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ACTION OF PSYCHOPHARMACOLOGIC AGENTS ON INTERDIGESTIVE
GASTRIC SECRETION IN THE RAT

HARRY SHAY, M.I)., ])AVID C. H. SUN, _i.D., D.S(:. (Med.), AND MARGOT GRUENSTEIN

From the Sam_el S. Fels Research Institute, Temple University
Medical Center, Philadelphia, Pennsylvania

In studie._ oil the effect of emotional stress adrenergic factor which we believe to be
on gastric secretion, we found that such involved as well in the same secretory
stress-induced secretion could be inhibited mechanism. Accordingly, the effect of
by either a cholinergic or adrenergic bk)ckiag serotonin, of 5-hydroxytryptophan (5-HTP),
agent. We postulated that both a cholinergic its precursor, of iproniazid (Marsilid), the
and an adrenergic neurohumoral agent were inhibitor of its metabolizing enzyme mono-
involved in inducing this secretion. I By amine oxidase, and of lysergic acid diethyl-
what is asyet indirect evidence, we suggested amide (LSD), an antagonist of serotonin,
that these agents are probably supplied by were studied on gastric secretion in the rat.
the hypothalamus and produce their effect The effect of chlorpromazine was also inves-
on gastric secretion through the pituitary tigated. The d_tailed technique for the
adrenal -txis. method used for studying secretion has been

Reserpine has been shown to increase described previously u and a preliminary
both gastric motor and secretory activity/-4 result of the effect of serotonin on such secre-
and Shore et al) have presented convincing tion was reported recently. _
evidence to the effect th'tt the central action

of reserpine is mediated through the free Methods and Material
serotonin which it releases in the brain. Wistar strain male rats grown in our
Serotonin is found in the brain stem, espe- colony and weighing 120 to 200 gin. were
cially in the hypothalamus, 6, 7 as is mono- used. In all experiments litter mates were
amine oxidase, the enzyme which met:,i,_- chosen for controls and for treatment. After
lizes it/ Brodie _nd Shore 9 believe that proper fasting, the pylorus was ligated and
there are provocative suggestions for the the stomach was lavaged with saline and
•iction of semtonin as a chemical mediator emptied completely. The drug to be studied
in the brain and that it may be the trans- was then administered subcutaneously.
mitrer substance for the parasympathetic Animals were inspected at frequent intervals
division of the autonomic system. They for gross behavior and signs of toxicity.
would then account for theparasympathomi- Four hours after pylorus ligation the ani-
tactic effects of reserpine by the view that mals were killed and their gastric contents
it causes a constant flow of free serotonin were collected quantitatively. The gastric
to stimulate parasympathetic centers. These contents were measured and analyzed for
results, coupled with our own evidence to free and total acidity and pepsin concen-
indicate that both an adrenergic and a tration when sufficient amounts were avail-
cholinergic neurohumoral agent are involved able. The rate of secretion and the total
in the stimulation of gastric secretion fol- acid and pepsin output were calculated per
lowing emotion'fi stress, made it attractive 100 gm. of body weight for the four-hour
to consider whether serotonin might be that period.
cholinergic agent. Furthermore, the location The dosage levels at which the respective
of the highest concentration of norepiaeph- drugs were administered follow. Each dose
fine in the brain stem was found by Vogt _° group included approximately 20 animals
to be in the hypothal'_mus. This could make for the control and 20 for a drug study. All
norepinephrine a possible candidate for the drugs were administered subcutaneously.

108.
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1. Serotonin, in doses ranging from 0.0625 and in total acid and pepsin output. At a
to 2.0 mg. per 100 gin. of body weight, dose of 2 rag. per 100 gin. of body weight,

2. 5-HTP, 1 mg. and 2 mg. per 100 gm. 5-HTP also produced a significant depres-
of body weight, sion in free and total acid concentration.

