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The adrenal  glands pléy an important - role
in the defense mechanism when an organism is
That this endocrine glaxid is
involved in gastrointestinal ulceration has been
feported (Mann, 1916, Rogoff and Stewart, 1926).

exposed to stress.

They observed a high incidence of ulcer formation :
of the ‘stomach and srnall mtestme m bllateral‘ :

adrenalectomy. : :
Both  clinically (Dragstedt et al

experimentally (C:ummms et al., 1940, gastric

hypersecretion seems to play ‘an 1mportant role in’

Several ‘workers who
investigated the relationship between adrenalecto:
my -and. gastric secretion have reported conflicting
‘results in - this fegard. Madden ‘and Ramsburg

‘the genesis of peptic ulcer.

(1951) and McLahghlin (1933) repbrted the gastric:

acidity to be unchanged or -even decreased “after

adrenalectomy, while Mann (1916) maintained that '

gastric acidity was at least partly respoﬁsfble in the
formation of these ulcers:

1t appears ‘certain that there is a close relation-

ship between the activity of adrenocortical steriods
and peptic ulceration of the-gastroduodenal tract.
The availability of cortisone and ACTH for clinical
1. This investigation was = supporied,
Research ~ Grant: §7~420.0f the
Board of New York, Inc.
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(Sponsor; - Dr. Pyong. Hee. Lee,
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1950) and
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China Medical','

Department of

- uses has been followed by many reports on the

incidental ;tilcérationi.of the gastrointestinal tract

. during or ;follo'wi,ng the use-of these drugs (Habif
et als,

1950, Halsted, 1952, Smyth, 1951). Gray et -
al. (1951) mamtamed that hypersecretion. of gastnc
juice was responsible for these ulcers while Drag-

. stedt et al. (1956) and Drye et al.(1953) discounted

such hypersecretion. with the use of cortisone and .
ACTH.
On the other hand, epinephrine as a product of -

- stress has been. well documented. That this agent
k ‘may be used to produce ulceration of the stomach

and duodenum has been shown by Baronofsky and
Wangensteen(1945). ‘

What influence ‘this hormone has on gastric
secretion, however, has been largely unknown.

An in\restigati@n on the influence of epinephrine, -
cortisone aeetate and ACTH on gastric ‘secretion;
in animals ‘and in ‘operative. stress in man, form
the basis of this thesis.

 MATERIALS AND METHODS

Adult mcngrei dogs ‘of both sexes, weighing
between 11 and 15 kg were used in these experi-
ments. Before the injtiation of ‘the experiment,
the animals were kept in the cage for at least
two ‘weeks to accommodate them to the mew sur:
roundings and, during this period, the ‘intestinal
parasites were removed. In order to remove the
influerice ‘of the vagus nerves in these experiments,
a Heidenhain pouch was used. This was constructed
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under ‘sodivm pentothal anesthesia, care being
taken to construct the pouch only as large as was
compatible with the function of the remaining
stomach. :

Studies of the gastric secretion and eosinophile
changes were started approximately 2 weeks fol-
lowing the operation when the swelling ‘and
hypéremia of the operative site had subsided and
the 24 hour gastric secretion had stabilized. Ani-
mals were given nothing by mouth, except water,
for 18 to 24 hours before the experiments. Before
each experiment, one or two hourly collections of
gastric juice and éosinophile counts were performed
before the injection of drugs to obtain a baseline
value for that experiment. The hourly gastric
secretions before and after the injections were
collected through a -modified Dragstedt cannula

into a glass bottle or rubber bag and, after mea-.

suting the volume, thesé were analyzed for- free
and total acids using Toepher’s reagent and 0.01-N
NaOH.

Eosinophile counts were used as an index of the
- activity of the blood adrenocorticosteriod hormones.
Fuch-Rosenthal counting chambers were used and

" the average value of four countings was taken for’

. each count. Depression of more than 50% of the
control figures was considered significant. Injections
. ‘were made through three different routes: subcu-
taneous, intramuscular and intravenous. The intra-
- venous route was subdivided into two: one in which
- the: drug ‘was given in undiluted form, and the
~‘other in which it was given in 30 cc of 5% dextrose
' in water in 30 minutes to avoid the’ undesirable
effects of sudden elevation of the drug concentra-
tion in the blood.

