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Effects of dopamine agonists and antagonists
on o tion

Abstract

Rats given restraint stress for 3h developed a high
incidence of gastric ulcers, which resembre human streis
ulcers seen among: severely í11 pat,ients. The pathogenesis
of these lesions is not compretely und.erstood.. Recent,ly,
however, research has focused on the role of centrar andperipheral neurotransmitters in stress ulcer pathogensis.
rn this study, T¡re examined. the effects of differént d.óparnine
agonists and antagonists on gastrointestinal and
corticosterone responses to stress cond.itions. we also
examined gastric secretory responses following treatment
with dopaminergic drugs" The results showed. that both
central and peripheral dopaminergic mechanisms may be
involved in mediating basal and stress-perturbed gástric
funct,ion. Activation of peripheral dopamine reðeptors
reduced the severity of ulcers (as indicated by a
significant reduct.j-on in cumulatíve ulcer rengtrr¡ .
stimulation of central DA receptors or augmenting central
dopaminergic activity also attenuated ulcer iormation.
Moreover, the cytoprotective effect, of dopamine on thegastríc mucosa may be in part, due to an inhibition ofgastric acid secretion. Dopamine agonists decreased., while
dopamine antagonists increased basar gastric acid. secretion
ín rats. However, peripheral dopamine receptor blockers
failed to íncrease gastric acid output, indicating that
central dopaminergic mechanisms are 1ikely more irnportant
than peripheral receptors in mediating gastric secretory
responses.
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I. TNTRODUCTION AND REVTEW OF LITERATURE



Stress ulcers are serious and life-threatening. These

lesions are a conmon occurrence among patients admitted to
hospitals for severe illnesses. patients who bleed from

gastric stress ulcers may have a mortality rate as high as

5oz (Marrone and silen, 1984). clinical studies indicate
that the incidence of stress ulcers among the elderly and

infants is higher than in young adult,s (Katz et â1. , 1965 |

Bradley, 1967) .

Early clinical studies revealed a high incidence of
acute urcers of the stomach and or duodenum in patients
undergoing rnajor surgery, (McÐonnell and. McCloskey, 1953;

Ke1ly and Schueter, 1964; Fogelman and carvey, 1966) and.

myocardial infarction (Andersen and Clausen, Lg66). fn
1964, Dunn and Nash, reported on two cases of acute gastric
ulcers following caesarean section and abdominal

hysterectomy. other pathological condÍtions that are known

to be associated with the development, of acute ulcers
incrude severe head ínjury (Karsch tg72i Kamada et â1.,
L977) " Skillnan and his colleagues (1969) reported. on a

high incidence of massÍve upper gast,rointestinal bleeding

from acute ulcers among patients adrnitted t,o intensive care

units with respiratory failure, hypotension, sepsis or
jaundice. Klein et, aI. (1973), in a retrospective study on

patients with malignant, diseases, d.emonstrated. that upper

gastroÍntestinal bleeding represented a serious problem, and

that the mortality rate amongi those pat,ients was 1OOå. The

authors concluded that patients wiÈh malignant diseases
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$¡ere at risk of developing gastric mucosal erosions. In

most of the cases mentioned above, the patients had. no

previous history or current sympt,oms of ulcer disease and

their gastrointestinal radiologic examinations were

negative. fn addit,ion to these pathological condítions,

acute ulcers represent, a serious clinical problem for
rnillíons of patients usíng aspirin, non-steroidal anti-
inflammatory drugs, caffeine and alcohol- - all known gastric
irritants.

Despite a voluminous and rapidly growing literature on

acute stress ulcers, effective treatment of this d.isease is
still lacking. This is probably due to the uncertainty in
identifying the pathogenesis of the disease. Several

attempts have been made to characterize the possible

mechanisms involved and the following is a review of these

mechanisms.

1. Gastric acidity
Consíderable attt,ention has been focused. on gastric

acid secretion, however its role ín stress-induced gastric
ulcer disease remains a t,opíc for considerable debate.

Early reports by Fletcher et al. (1954), and Shay (1954)

indicated that stress ulceraÈion in humans vras attributable
to gast,ric hypersecretion. Several experimental studies

showed stimulation of gastric acíd secretion during

stressful situat,ions (Mahl, 1949). Recent studies also

reported a similar conclusion. For example, Kítagawa et aI.
(I979) found increased gastric acid secretion in rats

-2-



following water-immersion stress. In 1981 Odonkor et a1.

reported that sepsis-induced gastric ulcers in dogs hrere

associat,ed with acid hypersecret,ion. These authors found

that the ulcers hlere prevented by treatment v¡ith cimetidine,

which inhibits gastric secretion. The objection to this
theory is that several agents which effectively inhibit, or

neutralize gastric acid secretion such as cimetidÍne or

ant,acids do not necessarily protect against stress-Índuced

gastríc ulcers (Pare et aI., 1978 and Nemeroff et â1.,

1980). This conclusÍon was reached earlier by several other

investigators. In 1960, Menguy and his group, found that
increased gast,ric acid secretion in pylorus-ligated rats was

not an important fact,or in the formation of stress ulcers.
These results Ì^rere Later conf irmed by Pare et a1. (1973) ,

Dai and Ogle (I974) and Desiderato and Testa (3976) 
"

Moreover, Menguy (1960), Brodie et aI. (L962) and Robert et

al. (1970) , have shown that acid secret,ion \^/Ìas sígnificantly
reduced in experirnental ulcers induced by pyloric-ligation,

chronic administrat,ion of prednisolone, and exert,ion ulcers,
respectively.

2 " Gastric mucosal barrier funct,ion

The gastric mucosa maintains its integrity despite

continuous exposure to potentially darnaging gastrointestinal

contents includíng, hydrochloric acid, pepsin, bile,
bacteria and other toxinsr âs well as a host of damaging

ingested substances (food. particles, spices, alcohoI,

caffeine and non-steroidal antiinflammatory drugs) .
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Hollander (1954) , Ínt,roduced the concept of ttmucosal

barrierr¡, as consisting of a layer of mucus covering a layer
of epithelial ceIls. Code et al. (1955) described a similar
barrier in the gastric mucosa which r¡ras impermeable to
sodium ions" Thís barrier accounts for the stomachrs

ability to cont,ain noxious substances without injuring
itself" This is expressed as the very low permeability of
the gastric mucosa to hydrogen ion and other ions includíng
sodium" However, when this barrier is broken, acid. can

diffuse back into the mucosa causing serious

pathophysiologic consequences which vrere summarized by

Davenport (f967) as follows: l. Acid back diffusion into
the gastric mucosa stimulates stomach motility and.

pepsinogen secretion, through stimulation of the intrinsic
plexuses; 2" Acid back diffusion stimutates the secretion

of histamine which, in turn, stimulates gastric acid

secret,ion, Hist,arnine and other subst,ances released. d.uring

mucosal injury cause capillary vasodilation, plasma protein
outward passage to the extracellular space as a result, of
increased capillary permeabilíty and finally, mucosal edema

and bleeding may occur, ranging from superficial haemorrhage

to exsanguínation. Figure 1 summarizes these mechanisms.

Overholt and Pollard (1968) have also shown abnormal

permeability of human gastric mucosa in patients with
gastric uIcer, gastrit,Ís and hypochlorhydria.

This finding was supported by Skillrnan et, aI. (1969)

who reported that 1ethal gastroduodenal ulcerat,ion in

-4-
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critically il1 patients (respiratory failure, sepsis,
jaundice, hypotension) in whom hypersecretion of acid. is not

often a problem, were associated with a disruption of the

gast,ric mucosal barrier, aIIowÍng back diffusion of hydrogen

ion which, in turn, digested the mucosa.

In 1964, DavenporÈ showed that, gastric acid

hypersecretion in patients with chronic gastric ulcer may be

caused by acid back diffusÍon across damaged gastric mucosa.

This author has also found that bile, synthetic
taurocholate, and urea produce gastric mucosal barríer
breakdown result,ing ín back diffusion of acid. (Davenport,

1e6B).

3. Endogenous gast,ric mucosal prostaqlandins"

Currently, prostaglandins, which have been isolated in
large guantíties from human gastric mucosa (Bennett et al.,
L977) are believed to play a major role in the prot,ect.ion of
the gastrointestinal mucosa against, physical and chemical

trauma (Robert, 1979) . Under normal conditions, the gastric
mucosa has been found t,o produce prost,aglandins (Konturek et
â1., 1981). Recent reports indicate the existence of
reduced antral and corpus mucosal prostaglandin

biosynthesis, âs determined by radioimmunoassay, in patients

with gastric ulcer (Wright, et al., I9B2; Kobayashí et a1.,

1982) " Robert et al. (1968) were the first to report that
the incidence of gastric ulceration in rats subjected. to
pylorÍc ligatíon is reduced íf animals hrere given

subcutaneous injections of prostaglandin 81. Prostaglandins
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are also reported to protect against mucosal necrosis caused

by absolute ethanol and boilíng water (Robert et al., 1979) |

as well as by nonst,eroidal antiinflammat,ory drugs (NSAIDTs)

such as aspirin (Cohen, 7978) "

There has been some difference of opinion concerning

the mechanism by which prostaglandins prot,ect against

gastric mucosal ulcers. Some authorities have maintained

that prostaglandins sinply stimulate the production of mucus

(Bickel and Kauffman, 1981) which results in an increased pH

gradient across the surface mucus layers. other mechanisms

have been suggested incl-uding: stimulat,ion of the gastric
sodium pump (Robert,, L979) i tightening of the gastric
mucosal barrier (Bo1t,on and Cohen, 1979) i stimulation of
bicarbonate production (Garner and Heylings, L97g) ì and.

inhíbition of acid secretion (Karim and Fung I Ig76) " These

authors reported that, intravenous administrat,ion of
prostaglandins EI and Al t,o human volunteers consistently
reduced both basal and stinulat,ed acid secretion. The

prostaglandins do not inhÍbit secret,ory act,ívity when they

are given by mouth, but their methylated derivatives (methyl

and dimethyl prost,aglandins E2) are active by the oral route

and they are much more potent than the parent compound

(Robert, et a1., 1981) .

4. Gastric Mucosal Blood Flow

Gastric

integrity of

mucosal blood flow

the gastric mucosa by

appears to maintain the

removing, diluting or



bufferíng back diffusing acid (Spiro, t9g5). Another

ad.vantage of maintaining an adequat,e blood flow is to
deliver nutrients and oxygen Lo the mucosal cells. Reduced.

mucosal blood flow has been observed following hemorrhagic

shock (Shirazi et aI., 1977 ) and after endotoxin-ind.uced

ulcers in pigs (Richardson et â1., 1973) " The current

hypothesis appears to be that during stress, vascular
perfusion of the stomach may be reduced, causing the mucosal

ceIls to become anoxic and malnourished and thus become

vulnerable to the damaging effect of the acidic gastric
content,s.

5" Energv Deficit
The hypothesis that stress ulceration may be caused. by

a deficiency in gastric mucosal energy was substantiat,ed by

the work of Menguy et aI. (L974) who invest,igated the

effects of hypovolemic shock-induced stress ulcers on the

energy metabolism of the gastric mucosa of rats. They found

a falI in the levels of ATP and ADP in the mucosa 15 minutes

after the establishment of hemorrhage. The fatl in ATp

leve1s vras higher ín the corpus than that observed. in the

antrum. Instillation of sodium taurocholate into the rabbit
stomach during hemorrhagic shock inhibit,ed gastric mucosal

ATPase and uncoupled oxidative phosphorylat,ion of gastric
mucosal mítochondria which resulted in an increase in the

severity of stress ulcers (Menguy and Masters, 1976) 
"

-8-



6. Mucosal CeII Renewal

Another proposed endog'enous mechanism that may

contribute to mucosal defense against injury is the rapíd

rate of replacement of desguamated epithelial ceIls from the

mucosal surface by new cells formed by the proliferation of
mucus neck cells of the gastric glands. In L982, Svanes and

his colleagues have demonst,rated that, in vitro exposure of
frog gastric mucosa to IM Nacl caused complete destructÍon

of the surface epithelíaI cells within 10 minutes" These

ce1ls became complet,ely restored within four hours by nevr

cel1s which migrated. from the proliferative zone (between

the gastric gland and surface epithelium) " The authors also

reported that the epitherial restoration was enhanced at
high pH and inhibit,ed at low int,ra-lumina1 pH (<4. O) "

ft has also been shown by Eastwood and euirnby (1982)

that in the rat, chronic adninistration of aspirin (120

mg/kg/day) for four weeks, stimulated epÍtheIiaI prolifer-
ation in the fundic mucosa, but had no effect in the antrum.

The authors suggested that, epithelial proliferat,ion may be

the mechanism responsible for these epithelial changes.

Models of Stress Ulcer

Several experimental approaches have been d.escribed to
produce stress ulcer in animals. It is imperative that
experimentally-induced stress gastric ulcers are reliably
produced and closely resemble human ulcers seen in clinical
sett,ings after a variety of acute cond.itions. As early as

1936, Selye has reported that rn¡hen an animal is exposed to

-9-



stress (such

irradiat,ion,
as night, be produced by physical injury,
surgical injury, infection, fatigue,

intoxication wíth sublethal doses of drugsr or exposure to
cold), it responds in a characteristic fashion, The

response to st,ress may be local at (the site of stress) or a

general non-specific response. According to Se1ye, who

caI1ed the latter response the general adaptation syndrome,

this response may be dívided int,o three successive phases.

The rralarmrr (irunediate) reaction is the first stage in which

there is an increase in sÍze of some organs includíng the

spleen, Iiver, thymus, lymph nodes, loss of muscular tone,

fall in body ternperature and formation of acute erosions in
the dígest,ive tract, particularly ín the stomach. The

second phase is the stage of resistance, while the final
stage is called the stage of exhaustion" The last stage is
only seen if the stressor is sufficiently intense or
prolonged to exhaust the physical mechanisms responsible for
initiat,ing and maintaining the process of resistance.

