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The effects of serotonin lack and replace­
ment on Histamine-stimulated gastric secretion
from Heidenhain pouches of dogs were studied.
Serotonin lack was produced either by reserpine­
depletion or l-rnethyl-d-Iysergic acid butanolamide
(UML 491 )-antagonism. Serotonin lack signifi­
cantly increased gastric acid secretion (P 0.02)
and significantly reduced gastric pepsin secretion
(P 0.05). Serotonin replacement by injecting 5·
hydroxytryptophan significantly reduced gastric
acid secretion (P 0.02) and significantly increased
gastric pepsin secretion (P O.OS). These results
indicate that serotonin is an inhibitor of gastric
acid secretion and stimulator of pepsin secretion,
and the mechanism of serotonin action must be,
at least partyly, hormonal.

The duodenal mUCOS<l contains several hor­
mones that are capable of inhibiting gastric
secretion and accordingly, each hormone was
given the general name "Entrogastrone. '.(8, 13-15)

Cholecystokinin,(6, 8, 10) gastric polypeptide,( 10,
12, 14) secretin(6, 14) and serotonin(I 3) arc
some of the hormones that have been isolated in
purified forms from the duodenal mUl.'osa. Cho­
Iccystokinin(6, 8, 10) and gastric inhibitory
polypeptide(lO, 12) inhibit both acid and pepsin
secretion; secretin(6, 8, 9) and serotonin(3, 7, 24)
also inhibit acid secretion but stimulate pepsin
secretion. White et al(24) demonstrated that
serotonin inhibited gastric acid secretion but
stimulated gastnc pepsin secretion from the
Innervated gastric pouches. In our studies, we
used Heidenhain pouches which had their vagal
innervation divided during their surgical construc­
tion.

Well over seventy-five percent of total body

*This paper was presented at the 10th All.ll.ual Convention of
IMA on Oct(l!;>er 23, 1917 in Orlllndo, Florida.

"erotonin is located in the alimentary canal,c4,:5)
In fact, serotonin is synthesized from its percursor
5-hydroxytryptophan by the Entrochrornaffin
cells(4, 5,13,22) that are located at the oases of
the gastric and intestinal tubular glands, Serotonin
is then stored in these Entrochromaffin cells in the
form of granulesJ4, S, 13,22) The parenteml
administration of serotonin(3, 7, 24) or its pre­
cursor 5-hyctroxytryptophan(24) was shown re­
peatedly to mhibit gastric aeid secretion. More­
over, the release of duodenal serotonin during
dlJodenal acidification was also demonstrated(7,
16, 21, 25, 26) and was found to be associated
with the inhibition of gastric acidity.

MATERIALS AND METHODS

Fifteen mongrel dogs were provided with
Heidcnhain pouches and gastric cannulae. The
gastric cannulae were kept open during the studies
to prevent the gastric acid secreted by the stomach
frOm entering the duodenum and inhibiting gas­
tric secretion. In all the studies, histamine
phosphate was infused intravenouslY at a rate of
0.04 mg/kg/hr to produce maximal gastric secre­
tion. Collections were made from Heidenhain
pouches every fifteen minutes. H+ output in
mEq/15 minutes was calculated and pepsin output
as pepsin units/iS minutes (PUHb x 103/15 min.)
were alsO calculated according to Anson and
Mirsky.(l)

Two types of studies were perfonned. In the
first study, reserpine was injected intramuscularly
0.1 mg/kg 24 hours before commencing histamine
infusion to deplete serotonin stores. When gastric
secretion became maximal, the depleted serotonin
stores were replenished by an tntravenous in­
jection of the serotonin precursor, 5­
hydroxytryptophan, at a dose ?f 20 rug/kg. In
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the second type of studies, body serotonin was
reduced by the administration of a potcnt sero­
tonin antagonist, I-methyl-d-lysergic acid butano­
lamide (UML 491), which was infuscd intra­
venously at a rate of 2 rug/hr, 30 minutes before
maximal gastric secretion was established.
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RESULTS

A. Studies on gastric acid secretion (Figures I
and 2)

Histamine infusion alone increased gastric acid
secretion to a peak (1.00 + 1.15 mEq/l5 min.)
and then maintained acid output at this peak level
as a plateau. When serotonin was depleted by the
prior administration of reserpine to the same
dogs, histamine-stimulated gastric acid secretion
became significantly increased ( 1,71 + 0.50 mEq/
15 min.: P 0.02). Figure I.
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B. Studies on gastric pepsin secretion (Figures
3 and 4)

Histamine infusion alone produced an initial
peak in pepsin secretion (169 ± 41 PUHb x 103;
15 min.). Serotoni!1 depiction abolished this
initial peak (26 t 7 PUHb x 103/15 min.;
P 0.05). Figure 3.