In a patient with esophageal atresia due to lye

" burn and a gastric fistula, 100 mg of cortisone
acetate was injected daily following a 4 day control
period. ‘Twelve-hour nocturnal gastric secretions
were collected through the gastric fistula, and
these were analyzed for acid output.

Gastric acidify and'eosinophile counts were per-
formed in patients who underwent various surgical
procedures. Twelve-hour gastric secretions were

- collected through a mercury-weighted gastric tube

once before the operation and on the first, third,
fifth and seventh postoperative days.

Eosinophile tounts were performed on the days
of gastric analysis.

RESULTS

1) Control Studies -

. In order to establish a baseline in these studies,

control values were -established in the following

manner: . .

A) Animals given no injection and those that re-
ceived 30 cc of 5% dextrose in water showed no
remarkable change in gastric seretion and eosino-
phile -counts. There was some tendency for the
gastric acidity to decrease with the passa,ge' of
time, but this was not considered significant.

B) The gastric secretion and _eosinophile  counts
during the one or two hours immediately pre-
ceding the injection were taken as the baseline
value of the animal for that experiment. Animals
showing high free acid values during the fasting
phase were removed from the experiment.”

C) Histamine ' diphosphate, 0.03 mg/kg of body
weight, was injected into the experimental animals-
from time to time in order to ascertain “the
response of the gastric secretory glands to stimu-
lation' and also to compare the hypersecretion
produced by histamine injection and that produced
by ACTH or cortisone. Animals that did not
show response to histamine were considered to
have a defective secretory mechanism and were,
consequently removed from. these experiments.
Histamine injection in responsive animals produced .
a prompt and pronounced increase in both the
volume and the acidity of the gastric juice during
the initial hour (maximum 0.9 mEq/hr), and this
increase tended to continue for two to three
hours after the injection. There was a sustained
depression of circulating eosinophiles(27% to
48% of the controls).

2) Epinephrine and Gastric Secretion

"A). Subcutaneous injection of epinephrine,. 0.03
mg/kg, produced a definite decrease in the acid
output of the gastric glands immediately following
the injection, and this decreate was sustained.
There was a gradﬁal decrease of circulating co-
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- sinophiles, becoming less than 50% of the control
value 4 hours after the injection.

B) Intravenous injection of epinephrine; in doses of
0.03 mg/kg and 0.06 mg/kg in 30 cc of 5% dex-

trose in water, showed no appreciable effect on

either the volume or the acidity of the -gastric
juice. There was a significant decrease of circn-

lating eosinophiles: 4 and 7 hours, respectively, ‘

after the injection.
3) Cortisone acetate and Gastric Secretion

A) Intramuscular injection of cortisone  acetate i1,
doses of 50 mg, 100 mg, 150 mg, 200 mg, showed
no apparent influénce on gastric secretion. The

eosinophile counts started to fall skgmﬁcamly '

three to four hours after the injection.

B) When cortisone acetate, 15 mg/kg, ‘was injected -

intravenously diluted in 30 ec of 5% dextrose in
water,there was a moderate increase in both the
-volume and the acidity of the gastric juice. This
increase was pronounced during ‘the first and

second hours after injection, reaching a maximum

value of - 0.2 mEq/hr during the first hour. In
general, the eosinophile ‘counts fell immediately
following: the injection and 'this lowered value

' was maintained during the entire course of the

experiment(Fig. 1).
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Fig.1. Changes in gastric secretion & eosinophile connts
following intravenous injection of ‘15 mg/kg of
cortisone aoetate(&'s% D/W, 20 cc)(Average of
6 experxments) : :

~ €) When cortisone acetate 15 mg/kg, undiluted,
v was. m]ected mtravenousb,- there was a prompt

- and significant increase of gastric secretion which,
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- ¥ig.2. Gastrie secrction & eositophile counts follovhng

intravenous. injection of 15'mg/kg of - cortisone
acetate (Average of 5 experiments).

was very. similar to the hypersecretion produced
by histamine injection(Fig. 2).