In a stress situation, impulses from the cort,ex reach

the hypothalamus and produce secret,ion of corticoids, whích

provide the means of resistance and assist, in the return of
physiological normalcy following exposure to stress. A

failure of resist,ance Ís thought to lead t,o |tdiseases of
adaptationtr, such as rheumatic fever, gout, rheumatoid

arthritis, hypertension and depressíon. Selyers views vrere

at first embraced indiscriminately by many researchers. For

exampler âh early study by Hench and his colleagues (1949),

-10-



showed that cort,icosterone and adrenocorticotrophÍc hormone

(corticotrophj-n, ACTH) both brought, about a rapid relief of
the sympt,oms of rheumatoid arthritis. These data apparent,ly

supported Selyers hypothesis that many human disorders

result, from a failure of mechanisms rnediat,ed by the adrenal

cortex and controlled by the hypothalamic-pituitary systern,

the activity of which enables the organism to adapt to the

st,ress (physical, chernical or nervous) of everyday 1ife.
However, over the next three decades, much evidence against

the notíon of ¡rnon-specif itytt accumulated and Selye I s

orígina1 ideas were seriously chalIenged..

One of the earlj-est techniques used to induce

experimental ulcers in animals ís restraint or acute

ímmobilization, whÍch consists of placing the animal

(usually rodents) into a confíned space, by means of
surgical tape, window screen t ot a metal box with movable

sides and ends (Rossi et al., 1956i Robert et aI. 1966).

Brodie and his colleagues used this technique to induce

experimental ulceration in rats, and. they deserve

considerable credít for improvíng and est,ablishing

parameters for this model.

Over the years, the restraint t,echnique has becorne a

powerful and relÍable method for experimental ulcer
formatÍon as well as beíng used for testing the

effect,iveness of various anti-ulcer drugs.

Brodíe et al. (1962), reported that, fasting prÍor to

restraint, enhances the product,ion of gastric lesions in

-11-



rats. The authors also found that thís technique v¡as

species-specific (rats and mice hrere more suscept.ible to
ulcer format,ion than hamsters, rabbits, guinea pigs or

monkeys) .

In J,977, Vincent et al. described a modification of the

restraint techníque. They combined restraint of rats in the

supine position for 3 hr with placíng them in a co1d.

environment, lao-ooc¡. This procedure resulted. in true ulcer
formation (that is ulcers which penet,rate the muscularis

mucosae, Glavin, 1980) . Until this tine, most restraint,-
induced ulcers v/ere usually superficial and díd not
penetrate the muscularis mucosae,

A nodification of the restraint, procedure was also

described by Takeuchi et a1., (1976). Their method is
caIIed water immersion stress and consists of immersion of
restrained. pyloric-ligated. rats in water at 23oc for 3 hr.
The authors reported that this method induced a high

incidence of stress ulcers.

Another model of experimental u1cer, but especially of
chronic ulcers, is known as activity-stress. rn this
procedure rats are placed in a running wheel activity cage

and fed for only one hour a day while having continuous

access to the wheel. Animals so treated developed gastric
ulcers in the glandular portion of the stomach within 4 to
12 days (Pare and Houser, l-973 i Pare, 1974,. Pare , l97Sì

Pare, t.976 i Pare, 1980) . This procedure leads to increased

running activity with some rats running as much as 10 miles
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per day (Paret 1975) " ActÍvity st,ress ulcers may penetrate

through the muscularÍs mucosae and thus may differ from

restraint, ulcers which are usually superficial. The d.eep

penetration of activíty-stress erosions is probably

partially due to the chronic nature of these ulcers, that
is, they develop slowly over a period of several days,

whereas restraint ulcers are produced within 2 Eo 24 hours,

depending upon the anbient t,emperature.

Electric shock has also been used to Índuce stress

ulcers in rats. However, more interest,ing results have been

reported when monkeys T¡rere used" fn 1958, porter et aI.
found that monkeys placed in a situation where they had to
control electric shock delivery to themselves and to a

nearby monkey by pressing a bar, developed. severe

ulceration. This model was known as the rrexecutive monkeyil

procedure" Several attempts have been made to replicate
these results but, without, success (Natelson et â1., )_977) "

Haemorrhagic shock has also been reported. to cause

gastric ulcers. Harjola and Sivula (1966) described acute

gastric mucosal ulceration in rabbits following haemorrhagric

shock. They explaÍned these changes as beÍng the result of
vasoconstriction of the gast,ric mucosa due to haemorrhage.

These findings were supported by the work of Guilbert
et aI. (1969) who found a hígh incÍdence of microscopic and

g:ross acute multiple gastric erosj-ons in the dog following
haemorrhagic shock (40 mmHg for 4"5 lnt, followed by

reinfusion of shed blood) " On the other hand., these authors

-13-



suggested the possibility that altered gastric mucosal

barrÍer function caused by the refluxing duodenal content

with subseguent ulcerat,ion of the st,omach, hây be the

salÍent pathogenic factor. Since both pyloric ligation,
which prevents duodenal content, from flowíng back into the

st,omach, and inhibition of trypsin, which prevents the

release of hydrolytic enzymes, significantly reduced both

the incidence and severity of the hemorrhage-índuced gastríc
ulcerat,ion, it appears that this explanation has some

support.

Septic shock produced in dogs by intraperitoneal
injection of a mixture of bacteria and bíle, resulted. in the

development, of bleedíng gastric erosions within two days

(Ondonkor et al., 1981). In an early study by Penner and.

Bernheim (1960), the inject,ion of bact,erial endot,oxin into
the cerebral ventricles or the subdural space caused the

formation of ulcers in the st,omach and. duodenum of rats.
Thís result, was contradicted by Rosoff and Goldman (1968)

who found that bacterial flora produced by oral
adrninistration of polymyxin B to experimental animals

provided protection against acute restraint-índuced ulcers.
As early as 1932, Cushing reported that gastroduodenal

ulcers v/ere frequently observed in patients with
neurological trauma. Similar forms of ulcers were

experimentally produced by electrÍcal stimulat,ion of various

areas of the hypothalamus in rnonkeys (French et aI., 1952)

and cats, (Feldnan et â1., 1961).
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One of the most commonly used methods to induce gastric
ulcers in experimental anirnals is by pharmacological

procedures, including the use of drugs that, are knorn¡n to
produce gastroduodenal damagie as a side effect in humans.

The use of chernícars to produce ulcers is popular because of
the many features shared by stress and pharmacologically-

induced ulcers, such as their rapid onset, rapid. healing
with discontinuation of the stress condition or the d.rug,

and the fact that, they are both rnultiple and superficial
(Giampaolo et, â1., 1978) "

Drug-induced gast,ric ulcers include adninist,ration
non-steroidal antiinframmat.ory compound.s such as aspirin
(Brodie and Hooke, L97Ii Lev et al., I7TI; Cooke, Lg73) ,

phenylbutazone (Dascalakis, 1971), and indomethacin, which

has also been shown to produce ulcers in the upper

gastrointestinar tract in rats and. humans. These ulcers
h/ere not prevent,ed by cÍmetidine, atropine t or vagotomy

(Satoh et â1", 1981) . Other ulcerogenic drugs include

cort,icosteroids (Robert and Nezamis, tg64î Kelly and

Robert, L969) , reserpine (Weiner, lg8O) cysteamine (Selye

and Szabo, 1973 i Robert et â1., 1974; Szabo, I97B) | and

propionitrile (Szabo and Selye, I7TZ) . Cystearnine and.

propionitrile have been shown to produce marked. increase in
gastric acid secretion (Szabo et al., \g7g) | probably d.ue to
their ability to stimulate gast,rÍn reLease (Licht,enberger et,

â1., 1977), and to delay gast,ric emptying (poulsen et al.,
L982) " A1cohol is also known to produce ulcers (Davenport,
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1967; Eastwood and Erdman 1978) " Clinical reports indicate

a hígh incidence of ulcers among alcoholics (Hagnell and

Wretmark, 1957), Recent,ly Szabo et aI. (1985) showed that
nultiple daily doses of the doparninergic neurotoxin MpTp (1-

methyl-4 -phenyl -I ,2, 3 , 6-Letrahydropyridine) incuded duodenal

ulcers in the rat. In this study, Szabo and his group,

found a significant reduct,Íon of pancreatic bicarbonate,

amylase and trypsin as well as a decrease ín gastric acid

and pepsin output,. They therefore conclud.ed. that these

ulcers are not due t,o acid hypersecretion, but were

associat,ed with decreased neutralization of acid in the

duod.enum. Among currently used experimental ulcer models,

procedures which combine restrainL and cold are consid.ered.

rrgoodrr experimental tools for inducing peptic ulcer disease

in animals" These models satisfy the requirements of a

reliable model for ulcer formation including: penetration

through the muscularis mucosae, product.ion of ulcers at
specif ic locat,ions of the gastrointest,inal tract, and

response to currently available therapy (drugs, surgery) for
pepÈic ulcer disease. Satisfact,íon of these criteria make

the cold restraint stress model valuable for use in
examining the cause, course and consequence of ulcer disease

(Glavin, 1980; Pare and Glavin, 1986).

Neurogenic factors in stress ulcer formation:

Support for the ímportance of catecholamines

experimental ulcer formation comes from their role

l_n

1n

-16-



mediating responses of the sympatho-adrenal syst,em" Such

evidence T^ras provided by the results of pharmacological

analyses of the applicatíon of selectíve blockers of and

ß -adrenergic receptors as well as the applicat,ion of
presynapt,ic sympatholytic agents. The invotvement of the

sympathetíc nervous system in the formation of ulcers of
different origins (surgical and chemically induced) has been

well documented" Deplet,ion of catecholamines, for example

by guanethidine, reserpine or 6-hydroxydopamine (6-OHDA),

and surgical sympathectorny by spinal cord transection or

adrenalectomy, have been found to induce gastric ulcers
and/or potent,iat,e ulcer formation by other method.s (Lau and

Og1e, 1979; Esplagues et, a1., L982i Taylor and Nabit IgBz

and Hernandez et al., 1984).

The theory that the sympathetic nervous system has an

import,ant role in the gastroíntestínal tract was reinforced
by the histological findÍngs of Cost,a and Gabella (I97t) who

indicated that the gastric mucosa is richly innervated by

adrenergic fibres" Ahlguist and Levy (1959), however,

showed that, in the dog, adrenergic relaxation of the gut was

mediated by st,imulation of cr- and ß -adrenoreceptors. Lands

et al" (J-967) found that most of the adrenoreceptors ín the

gut are of the gl-subtype, since practolol specifically
blocked these receptors. Identification of the exact

subtype of adrenergic receptors which are involved. in the

pathogenesis of gastric ulcers is still controversial.
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A recent study by Esplagues et al. (L982) on the

effects of ß-adrenoreceptor stirnulat,ion on gastric ulcers

induced by several models including stress, pyloríc-

1ígation, histamine, indomethacin, reserpine, polynyxitr-B,

and gastric distensÍon, found that pretreatment of the rats
with isoprenaline or salbutamol, signifícant,ly inhibited
stress-induced gastric ulcers. This effect was abolíshed by

propranolol but, not by atenolol, The authors thus suggested

that the response to ß-adrenoreceptor st,imulants was

rnediated by ßr-receptors" Salbutamol was also found to
red.uce acute ulcer formation in rats treated with histarnine,

polymyxin-B, índomethacin and in pyloric-ligated rats.
These findings v/ere confirmed by Orlando et aI. (1985) who

indicated that st,ress-induced gastric ulcers could be

prevented by s- and ß -adrenorecept,or agonist,s. Drugs such

as cysteamine which apparently act as syrnpatholyt.íc

compounds, have a significant ulcerogenic effect in the

stomach and duodenum (Szabo et aI., 1982) "

Although the mechanisn(s) by which sympathomimetic

agents provide protect,ion against ulcer formation is stil1
unknown, some investígators pointed to the inhibition of
acíd secretion as one of the effects of adrenoreceptor

st,irnulat,íon, Debnath et â1., (1974) | reported a dose-

dependent effect of propranolol on gastric acid secretion

and gast,ric ulcers in pylorus-ligated rats" Smal1 doses of
propranolol increased total volume, acid output and pepsin

secretion along with and íncrease in the incídence of
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ulcers, vrhereas high doses hrere inhibit,ory. Canfield and

Price (1981) found that isoprenaline inhibited gastric acid

secret,ion in response to pentagastrin in concious rats with
Heidenhaín pouches. This inhibitíon $¡as abolished by

propranol-o1 and butoxamine and partially reversed by

practolol.

Neuropeptides in stress-induced qastríc ulcers

Several neuropeptid.es have been irnplicated in the

pathogenesis of stress gastric ulcer formation. Most of
these peptides have already been identified in the brain and

in peripheral tissues incLuding the gast,roíntestinal tract.
Nemeroff et al" (1982) reported that intracÍsternal
injection of neurotensin, signÍficant,ly inhibited cold

rest,raint stress ulcers in the rat. The cytoprotective
effect of neurotensin was found to be both dose-related. and.

rout,e-specific. High intracisternal doses and intravenous

administration of the peptide failed to provide protection

against, gast.ric stress ulcers, Osurni et, al. (Lg7B) have

demonstrated that intravent,rÍcular application of
neurotensín caused an ínhibition of gastric acid. secretion.

Whether the inhibition of gastric acid secret,ion is involved

in neurot,ensin-induced cytoprotect,ion is unknown, fn lgBZ I

Szabo and his group found that somatostatin, a pept,íde known

to be released by central adninistration of neurotensin,

prevent,ed the formation of cysteamine-induced duodenal

ulcers in rats. Other investÍgators have reported that
centrally adininistered ß-endorphin conplet,ely prevent,ed
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stress gastrÍc ulcers ín the rat (Hernandez et â1., 1983) "

Other neuropeptides that have been irnplicated in the

cytoprotective effect on stress-induced gastric ulcers
include: bombesin (Tache et al., 1979) and substance p

(Hernandez et al", 1983) " fn contrast, other neuropeptides

have been found to aggravate stress-índuced gastric ulcers
such as vasoactive-intestÍnal polypeptide (VIp) and

thyrotropin-releasing hormone (TRH) (Hernandez et â1.,

le83) "

Gastrointestinal Physiology

The stomach is the most complicated portion of the

alimentary tract" It receives about 2bOO ml of fIuid. per

day from the ceIls lining the stomach. This fruid contains

the enzlrmes, pepsin and rennin and has a low pH of 1.8-2.5
due Lo the presence of hydrochloric acid"

The st.omach can be divided ínto three parts: the

fundus, the body and the pylorus, each of which contains a

particular type of gIand. The cardiac area, is a 1 to 4 cm

u¡ide zone which guards the esophageal orifice, also known as

the cardiac sphincter (Brooks, I97O) "

The fundic area is the largest area of the stomach and

accounts for 60 to 80å of the total mucosal surface area.