B~1t when serotonin depiction was corrected by
the sing10 intravenous injection of the serotonin
precursor 5-hydroxytryptophan, gastric pepsin
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FIGURE 3 Effect of serotonin depletion and
replacement by 5-HTP ort histamine­
stimulated gastric pepsin output.
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FIGURE 1 Effect of serotonin depletion and
replacement by 5-HTP on histamine­
stimulated gastric acid output.
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When the depleted serotonin stores were re­
plenished by the single intravenous injection of
S-hydroxytryptophan, gastric acid secretion was
significantly reduced (1.50 ± 0.12 mEq/15 min.;
P 0.02). Figure I.

When body serotonin was antagonized by the
intravenous infusion of l-methyl-d-Iysergic acid
butanolamide (UML 491), again gastric acid
secretion was significantly elevated (1.69 t'
0.12 mEg/I5 min.) compared to only 1.10 rnEq/
]5 min. when histamine was infused alone into the
same dogs (P 0.03), Figun: 2.
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synthesis and storage of serotonin was demon­
strated by radiautography(4, 5) and histochemical
method.(l3) Exogenous serotonin(3, 7, 24) Was

found to inhibit acid secretion, Endogenous
serotonin, whether released by duodenal acidifi­
cation(7, 16, 21.25,26) or synthesized follOWing
parenteral administration of 5-hydroxytrypto­
phan.(24) also inhibit gastric acid sectl.:tion. Portal
vein serotonin was also found to inCrease during
these experimentd7)

The rc!".ults of the present studies brought
further evidence in favor of the inhibitory effect
of serotonin all acid se<:rction. RI.:~erpine was
shown previously to degranulate the entrochro­
matTin eel!s(2, 4, 5, 16) and reduce intestinal
serotonin.(2, 16, 25, 26) UML 491 was also
shown to redUCe duodenal serotonin{2J, 25. 26)
In the present studies, the prior administration of
reserpine or UML 491 caused a signific-mt in­
crease in gastric acid secretion. The increase of
gastric acidity could he rdated to the lack of
serotonin that was created hy reserpine or UML
491. Although tile regulation of gastric acid
secretion has heen very well established. the
mechanism of gastric pepsin secretion has never
been clearly understood. Previously we have
demonstrated that the intravenous infusion of
histamine phosphate is a stimulator of pepsin out­
put ilild that histamine stimulatory effect is
biphask.(23) In the present studies, histamine
infUSion alone also produced a biphasic stimula­
tory effect on pepsin secretion (Figures 3 and 4)
Bu t serotonin lack by reserpine depletion aholished
tIle initial stimulatory phase by histamine infusion,
while serotonin replacement by injecting 5-hy­
droxtryptophan increased pepsin secretion (Fig­
ure 3). Also, serotonin antagonism l)y U\1L491
abohshed the secondary stimulatory phase of
histamine infusion (Figure 4). Wllitl' ~t al(24)
demonstratcd that serotonin was a stimuli.ltor of
pepsin secretion from the innervated gastnc
pouches. O~lr ~tudies were performed on dener­
vated gastric pouches, which brings additional
evidence for the hormonal nature of serotonin
action.

CONCLUSIONS

I. Serotonin must be an inhibitor of gastric acid
secretion since serotonin lack, whether pro­
duced by depiction or antagonism, increased
gastric add secretion, while serotonin rcsyn­
thesis by injecting 5-hydroxytryptophan dc-
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secretion was significantly increased (318 t
117 PUHb x 103;15 min.; P 0.05), Figure 3.