3. Iproniazid (Marsilid), 10, 20, and 40 The degree of suppression in tot-d acid
mg. per 100 gin. of body weight, one hour output corresponds to that seen after 1 rag.
pr/or to pylorus ligation, per 100 gin. of body weight of serotonin

4. brom-LSD, 5, 20, aad 80 gg. per 100 (fig. 2).
gm. of body weight. Marsilid. The results after Marsilid are

5. LSD, 80 and 160 gg. per 100 gm. of presented in table 3. This compound pro-
body weight, duced a significant depression in rate of

6. Chlorpromazine, 0.025, 0.05, 0.1, and secretion, free and total acid concentration,
0.2 mg. per 100 gm. of body weight, and total acid and pepsin output of gastric

secretion after 10, 20, or 40 mg. per 100
Results gin. of body weight of the drug. The per-

The tables show the data on body weight, cental inhibition of total acid and pepsin
rate of secretion, free and total acid concen- output increased as the dose of Marsilid
tration, and total acid and pepsin output of was increased (fig. 2).
the gastric secretion per 100 gin. of body The log dose response of output of gastric
weight in control and treated animals, acid and of pepsin to these three com-

Serotonin. In table 1 are presented the pounds is shown in figures 2 'rod 3.
results obtained after six dose levels of brom-Lysergic Acid Diethylarnide (brom-
serotonin. A dose of 0.0625 or 0.125 rag. per LSD). The results of gastric secretion after
100 gm. of body weight produced no signifi- 5, 20, "rod 80 gg. per 100 gin. of body weight
cant changes in gastric secretion. As the of brom-LSD are presented in table 4. This
dose of serotonin was increased to 0.25 and compound at these dosage levels and LSD
0.5 mg. per 100 gm. of body weight, a signifi- at 80 or 160 _g. per 100 gin. of body weight
cant decreasein total acid and pepsin output failed to alter gastric secretion in the rat
occurred, as welV as in rate of secretion, significantly.
Further increase in the dose of drug to 1 rag. Chlorpromaziree. The effect of chlor-
per 100 gm. produced, in addition, a signifi- promazine on gastric secretion was studied
cant lowering in free acid concentration. The in the rat preparation in order to compare
2 mg. per 100 gm. dose produced not only its action with that of serotonin and to
a quantitative effect over the l-rag, dose, determine whether it produced the same
but a significant depression of total acid results in this species as it did in man TM _4
concent:ation as well. However, at the 2-mg. and in the dog) 5 This drug was tested at
dose level, the rate of secretion was so low four dose levels given subcutaneously. The
that the reduced total acid concentration results listed in table 5 show that 0.025 rag.

"probably represents a partial neutralization per 100 gin. of body weight of chlorproma-
of such minimal secretion, zinc failed to influence the rate of secretion,

Figure 1 shows the dose response curve free acidity, total acid, or pepsin output. A
of percental inhibition of the rate of secre- dose of 0.05 rag. per 100 gm. lowered the
tion and total acid output. Above a dosage rate of secretion and the pepsin output
level of 0.25 rag. per 100 gin. of body weight, significantly, but failed to alter free ._cidity
the degree of inhibition increases as the dose or total acid output.
of serotonin is increased. At the 0.1 and 0.2 rag. per 100 gin. levels

5-Hydroxytryptophan. In table 2 "ire given all parameters of secretion tested were
the results of gastric secretion after adminis- depressed significantly. The effective action
tration of 5-HTP. This compound in a dose of chlorpronmzine in depressing gastric
of I mg. per 100 gm. of body weight produced secretion followed a log dose response (fig.
a significant decrease in rate of secretion 4).
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Discussion gestion that serotonin possibly acts in thc

Because of the estqblished effect of reser- brain as the transmitter substance for the

pine in stimulating gastric secretion and the parasympatheti<_ division of the autonomic
role assigned to serotonin in the central system, we anticip'_h'd that serotonin, if it

qffected gastric secretion, would stinmIateaction of reserpine, coupled with the sug-
it. The c(mtrary, however, occurred. When

,0o- we first started our studies with serotonin

/ we were not aware th:d, in ordi,mry dosage,

_ - ._ it would not pass the bh)od-brain barrier.
g "_ 75- The suppressive ('ffect ou gastric secretion
8 _ which we observed in our rats, v-' an effect