Histologically, the stomach consists of four layers:
The outer serous coat consists of peritoneum. The muscular

coat consists of three layers: the outer longitudinal, the

niddle circular and the inner oblique layer" The next layer
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is called the submucous cos!, followed by the layer of the

muscularis mucosae and a support,ing stroma of connective

tissue. Fínally, there is the mucous membrane whÍch is
thrown out into large folds when the stomach is empty and

these folds tend to disappear when the stomach is dist,end.ed.

Hence, this folded arrangement of the mucous membrane

provides a substant,ial protect,ive device to prevent d.amage

from stretch or dist,ention. The surface of the gastric
mucosa is covered with a thick layer of t,enacious mucus

which is secreted by the surface epithelial cells" Thís

layer varies in thickness from 0.5 mm to 2.5 rnm. Under the

surface layer of epithelium, are located simple tubular
glands which secrete gast,ric juice.

Histologicallyr âs well as functionally, the glands are

not the same. They d.if fer in d.if ferent parts of the

stomach, but, they are all tubular in structure and extend to
the muscularis mucosae where they terminate in a blind
bulbar end, known as fundus of the gland, The main tubular
part of the gland is called the body. The neck of the gland

connects the body to the isthmus, which communicates wíth

the gastric crypt.
The cardiac glands t,end to be short, and. secrete mucus,

although some pepsinogen cells are also present,. The fund.ic

glands tend to be slender and straight wíth a narror¡r lumen.

These glands are composed of the following: (a) the mucous

neck cells which secrete the mucus; (b) the chief (peptic

cells) in the body of the glands" These ce1ls are
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basophilic and secrete pepsin and contain zymogen granules

which are precursors of pepsín (pepsinogen). In addition,
the chief cells probably produce gastrin, rennin, and a

gelat,in-splitting enzyme, gelatinase; and (c) oxyntic

(parietal) ceIls" They are found pressed at the bed by

chief cells and are oval in shape. They secrete

hydrochloric acid (HCl) and may also secrete t'intrinsic

factorrr, which is a glycoprotein required for normal

intestinal absorptíon of vitarnin 812 (Ganong, 1985) "

Secretion of gastric iuice.
The secret,ion of gastric juice is controlled by both

nervous and chemical mechanisms" Stimulation of the vagus

nerves causes secretion of gastric juice and. an increase in
gastric motility. It is for this reason that vagal fibres
to the stomach are sometimes sectioned in cases of
intractable gastric ulcer. Gastric secretion is associat,ed

with the intake of food and occurs in three stages, known as

the cephalic, gast.ric, and intestinal phases, depend.ing upon

the location of the stimulus"

The cerrhalic phase of gastric secretion occurs before

food enters the st,omach. Psychological factors are involved

at this stage because unappetizíng foods do not, elicit this
type of gastric secretíon (which is sometimes ca1led.

rrappetite juicett. )

The gastric phase of secretion occurs whíle food is in
the st,omach. It is apparently caused by substances in the

food which stimulate the gastric mucosa (secretogogues).
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Meats, proteíns, as well as alcohol and caffeine, are

effectÍve secretogogues. They cause the release of gastrin
from the gastric mucosa ínto the blood stream, which in turn
causes the release of gast,ric juÍce when it reaches the

gastríc mucosa. The intest.inal phase refers to the

secretion of gastric juíce that continues several hours

after chlrme has left the stomach. It, is probably due to
release of gastrin-like hormone from the gast,ric mucosa.

Gastric secret,ion can be inhibited by the presence of
certain substances in the duodenum. For example: (1)

introduction of alka1i direct,ly into the duodenum inhibits
gastric secretion and (2) the presence of fats ín the

duodenum inhibit,s gastric secretion (both the gast,ric and.

intestinal phases). This inhibitory action of fat is due to
the release of the intestinal hormone, enterogastrone.

Mechanisms of secretion of hvdrochloric acid

Hydrochloric acid is secreted by the oxyntic cel1s (or

parietal cells). These cells also secrete Castlers

intrínsic factor which regulates the absorption of vj-tamin

Bl-2" The parietal ceIls are present in the fundus and the

body of the stomach. Many theories explaining the formation

of HCl are being proposed. One theory, which was suggested

by Davenport, Davies and others, explains the formatíon of
HCI in a simplified manner" According to this theory, the

JH' and 0H ions are formed by ionization from water and

other metabolites. H+ ions are then passed out of the

oxyntic cells into the canalícu1us of the gastric a1and.
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This is an act,íve process, the energy for whích is derived

from aerobic and anerobic glycolysís. The transport is also

dependent on oxidative phosphorylation and may involve

adenosine triphosphate. The secretion of HCl stops when

energy conversion ís blocked by, for example, dinitrophenol.

For each Hf ion released, one OH- ion is he1d. back inside
the ceIl. This OH- combines with H+ i-on released from the

dissociation of H,CO, Ínto Hco3- and H+, the HCO3- being

released in the circulation. The H2C03 is formed in the

cell by the combination of C0, and HrO and this reaction is
catabolised by the enzyme carbonic anhydrase, found in large

amounts in the gastric cells. Blocking the action of
carboníc anhydrase by acetazolamid.e stops the formation of
HCI, and thus, this enzyme is believed to play an important

role in HCI formation" A new model for the formation and.

transport of gastric acid suggests that ¡t+ ions formed in
the parietal cells from ionízation of water are secreted

into the gastric juice in exchange for K* by the action of
-L -Lthe H'-K' ATPase at the apical membrane of the gastric ceII

(the membrane facing the secretory canaliculi). Chloride

ions (CI-) move against, their electrochemical potential
gradient from the extracellular fluid into the parietal celI
in exchange for HCO,-. Some investigators believe that the

ent,ry of cI ions depends on the presence of Na* in the

serosal fluíd, The existance of the Na* gradient depend.s on

the enzyme Na*, K+-.A,TPase located in the basolateral plasma

membrane (Kutchai, 1983) .
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Effects of hormones, chemicals and drucrs on gastric
secretÍon:

Hormones from different endocrine glands influence
gastric secretion. Glucocorticosteroids, secreted by the

adrenal cortex following stímulation by ACTH, increase acid

and pepsin secretion by the st,omach, but decrease the mucus

secretion, thus rnakíng the stomach more susceptible to
uLceration. Epinephrine and norepinephrine, on the other

hand, decrease gastric secretion. Hypophysectomy causes

characteristic changes i-n the chief cel1s of the gastric
glands, consisting of a decrease in the size of nucleus and.

loss of most of the pepsinogen granules. Secretíon of
hydrochloric acid is also reduced.

Insulin has an effect on the gastric Alands similar to
that of stimulation of the vagi. In addition, the release

of gastrin is reduced by insulin.
Serotonin, possíb1y secreted by certain

enterochrornaffin cells in the Íntestinal mucosa, inhibits
gastric secretion, partÍcuIarIy that activated reflexively
or by cholinergic drugs"

Histamine is a powerful stimulant of acid secretion and

it has been used in clinical investigations in order to
assess the ability of the stomach to secrete acid.

Pentagastrin is preferred for this purpose because of fewer

and less severe adverse reactions" Hístarnine is found ín

ce1Is in the gastric mucosa known as tthistaminocytesrt which

resemble mast ceI1s. The mechanisms involved in the

-25-



activation of these celLs are unclear, Histamine, when

released from these cells, acts directly on the parietal

ce1Is through H2 receptors, that are linked to adenylate

cyclase" The stímulatory effect of hist,amine on gastríc

secretion ís not affected by atropine.

Caffeine and alcohol are strong secretory stimulants,
producing a gastric juice of high acidity and rich in mucin.

Gast.rin, which is released from the pyloric antrum by entry

of the contents of the stomach, stimulates pepsin and HCl

secretions" Parasympathomimetícs, such as acetylcholine,

carbachol, methacholine and neostigmine are secretory

stimulants. Secretory depressants include alkali, acids,

atropine, hyoscine.

Reserpíne Íncreases acid production when given ín high

doses for a long period of time. The mechanism of action of

reserpine on acid secretion is not, clear. Figure 2

summarizes pro- and anti-secret,ory agents.

Dopamine Ín the pathogenesis of gast,roduodenal ulcers:

Although reports concerning the association between

gast.ric ulcers and Parkínsonrs dísease (a conditÍon caused

by a marked depletion of dopamine in the corpus striatum)

appeared in the early 1960rsr ilo attention v/as directed

toward the possible relationship between ulcer formation and

dopamine deficiency. Schwab (1961), was the first to report

a high incidence of rrgastrointestinal malfunctionst'

manifested as active ulcers or ulcer-like syndromes among

Parkinsonrs patÍents. Thís author suggested that Parkinson
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patíents T¡/ere more vulnerable to ulcer formation than \¡/ere

healthy people of the same age group. sinirar observations

ürere reported by Strang (t965) who showed. that
gastroduodenal urceration occurred more frequently among

patients who were subsequently d.iagnosed as having

Parkinsonfs disease. rn this report, strang also ind.icated

that anti-Parkinsonism medícations (anticholinergics)
provÍded protection against ulceration. Recently szabo and.

his corleagues (1985) reported that the parkinson-inducing

drug l-methyl-4-phenyl-f,2,3,6-tetrahydropyridine (MpTp),

produced duodenal ulcers when given oralIy or subcutaneously

to rats.

The ulcerog'enic ef fect of MpTp v/as prevented by

pretreatment with dopamine agonists (e.g. bromocriptine,
lergotrile) or monoamíne oxidase inhibitors (e.g.,
pargyline, I-deprenyl) admínistered. p.o. 3o minutes before

each dose of MPTP. Glavin et al. (1986) reported that r-
deprenyl administered into the cerebral ventricles in
microgram quantities or intraperitoneally in larger
(mí1ligran) doses, significantry reduced stress gastric
ulcer formation in rats. Moreover, several authors have

shown that disorders associated with dopamíne excess and,/or

hyperactivity such as schizophrenia, are rarely associated

with duodenal ulcers (Po11ak and. Kreplick, Lg45; Hinterhuber

and Hochenegg, 1,975) .

Many researchers have shown a protective effect
afforded by the pharmacological act.ivation of doparnine-
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receptors against ulcer formation due to restraint-stress
(StrocchÍ et ê1. , I97 6 ¡' Lauterbach and Mattes , 1977 ¡

Groisman et al., 1984); Hernandez et al. J984) activity-
stress (Hara and Ogawa, 1984) ì cysteamine (Szabo I L979) î

pyloríc-ligat,ion (Sikiríc et â1., 1985) ; and several

ulcerogenic drugs includíng aspirin, phenylbutazone, and

reserpine (Parmar et a1., 1984) .

Dopamine is found in both central and peripheral
presynaptic vesicles, and large quantites of this
neurotransmítter have been located in the gastrointestinal
tract,, especially in the duodenal mucosa (Landsberg et â1.,

1975). Christensen and Brandsborg, (I974) demonstrated that
dopamine is present in large amounts in human gastric juice

during basal conditions" Similar findings T¡/ere reported.

earliers by Haggendal (1967) " Recently, dopamine has been

demonst,rated to be present, in peripheral nerves and the

spinal cord (Lackovic et ê1., 1981) " Biochemical evidence

has also shown a signíficant increase ín ¡3u1-oa bind.ing in
the gastric mucosa aft,er cold-restraínt st,ress, during which

approximately, 302 of the rats had gastric ulcers (Hernandez

et a1., 1986).

The mechanism(s) of action of dopamine in the

pathogenesis of gastroduodenal ulceraÈion is/are not

complet,ely understood" Szabo and his colleagues (19791

L982) have extensively studied the anti-ulcer effects of

dopamine (DA) in duodenal ulcer formatÍon" They found. that
cysteamine-induced duodenal ulcers in rats were prevented. by
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pretreatment r,lrith bromocriptine, lergotrile, and

apomorphine, whereas both the severity of the ulcers and

mortality rate were increased by the dopamíne antagonist

haloperidol" Szabo and his group suggested that the

protective effect of dopamine and dopamine-Iike drugs may

involve inhibition of gast,ric secretion and duodenal acid

neutralization along with a decrease in gastric notility or

increased mucosal blood flow. Recently, Pihan eL â1.,

(1985) have shown that duodenal ulcerog:ens (cyst,eamine,

propiont,rile, mepirizole and MPTP) decreased duodenal

notility" The authors suggested that alteratÍons of
duodenal notility may contribute to changes in the acid

handling capacity of the proximal duodenum. Pipkin et aI"

(1985), however, reported that dopamine agonists SK&F 82526

and SK&F 89124 (selective peripheral DAI and DA2 receptor

agonists) had no effect on acid output or mucosal blood flow

due to pentagastrin or topical applicat,ion of aspirín"

The anti-secretory effect.s of dopamine and. d.opamine

agonísts have been studied by Valenzuela et aI. (t979) in
humans and by Hirst, et aI " (L976) in cats. Both research

groups found that dopamine infusion significantly reduced

acid secretion in a dose-dependent manner. Costall et al.
(1985) demonstrated that apomorphine consistently reduced

both the volume and acid concentration of gastric secretion

in rats with chronically indwelling gastríc cannulas" The

role of doparnine on gastric acid secretion, however, remains

controversial. In a recent study by Taylor and Nabi Mir
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(1982), it h/as found that dopamine did not exert, an

inhibitory affect on gastric acid secretÍon in pylorus-

ligated rats" Nemeroff and hís associates (1982) recently

suggested that acid secret,ion r¡ras not a critical for the

development of cold-restraÍnt,-induced gastric ulcers. These

observatÍons I¡/ere supported by Hernandez eE aI., (1984) who

found that the gast,ric pH of rats treated wíth apomorphine

and methylphenidat,e was not different, from placebo-treated

controls" Despite indications that certain peripheral (gut)

and central (braín) neurotransmit,t,ers, including DA, seem to
be involved in stress-ulcer formation (summarized in Figure

3), the role of cent,ral and peripheral dopaminergic

mechanisms in cold-restraint st,ress ulceration has not, been

widely examined" The present studies trere conducted in an

at,tempt to determine whether peripherally administered

dopamine agoníst,s and antagonists as well as specífÍc
dopamine receptor agonists or select,ive monoamine oxidase

type B inhibitors given into the cerebral ventricles, would

modify the ulcerogeníc effect of cold restraint-stress" In
addition, the effects of these compounds on conscious, non-

stimulated basal gastric acid. secret,ion in rats T¡rere

examined, in order to extend these studies to include one of
the proposed pathogenic mechanisms involved in the induction
of st,ress gastric ulcers.
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Legend, Fiq.3 Pathogenesis of stress ulcers. DA =

Dopaminet NT = Neurotensin; B-END = B-

Endorphin; SRIF = Somatostat,in; BBS

Bombesin; VIP = Vasoactive intest,inal
polypeptide; TRH = Thyrot,rop in-re1 eas ing

hormone; MB = Mucosal bicarbonate; ME :

Mucosal energy; CR = Cell renewal; Ep =

Endogenous prostaglandins; BF : Mucosal

blood flow.
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II" MATERIALS AND METHODS



Gastric cannulation and collection of gastric acid

secretion

Male Sprague-Dawley rats weighing 200-300 g rÀrere used.

