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whh'h served as comrols, scrohmin crc;tlhfim, sullah' was ;t Iminish'red sul,-

cutaneously,0.(13m_. lwr kb_.t',<t'ry15Inin.forlhr_wdosusIf)2 do_,,by con

linuousintravenousinfusion0.03rag.wr k_.lwrrain.for-15rain.IoIdog,and

;lll()lhcr dog rcceivcd at single inlravumws (los(' of 0.06 rag. i)cr kg. (;_,stric

juicc w;,s |ht'll asl)iralcd for al h';isl 60 rain. aml its "¢ohlnl(: and free a_idity
dewrmined at IS-rain. inturv:,ls.

Tht. elfeet of scrohmin and olhcr dru_s .n j_.junal m.fility and i,nraluminal

pressure was deh'rmincd in 17 d._s hy I)assin_ an opun-¢.nd tubt' through _,

gastrostomv into the Ul)pur jejunum. "l'hu rucor(lin_s wcrc made over several
hours while the animals were under I)cnlol,arbital anesthesia. The measuring

apparatus consislcd of il l' 23 ]_ ,%t.llhnnl ch,(lri(al lransdu(cr, a bleeder sys-

tem, and a Sanborn l'oIyviso amlflifying and rccordin¢ unit as described b.v

Lorber and Shay. _ The rt'cordin_ scnsiiivitv was such that it l()-mm, pen

deflection was e(luivah'nt l() 5 cm. of wah'r })rcssurc. The ])al)er speed was 0.5
ram. per second. _erotonin was always administered as the creatinine sulfate

and all doses are cxi)rcssed as lilt' sitlt.

RI"S l" T.TS

Gastric Secretion

Serotonin in doses of 0.(X)I to 0.04 nag. per kg. per rain. intravenoush" had no

marked transient or sustained effect ()11lhc volum'e and pt| of gastric secretion
from the denervated Heidenhain ])ouch. The mean volume was slightly greater

and the mean pH lower during administration of 0.(11 rag. per kg. per rain. of
serotonin than that obtained when saline was/zivcn ahme (table 11. While a

"I'ABI,E 1

Comparison of the effects _¢ isotonic saline, serotoni, crealinine sutfitte, reserpine, and histamine
dihydrocl loride on gastric seeretimt in the lleidenhain pouch dog

]),)g 1 Dog 2 ])(_g3 Dog ;

Vol I'll, Vo[. lfll 'Vol. pl[ Vo[. Idl

lsotonicsalinc ...... 1/.37 4.2 O,IS 3.7 O.O5 3,7 0.05 3.7

Serotonin crealinine sulfate (mg./kg./

rain.) ¢
0.00l. ' 0.04, 1.6 0.40 2.2

0.01 ............................. I 0.48 2.4 0.62 I.O 0.16 2.¢) 11.75 2.1

O,(M ...................... i 0.10 2.4 , 0,2 7.¢1 005 4.1I
Reserpine (0.2 mg./kg.) ..... ai.7 1.0 I. I I .(I 5. I I .0

Histamine dihydrochloridc (0.(105 rag./

kg./min.) ....... 15.7 I.(I S.S 1.0 2.(_ ,.11 14.S 1.11

Each figure for saline and scrotonin represents IIw a','t'rage vahwof six 20 miu. periods, th,,sc for

reserpine and histamine Ihrt'e Io six 2() Iilil'_. periods. Thr "¢ohmw is t, xl_rt,sst.,I in nil. lwr 211 rain.
period.



l{R>l_ I1.1 IF, RB.I('K. IlOf;Bl'LV, .IIOR.[ N .I NI) TI,;RR 1" l',,I. 32, X,_. 6

larger numlwr of observations migh! serve to establish the statistical signiti-

cancc of such a small diffcremc, the physi.h>git signifiCalWe {)f smh a slight
increase would remain &)ubtful. In only-m' 20-rain. period in ,_ experiments

during serotonin infusion did the pli fall below 1.5, and in this instance the

fret, acidity was 20 mEq. per I. lVhcn 0.04 rag. per kg. per rain. of scrotonin
was infused, the pll (_f the resultant small w)lume c_fgastric juice rose. This

dose of serolonin produced profuse saliwttion and irritability in the animal.

