasma iﬁ 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
selt ulcers. The only previous work on the effect 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 significent. The effect of preg-
nancy on blood phospholipids has been determined by Boyd
(10-1%). 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 the amount of phospholipid in the total blood volume
was considered (Teble 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-
rholipid 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 blle salts which nor-
mally occur in the body. It is important therefore to see

if the increase in phospholipids was sufficient to antagonize
the smount of bile salts injected. Ve computed the amount

of phospholipid in the total bdlood 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 asre shown in Table XI. In guinea pig #76 the
dose of bile salts injected could be antagonized by the in-
orease in phospholipide. This animal died of peritonitis;
there were no ulcers. Guinea pig #77 died following bdlood
sampling so that no bile salt injection could be given.
Guinea pig #78 had en increase great enough to antagonize
more than the dose given, while the increase in guinea pig
#79 would antagonize Just slightly less than the smount
given. Neither of these animals showed any toxic effects
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 naturelly resistant to bile salt ulcers, This
registance may be due to an unusually high blood phospholi-
pid level.
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IV, Summary.

Atropine, ergotamine, antuitrin S and esrly
pregnancy antagonize bile salt ulcer production
in guines pigs.

None of the existing theories of ulcer etiology
explain this antagonism.

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

Pregnancy has previously been shown to ihcrease
blood phospholipids. Our determinations show that
gntuitrin S also increases blood phospholipidse.
Blood phospholipids are a factor in ulcer pre-

vention.

24.
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The Effect of Atropine on the Toxic Actions
of Dacryorrhetin.
I. Introduction.
The preparation and properties of dacryorrhetin pre-
pared from muscle have been reported previously (5). 4
synthetic dacryorrhetin has also been prepared now in this
laboratory. Details of this work will appear elsewhere
(4)s A toxic dose of this product, like that of natural
dacryorrhetin, causes secretion of "milky tears", saliva,
gastrio ulcers, and death when injected into guinea pigs.
We have found that the production of bloody tears in rats
by natural dacryorrhetin 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 effeoct of
atropine on guines pigs treated with dacryorrhetin.

II. Experimental Work.
In all our experiments we used male guinea pigs.
The injections were mzde intraperitoneally using sterile
technics Dosage was computed on the basis of body weight.

The animals were kept on & regular stock diet.

L. Natural Dacryorrhetin
With dacryorrhetin prepared from beef heart muscle,

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 dacryorrhetin) with comparable

or even higher doses of dacryorrhetin slways antagonized
the saliva and tear production (Table II). The effect of
atropine on gastric ulcers and death caused by natural

dacryorrhetin was not studied.

B. Synthetic Daoryorrhetin.

At the time these experiments were conducted the
method of obtaining natural dacryorrhetin was not perfected
go that there was great variation in the toxicity of the
product. Because of this and because of the length of the
procedure necessary to extract natural dacryorrhetin, the
synthetic form was used in the following experiments.

The synthetic dacryorrhetin was prepared by Miss
Badger in these lsboratories. According to Dr. Tashiro snd
Miss Badger (4) the pure synthetic form will produce gas-
tric ulcers in guinea pigs in doses of 207 per 100 gm. body
weight, bloody tears in rats in doses of 10- 157 per 100 gm.
body weight when injected intraperitoneslly. The product
used in this work was impure, 1/10th as active as the pure
Judged on the basis of bloody tear formation. The impurity
was largely urea. Since this substance has no effect on
ulcer production (4) and since there was little pure synthetic
daoryorrhetin availadble, we used this product.

With the impure synthetic dacryorrhetin as low as 0.2 mge.
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Table 1

Natural Dacryorrhetin--- Control Series

Guinea Pig Dacryv, Toxicity
Vt. | mg/100gm. | Saliva | Teor
No. gms.| body wt, (milk)

966 229 38.4
963 175 45,7
965 227 46,7
964 220 50.4
974 260 49,0
962 174 | 51.8
971 253 50,2
o972 | 268 | 68.6

t+ o+ttt
R A

o753 | 265 | 72.4
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Table II

Natural Dacryorrhetin and Atropine

Guine=a Pig | Dacry. Atrorine Toxicity

Woe. | Wto | mz/100gm| me/100gm Tear
gms. | body wt. | body wt,. | Saliva | (milk)