Rats r¡rere irnplanted with chroníc indwelling st,aínIess steel
gastríc cannula (sodiun pentobarbital anesthesía 65 mg/kq

i.p. ) as described previously (Pare et â1., L977) " A

postoperative period of L4 days was allowed, d.uring which

cannulae became firmly anchored and produced. no

complications. Before each experiment, rats v¡ere d.eprived

of food for at, least, 18 h but, allowed water ad libiturn.
Immediately prior to sample collection, the cannula plug was

removed and the stomach rinsed with 20-30 rnl of distilled
water" The cannula was left, open and the st,omach allowed to
drain for 30 min prior to three consecutive i h gastric
secretion collection periods Figure 4 íllustrates this
preparation. Following collection, the cannula plug was

replaced and 96 h elapsed between successive collections
from the same animal. Samples were cent,rifuged at, 25OO x g

for 10 min to remove residual debris, the pH d.etermined, and.

1.0 mL aliquots of the supernatant titrated. to pH 7.0 with
0.01N NaOH" Acid output was expressed as mEq,/100g body

weight/h.

The first t h col-lection consisted of a pre-drug

injection baseline. At the beginning of the second. hour,

all collect,ion vials s¡ere changed and inject,ions (1.0 mI) of
vehiclei bromocriptine mesylate (Sandoz) at doses of I.0,
2.O and 4.O mg/kg ip; bupropion HCI (Burroughs-Vüel1corne) at
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Catheter

e-Collection Vial

Fig.4. Collection of gastric Eecretlor¡
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doses of 12.5, 25.O and 50.0 mglkg ip; haloperidol (McNeil)

at doses of 0.1, O"25 and 0.50 mg/kg ip; domperj-done HCI

(Janssen) at doses of 0.50, 1.0 and 2"O mq/kq ip;
metoclopramide HC1 (Nordic) at doses of 5.0, 10.0 and 20.O

mg/kg ip and pirnozide (McNeil) at doses of O.25, O.5O and

1.0 ng/kg íp were administered. The following vehicles were

used: for bromocript,ine, 42 (v/v) ethanoli for bupropion,

distilled wat,eri for haloperidol, McNeil lactic acid

vehicle, pH ( 4.O, for pimozide, tart.aric acid/distilled
water; and for domperidone and metoclopramide, distilled
water. At the beginning of the thírd hour, vials v/ere again

changed, and a post-drug inject,ion collection period of t h

started. All rats T^rere t,est,ed over five collect,íon periods,

separated by 96 h, in the following order: vehicle, first
(lowest) dose, second dose, third (highest) dose, and again

a vehicle. Thus, each animal served as its own cont,rol and

all drug inject,ions r¡rere preced.ed and. followed. by a vehicle

injectíon collection period.

Intracerebroventricular cannulat,ion and druq

adninistrat,íon

Male Sprague-Dawley rats weighing between 200 and 300 g

at, the time of surgery were used" Animals were anesthetized

with sodiurn pentobarbit,al ( 65 ng/.xg) supplemented. with

intraperitoneal (ip) chloral hydrate 160 mg/kg (Valenstein,

1961) and placed in a Stoelting stereotaxic apparatus.

Standard stereotaxíc surgery $ras used for the implantation
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of a 23 gauge cannulae into the ríght lateral ventricle at

A-P 5.8, M-L 1.4, and D-V + 4.0 mm, (Costall et. â1., 1985).

Following surgery, rats were housed individually with free

access to food and water. After a 5-7 day recovery period,

animals were deprived of food for 24 h and ri¡ere tested in
experÍments where drugs v¡ere infused

intracerebroventricularly (icv) with a Sage Instruments

infusion punp in volumes of 10 ul over a 5 min period.

Infusions occurred 30 min prior t,o restraint,.
Following 3 h of cold rest,raint (G1avin, 19gO), all

rats vrere killed by decapitat,ion. Trunk blood was collected
into heparinized tubes, centrifuged at 5OOO x g for 20 min

and. the plasma stored frozen at -ZOoC untÍl analyzed for
corticosterone levels (Van der víes, !961) " Thís method

depends on the reading of the fluorescence of the steroid in
a mixture of sulfuric acid and ethanol. The stomachs were

imrnediately excised following the 3 h restraint, opened.

along the greater curvature, rinsed and cleaned with
distilled water followed by 10? formaldehyde and. examined

for ulcers by an observer unavrare of experimental

treatments. The number and the cumulative length (expressed

in millimeters) of the ulcers were recorded. Drugs used.

vrere: I-dopa (Signa) at doses of 0.1, O.5, 1.0 and 2.0 ug;

l-deprenyl (Research Biochemicals Inc.) at doses of 0.1,

1.0, or 2.0 ug; domperidone HCl (Janssen) at doses of 0.5,

1.0 and 2"0 ug and threo-d1-p-hydroxlmethylphenidate (a gift

from Dr. D, Hernandez, School of Veterinary Medicine,
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University of North Carolina) at doses of 1"0, 5.0 and IO.O

ug. Domperidone and threo-dl-p-hydroxymethylphenid.ate were

dissolved in distilled waLer and O"92 w/v NaCl solution
(saline) respectively. L-d.opa, however, was dissolved in
O"22 ascorbic acid sol-utionr âs antioxidant, and neutralized
to pH 7.4 with 20 mM phosphate buffer. Control rats received.

the appropriate vehicl-e Ínj ections.

Stress-induced gastric ulcerat,ion:

Adult, male Sprague-Ðawley rats (200-300 g) vrere housed

in a controlled envíronment animal facility and fed.

laboratory chow with water ad libiturn. Before starting the

experiments, all rats vrere deprived of food but not water

for 24 h. Rats T¡rere then randomly divided into equally

sized groups and given a single inject,ion of the following
drugs: I-dopa (Si$na) at doses of 0.5, 1.0, Z.O mg/kg íp

and 2"O mg/kg ip for 4 days; l-deprenyl (Research

Biochemicals Inc.) at doses of 0.1, 1.0 and 2"O mg/kg ip;
donperidone HCI (Janssen) at doses of 0.125, O.ZS, 0.5, 1.0

or 2.0 ng/kg and sulpiride (Ravizza, s.p.ai ltaly) at, doses

of 5.0, I0.0 and 20.0 mg/kg ip. The solut,ions vrere freshly
prepared before injections. The control animals received an

equivalent volume of the corresponding vehicle. Thirty
minutes after drug injections, all rats were restrained. and.

placed. supine in a cold (4-6oC) environment for 3 h as

described previously (Glavin, 1980) and whÍch is shown in
Figure 5. Following the restraint, period, rats r¡rere

sacrificed by decapitat,ion, the stomachs removed and
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F1S.5. Inmobtlzation restraint showlng
rat 1n the suplne posi'tion w'ith the linbs
tled to I restraint board.
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examined for gastric ulcers" Both the incidence, defíned as

the mean number of ulcers per rat, and the severíty, d.efined

as the cumulative length (mm) of ulceration v/ere recorded..

In all experiments, groups of rats consisted of 5 to
I anímals per group" Data are expressed as mean + S.E.M.

Data were analyzed by analysis of variance followed by post,-

hoc Tukey tests. StatistÍcal significance hras considered at
the 0.05 and 0"01 leve1s.
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ITT. RESULTS



A"

Stress Ulceration Studies:

Effect,s of peripheral aministration of dopamine

aqonists and antacronists on st,ress-induced qastric

ulceration in rats"

Intraperit,oneal injections with 1-dopa induced a

decrease in the severity of stress ulceration. The

reduction was both dose- and frequency-dependent. L-dopa at,

doses of 1.0 or 2.O mg/kg and 2"0 mg/kg for 4 days produced

a statistically significant (p<O.OL) decrease in ulcer
severity compared. with the control group gíven an eguivalent

amount of the vehíc1e (Table r). However the most effective
dose appeared to be L.00 mg/kg, which was more effective
than 2.O mg/kg given once or repeated daily for 4 days.

Tabl-e I also shows that all doses of intraperitoneally
adninist,ered l-deprenyl, a specific monoamine oxidase type B

inhibitor, significantly attenuated stress ulcer formation"

In comparison with I-dopa, I-deprenyl was effective at even

smaller doses (0.1-0 ng/P..g). Moreover, I.0 rng/kg was the

most effective dose in terms of reducing the severity of
stress ulceration" In contrast,, inj ect,ions of the

dopaminergÍc antagonist domperidone 3O minutes prior to
cold-restraint,, worsened the stress ulcer condition. There

was a stight, non-significant, increase in the severity of
ulcers with small doses of domperidone (0.125 and O"Zs

mg/kg) " Horrrever, larger doses of 0 " 50 and. 1. 00 mg/kg
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Table I Effects of intraperitoneal adninistration of 1-

dopa and I-deprenyl on stress ulcer formatíon.

Drug Dose Mean (+SEI,Í)
Number of Ulcers

Mean (+SEM)
Ulcer Length (nm)

L-Dopa vehicle

o.s mg/kg

t " o mg/kg

2 " o mg/kg

2 "O mg/kgx

4 days

L-Deprenyl vehicle

o .I mg/kg

I.0 mg/kg

2.0 mg/kg

t2.o (3.6)

7"4 (2"2)

2 "8 (0.6)

4 "8 (1.0)

l_2.8 (2.s)

2L"7 (3.5)

4.6 (1. 6)

4.3 (1.5)

4.o (2.0)

2e.o (7.8)

22.8 (5.2)

7.8 (2.S¡*a

11.8 (2 . +¡ *a

17 .6 (2. e¡ *

40.8 (3.e)

7.O (3.s¡**
6.0 (3. O¡ **

7.6 (4.e¡**

**

Significant,ly less

Significantly less
l-dopa 2.O mg/Rg x

Significant,ly less

than vehicle, p<O.OI.

than l-dopa 0.S mg/kg, pcO.01; and
4 daysr p<0"05"

than vehicle, pcO.01.
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signif icant,ly (pco. o1) aggravat,ed. experimental gastric ulcer
development. T^¡ith the highest d.ose of domperidone test,ed.

(2"0 mg/kg), ulceration was not different from that seen

urith vehicre or 0 "Lzs mg/kg but, the number of ulcers and

their severity krere less than those observed with O.50 and

i-"0 ng/kg treat,ed rat,s (Tabre rr). Dornperidone was tested.
in an attenpt to assess, the invorvement of peripheral
dopamine receptors in nediating stress effect,s, since,
unlike other dopaminergic blockers, domperidone report,edly
does not cross the blood-brain barrier.

sulpiride, a dopaminergíc ant,agonist with promÍnent,

presynaptic blocking propert,ies, produced. a significant
preventive effect on stress ulcer formatíon at a dose of
20-o mg/kg, whích was the highest dose t,ested (Table rr).
This finding is in agreement with that of strocchi et aI
(r976) who reported that in the sprague-Dawley st,rain,
peripherally admÍnistered. sulpiride had an inhibitory effect
on restraint urcers over a dose range of 5-2 o mg/kg. The

effect,s of metoclopramide, a doparnine receptor ant,agonist,
given intraperitoneally were dose-related. A smalr d.ose,

(5"0 mg/kg) was associated with a significant decrease in
stress ulceration, whire a dose of zo.o mg/kg marked.ly

increased ulcer severity.

Eifects of intracerebroventricular administratíon of
doÞamine acronists and antaqonisÈs on st,ress ulcer fonnation:

Eable rrr shows the effect,s of l--d.opa (icv) on st,ress
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Table II Effects of

Stress U1cer

Dopanine Agonist,s and Ä,ntagonists on

For¡nat,ion

Drug Dose Mean (+SEM)
Number of

Ulcers

Mean (+SEM)
Ul-cer Length

(¡n¡u)

Dornperídone

Sulpiride

Metoclopramide

vehicle
0.I2s mg/kg
o "25 mg/kg
0.50 mg/kg
1.00 mg/kg
2.oo mg/kg

5. o mg/kg
L0. 0 mg/kg
20. o mg/kg

5 . o mg/kg
l-0.0 mg/kg
20 . o mg/kg

12.o (3 " 6)
r_5. 0 (3 .5)
16" 0 (3.1)
21.0 (s.1)
22"o (3.0)
16.3 (3.3)

r.5.0 (1.s)
12.0 (2.0)
e.7 (1.7)

8.7 (o.e)
10.8 (1.4)
e.7 (2.7)

2e"o (7.8)
31.6 (e. s)
32 "7 (6 "7)43"3 (10"2)*
4L"7 (1.S¡*
31.3 (1.8)

38.3 (4.8)
28.3 (2.6)
19.0 (6. e1 **

16.0 (6.0)+
22.8 (4.8)
38.0 (6.6)++

* significantly greater than vehicle and domperidone o.tzs,
0.25 and 2 "o mg/kgr p<0.0I.