" _ _ "_ 5o- which Ilaverback el al. 14observed independ-

' _ _ 2 ently in dogs, nmst, therefore, have resulted
from ._ peripheral effect, of serotonin. "['he

t_ _- _ ' "fO_ol Acid Ou'cpu_* * known vttsospastic 'tetion of serotoni, could
_o_, of s.... _,o° o ; exphfin its peripheral inhibitory effect upon

o , _ _ _ ' g'_stricsecretion.
025 0.50 I.o 2.0 We sought in these studies to determine

Sero_onin {mg./lOOgms.) whether the gastric secretory depression

oos, (Io_ s¢_ltl-x produced by this drug was through purely
Fro. 1. Dose response curve of serotonin on "t peripheral mech'mism or whether a central

rate of secretion and on total acid output of spon- action "_s well might be involved. The find-
taneous gastric secretion in the rat. ings of Weissbach et al., is indicating that

TABLE 2

Effect of 5-hydroxytryptophan on interdigestive secretion in the rat

I 1.0 mg." 2.0 mg.*
I

Control Drug Control I Drug

Mean I t n I Mean I Mean

I n* :I:SD n =t: S.1). I ) :t: S.D. I n =i: S.D. t
---r .................... i .............

Body weight (gin.) 17 141.4 18 142.2 0.191 20 135.9 I 19 142.1 1.514

I 11.6 15.0 14.3 10.4
Rate (ml./100 gm./4 hr.) 17 3.81 18 2.28 3.656_ 20 3.74 19 1.74 8.062J/

I 1.37 1.04 0.85 0.69

Free acid concentration 17 80.4 18 65.7 1.490 20 88.6 I 19 50.1 i 5.352:1:
(mEq./1,.) 19.07 36.25 15.86 27.76

-Total acid concentration 17 114.4 18 100.4 1.291 20 11_.5 ! 19 88.6 4.365:_
(mEq./L.) 17.52 37.71 13. (.)6 27.15

i
-Total acid out put (mEq./ 17 0.437 18 0.257 3. 129§ 20 0.446 19 0.164 8.105_:

100 gin./4 hr.) (1.173 0.166 0. 118 0.098
!

Pepsin output (Mett 17 28.0 17 15.1 3.674{/ 20 31.8 i 19 12.6 6.079;ti

units/100 gm./4 hr.) 11.68 8.58 10.85 i 8.75I

• Dose (milligrams per 100 gm. of body weight).
'f n, number of observations.
;t Significant at probability <0.001.
§ Significant at probability of <0.01.
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FIG. 2. Per cent inhibili,)1_ of tot.al output of gastric secretion in rats following serotonin, 5-hydroxy-
tryph)l)han (5-HTP), and Mar_ilid.

TABLE 3

Fffect of Marsilid on interdigestive gastric secretion in the rat
i

'1 10 mg.* 2(I rag.* 40 rag.*
i .........................................

i Control Drug Control Drug C antrol Drug

I I ! i p --(- -- _ -----

: nt ]Mean _, Mean 4- Mean 4- _a_:,:t: t n Mean -4l S.D. n ! S.D. i t n S.D. n iM Mean 4-I /S.D. n S.D. '

I--i _ i i.... ...........Body weight (gin.) I 17 ] 135.0 21 124.!t ,1 79I 20 134.3 21 134.8 10.067 20 131.5 20

II !16.1 18.0 i] 21.4 22.3 10.8 13.6

Rate (ml./lO0 gin./4 hr ) 117 3.21 21 2.45 12.329_ 20 3.47 21 2.15 14.801{ 20 3.41 20 1.23 [6.846§

0.94 i 1.07[! G.95 0.s3 ![ _ 1.30 0.56

Free acid concentrt_tion 17 79.1 21 50.9 !3.139¶ 20 76.9 21 42.4 ]4.207§ 20 78.8 20 37.2 15.161§