4) Influence of Atropine Sulfate on the Cor-
tisone Effect on Gastric Secretion

When the intravenous injection of cortisone was
accompanied by the simultaneous injection of 0.14 -
mg -of atropine sulfate or was preceded 30 minutes -
and 60 minutes by- the injectien of atropine, there -
was either no increase or only a slight increase of
gasftic‘secrétion one to two hours following the
injection (Fig. 3). )
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Fig.3., Gastric secretion and eosinophile counts following
intravenous. injection of 15 mg/kg of cortisone
acetate(5% D/W, 30 ec) simultaneous with
subcutanecus ‘injection of 0.14 mg of atropine
sulfate(Average of 3 experiments).
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53 Adrenocortleotmphic
_ Gastrie " Seeretion

B A).’Iﬁhg/intmmué,cular injection of 10 mg of ACTH
' 'préd‘ucéd: essentially no change in gastric secre~

tlon There was a significant decrease meosmophrle _
: count within 6 hours after the injection.

B): When IOmgvof ACTH in 30 cc of 5% dextrose in
- water was injected intravenously, there was a
moderate vihvcrea,se in gastric. secretion 5to 6 hours
‘after the injection.This increase was comparable
. to that produced by cortisone acetate given in-
travendus}y (Fig. 4). There was a gradual fall in
the eévsivnophilé" counts, reaching significant levels
3 hours after the injection.
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Fig.4 Gastric ‘secretion and eosinophile counts. following

intravenous -injection of 10 mg ACTH (5% D/W
20 cc) (Average of 8 expenments)
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“Fig. 5. Changes in gastric_secretion & eosinophile counts
) * following intramuscular ‘injection of 100 mg of
cortlsone acetate in man. .

Hormone . - -and

.after the operation:

® Cortmone Am:m und Gastrie Smetioa :
in Man )

When 100 myg of cortisone mcetate was injected
ina human subject, there was a moderate increase .
in ‘both the volume and free acid value following
the injection and a prompt and sustained decrease -

‘im the eosinoﬂile',oounts (Fig. 5.

D Operatwe Stress and  Gastrie Secretlon
in Man

There was only a slight increase of gastric sec-
retions during the immediate  postoperative period
(24 to 48 hours). There was, however, a significant

"increase in the HCl' cutput 2 to 5 days after the .
-operation (Fig. 6). This was considered significant,

because this' period - the volume of gastric juice
tended to. be markedly. reduced as compared to
postoperative levels and this increase in HCl output
was largely in- concentrated free acid. Gastric
secretions tended to return to normal 5 to 7 days
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Fig.6, Changes in gastric secretion & eosinophile. counts
following eperation(Average of 3 experiments).

‘DISCUSSION

There was no evidence that the injection of
epinephrine was followed by an increase in gastric
secretion. It confirms the - findings of Baranofsky
and ‘Wangensteen(1945) who reported that there
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was no increase in gastric secretion with the injection -

of epincphrine. This may be explained on the basis
of the inhibitory action of the sympathetic nervous
system on gastric secretion. Shape and Kittle(1951)
reported that they were able to produce hypersec-
retion of the stomach by denervating the sym-
pathetic supply of the stomach wall.

The action of cortisonc acetate on gastrie secretion
was more complex. When this was administered
intramuscularly, it showed no apparent effect on
the gastric secretion, even in relatively large doses.
However, when it was injec‘ted intravenously, there
was a definite increase in gastric secretion, and this
hypersecretion was inhibited by the preliminary
injection of atropine sulfate. The gastric pouch in

these experimental animals was devoid of vagus .