** significantly less than the vehicre and sulpiride s.o and
10.0 ng/Plg; p<0.01,

significantly less than the vehicle, p<0.0r- and. ress than
metoclopranide L0. 0 ng/kg; p<0. 05.

sÍgnificantly greater than the vehicre and. metocropramide
5. 0 and 10 "O mg/kg r p<0;0i..
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Table rrr, Effects of intracerebroventricular (icv)
adninistration of r-dopa on st,ress ulcer
format,ion"

Dose Mean (+Sgt't¡ Mean (+sEM)
Number of Ulcers Ulcer f,enÇttr irun)

vehicle

0.1 ug

0.5 ug

1" 0 ug

2.0 ug

r_e.3 (0. e)

t7.7 (8.2)

10"7 (1.2)

e.3 (3 "2)

12.3 (2 "9)

40.7 (6.7)

38.3 (1"2)

20.0 (4"2) *

10.0 (4"6) * +

11.3 (1.8) * +

* SigníficanÈIy less than vehicle and, l-dopa 0.1 ug;
(p<0. 05) .

+ significantly less than l-dopa 0.1 ug, p<O.OS.
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ulcer formation. InLracerebroventricular injection of l--

dopa significantly (P<0.05) reduced the severity of coLd-

restraint, ulcers ín the groups receiving 0,1, I.O and Z"O

ug. Rat,s given I-dopa at a dose of 1"0 ug developed the

least, amount of gastric ulcer disease. The ulcer-mediating
effects of icv injection of l-deprenyl and domperid.one are

shor,rn in Table IV. Domperidone given i.c.v. led. to
significant protection against st,ress ulceration. This

cytoprotect,ive effect was demonstrated by all doses tested
(0.5, 1.0 or 2.0 ug). L-deprenyl ad¡ninistratÍon into the
cerebral ventricles also caused a significiant inhibition of
gastric ulceration induced by cold restraint, and. to a

great,er ext,ent than that seen with donperidone.

Although intraperitoneally ad¡ninistered 1-deprenyl

was also found t,o significantly reduce stress ulceration
(Table f ) , the drug given icv in microgram guantities r\¡as

far more effective in reducing ulcers than when administered,

ip at a larger dose (Table IV).
P-hydroxlmethylphenidate (a hydroxylated analog of

methylphenidate) was also effect,ive (Table IV) " Àn

intracerebroventricular infusion of this compound. (1"0, S.0

and 10 ug) 30 minutes prior to cold-restraint stress

signifícantly reduced the cumulative length of the observed.

stress ulcers, but to a lesser degree than seen r¿ith l-
deprenyl.
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Table fV. Effects of intracerebroventricular (icv)
adroinistration of J--deprenyl, p-hydroxyymethyl-

phenidat,e and d.onperidone on stress ulcer
format,ion.

Drug/Dose No. of Ul-cers Cumulative Ul-cer
Length (nn)

Vehicle

1-deprenyl

p-hydroxlmethyl-
phenidat,e

Domperidone

23 "6 (3,6)

3.5 (2 "5)
6 "7 (2 "3)
2 "s (2. 0)

14.3 (s.3)
8.3 (4.3 )
8 "7 (4 .3)

12.7 (5 "2)12.0 (s.2)
11.6 (1.8)

44 "L (3.8)

5. 0 (3. O¡ 't2"7 (1.e¡ *
2.5 (1.8) *

20.3 (1.8) +
t3.7 (7 "2) +
23.3 (14.2) +

26.7 (2.7) +
18.7 (1.8) +
20.7 (6.3) +

0.1 ug
1. 0 ug'
2"0 ug

1"0 ug
5.0 ug

10"0 ug

0"5 ug
1.0 ug
2.0 ug

Significantly Less than

Significantly less than

the vehicle, p<0.01.

the vehíc1e, p<0.05.
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Gastric acid secretion studies

Effects of dopamine a<ronist,s and antacronist.s on crastric

acid secretion in rat,s.

Graded doses of the dopaninergic agonists tested

caused a signifÍcant ínhibitÍon of gastric acid output.

Bromocriptine at, doses of 1.0, 2"0 and 4 "O mg/kg ip and

bupropion at doses of L2.5, 25.0 and 50 "O mg/kg markedly

reduced. tot,aL acid output (nEq//nJ-/LOOg/h). On the other

hand, the dopamine receptor antagonist,s haloperidol (O"ZS,

and so.o ng/kg ip) and, pirnozide (0.50 and. 1.oo mg/Rg)

significantly increased the acid output. HaloperidoL, O.l

mg/kg, dÍd not increase acid output, nor did pinozide at
doses of O "25 rlg/kg. Moreover, the lowest dose of
haloperidol (0.1 nrg/lr:g) andpirnozide (0.25 mg/kg) only
slíghtly íncreased gastric acid secretion as compared with
the pre-and post,-drug vehicle injectíon values (Tab1e V).

The peripherally act,ing dopamine receptor antagonist

donperidone, produced a significant inhibition of gast,ric

acid secretion aE 2"0 urg/kg, which was the highest dose

tested. In additíon, this inhÍbit,ion was only significant
during the second hour of collection; that, is, the hour

immediately following its adninist,ratÍon (Table VI).
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Tab1e V Effects of Dopamine Agonists and

on Gastric Acid Secretion (Mean +

Ant,agonists

sEM)

Drug Dose Àcid output (mEq,/n1l100 g)

Bromocriptine

Bupropion

Haloperidol

Pimozid.e

vehicle-pre
1"0 nglkg
2,o mg/kg
4 . O mg/kg
vehicle-post,

vehicle-pre
t2.s mg/kg
2s .0 mg/kg
s0.0 mg/kg
vehicle-post

vehicle-pre
0.10 mg/kg
O.25 mg/kg
0. s0 mg/kg
vehicle-post

vehÍc1e-pre
o.25 mg/kg
0.s0 mg/kg
1. 00 mg/kg
vehicle-post

(1.12)
(o.or¡ *
(o.Lo) *
(0"51) *
(0"81)

(0.80)
(0.20) **
(o. oI) **
(0.20) **
(0.53)

(1.10)
(r.22)
(2.31) +
(4.7r) +
( 1. 7r_)

( 0. e1)
(L.20)
(2.20 ) ++
(1.31) ++
(0.88)

13.75
0 "230.96

11. 14
12 "23

13.43
Lt.26
0. 06
0.40

13.40

12.98
13.43
2t.63
2r.29
t3.22

L3.33
l_3.80
29.10
26.22
12.91_

significant,ly less than bromocriptine vehicle-pre and.
vehicle-postr p<0.0L.

** significantly less than bupropion vehÍcle-pre and
vehicle-postt p<.01,

significantly greater than haj.operidol vehicle-prer
haloperidol 0.10 mg/kg and vehicle-post,; p<.01,

++ signíficant,ly great,er than pinozide vehicle-pre, pimozide
0,25 mg/kg, and vehicle-posti p<.01"
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Table Vï Effects of Domperídone on GastrÍc Acid Secretion

(Meqr/ n1/ I 0 0 g/h ) (Mean+SEM)

Dose hour 1 hour 2 hour 3

vehicle

0. 025 mg/kg

1.0 nglkg

2 " o mg/kg

vehicle

19.6 (2"2)

2L"7 (3. f )

20 "9 (2.6)

23"6 (4.3)

Is " s (2.1)

L6. 3 (2 "8)

22"5 (3.8)

22.6 (3.9)

10.9 (l-.r¡*

L2"6 (2.3)

Ie.8 (3.s)

24 "s (4.1)

20.3 (3 "7)

l_8.5 (3.2)

17.0 (3.2)

* significantly less than hour
2"O mg/kg and all other doses
hour 2 (p<0"05) .

1 and hour 3 for
of domperidone

domperidone
and vehicle
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Effects of dopa¡n. s on plasma

l{e evaluated the effect,s of representative dopamine

agonist,s and antagonists on stress-induced changes in plasma

cortÍcosterone leveI, which is known t,o increase during

stress situat,ions due to act,ívation of the hlpothalmic-
pituitary-adrenal axis (Keim and Sigg, t977) . The results
of these studies are sunmarized in Table VfI and Table VIII.

Plasma corticosterone levels !¡ere narkedly and

significantly red.uced. in restrained rats pretreated. with the

MÀO B inhibitor l-deprenyl, given both intraperitoneally at
a dose of 2"O mg/kg and intracerebroventrículary aÈ a dose

of 2"O ug/P...g" These doses of l-deprenyl were also found to
produce a signficant, inhibition of stress ulcer formation.
Donperidone, in a dose of 1.0 ug icv, also resulted. in a

signÍficant red.uction of plasma corticosterone level
(P<0.05) .

InLracerebrovent,ricular infusion of the indirectly
acting dopamine 

"gorri=t, threo-dl-p-hyd.roxymethylphenid.ate,

however, had no significant effect on plasma corticosterone
Ievels. L-dopa adninistered intraperitoneally at doses of
0.5, f"0, 2"O mg/kg and 2.0 nglkg daily for 4 days also

significant,ly (pcO.01) reduced. plasma corticosterone
relative to control groups injected with the vehicle and.

exposed to 3 hr cold-restraint, stress and relative to to
non-stressed animals (Table VIII).
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TabLe VTI Effect,s of I-deprenyl ip and Ícv and domperídone

icv on plasma corticost,erone responses to
rest,raint-co1d. st,ress (mean + SEM)

DruglDose Cort,icosterone (ugt)

Vehicle ip 69.8 (6.3)
l-d.eprenyl 0.1 rnglkg i.p. 7S"S (7 "7)1.0 mglkg i.p. 7r.7 (6.s)

2"0m1/kgi.p" 53,6 (5.a¡*
Vehicle icv 6]-"2 (S.7)
l-deprenyl 0.1 ug icv 66"7 (9.1)

1.0 ug icv 67.3 (7 "9)2.0 ug icv 49"o (s"s¡*
Domperid.one 0.5 ug icv 60.2 ( 6. I)

1.0 ug icv 48.5 (s"4)+
2,0 ug icv 61.6 (6.3)

* significantly ress than vehicle and arr other doses of
I-deprenyJ. (P<0 " 05)

+ significantry less than vehicle and. aIr d,oses of
dornperidone.
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ln order examine whether peripheral dopamine

recept,ors $rere involved in modifying the animal t s response

to sLress !¡e ad¡ainistered the peripheral dopaminergic

blocker, donperidone in a dose of 0.125, O.25, O"SO, I.O and

2"O mg/kg intraperit,oneally to rat,s 30 minutes prior to
cold-restraint stress. Ànalysis of domperidone data shov¡ed.

both an increase in plasna corticosterone levers at, a dose

of 2"O ng cornpared t,o the control stressed, group and. a
decrease at, a dose of 0"25, and I.0 rrg/kg ip.
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Tab1e VIII Effects of dornperidone and l-dopa on plasma

corticost,erone responses to stress (Mean + SEM)

DruglDose Corticosterone (ugS)

vehicle only (no stress)
vehicle & stress

Domperidone 0.125 mg/kg i.p"
& stress O"25 mq/Rg i.p.

0.50 mg/kg i.p.
J-.0 nglkg i.p.
2"o mg/Rg i.p"
0"s nglkg i.p.
t.o mg/kg i.p"
2 " O mg/Rg i. p.
2"o mg/day/4 days

1-dopa
& stress

39.9 (5. 3 )6e.8 (6.3)

s8"4 (s"8)
47 .6 (7. t¡ **
64.e (6.e)
44 "L (6 "Z¡ **82.e (4"S¡*

20 "e (4.0) +
27.8 (4"1)+
24.6 (4. 5) +
24.8 (3.7)+

**

significant,ly greater than vehicre only and. vehicle +stress (P<0.01).

significantly less than vehicle only (p<0.05) and. lessthan vehicle + stress (p<0.01).

Significant,ly less than vehicle + stress (p<0.01).
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TV. DISCUSSION



Stress situations have been reported to produce a

not,iceable increase in dopaninergic activity in specific
brain regions. Bannon and Roth (l-983) and !{antanabe (1994)

reported that during Írnmobilízat,ion-stress, dopaminergic

activíty was significant.ly íncreased in the mesocortical and

mesolimbic DA neurons in the rat, Àccording to these

authorsr âs weLl as others (Groisrnan et a1., l9B4), an

increase in dopaminergic act,ivity and./or stimulation of DA

receptors in the centraL nervous system may be contributing
factors in the production of stress-induced

gastrointestinal pathology"

In our studiesr úrê found that the dopamíne agonists,

l-dopa and threo-d1-p-hydroxymettrylphenidate (a hydroxylated.

peripherally-acting analog of rnethylphenidate) which,

accordíng to Patrick et al. (1981-), stimulates release of
dopamine and hence increases synaptic transmission, both

reduced gastric stress uLcers in a dose-dependent manner.

These data are compatible and st,rongly supportive of the

results obtained by many other investigators and suggest

that both d.irect and. indirect dopamine agonist,s provÍde

protective effects against stress ulcers and, furthermore,

that these effects are mediat,ed via peripheral DA receptors.

Hernandez et al. (1984t L984) reported that the doparníne

agonists, apomorphine, d,-arnphetamine, methylphenidate and.

threo-dI-p-hydroxlmethylphenidate given peripherally,
reduced both the incidence and the severity of cold-
restraint, stress-induced gastric ulcers. Gupta et aI (1983)



and Lauterbach and Mattes (1977) have shown that, infusion of
small doses of dopamine either iv or icv, reduced the

development of mucosaL erosions in response to coLd

restraint and hypoxia-immobilization stress.