(mEq./L.) 16.44 33.84 _ 22.20 29.53 li 25.58 87.525'33[
Total acid ....... tration[ 17 108.1 21 _]3.5 ;2.828¶ 20 108.3 21 81.213.347¶[ 20 107.6 20 2.802_

' 33.08 I 18.7I i 31.19 I I 20.46 23.45(ml_]q./L.) i 15"37 I I I ! ]

Total acid output (nlEq./100 iX7 0.341121 0.22312.520+! 20 0.384121 0-18215.085§ i 20 0.38620 6.254§

go.41 0125 0.158i 0140 0113 j 0183 :101721

] ' i : 7.074§

Pepsin output (Mett units/100 117 26.1 20 16.9 [2.448_i 20 34.8 21 16.66.043§! 20 34.4 19 10.8

gm./4hr.) l 11.7 , 11.0 i I 11.1 8.0 [ i 12.7 7.3........... _ , t

* Dose (milligrams per 100 gin. of I)ody weight).

? n, number of observations.

,t Significant at probability of 0.05.

§ Significant at probability of 0.001.

¶ Significant at probability of 0.01.

Marsilid inhibited nlolmalnine oxt'dase in the central action of reserpine TM probably
the brai]l only, therefore increasing brain located in the region of the hypothalamus.
serotonin alone, enabled us to evaluate the it is clear that the incre,tse in gastric secre-
effect of il4crl,ased brain serotonin on gastric tion by reserpine cannot be the result of
secretion. The results again paralleled those either a central or a peripheral increase of

observed with an increase in peripheral serotonin. Too, serotonin must influence
serotonin. It would appear, therefore, that gastrointestinal motility through a mecha-
serotonin inhibits gastric se(:retil)n by a nism that is different from the one through
central "is we.]l .is by a peripheral action, which it affects gastric secretion, since it
Furthermore, although there is evidence for increases the former and inhibits the latter.
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FI_. 3. Per cent inhibition of pepsin output of gastric secretion in rats folhlwing serotonin, 5-hy-
droxytryptophan (T-HTP), and Marsilid.

TABLE 4

Effect of brom-lysergic acid diethylamide on interdigestive gastric secretion in the rat

5 tag. 20 _g.* i 80tag.*

i Co_ro_! D_.g ' 'Control i Drug i Control Drug

_ S1) SD n

' ' ' .........
13.8 13.4 i 9.7 ! 13.1 I

' l i

Freeacidconcentration(mEq./ 19 91.3 22 88.3 0.920 20 83 0 2 -_ 8 0 554/ 19 3.2 21 83.0 1.116

L./) i II 7.97 1223 17:_51 i i,,._9i 7.22_ 23.oo

Total acid concentration 19 i 123.8 32 132.5 0.385 220 I ::¢i_85o 0.881 19 1 :i_8 21 1_42126[
Total acid output (mEq./100 19 I 0.55_ 22 0.53, 0.425 0 0.391 21 0.3.},'_ 0.069! 19 0.374! 21 0.344 0.545

gin./4h_.) i 0.067 0.103 0.1531! 0._91 I 0.1961 o.ts2
o6_I !Pel_in output (Mett units/100 i 19 I 54.5 21 50.5 . i 20 41.8 2l _ 39.4 i 0.558 I

ira./4 hrD i i 35"8 14,5' I ]3.2 i la'9 'i i

i DI (microgl_llll _r 100 giu. 0f body weights),

I n, number of observations.