supply and, consequently, it may be concluded that
the stimulating effect of cortisohe acetate on gastric
glands is mediated through a humoral pathway.
That such a humoral pathway exists has been
demonstrated by Ivy and Farrell(1925) experimen-
tally. This, together with the fact that this hyper-
secretion is inhibited by atropine sulfate, -seems
to indicate that the action of cortisone acetate is
directly on the parietal cells of the stomach through
a humoral pathway.
1t is note-worthy that Dragstedt et al.(1956) were
unable to produce gastric hypersecretion in experi-
mental animals with Heidenhain pouches by the
administration of cortisone acetate. It should be
noted that all the injections were carried oyt sub-
cutaneously. Dry and Schoen(1958) reported that
they were unable to produce gastric hypersecretioa
by the intramuscular injection of cortisone acetate.
These findings are in agreemenf with the results
of author’s experiment. The finding that the intra-
venous injection of cortisone acetate in the same
" doses was able to produce definite hypersecretion
of the gastric glands seems to indicate that cortisone
‘acetate ‘can stimulate the gastric glands when this
js given in such a way that the blood concentration
of this hormone can be raised in a relatively short
time. The lack of response when it was given
intramuscularly or subcutaneously may be due to
the fact that the delayed absorption may not produce

—13—

a high enough concentration of this hormone in the
blood to stimulate the parietal cells of the stomach.
1t should be noted that the intravenous injection
of cortisone acetate in an undiluted form produces
an even more pronounced gastric hypersecretion.

A similar phenomenon was observed in the admini-
stration of ACTH. The
of this hormone showed no apparent effect on
gastric secretion. On the other hand, the intravenous
injection of "ACTH was followed by a moderate

intramuscular injection

increase in gastric secretion. Dragstedt et al.(1956)
were unable to produce gastric hypersecretion with
the intramuscular injection of this hormone,and their

: ﬁndings‘ corroborate the author’s. The fact that the

intravenous injection of ACTH followed by a mo-
derate increase in gastric secretion seemed to indicate
that the sudden elevation of the blood concentration
of this hormone was an important factor in pro-
ducing gastric hypersecretion.

Itis interesting to note the appearance time of
the gastric hypersecretion and eosinophile depression
following tht intravenous injection of cortisoae a-
cetate and ACTH. There was a prompt initiation of
the gastric hypersecretion {ollowing the injection of
cortisone acetate, whereas in ACTH, this was not
observed until 5 to 6 hours after the injection
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Fiz.7. Comparison of changesin gastric acidity
produced by administration of Histamine,
ACTH, Cortison acetate and Epinephrine,
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(Fig. 7). Porter et al.(1953) observed a similar
phenomenon and concluded that gastric hypersecre-
tion which is mediated through the
axis is slower in response. It is speculated that
adrenal gastric hypersecretion following the
injection ACTH is delayed because this has to be
mediated through the adrenal cortex.

The gastric hypersecretion which was observed
during the postoperative period in this experiment
is contrary to the observation of others. Hartman
(1945) questioned the octurrence of gastric hyper-
secretion in burn patients, and Howard(1955) stated
that in patients ‘with war wound gastric - and
salivary secretions' were diminished. On the other
hand, Drye and" Schoen(1953, 1958) reported that
there- was definite hypersecretion following opera-

tive trauma. In analyzing these conflicting data, it-

may be significant to consider the importane of the
fluid and electrolyte balance of these patients.
Nccheles and Olson(1942) reported that following
experimental burn, gastric hypersecretion was obser-
ved only in the animals which received intravenous
injections of electrolytes: Also, Madden and Rams-
burg(1951) maintained that  the influence of the
" adrenals on ‘gastric secretion is mediated ‘throagh
the changes in water and electrolyte balance.
Then what is the specific role of gastric hyper-
secretion following the administration of cortisone
and ACTH or that produced - by nonspecific trauma
upon the formation of gastroduodenal ulcer ? One
of the most reliable methods of producing gastro-
duodenal ulcer is to produce sustained hypersecretion
of gastric juice with histamine. The fact that
gastric hypersecretién, ulceration or perforation of
an ulcer could be produced by the sustained actioa
of intramuscularly injected histamine in bees-wax
Fas been reported by numerous investigators(Baro-
rofsky et al., 1946; Code -and Varco, 1940; Fri-
essen and Wangensteen, 1946; Hay et al. 1942;
Varco et al. 1941; Walpole et al., 1940). Iams(1946)
reported that the injection of histamine was followed
by the formation of peptic ulcer in man. Comparison
of the levels of gastric hypersecretion produced by
cortisone acetate or ACTH and that produced by
histamine-injection in these experimental animals