In addition, pretreatment with dopanine agonists was

found to prot,ect, against, chenically-induced gastric and

duodenal ulcers. Szabo and his associates (L979t1993)

report,ed that bromocriptine and lergotrile virtually
abolished cystearnÍne-induced. duodenal ulcers. This group

has also described a si¡nilar preventive effect, of
bromocriptine, lergotrile and the monoanine oxidase

inhibitors pargyline and. I-deprenyl on ulcers induced Ín
rats by subcutaneous or oral doses of MpTp, a neurotoxin

known to deplete CNS dopamÍne and which produces duodenal

ulcers (Szabo et aI., 1985).

In the present, study, the fact that I-dopa

adninist,ered in microgram guantities into the cerebral

ventricles,
effectively

prevented. st,ress ulcer formation more

than when given in larger doses

intraperitoneally, indicates that the cytoprotective effect
of I-dopa is mediated by the central nervous system and may

involve activat,ion of the inhibitory presynaptic DA2

receptors.

The MÀOB inhibitor I-deprenyl sígnificantly reduced

both the number and severity of sÈress ulcers when

ad.ninist,ered ip or icv. The drug was more effective when

given icv than ip, which suggests that augmenting central
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dopanine activÍty plays a najor role in stress-induced

gastrointestinal pathology" AJ.though in the rat, brain only
458 of the total l{AO activity is of the B sub-type (Houslay

et a1,, L976) , this population may be more sensiÈive than

peripheral MAOB to the action of l-deprenyl" The exact

nechanism by which I-deprenyl enhances the cent,ral

dopaninergic activity is stil1 controversial, Harsing et
al" (L979) and. Azzaro and Desnarest (1992) suggested that 1-

deprenyl inhibit,ed DA upt,ake in the striatum and. forebrain
in the rat. In addition, high concentrations of l-d.epre,nyl

enhanced both the resting and KCl-induced rerease of
dopamine in isolated rat striatum (Harsing and. Vizi, I9B4).

Sulpiride, a dopamine recept,or antagonist, which is
reported. to be 4 to I fol-d more select,ive at blocking
cent,ral presynaptic DA receptors than post-synaptic
recept,ors (cost,all et â1. , 1980) , exerted dif ferential
effects on stress ulceration. Whereas small doses

aggravated ulcer development, larger doses inhibited ulcer
fornat,ion" There may be a preferential inhibit,ion of pre-
or postsynaptic DA receptors depending upon the dose of
sulpiride used., so that at low doses, only presynaptic DÀ

receptors hrere blocked while at larger doses, the less
sensÍtive DÀ receptors located on postsynaptic membranes

became inact,ive ulti¡rat,ely decreasing central dopaminergic

transmission. Our sulpiride dat,a confirm those of Strocchi
et al. (L976) who reported a similar dose-dependent effect
of the drug on restraint ulcer in the rat. However, these
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authors interpreted the ul-cer-preventing effect of sulpiride
as lÍkeJ-y being related to rest,oraLion of the balance

between dopamine and norepinephrine at the hlpothalamic

level. Restraint stress, according to Lidbrink et aI.
(L972), produced an enhancement of NE turnover especíaIly at
the hypothalnic level- and a decrease of DA turnover in the

neostriatra, the linbic forebrain and the median eminence.

A selective blocker of peripheral dopamine receptors,

donperidone, potentiated stress ulceration when given ip t,o

rats" Hosrever, intracerebroventricular infusion of
domperidone significantly decreased stress ulcer formatíon.

This finding confÍrms the hypothesis that, blockade of
peripheral and specific populat,ions of central d.opamine

receptors, prod.uces a potentiating effect on gastric ulcers
due to stress. The effects of metoclopramide given

intraperitoneally h¡ere biphasic. Met,oclopramide, a

dopaminergic antagonist r,¡hich has both central and

peripheral DA receptor blocking activities, potentiated

stress-ul-cers at, high doses and decreased urcer format,ion at
lov¡er doses. However, the ulcer-potentiating effect of the

drug vtas more significant than it,s antiulcer effect. Thus,

it nay be assuned that at high doses, metoclopramide blocked

peripheral DÀ receptors. In additÍon, the effects of
metoclopramide on the gastric mucosa may not, be dírectly
linked to blockade of peripheral dopamine recept,ors, but may

involve other pathways, for example, act,ivation of
cholinergic neurotransmission. Hay (l.,975) suggested that the
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actÍon of metoclopranide on gast,ric notility Ín guinea pigs

hras med.iated by an increase in the amount of acetylcholine

release at the post,-ganglionic cholinergic nerve endings,

Although the etiology of stråss-ind.uced, gast,ric

ulceration in the rat, st,omach has been stud.ied by many

invest,igators, the exact pathophysiology is st,ilI complet,ely

unknown. Shay suggested that the secret,ion of hydrochloric
acid increased during st,ress because of increased vagal

act,ivity and. corticosÈerone secretion from the adrenal

cortex (Shay, L954). However, subseguent studies revealed

that gastric hyperacidity was not a crit,ical factor in the

initiation of these ulcers. Brodie et, aI" (L962) and Dai

and Ogle (J-973) found that acute stress was associated with
a significant reduction of gastric acid output. Moreover,

stress ulcers in rats r,irere neither inhibited by antacids nor

potentiated by the ad¡ninistration of a mixture of
hydrochloric acid and pepsin (Takagi and Okabe, I97O).

Slanpatho¡ninet,ic agent,s have been shown to decrease

gastric acid secretion in rat,s " This ef fect was attribut,ed
to st,imulation of B -ad,renoreceptors (Bass and. paterson,

1967 i Lundell and Svensson, 1974). Esplagus et aI" (1982)

showed that, salbut,amol significant,ly reduced the severity of
pyloríc-ligation ulcers and that this antiulcer effect, hras

accompanied by a moderate but not stat,istically significant
d.ecrease in the volume of gastric juice. Hov/ever, the acid

concentration lnrqH+7fr) was significantly red,uced and thus
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they concluded that these effect,s were nediated via g z-
adrenoreceptor activation.

The mechanisrn(s) of the beneficiar act,ion of dopamine

agonist,s on stress-induced gastric ulcer is/are not,

completely understood" To clarify the role of dopamine

receptors in the pathogenesis of ulcers, hre stud.ied, the
effects of several DÀ agonists and antagonists on gastric
acÍd secretion in rats with chronic gastrÍc cannuLas. The

results showed that dopaníne agonist,s bromocriptine and.

bupropion produced a dose-dependent inhibit,ion of basal
gast,ric acid output. rn contrast, the doparnine antagonists,
haloperidol and pimozide, significant,ly stiurulated gastric
acid secretion. when animals were treated. with domperid,one,

a dopamine antagonist, which does not penetrate the brood-
brain barrierr rro significant change was observed, during the
first hour colrect,ion and. onry a smalL reduct,ion vras

obse:¡¡ed at a dose of 2, o mg/kg d.uring the second. hour
collection. Met,oclopramider orl the other hand, had no

significant effect, on gast,ric acid, secretion. These results
indicate that central rather than peripheral doparoine

receptors are involved in the modulation of gastric acid
secretion by bromocriptirne, bupropion, haloperidol and

pinozide. Previous reports have shown d.ifferential effects
of bromocriptíne on acid secret,ion" Acut,e ad¡ninistration of
bromocriptine enhanced gast,ric acíd, secretion in man

(cardara et aI., 1979) and in the caÈ (Hirst et, al., 1976).
szabo and his group, however, showed, ihat bromocript,ine and

-60-



lergotrile suppressed gastric acid output in cysbeamine-

treated. rats (Szabo t 1979) " The pot,ent,iation of gast,ric

acid secret,Íon by bromocriptíne Ìrras attrÍbut,ed to q, *

adrenergic and/or serot,onergic antagonism by this drug

(Caldara et al., 1970; Hirst, et al., 1976) " Cost,all et, aI"
(1985) studied the effect of the doparoine agonist

aponor'¡lhÍne on rat, gastric acid secretion and found that, the

drug reduced both the volume and acid cohcent,rat,ion of the

gastric secretion. Moreover, they suggested that the effect
of apomorphine on acid volume was ¡oediated via B 2-
adrenoreceptors while that on acid. concentration involved.

action on neuroleptic-sensitive receptors, since these

actions hrere antagonized by pretreatment with B Z-
adrenoreceptor antagonists ICI L185S1, haloperidol and

metoclopraroÍde respectively. valenzuela et aI . (t976i]'979)

have shown that int,ravenous infusion of dopamine produced a

dose-d.epend,ent inhibition of gastric acid. secretion in man

and in the dog" This inhibitory effect was reversed by

pretreatment with haloperidol, Pipkin et al-. (L9g5) stud,ied

the effects of the selective peripheral DAI and. DÀ, receptor

agonists SK&F 82526 and SK&F 89124 on gastric acid output in
rats and found no significant effect, with either of these

compounds and, as a result, they excluded the possibility
that peripheral DA receptors vrere invoLved in the regulation
of gastric acid secretion. Basal and submaximal

pentagastrin-st,imuLated gastric secret,ion were significantly
decreased after acute intramuscular adninistration of D-

-6L-



sul-pÍrideo an antidopamínergic drug, given to healthy men

(Caldara et aI., l-983) .

Our corticosterone data showed a significant,
alteration of the plasma leve1s in response to st,ress

following the administration of drugs which increase

endogenous dopamine activity, including I-dopa and 1-

deprenyl, which reduced plasrna corticosterone, probably due

to act,ivation of DA receptors at a central leveI.
There have been controversial reports concerning the

role of biogenic amines including noradrenaline, histamine

and j-ndoleamines in the regulation of stress-induced ACTH

secretion and, as a result, increased plasma corticost,erone

production" Van Loon et aI. (1971-) have reported that,

norad.renaline had an inhibitory effect on ACTH release.

These results v/ere supported by Ganong (1974) who reported a

similar inhibition in basal circadian and stress-ind.uced

ACTH secretion. However, Bhargava et aI. (l-972) and Nakai

et al (L973) have indicated a facilitatory act,ion on

ad.renocorticotrophic hormone release by stirnul,at,ion of
central adrenoreceptors.
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Summary and Conclusion:

In sunmary, the resulÈs indicat,e that the dopamine

agonists and dopaninergic enhances 1-dopa, threo-d.I-p-
hydroxynethylphenidate and the monoamine oxid,ase type B

inhibitor l-deprenyr administered both peripherarly and into
the cerebral ventricles, signif icant,ly inhibited st,ress

ulcer fornation in rats. pretreatment with the dopamine

agonists bronocriptine and bupropion and the dopamine

antagonists haloperidol and pinozide, alI of which can

either stinulate or block both cent,rar and peripheral DÀ

receptors, narked.ly decreased. or increased the gastric acid.

output, respectively. However, domperidone, which

selectively blocks peripheral DA receptors, had rittle
effect on acid secretion. The effect,s of dopamine agonists
and antagonists on plasrna corticosterone responses t,o stress
rùere complex. For example, both I-dopa and I-deprenyl
administered ip and. icv signÍficantry attentuated. plasma

corticost,erone. Dornperj.done icv also prod.uced. a similar
effect, but r,¡hen given ip, plasrna corticosterone leve1s !,¡ere

decreased at lower doses but elevated. at, higher doses of
this agent. Thus it may be concluded. that: (a) both
centrar and peripheral dopaminergic act,ivity is involved. in
¡ned.iating stress-induced gast,ric pathology; (b) activation
of peripheral and inhibit,ion of some cent,rar DA receptors is
a putative mechanism responsible for protecting the gastric
mucosa against stress ulcers and (c) inhibition of gastric
acid secretion, whÍch appears to invoLve act,ivation of
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centraL DA receptors, may be one of the mechanisms

responsible for protecting the gastrÍc mucosa" However,

further investigation is required, to det,ernine if the
cytoprotect,ive effect was due t,o dj-rect act,ívat,ion of DA

receptors or whetber it involves alt,eration of endogenous

subst,ances and/or mechanisms which cont,rÍbute to naintaining
the int,egrity of the gastric mucosa such as prost,agland.ins

or gast,ric mucosal blood fIow.

-64-



V" REFERENCES



Ahlguist RP, Levy B: Adrenergic receptor mechanism of
canine ileum" J Pharmacol Exp Ther IZTz !46, I9S9,

"A,nderson P and crausen J: stress ulcers complicating
myocardj-al infarct,ion. Geriatrics ZLz L66r 1966"

Azzaro A,f , Demarest KT: Inhibitory effects of A and B type
monoarnine oxídase ínhibitors on synapt,oso¡nal accu¡rulat,ion of

â("H) dopamine: a reflection of antidepressant potency.

Biochem Pharmac 31: 2L95, 19Bs

Bannon l"lif, Roth RH: Pharmacology of mesocortical dopamine

neurons. Pharmacol Rev 35: 53, 1993.

Bass P, Patterson lvIA: Gastric secretory responses to drugs

affect,ing adrenergic mechanisms in rats" J. pharmacol Exp

Ther L56: L42| L967"

Bennett A, starnford rF and stockley HL: Esti¡nation and

charact,erizat,ion of prostaglandins in the human

gastrointest,inal tract,, Br J pharmacol 6I: S7g, tg77 "

Bhargava KP, Bhargava MD and Gupt,a MD: Central

adrenorecept,ors concerned. in the rel_ease of
adrenocorticotrophic hormone, Br J pha:mac 452 692, rg7z,

-65-



Bickel M and Kauffman GTJr¡ Gastric geI mucus thickness:
Effect of dist,ension, 16,16-dinethyl prostagland.in E, and.

carbenoxolone. Gastroent,erology B0: 77O, 19g1

Bolton JP, Cohen MM: permeability effects
prost,aglandins on canine gastric mucosa. Can

Pharmacol 47 z l-082 , 1979 "

of

J

the EZ

Physiol

Bradrey RL: Àcute pept,ic ulcer in the elderly: sinilarity
to stress ulcer, J An Geriat Soc 15: 254, 1967,

Brodie D, Hooke K: Effect,s of rout,e of adminisÈration on

the production of gastric hemorrhage in the rat by aspirin
and sodium salicylate. Àm J Dig Dis 16; 985, J'g7l"

Brodie DA, Marshall RI{, Moreno oM: Effect of rest,raint on

gastric acidity in the rat. Àrn J physiol 2o2z g!2, tg6z.