Serotonin antagonism by the intravenous infus­
ion of UML 491 significantly decreased gastric
pepsin secretion and abolished the secondary
incn:ase in pepsin secretion (20 ± 8 PUHb x 103;
15 min.); when histamine was infused alone into
the same dogs, pep~in secretion was very much
higher (8 1 ± 16 PU Hb x 103/15 min.; P 0.0 1). Fig­
un: 4.

FIGURE 4 Effect of a serotonin antagonist
(UM L 49\) on histamine-stimulated
gastric pepsin output.

DISCUSSION

Duodenal ulceration is usually associated with
gastric hyperal.:idity and it was suggested that duo­
denal mucosa must have a self regulatory meell­
anism to prevent such ulceration by simply in­
hibIting acid secretion from the stomach (19. 20)
And it was documented that the entrance or gas­
tric acid into the duodenum liberates some hor­
mones (ENTROGASiRONE) from the duodenal
mucosa which inhibit the prietal cells and reduce
acid sccretion,C7, 16.20,21, 25, 26)

Serotonin (5-hydroxyttyptamine), the predom­
inant inle<:tinal rnonoamineJ4. 5) is subject to the
rC'le<l~c from the duodenal mucosa hy such sclf­
perpetuated mechanisms as was docurnentl~d ex­
perimcntally.(7, 16, 2), 25. 26) Serotonin is
synthesized mainly by the gastro-intestinal entro­
chromaffin cells and then stored in these cells as
granules that constitute over 757'(; of bouy scro­
tonin,(4, 5, 13) The localization of the site or
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synovial fluid was 20,720/cmm, mostly
polymorphonuclear cells. The ceIl count ranged
from as low as 200 to as high as 96,800
cells/cmm. Synovial fluid mucin clot was fair to
good, protein and glucose contents were within
nonnal limits and cultures for microorganisms
were sterile.

On radiological examination, joint
chondrocalcinosis was present in 70 of 72
patients and was most commonly seen in knees.
The other joints commonly showing
chondrocalcinosis were wrists, pubic symphysis,
hips, elbows, shoulder, metacarpophalangeal
joints, ankles and rarely even intervertebral discs.

Radiological changes in patients with
chondroca1cinosis resembled mostly those seen in
patients with primary osteoarthritis (unassociated
with any underlying associated disease), but there
are certain differenting points:

1, Involvement of joints (e.g. wrists, shoulders
and metacarpophalangeal joints) which are rarely
affected by OA.

2. More prominent and more numerous
subchondral cyst formation.

3. J6int degeneration more severe and more
progressive, with subchondral bony collapse and
fragmentation.

4. ISolated narrowing of patella-femoral joint
space in knees and radiocarpal joint space in
wrists more common,

Associated diseases: Three patients had
associated hypel;'parathyroidism and one had
hemochromatosis. Although one fmds these
associated diseases in only a minority of patients

with chondrocalcinosis, it is important to exclude
them in every patient. Chondrocalcinosis can be
the first clinical manifestation of these associated
diseases, as was seen in this patient with
hemochromatosis who had no other clinical
manifestation of hemochromatosis, e.g. hepatic
dysfunction, diabetes or bronzed skin.

Three patients had associated gout. Both the
urate and the CPPD crystals were identified in
synovial fluids of these patients. Two patients had
associated reheumatoid arthritis. Some of the
knee joint symptoms in these two patients were
due to CPPD crystal deposition because such
crystals were identified in the synovial fluid
aspirated from these swollen knees.

Treatment: Acute or subacute attacks of
pseudogout are readily recognized by
identification of CPPD crystals in synovial fluid
leukocytes by compensated polarized light
microsCOpy. Such attacks usually respond to
aspiration of the swollen joints. Sometimes
intra-articular injection of hydrocortisone may be
needed to treat most severe attacks. When needle
aspiration of the swollen joint is not feasible or
when many joints are involved, short course of
treatment with aspirin or preferably other
non-steroidal anti-inflammatory drugs like
indomethacin and butazolidine is quite effective.
Effect of colchicine in pseudogout is not as
predictable as in gout. For chronic arthritis, long
term treatment with nonsteroidal
anti-inflammatory drugs is needed. Occasionally,
arthroplasty is needed for severely damaged
joints.
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