968 266 50.0 1.0 - -

967 250 51.6 1.04 - -

969 250 59.6 1.0 - -

975 266 75.0 0.97 - -

966 259 77.0 1.0 - slight

970 263 100.0 1.0 - -

965 255 1101.0 1.0 - -
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per 100 gm. body weight produced saliva and milky tears.
Larger doses (0.25- 0.31 mg. per 100 gm. body weight) pro-
duced gastric ulcers, either hemorrhagic spots or definite
lesions, lung infarcts, and death within three hours (Table
III)s Atropine (0.5 mg. per 100 gm. body weight 10 minutes
before and 2 hours after dacryorrhetin) antagonized the toxic
manifestations of dacryorrhetin even though higher doses of"
daocryorrhetin were used. In 17 experiments none of the anie
mals hed milky tears or died, only one had salivation. In
the 8 snimals 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.
. Toxicity

No. | Wt.|mg/100gm| Salive] Tear |[Death|Ulcer |Lung Infarcts

gns4body wt,.
1432 | 716 |0.195 + clean -
1433 | 839 (0,20 -+ milk | =
1427 | 740 ]0.20 -+ |milk| 40" -+ multiple
1435 | 788 0,247 -+ ? | l4hr| -+ multiple
1434 | 979 0,25 —+ milk | 2hrs| - -
1428 | 754 0,25 4+ | milk | 3hrs|{ -+ multiple
1421 | 787 |0.31 + |milk | 35% | -+ multiple
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Table IV

Synthetic Dacryorrbetin and Atropine

G.P, Dacry. Atropine - Toxigity
No.|Wte|mg/100gm| mg/100gm | 8aliva|Teor| Dezth|Ulcer| Lung
gms| body wt. body wt, milk Inf,
before|after
1415] 528 0.30 0ed 0.5 - - -
557 0.32 0.56 045 - - -
5620  0.30 0.5 045 + - | # + |smzll
141€| 797 0.30 0.5 0.3 - - -
787 0.30 0.56 0.5 - - -
‘(351 O"?‘C 005 005 - - # had -
14171770 0430 0.5 0.2 - - -
773 0.20 0.56 0.5 - -
8o4] 0.20 | 0.5 | 0.5 - - | # - -
14181 729 0,20 Ced 0,49 - - -
774 0420 0.5 0.5 - - 2 - -
830 0,30 0.5 0.5 - 7 - |small
14201773 0.3 0.47 0.54 - - -
729 0eS0 040 0.5 - - # - small
*¥1432[ 733  0.30 0¢5 0.5 - - # + |small
*14330349] 0.30 | 0.5 | 0.5 - - | # - |small

# - killed 24 hours rfter 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 both natural end synthetic
daoryorrhetiﬁ. The way in which it acts is not yet clear.
Some experiments, to be 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 @he secretion is not def-
initely established, but it is probable that it comes
from Harder's gland, which is the tear gland assocliated
with the niotitating membrane (1l). 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 secreting mamma and fat glands. Microscopic
studies were made of the gland in normal and dacryorrhetin-
injected guineas pigs and rats. Since no pathologlcal
changes were evident, it is probable that dacryorrhetin
produces milky tears by stimulation of fat secretion 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
systems Thus, if the tear production is due to parasympa-
thetic stimulation of Harder's gland atropime will inhibit
the secretion. Salivation is caused by paraaymyathetio
stimulation and is abolished by paralysis of these merves
through atropine. Ve believe therefore that ths 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. Conclusionse.

1, Dacryorrhetin from beef heart muscle produces milky
tears and salive in guinea pigs.

2, Synthetic dacryorrhetin produces milky tears, salivsa,
gastric ulcers, and death with lung infarcts in guinea
pigse.

3. Atropine prevents the toxic actions of both natural
and synthetic daocryorrhetin.

4, The source of the milky teasrs is probebly Harder's
gland .

6. It is suggested that dacryorrhetin produces gpilky
tears and saliva by parasympathetic stimmlation and
that atropine antagonizes these actions by paralyzing

these nerves.
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