Brooks FP: Gast,ric Secretion. In control of
gastrointestinar funct,ion ed.: peterson LH pp, 32-36. The

MacMillan Co, London, Ig7O"

Caldara R, Ferrari C, Rornussi M, paracchi A: Effect
bromocriptine adnínistrat,ion on gast,ric acid. secretion
man. J Endocrinol Invest 2: 45, L979"

of

in

-66-



Caldara R, Masci E, Canbielli M, Tittobello A, piepoli V,

Barbieri C: Effect of sulpiride isomers on gast,ric acid and.

gastrin secretion in healthy man. Eur J clin pharrnacol Zsz

3L9, 1983.

Canfield SP, Price CA: Ã, comparison of the effects
slanpathonimetic agents on gastric acid secretion by the
stomach j.n vivo and in vitro" J Physiol 316: lI, L98l.

Christensen NJ, Brandsborg O: DopamÍne in human gast,ric
juice deter¡rined by sensit,ive doubre-isot,ope-derivative

technique. Scand J Clin Lab Invest 342 31S, L974"

Code CF, Scholer JF, Orvis AL: Barrier offerred by gastric
mucosa to absorption of sodium. Arn J physiol 183: 604 |

1955 "

Cohen MM: Mucosal cytoprotection by prost,aglandin F,2.

Lancet 2: L253, L978.

cooke AR: The rore of acid in the pathogenesis of aspirin-
induced gastrointestinal erosions and hemorrhage. An J Dig

Dis 18: 225, L973.

Costa M, Gabella G: Adrenregic inne:r¡ation of the

alinentary canal " Z Zelforsch Mikrosk Anat L22z 357, 1977.

of

rat

-67-



CostalL B, Hui SGC, Naylor R.T: Different,ial actions of
substituted benzamÍdes on pre- and post,- synaptic dopamine

receptor ¡nechanisms in the nucleus accumbens. J phar¡n

Pharmacol 322 594, l-980"

Costall B, Naylor R.T, Tan

agonist to rnodify gastric

Phar¡oacol J-LTI 6I, 1985"

CCW: A cent,ral sit,e of dopamine

secretion in the rat. Euro J

Costall B, Naylor RJ, Tan CCW: Mechanism of action of
apomorl>hine on rat gastric secret,ion. Euro J pharmaco 116:

279, 1985"

Cushíng H: Pept,ic ulcers and the interbrain.
Obst, 55: I, L932.

Surg Gynec

Dai s, ogle ctf: A quantitatíve study of the effects
anesthesia and stress of operation on gastric secretíon

rats. Life Sci 13: 327, L973"

Dai S, Ogle CW; Gastric ulcers induced by acid. accumulation

and. by stress in pylorus-ligated rats. Eur J pharnacol 26:

15, L974"

Dascalakis TB: The allergic theory of experimental ulcer
induced by phenylbutazone. In: Peptic U1cer, ed.ited by C.

Pfeiffer. Philad.elphia: Lippincottr pp. 184-199, 1921.

of

.l-n

-68-



Davenport ÏÍW¡ Salicylate damage to the gastric mucosal

barrier. N Engl J Med 2762 l-307, 1967"

Davenport III{: Gaastric mucosal injury by fatty and

acetylsalicylic acids" Gastroenterology 462 245, 1964.

Davenport ÏIW: Destruction of the gastric mucosal barríer by

detergents and urea. Gastroenterology 54s U5, l-968.

Debnath PK, Code KD, Govinda Das D, Sanyal ÀK: Effects of
propranolol on gastric secret,ion in albino rats" Br J

Pharmacol 51: 2J-3, L974.

Desiderato O, Test,a M: Shock-stress, gastric secretion and

habituation in the chronic Aastric fistula rat. physiol

Behav 16: 67, L976.

Dunn IJ and Nash LD; SLress ulcers in the stomach following
obstetric and g-ynecologic surgery. Amer J Obs cynec 90:

1288, 1964"

Eastwood GL, Erdmann KR: Effect, of eLhanol on canine

gast,ric epithelial ultrastructure and transmucosal potential
difference. Am J Dig Dis 23". 429, 1978"

-69-



Eastwood GL, Quínby GF: Effect, of chronic aspirin ingesÈion

on epithelial proliferation in rat, fundus, antrum, and

duodenum, GastroenLerology 822 852t L9BZ"

Esplagues J, Lloris JJM, Mart,i-Bonmati E and Morcillo EJ;

Effect, of o-adrenoreceptor drug stÍmuration on various
models of gastric uLcer in rats" Br J phar:nacol 762 Eg7,

1982 "

Feldman Sr Behar À, Birnbaum D: Gastric lesions following
hypothalmic stimulation. Arch Neurol 4z 3OB, 1961.

Fletcher DG, and Harkins Ht Acute peptic ulcer as a

courplication of najor surgery. Surgery 36: 2I2t I9S4.

Fogelman MiI and Garvey ,TM: Àcut,e gast,roduodenar ulcerations
incident to surgery and disease: Ànalysis and. review of gg

cases. Amer J Surg 112: 651, 1966.

French JD, Port,er RW, Von Àmerongen FK, Raney RB:

Gastrointestinal hernorrhage and ulceration associated with
intracranial lesions. Surgery 3Zt 3gS, L}SZ"

Ganong wF: Evidence for a cenLral norad,renergic system that,

inhÍbits ÀcrH secret,ion. rn: Brain-endocrine interaction
median eminence: Structure and function" Basel: Karger,

pp. 254-266t j-974"

-70-



Ganong l{F: Regulation of gastrointestinal function. In:
Review of Medical Physiology ppz 40l-4O6, Lange Medical

Publications, California, 1985.

Garner A, Heylíngs JR: St,inulation of alkaline secretion in
anphibian-isolated gastric mucosa by l-6r16-diroethyl P?EZ and

PcFZ alpha. A proposed explanation for some of the

cytoprotective actions of prostaglandins" Gastroenterology

762 497, 1979.

Giarnpaolo C, Poulsen SS, Szabo Sf. Reynolds ES, Feldman D:

Stereomicroscopic and ult,rastructural characterization of
propíonitrile-induced duodenal ulcer in the rat, Lab rnvest

38: 1, 1978.

G1avin GB, Dugani AIvf and. Pinsky C: L-deprenyl att,enuates

stress ulcer formation Ín rats. Neuroscience Letters 1996,

In press.

Glavin GB: Restraint ulcer: Hist,ory, current research and

future inplications. Brain Res Bull 5: 51, 1980.

Groisman SD, Karevina TG and Khokholya NP: Role of doparnine

recepLors in the mechanisrn of stress injuries of the

stomach. BuIl Exp Biol Medicine 97(1): 67, 1984.

-7t-



GuiJ.bert ,T, Bounous G, Gurd F: Role of intest,inal chlnne in
the pathogenesis of gastric ulceration following
experiment,al hemorrhagíc shock. J Trauma 9: 723, 1969.

Gupfa MD, Gupta GP, Bhargava Kp: Effect of central
dopanine, hist,amine and S-hydroxytrypt,arnine on st,ress-

induced gastric ulceration in rats. rndian J Med Res 7Bz

28!,1983.

Haggendal J: The presence of dopamine in human gastric
juice. Acta Physiol Scand 7l-: LZ7, 1967 "

Hangell o, wretmark G: peptic urcer and arcohorisrn J

Psychosom Res. 2: 35, ),957

Hara C, Ogawa N: Effects of psychotropic drugs on the
development of activity-stress ulcer in rats. Jpn J

Pharmacol 35: 474, 1984"

Harjola PT,

experimentally

Surg 163: 2I,

Sivu1a A: Gast,ric

induced hlpoxia and

1966 "

ulcerat,ion following
hemorrhagic shock. Ann

Harsing LG, Magyar K, Tekes K, VÍzi nS, Knol-I J: Inhibition
by deprenyl of dopanine uptake in rat striatu¡oi a possibre

correlation between dopanÍne uptake and acetylcholine
release inhibit,ion. PoL J Pharm Pharaacol 31: Zg7, lg7g.

-72-



Hay

l-6 ¡

Ilarsing LG, Vizi Es¡ Release of endogenous dopamine fro¡n

rat isolated striatum: effect of clorgyline and. (-) -
deprenyl. Br J Pharmacol 83: 74!, L984"

Al{: The ¡nechanism of action of metoclopramide. Gut.

403, L975"

Hench PS, Kendall EC, Slocumb CH, polley HF; The effect, of
a hormone of the adrenal cortex (17-hydroxy-11-

dehydrocortisone i compound E) and. pituit,ary
adrenocoricotropic hormone on rheumatoid arthritis. proc

Staff Meet Mayo Clinic 242 l-BI, L949.

Hernandez DE, Adock J$i, Nemeroff CB, prange AJ: Bhe role of
tbe adrenar grand in cytoprotection against stress-induced.

gastric ulcers in rats. J. Neurosci Res 11: l_93, 1984"

Hernandez D, Mason G, I{a1ker C, Moskaluk V: Dopamine

receptor in stress gastric ulcers. clinical Res 342 Lg2À,

1986.

Hernandez DE, Nemeroff CB, Orlando RC, prange AJ:

effect of cent,rally adninistered neuropeptides on

development of st,ress-induced gastric ulcers in rats.
Neuroscience Res 9z I45, 1983.

The

the

J.



Hinterhuber H, Hochenegg L: Ulcers, stress

schizophrenia. Arch Psychiat Nerunker 22oz 335, 1975.

Hirst BH, Reed JD, Go¡nez Pan A, Labib lÃ: Bromocriptine

potentíation of gastric acid secretion in cats" Clin
Endocrinol 5: 723, 1976"

Hollander, F: The two-component mucosal barrier:
activity in protecting against pept,ic ulceration"

Intern Med 93: l-07 | L954 "

Houslay MD, Tipton KF, Youdim MBs Mu1tiple forms of

monoamine oxidase: Fact and artefact,. Life Sci 19: 467 |

L97 6.

Kamada T, Fusamoto H, Kawano S, Nogucchi M, Hiramatsu K,

Masuzav¡ê M, Àbe H, Fujii C and Sugirnoto T: Gast,rointestinal

bleeding following head injury: A clinical study of 433

cases. J. Trauna :..7: 44, 1977"

Karim SM, fung WP: Effect,s of some naturally occurrinþ

prostaglandins and synthetic analogues on gastric secretion

and ulcer healÍng in man. Adv Prostaglandin Thromboxane Res

2z 529, 1976.

Its
Arch

-7 4-



Karsch SB: Upper gastroint,estinal

complication of intracranial disease, J

L972 "

bleeding as a

Neurosurg 372 27,

Katz D, Pauto D, McKinnon VI{P, and Glass GBJJ: Upper GI

bleeding in the aged¡ À prospective study utÍlizing a

younger age group as control Àn J Dig Dis 10: 699, 1965.

Keim D, Sigg E: P1asma corticosterone and. brain
catecholamines in stress: Effect of psychotropic drugs.

Pharmacol Biochem Behav. 6; 79, lg77 "

Ke11y TR and schluter TM: stress ulcer forlowing untreated.

major surgery. Àmer Surg 30: 338, 1964.

Ke1ly P, Robert À: Inhibition by pregnancy and 1actation of
steroid-induced ulcers in the rat. Gastroenterology 56: 24,

L969 "

Kitagawa H, Fujiwara M, osumi y: Effects of wat,er immersion

stress on gast,ric secretion and mucosal blood flow in rats.
Gastroenterology 77: 298, 1979.

Klein MS, Ennis F, Sherlock P and Vüinat¡er SJ: A rnajor cause

of gastrointestinal hemorrhage in patients v¡ith malignant

disease. Dig Diseases 18(3): !67, 1973"

-75-



Kobayashi K, Arakawa T, Nakamura H, Yamamot,o S: An

endoscopic study on the mucosal prostaglandin leveI in
patients with peptic ulcer. Ttorld Congress of
Gastroenterology, Stockholn" Abstract 108, J-982.

Konturek SJ, Piastucki f, Brazozowski T, Taduesz I,

De¡nbinska-Kiec A, Zmuda .4,, Grygllwski R: RoIe of
prostaglandins in the formation of aspirin-induced gastric

ulcer" Gastroenterology 80: 4t 198L.

Kutchai HC: Gastrointestinal secret,ions. In: Physiology,

ed. by Berne RM and Levy MN pp: 770-794, Mosby Publishing

Co. St, Louis, Missouri, 1983.

Landsberg L, Berardino B, Silva P: Metabolism of 3-H-L-dopa

by the rat gut in vivo: Evidence for glucuronid.e

conjugation. Biochem. Pharrnacol 242 Il-67, L975"

Lackovic Z, Kleinman J, Karoum F, Neff NH: Dopamine and its
metabolites in human peripheral nerves: Is there a widely

distributed system of peripheral doparninergic nerves? Life
sci 29 z 917, 1981"

Lands .AM, .â,rno1d A, McÀuliff JP, Luduena FP, Brown TG:

Differentiation of receptor systens activated by

slrnpathornimetic amines. Nature. 2]-4s 597, !967.

-7 6-



Lev R, Moldt MD, McNamarê Jo Strenple JF: ¡¡stresset ulcers

following $¡ar wounds in Vietnam. ^Amorphologic and

histochemical study. Lab Invest, 25: 49!, !97L

Lidbrink P, Corrodi H, Fuxe K, Olson L: Barbiturates and

neprobromaLe: Decreases in catecholanine turnover of

central doparnine and noradrenaline neuronal systems and the

influence of imnobilization stress. Brain Res 452 5O7,

]-972 "

Lau HK, Ogle C!{; An evaluation of the influence of
increased gastric acid in the aetiology of reserpine-induced

ulcers in rat stornachs. Pharmacol Res Cornm 11: 869t 1979"

Lauterbach HH, Mattes P: Effect of dopamine in stress ulcer
of rat,s. Eur Surg Res 9 : 258 , 1977 .

Lichtenbergier I-I'Í, Szabo S, Trier JJS: Duodenal ulcerogens,

cysteamine and propionitrile, stimulat,e serurn gastrin leveIs

in the rat,. Gastioenterology 73i 1305, L977.