Hendrix et al., 17 from studies on intestinal following emotional stress, nor does it sup-
.motor function in man, concluded that port its possible 1lotion as a central para-
serotonin stimulates intestinal motor activ- sympathetic neurohumoral activator.

ity through cholinergic nerves at a site 5-HTP injected subcutaneously produced
distal to the ganglionic synapse. Our results effects on gastric secretion that were similar
of the effect of serotonin both peripherally in kiud, but different quantitatively, from

and centrally on gastric secretion in the rat, those of scrotonin. Udenfriend and co-work-
if the same is true in man, would not sup- ers TM have reported measurable increases of
port our supposition that serotonin might serotonin in the blood and tissue within ]5
represent the cholinergic factor which we minutes after intraperitoneal injection of
believe operates in the mechanism that 5-HTP and a m'lximal rise in about 60 min-
produces an increase in gastric secretion utes which persisted for several hours after
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I00- (LSD), an antagonist of serotonin, and of

J chlorpromazine, were studied in our prepara-

i_ i i__1i'- 0 / tion of the pylorus-ligatedrat.a

75 2. Serotonin, in (lose of 0.0625 or 0.125
mg. per 100 gin. of body weight subcu-

-o taneously, produced no significant changes
50 T in gastric secretion. However, the close re-

sponse curves of inhibition of rate of secre-

2 25 tion and total acid output were obt'dned

r? with serotonin in doses of 0.25, 0.5, 1.0, and
2.0 rag. per 100 gin. of t)ody weight.

0-
0.025 0.050 0.10 0.20 3. 5-HTP injected subcutaneously pro-

duced a similar inhibition of gastric secre-
Chlor promazine rag./I00 gin.

tjon. Its action its compared with serotonin,

Fio. 4. Dose response curve of total acid out- weight for weight, produced approximately
put after chlorpromazine, one-half the effect of that caused by a similar

dose of serotonin.

the administration. Our results would indi- 4. Iproniazid, in doses of 10, 20, and 40
cate that in the rat the action of 5-HTP on rag. per 100 gin. of body weight subcutane-
gastric secretion as compared with serotonin ously, by increasing the serotonin level in
weight for weight, produces approximately the brain only, was found to inhibit gastric
one-half the effect of that c:msed by a simi- secretion. This supplies evidence for a cen-
lar dose of serotonin, tral inhibitory action of serotonin on gastric

Marsilid, by increasing the serotonin level secret i_)n "Is well its a peripheral one obtained
in the brain only, was found to inhibit gastric with serotonin :ldministered sul)eutaneously.
secretion. These results supply evidence for 5. brom-LSl) "rod LSD as used in our

a central inhibitory action of serotonin on experiments produced no effect on g'lstric
such secretion, secretio|_.

brom-LSD and LSD as used in these ex- 6. A dose response ('.urw_ ",f inhibition of
periments produced no effect on gastric total acid output was obtained with chh)r-
secretion. However, Haverback et al. '4 have pronmzine subcutaneously in doses of 0.025,
observed stimulation of secretion in the dog 0.05, 0.1, and 0.2 rag. per 100 gin. of body
withLSD. weight.

The action of ehlorpromazine on gastric 7. The action of chlorpromazine in sup-
secretion in the rat parallels the effects in pressing gastric secretion in the rat corn-
the dog and in man. '9 Although this depres- pared with that of serotonin when adminis-
sive action of chlorpronmzine is not yet tere(l subcutaneously appe'trs to be 'd)out
accurately localized, our studies -"° of its five times greater on :_ weigh_ for weight
effect on sham feeding secretion in dogs with basis.

esophagostoiny and in Heidenhain pouch Ack,mwledgment. We 'ire indei)ted to ])r.
dogs receiving intermittent Mecholyl injec-
tions indicate that. the depressive action of R. Bircher of San(loz, Inc., for supplies of
this drug on gastric secretion is the result serotonin, 5-hydroxytryptophan, lysergic

acid diethyhmlide, brom-lysergic acid dieth-
of a central and not a peripherM one. ylamide, and iproniazid; to National Drug

Summary Coinpany for 5-hyd|'oxytryptophan; and to
Smith, Kline and French for chlorpromazine.

1. The effect of serotonin on gastric secre- Dr. Harry Shay

tion, of 5-hydroxytryptophan (5-HTP) its FelsResearch Institute
precursor, of iproniazid (Marsilid), the Temple Univer_ity School
inhibitor of its metabolizing enzyme mono- of Medicine
amine oxidase, of lysergic acid diethylamide Philadelphia/+0, Pa.
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