pituitary:

s interesting. With cortisone acetate or ACTH

administration, the peak hourly gastri¢ secretion was

0.2 mEq HC1, whereas with histamine this was 0.9

mEq; that is, histamine injection produced four and
one half timesas much secretion as-did either corti-
sone or ACTH alone. It is possible that with large
doses of . cortisone or ACTH this hourly gastric
hypersecretion - could be increased to the. level .
produced by histamine injection, as indicated when
injected
Cortisone not only has this primary effect on gastric
secretion, but it also has a secondary effect ~vhich

undiluted cortisone - was intravenously.

is related to its action as a _catalyzer on gastricb
secretion. That such a secondary effect may exist
has been shown by Stempen(1954), who reported
that in patients with Addison’s disease the admini-
stration of histamine alone did not produce gastric
hypersecretion and that, in order for hypersecretion
to occur, it required a simultaneous injection’ of
cortisone. From these findings it appears reasonable
to postulate that gastric hypersecretion. following
cortisone or ACTH administration is at least partly
responsible . for producing gastroduodenal ulcers
following nonspecific trauma.

At the same time, it should be remembered that
cortisone = possesses other - important  biological
function, one of these being its powerful influence
on wound healing. It has been established that
cortisone. and  ACTH delay wound healing by
and * the
formation of granulation tissue(Ragen, 1949; 1950;

inhibiting -connective tissue growth

~Ragen et al., 1949; Creditor et al., 1930; Spain et al.,

1930). This factor may also play an important role
in the formation of gastroduodenal ulcer following
the administration of cortisone or ACTH.
is associated with' other important
physiological phenomena besides the elevation of
the level ‘of ACTH and cortisone in the blood. From
the standpoint of ulcer formation of ‘the stomach
and duodenum, derangement of the blood supply to

Trauma

the stomach wall and septicemia may be very signi-

ficant. It has been reported that trauma is attended
with hemoconcentration(Beard and Blalock,1931), and
it was suggested by Friesen(1930) that this may
contribute to the formation'of ulcer. Thrombosis of
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sniull vessels of the stomach. from fhe- increase in
the number of circulating platelets(Warren and
- Belke, 1953) and increase in the clotting mechanism
of blood from hypoheparinemia is as the result of
ACTH activation(MeGraw et 4l.,1952) could explain
such ulcers. Venous stasis may -also’ play a role in
the .genesis - of post-traumatic ‘ulceration of the
stomach and duodenum (Baranofsky and Wangens-
teen, 1946). : :
The possible role of septicemia inthe production
of gastroduodenal ulceration in trauma has been
emphasized. “Hartman(1945, 1946) was able to

produce ulcers of the stomach and intestine in -

77.7% of the expérimental animals which sustained
3rd degree burns over 50—60% of the body surface,
but when these animals with
penicillin, the. incidence was only 23%. This finding
seems to definite
relationship between . septicemia and the formation
of gastroduodnal ulcers following trauma. 1t is
possible that . the gastric hypersecretion - seen in

were treated

indicate  that there is a

trauma is related to gastrointestinal ulcers in general
and that secondary influence such as thrombosis of
vessels and septicemia may also contribute to ulcer
formation.

CONCLUSION

Heidenhain gastric pouches were constructed in
dogs,
acetate and ACTH on gastric' secretion mediated
through humoral pathway was investigated. In man,

and the effect of epinephrine, cortisone

the "influence ' of operative trauma on gastric

secretion was investigated to evaluate its -possible

role in the pathogenesis of gastroduodenal ulcer

following trauma.

1) There was no evidence that epinephrine produces
gastric hypersecretion.

/ .
2) Cortisone acetate and ACTH when administered

intravenously produced moderate hypersecretion . -

- of the gastric glands. Cortisone acetate seems to

act on the parietal cells of the stomach through

a humoral pathway. The possible mechanism of
 this was discussed.

3) There

is gastric  hypersecretion following

operative tramua in man. Such  hypersecretion

may be an important factor in the formation of

~ 15—
ulcers following trauma.
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