Lundell L, Svensson SE: Inplication of gastric mucosal

hista¡nine Ín inhibit,ion by Ísoprenaline of pentagastrin-

induced gastric secretion. Br J Pharmacol 522 69, 1974"

Mahl GF: Effect of chronic fear on gastric secretion of HCI

in dogs" Psychosom Med 1:30, L949"

-77 -



Marrone G and SÍLen !V: Pathogenesis, diagnosis

treatmenL of acuLe gastric mucosal lesions. In:

Isenberg, Johansson C (Edts) Clinics in GastroenterologY,

635-50" London: Saunders, 1984"

McDonnell WV and McCloskey JF: Àcute peptic ulcers as

cornplication of surgery. Ann. Surg J-37 z 67 , 1953 "

Menguy R, Desbaíl1ets L and MasÈers YF: Mechanism of stress

ulcer: Influence of hypovolemic shock on energ:y metabolisrn

in the gastric mucosa" Gast,roenterology 66r 46, I974"

Menguy R, Masters YF: Mechanisms of stress ulcer:
Influence of sodium taurocholate on gastric mucosal energ:y

metabolism during hemorrhagic shock and on rnitochondrial

respiration and ATPase in gastric mucosa. Am J Dig Dis 2L

(12): l-001 , L976,

Menguy R: Mechanis¡n of 'gastrÍc inhibition by fat. surg,

482 195-200, 1960

Nakai Y, Imura H, Yoshimi T, Matsukura s3 Adrenergic

control mechanism for ÀcfH secretion in man. Acta Endocr

74¿ 263, 1973"

and

J

pp

-78-



Nat,elson BH, Dubois A, Sodetz FJ¡ Effect of nult,iple-st,ress
procedures on monkey gastroduodenal mucosa, serum gastrin
and hydrogen ion kinetics" Ärn J Dig Dis 222 888, L977 "

Nemeroff CB, Bissette G, Manberg PJ, Osbahr AJ, Breese GR,

Prange AJI Neurotensin-induced hlpothermia: evidence for an

int,eractÍon with dopaninergic systens and the hlpothalamic-
pituit,ary-thyroid axis. Brain Res 95: 69, 1980.

Nemeroff CB, Hernandez DE, Orlando RC and prange Jr"
Cytoprotective effect, of centrally adninistered neurotensin

on stress-induced gastric ulcers" Àm J physiol 2Ez 342,

1982.

Odonkor P, Mowat and Hima1 H: Prevention of sepsis-induced

gastric lesions in dogs by cirnetidine via inhibition of
gastric secretion and by prostaglandin via cytoprotection.
Gastroent.erology 80: 375 , 1981.

Orlando R, Hernandez D, Prange À, Nemeroff CB: Role of the

autonomic nervous syst,em in the cytoprotective effect of
neurotensin against gastric stress ulcer in rats.
Psychoneuroendocrinology 10: J4g, l-985.

-79-



Osurni Y, Nagasakâ Y, Wang LtfF, Fujiwara M: Inhibition of

gastric acid secretion and mucosal blood flot¡ induced by

intraventricularly applied neurot,ensin in rats" Life Sci,

232 2275, L978,

overholt BF, Pollard IIM: Acid diffusion into the human

gastric mucosa. Gastroenterology 542 L32t !968"

Pare I{P, Houser VP: Àctivity and food rest,rict,ion effects

on gast,ric glandular lesions in the rat: the activity-
stress ulcer. Bull Psychonom Soc 2: 2I3, 1973"

Pare wP: Psychological studies on sLress ulcers in the rat,
Brain Res BulI 5 (Suppl f): 73, 1980.

Pare WP! Feeding environment and activíty-stress u1cer.

BulI Psychonom Soc 4z 546t irg74"

Pare WP: The activity-stress ulcer model: Freguency and

chronicity. Physiol Behav 16: 699, 1976.

Pare Ì{P: The influence of food consumption and running

activity on the activity-stress ulcer in the rat. An J Dig

Dis 2Oz 262, 1975.

-8 0-



Pare WP, G1avín GB and Vincent GP: Effect.s of cimetidine on

stress ulcer and gastric acid secret,ion in the rat.
Pharmacol Bioche¡n Behav 8: 7IL, 1978.

Pare W, Glavin GB; Restraint stress in biomedícal research:

A review. Neuroscience and Biochemical Revíews l-0(3), 1986"

In Press.

Pare WP, Livingston A: Shock-predictability and gastric

secretion in the chronic gastric fistula rat. Physiol Behav

11: 52L, 1973"

Parnrar NS, Tariq M, Ageel ÀM: Effect of bromocriptine, a

dopamine recepLor agonist, on Lhe experimentally induced

qastric ulcers in albino rats. Life Sci 35: 2035, 1984.

Patrick KS, Kilts CD, Breese

of hydroxylated rnetabolites

242 L237, l-981-.

GR: Synthesis and pharmacology

of rnethylphenidate. J Med Chem

Penner A, Bernheim AI: Stud.ies in the pathogenesis of

experirnentally dysentery intoxication, prod.uction of lesions

by introductÍon of toxin into the cerebral ventricles. ,T

Exp Med. III: L45, 1960"

-81-



Pipkin G, Currington A, PÍpkin M, Price CA, Parsons M, Owen

DA: Dopamine antagonists, gastrÍc mucosal damage, blood

flow and acíd secreLion" Dig Ois Sci 30: A3t P395, 1985"

Pihan G, Mangla J, Gumat,ay V, Brown H, Szabo S: Duodenal

ulcerogens cysteamine, propionitrile, mepirizole, and MPTP

(I-nethyl-4-phenyl-1,2,3,5-tetrahydropyridine) " Modify duo-

denal myoelectric activity and duodenal transit in the rat.

Dig Dis and Sci 3o: 395, 1985.

Pollak OJ, Kreplick F: Peptic ulcers in the insane"

ClÍnica1 and postmortem study. J Nen¡ Ment Dis lOL: l-,

]-945 "

Porter RV[, Brady JK, Conrad D, Mason if!{, Galambos R, Rioch

DM: Sone experimental observations on gastrointestínal

lesions Ín behaviorally conditioned monkeys. Psychosom Med

20¿ 379, 1958.

Poulsen SS, Kirkegaard P, O1sen PS, Jensen KK, Christ,iansen

J: RoLe of delayed gastric ernptying in the pathogenesis of

cyteamine-induced duodenal ulcer in the rat. Scand J

GastroenteroL LTz 325, 1982"

Richardson RS, Norton LI{, Sales JEL, Eisman B; Gastric

blood flow in endot,oxin-induced stress u1cer. .A'rch Surg

f06: fgf, L973"

-82-



Robert A, Kane G, Reele SB: Dose response inhibition in man

of meal-stimulated gast,ric acid secretion by L5-I5-methyl

prostaglandin Err given orally" Gut, 22: 728, 1981.

Robert A, Northam ,fI and Nezamis JE: Exertion ulcers in the

rat" "Nr J Dig Dis 15: 497, 1970.

Robert A, Phillips JP, Neramis JE: Production by restraint
of gastric ulcers and hydrothorax ín the rat"
Gastroenterology 51: 75, 1966"

Robert A, Nezamis JE and. Phillips JP: Effect of
prostaglandin E, on gastric secretion and ulcer formation in

the rat. Gastroenterology 55: 481, 1968.

Robert A, Nezamis J: Histopathology of steroid-induced

ulcers, An experimental study in the rat. Arch Patho1 772

4O7 t L964.

Robert, Nezanis, JE, Lancaster c, Badalamenti JN:

Cysteamine-induced duodenal ulcers: a new model to test

antíulcer agents. Digestion l-l-: l-99, L974

Robert A: Cytoprotection by prost,aglandins"

Gastroenteroloqy 772 76L, L979"

-83-



Rosoff CB, Goldrnan H: Effect of the intestinal bacterial_

flora on acuLe gastric stress ulceration. Gastroenterology

55: I93, L968.

Rossi e, Bonf ils S, Liefogh F, Larnbling A: Technigue

nouvelle pour produire des ulcerations gastrÍgues chez Ie
rat blanc: L I ulcere de contrainte. C " R. Soc BioI l-S0 : ZLZ4 |

1956.

Satoh H, Inada T., Hirat,a T, Maki Y: Indourethacin produces

gastric control ulcers in the pithed rat" Gastroenterology

81: 719, 1981.

Schwab RS: Slrnptonatology and medical treatment of
Parkinsonrs disease. Int J Neuro1 2z 6L, 196L.

Selye H: A syndrome produced by diverse nocuous agents.

Nature 138s 32, 1936.

Selye H, Stehle RL, Collip JBi.. Recent, advances in the

experiment,al production of gastric ulcers. Cand M.A.J. 342

339, L936o

Selye H, Szabo S: Experimental ¡rodel for production of
perforating duodenal ulcers by cysteamine in the rat.
Nature 2441 458, 1973.

-84-



Shírazi SS, Mueller TM, Hardy BMI Canine gast,ric acid
secretion and blood flow measurement in hemorrhagic shock.

Gastroent,erology 73: 75, 1977 
"

Sikiric R, Geber J I Suchanek E, Ivanovic D, Gjuris V,

Areksic J, Reic P, Marovic As The role of dopamine in the

for¡nation of gastríc ulcers Ín rats. Eur J pharmacol lrzz
I27, 1985"

Ski]-Iman J, Bushnell L, Goldman H and. Silen W: Respiratory
failure, hlpotension, sepsis and jaund.ice. A clinical
syndrome associated with lethal hemorrhage from acute stress
ulceration of the stomach. Àn J Surg 117: 523, 1969"

shay H: stress and gastric secretion. Gastroenterology 26:

316, ]-g54o

Spiro H: Duodenal ulcer disease, Hosp" pract 15: ZOA-7OD,

L985.

strang RR: The asso.i"ti;; of gastro-duod.enar urceration
and Parkinson¡s disease. The Medical Journal of Austraria
1: 842, 1965.

Strocchi A, Gandolfi O, Montanero N: Effect of a single and

repeat,ed administraaion of sulpiride on the restraint urcer
.i* e'L^ 

-^& 
1g¡-^.1 

- 
¡----u ^2 râ\ ^¿¡¡ r,¿¡s !o'uo ii\J-¿¡lg.J-¡t[ .r(J¡.Ðrvl¡ ¿gIJr; +LJ, IylO"

-85-



Szabo S: Dopamine disorders in duodenal ulcerat,ion. Lancet

2z 880, l-979"

Szabo S, Reynolds ES, Unger SH: Structure-act,ivity
relations between alkyI nucJ-eophilic chemicals causing

duodenal ulcer and adrenocortical necrosis" J pharmacol Ex¡l

Ther 2232 68, 1982.

Szabo S, Brown A, Pihan G, DaIi H, Neumeyer JL: Duodenal

ulcer induced by MPTP (I-urethyl-4-phenyl-l ,2,3,6-
tetrahyddropyridine. Proc Soc Exp Biol Med 180: 567, 1985.

Szabo S, Haith LR, Reynolds ES: Pathogenesis of duod.enal

ulceration produced by cysteanine or propionitrite:
Influence of vagotoily, syrnpathectomy, histarnine depletion,
Íl-2 receptor antagonist,s and hor¡none. Dig Dis Sci 242 47!,

]-979 "

Szabo S, Selye H: Duodenal ulcers prod.uced by propionitrile
in rats. Arch Pathol 93: 39Ot 1972"

Svanes K, Ito S, Takeuchi K, Silen ?t: Rest,ítution of the

surface epithelium of the in vitro frog gastric mucosa after
damage with hyperosrnolar sodiun chlorÍde. GastroenLerology

82 ¡ 1409 , 1982 "

-8 6-



Tache Y, Simard P, Collu R: Prevent,ion by bo¡nbesin of cold-
restraint induced hernorrhagíc lesion in rats. Life Sci 24,

L7r9 , 1-979 "

Takagi K, okabe S; Studies of the mechanism involved in the

production of stress and stress-at,ropine ulcers in rats.
Eur J Pharmacol 10: 378, I97O"

Takeuchi K, Okabe S, Takagi Kt A new model of st,ress ulcers
in the rat with pylorus ligation and. its pathogenesis. Àn J

Dig Dis 2Lz 782, 1976"

Taylor JA, Nabi G: Alpha adrenergic receptors and gastric
function. Drug Develop Res 2z l-05, 1992.

valenzuera JE, Grossrnan Mr: Dopamine stimulates pancreatic

secretion and inhibits gastric secretion in dogs. CIin Res

242 2924, 19'76"

VaLenzuela JE, Defilliþi C; Diaz c, Navia E, Merino y:

Effect of dopamine on human gastric acid and pancreat,ic

secretion" Gast,roenterology 76: 323 , I979 "

Valenstein, ES. À note on anesthet,izing rats and guinea

pigs" J Exp Anal Behav 4: 6, 1961.

-87 -



Van der vies J: Indívidual deLennination of cortisol and

corticosterone in a singre sample of peripherar blood. Acta

Endorj-nol 38: 399, 1961.

Van Loom GR, Scapagnini V, Moberg Gp, Ganong IVF: Evidence

of central adrenergic neural inhibition of ACTH secretion in
the rat. Endocrinology 89: 1464, J97I.

Vincent GP, Glavin GB, Rutkowski JL, pare Wp: Bod.y

orientation, food deprivation and pot,entiation of restraint-
induced. gastric lesions. Gastroent clin Bior r: s3g, 1977 "

Inlantanabe H: Act,ivat,ion of doparuine synthesis

doparnine neurons by inmobilization stress
Neurpharmacol 232 L335, 19g4

l-n

l-n

mesolinbic

the rat.

!{einer N: Drugs that inhíbit ad.renergic ne:r¡es and. block
adrenergic receptors, rn The pharmacological Basis of
Therapeutics, ed. by Gil¡ran AG and Goodman LS pp zo2-2o4,

Macuillan Publishing cô" New iorË, 1990.

?[right JP, Young GO, K1aff IJ, Ifeers LA, price SK and Marks

rn: Gastric mucosal prost,aglandin E levers in patients with
gastric uLcer disease and carci.noma. Gastroenterology gzz

263 , 1982 "

-88-