The secreto D" response to serotouin is contrasted with the response to reser-

pine because of a possible relationship which is discussed subsequently. Reser-

pine evoked an appreciable secretion _)fhighly" acid juice, although the w)lume
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was generally less than that following histamine (table I ). In single experiments,

0.01 rag. per kg. per rain. of either s(xiium acetate or 5-hydroxyindoleacetic

acid (serotonin catabolite) did not stimulate gastric secretion in the ]tei<lenhain
pouch, while the so-called serotonin antagonist ]ysergic acid diethylami(le in

the dose of 50 #g. per kg. produced a secretory resl>onse comparable to that of
reserpine.

Serotonin given subcutaneously or intravenously in amounts comparable to

those given to the Heidenhain pouch dogs did not stimulate secretion from the

innervated stomachs of the anesthetized dogs. The method employed to collect

gastric juice would preclude confident detection of such small changes as were

observed with the denervated pouch.

Intestinal Motility

Serotonin stimulated jejunal motility in a dose as low as 0,01 mg, per kg.

per min. in many of the dogs and the response was not modified by bilateral

cervical vagotomy. In all instances increasing doses of serotonin (0.01 to 0.08

rag. per kg. per rain.) evoked increasingly greater responses in jejunal motility
(fig, 4). Tachyphylaxis developed during the continuous intravenous infusion

of serotonin irrespective of dose, and the increased motility elicited by a given

I
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|;IG. 3. Tracing A repremnts respiration and tracing B inlestinal motility. (;nq)h I illustrates

the ab_mce of a ._rotonin respon.,_' when serolonin is infu_'d a! a rate of O.(XI,_ rag. l_.'r kg. per rain.

Graph 2 illustrates the intestinal resl_mse 17 rain. after the intravenous administration of _) vg- J)','r
kg. of ly_rgic acid diethylamide whelt the same dose of ._'rotonin is administered.
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FIG. 4. Tracing A represents respiration and tracing B intestinal motility. Graph 1 shows the
increasingly greater intestinal responses with increasing dosesof serotonin. Graph 2 shows the absence
of an intestinal response to the same doses of serotonin following 0.5 mg. per kg. of the histamine-

releasing Compound 48/80 administered 15 rain. previous to the serotonin infusion.

dose usually ceased within 5 rain. (fig. 1). Within 10 rain. after cessation of the

serotonin infusion the bowel regained its former sensitivity.
The ability of several pharmacologic agents to modify the intestinal response

' to serotonin was examined, in 3 dogs, the intravenous administration of up
to 0.75 mg. per kg. of atropine did not inhibit the serotonin response (fig. 2).

Administration of 4 mg. per kg. of hexamethonium ion intravenously in 2

other dogs stimulated gut motility slightly but did not inhibit the serotonin

response (fig. 2). In 4 dogs a single intravenous injection of 50 vg. per kg. of

lysergic acid diethylamide caused marked potentiation of the serotonin response

and tachyphylaxis was not observed (fig. 3). The potentiation of the serotonin

response by lysergie acid diethylamide persisted following bilateral cervical

vagotomy. After intravenous administration of 0.5 mg. per kg. of the potent

histamine releasing agent, Compound ' *48, 80, the response of the intestine to
serotonin was variable. In three ()f live instances, prior administration of
Compouml 48 '80 inhibited the response to scrotonin (lig. 4). ht two instances
no inhibition was noted, l'rior administration of (?(mq)ountl 48'80 more con-
sistently blocked tachylmea and hypcrlmca induced by scrotonin than the

• C(mq_t_und48/811 was genert,usl.v supplit'd hy lie. Edwin 1)e Beer tff the %VeileomeRt.'search
l.aboratorics.



.lt_tte lU57 NER(YI'o.VI,V .I .VD REL.I TED ¢,"¢LIIPOI rNI)S | 06,_

increased gut motility. Adminislraticm of lhc antihistamine itgent, mepyramine,

in 1 dog ill a dose of 5 rag. per kg. intravenously caused it slight stimulation _f
the intestine but did not alter the _rotonin response. The administration _f

reserpine in a dose of 0.5 rag. per kg. in 2 dl)_s did not _timulate jejunal motility

observed over a period of 2 hr.

DISCUSSION

The results of this study indicate that, although systemically administered

serotonin stimulates intestinal motility, it does not evoke a significant secretion

from either the dencrvated pouch or the innervated stomach. Although not

demonstratcd, it is possiblc that serotonin might be a physiologic stimulus to
secretion if either (a) systemically administered serotonin causes inhibition

which overcomes the secretory rcsponsc or (b) exogenous serotonin does not

reach the effector site in sufficient concentration. The latter possibility is not

likely because the administration of the serotonin precursor, 5-hydroxytrypto-
phan, which is decarboxylated in thc body to yicld high levels of serotonin,

inhibits gastric secretion. 5

The gastric response to serotonin is also of interest in considering the mode

of action of reserpin e on gastric secretion. Recently, Brodie and co-workers
have demonstrated in animals that largc doses of reserpine (1 to 5 mg. per kg.)

cause the release of serotonin from the blood platelets, brain, and gastrointes-

tinal tract _8 and it has been postulated that the serotonin which continues to
be formed is in a free or physiologically active form2 Since reserpine increases

both the volume and acidity of gastric secretion, _°. 2_it was logical to consider
the possibility that the stimulus of reserpine to gastric secretion is mediated by

serotonin. Although the failure of systemically administcred serotonin to

stimulate secretion does not unequivocally exclude the possibility that scro-

tonin might be a physiologic stimulus, it would appear that rcserpine stimulates
gastric secretion by a mcchanism other than serotonin release. In fact, the

serotonin precursor, 5-hydroxytryptophan, inhibits spontaneous secretion, but

does not block the gastric response to reserpine or histamine. _

If the enterochromaffin cells normally influence intestinal motility, it is

probable that they do so by releasing a humoral agent which acts on neural

elements of the intestine. Because of the location of the enterochromaflin cells,

it is unlikely that serotonin could reach the smooth muscle cells except via the

general circulation. While the present experiments do not establish a physio-

logic role for serotonin in intestinal motility, they indicate that this amine is a

potent stimulus to gut motility. This can be demonstrated equally well using

open-end catheters or distended intraluminal balloons. While the hyperactivity

induced by serotonin as reflected by pressure waves is striking, the mean intra-
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luminal pressure seldom increases by more than 1 to 2 cm. of water relative to

the intra-abdominal pressure measured by an intra-abdominal catheter.
In our experience, atropine, hexamethonium, and mepyramine did not

inhibit the scrotonin stimulus to intestinal motility. The lack of effect of these
agents in vivo is thus similar to the experience in vitro. °-. _o L_The partial inhibi-

tion of serotonin-induced intestinal motility by the potent histamine releasing

agent, Compound 48/80, is an interesting incidental finding but not sufficiently
consistent to warrant a conclusion.

It is of interest that lysergic acid diethylamide which has been shown to
antagonize the central actions of serotonin in mice j4 and the stimulatory effect

of serotonin on uterine muscle in vitro/3 in contrast, potentiates the intestinal
motility induced by serotonin. This finding is in keeping with the apparent

potentiation by lysergic acid diethylamide of the peripheral effects of serotonin

in patients with the malignant carcinoid syndrome. In this syndrome blood

serotonin levels are markedly elevated and the administration of lysergic acid
0

diethylamide produced bronchospasm, facial edema, and aggravatson of flush-

ing reactions? 5 In vitro, lysergic acid is a feeble and questionably specific
antagonist to the stimulus of serotonin to the guinea pig ileum? 6 Our provi-
sional observations indicate that lysergic acid diethylamide stimulates gastric

secretio_q, while serotonin in large doses inhibits secretion.

SUMMARY

1. Exogenous serotonin in a dose up to 0.01 rag. per kg. per min. has no
significant effect on gastric secretion of acid, but with a dose of 0.04 rag. per

kg. per min. the Heidenhain pouch secretion becomes less acid.

2. The stimulus of reserpine to gastric acid secretion does not appear to I)e
mediated by serotonin release.

3. Serotonin in a close as low as 0.01 rag. per kg. per min. is a potent stimulus

to intestinal motility in the clog. This response is characterized t)y tachyphy-
laxis and is not blocked I)y atropine, hexamethonium, or mepyramine.

4. Ly_rgic acid diethylamidc potentiates the intestinal response to serotonin

in contrast to an apparent central antagonism,

National Heart Institute, Public Health Service, Bethesda 14, Md. (Dr. Haverback)
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