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Protective effect of centrally-injected glucagon-like
peptide-1 on reserpine-induced gastric mucosal lesions

in rat: Possible mechanisms

Santral olarak enjekte edilen "glucagon-like peptide-1"in sicanda reserpin ile
olusturulan gastrik mukozal hasar Gzerine koruyucu etkisi: Olasi mekanizmalar

Naciye ISBIL BUYUKCOSKUN, Giildal GULEC, Kasim OZLUK

Department of Physiology, Uludag University Medical Faculty, Bursa

Background/aims: Intracerebroventricular glucagon-like pep-
tide-1 (GLP-1) has been shown to prevent the gastric mucosal le-
sions induced by reserpine. In the present study, we aimed to in-
vestigate the contribution of 1- the cholinergic pathway, 2- the
sympathetic pathway, 3- somatostatin and 4- endogenous nitric
oxide to this gastroprotective effect. Methods: Rats were equip-
ped with intravenous and intracerebroventricular cannulas un-
der ether anesthesia for drug delivery. Rats were pretreated
with mecamylamine (5 mg/kg; i.p.) and atropine sulfate (1
mg/kg;i.p.), yohimbine (1 mg/kg; i.p.), cysteamine (280 mg | kg;
s.c.), and N°-nitro-L-arginine methyl ester (3 mg/kg; i.v.) to in-
vestigate the role of the cholinergic pathway, sympathetic path-
way, somatostatin and endogenous nitric oxide, respectively, in
the gastroprotective effect of GLP-1. To produce gastric mucosal
lesions, reserpine was administered intraperitoneally at a dose
of 25 mg/kg in 10 ml/kg of 0.5% acetic acid solution. Four ho-
urs later, the animals were decapitated, and their stomachs we-
re removed and scored for mucosal damage. Results: Gluca-
gon-like peptide-1 (100 ng/10 pi; i.c.v.) inhibited the reserpine-
induced gastric mucosal damage by 90% (p<0.01). Neither the
nicotinic receptor antagonist mecamylamine (5 mg/kg; i.p.) nor
the muscarinic receptor antagonist atropine sulfate (1 mg/kg;
i.p) affected the gastroprotective activity of GLP-1. On the other
hand, pretreatment with yohimbine, an oz-adrenergic receptor
antagonist (1 mg/kg; i.p.), cysteamine, a somatostatin depletor
(280 mg | kg; s.c.), and N°-nitro-L-arginine methyl ester, a nitric
oxide synthase inhibitor (3 mg/kg; i.v.), significantly abolished
the protective effect of GLP-1 on reserpine-induced gastric mu-
cosal lesions (p<0.001, p<0.01 and p<0.01, respectively).
Conclusions: We conclude that the sympathetic pathway, so-
matostatin and nitric oxide, but not the cholinergic pathway,
contribute to the gastroprotective effect of intra-cerebroventricu-
lar GLP-1 on reserpine-induced gastric mucosal lesions.
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Amacg: Sicanlarda reserpin ile olusturulan gastrik mukozal
lezyonlary onledigi gosterilmis olan intraserebroventrikiiler
"glucagon-like peptide-1" (GLP-1)'in gastroprotektif etkisinde 1-
kolinerjik yolun, 2- sempatik yolun, 3- somatostatinin ve 4- en-
dojen nitrik oksitin roliiniin arastirilmast amaglandi. Yontem:
Sicanlara uygulanacak ilaglar igin, eter anestezisi altinda int-
ravenéz ve intraserebroventrikiiler kaniil yerlestirildi. Intrase-
rebroventrikiiler GLP-1'in gastroprotektif etkisinde kolinerjik
yolun, sempatik yolun, somatostatinin ve nitrik oksitin roliini
arastirmak amaciyla sicanlara sirastyla mekamilamin
(5mg/kg; i.p.) ve atropin silfat (Img/kg; i.p.), yohimbin
(Img/kg; i.p.), cysteamin (280mg | kg; s.c.) ve N°-nitro-L-argini-
ne methyl ester (3mg/kg; i.v.) enjeksiyonu yapildi. Gastrik mu-
kozal hasar olusturmak igin 10 ml/kg %’lik 5 asetik asit solus-
yonunda 25 mg/kg dozda reserpin intraperitoneal olarak en-
Jekte edildi. Dort saat sonra si¢canlar dekapite edilerek mideleri
ctkartildy ve mukozal hasarlar skorlandirildi. Bulgular: "Glu-
cagon-like peptide-1" (100 ng/ 10 wi; i.c.v.) reserpin ile olusturu-
lan gastrik mukozal hasart %90 oraninda inhibe etti (p<0.01).
Ne nikotinik reseptor antagonisti mekamilamin, ne de muska-
rinik reseptor antagonisti atropin siilfat "glucagon-like peptide-
1"in gastroprotektif aktivitesini etkilemedi. Ancak, o2-adrener-
Jik reseptor antagonisti yohimbin, somatostatin deplesyonuna
neden olan cysteamin ve nitrik oksit sentaz inhibitorii olan N°-
nitro-L-arginine methyl ester, intraserebroventrikiiler olarak
enjekte edilen "glucagon-like peptide-1"in reserpinle olusturu-
lan gastrik mukozal hasart énleyici etkisini biiyiik oranda orta-
dan kaldirdy (sirasiyla; p<0.001, p<0.01 ve p<0.01). Sonug:
Intraserebroventrikiiler olarak uygulanan "glucagon-like pepti-
de-1"in reserpin ile olusturulan gastrik mukozal hasarlardaki
gastroprotektif etkisinde sempatik yolun, somatostatin ve nitrik
oksitin roliiniin oldugu, kolinerjik yolun ise bu etkide rol oyna-
madigr diisiiniilmektedir.

Anahtar kelimeler: Glucagon-like peptide-1,
intraserebroventriktler, mide, kolinerjik sistem, sempatik
sistemsomatostatin, nitrik oksit, sican
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INTRODUCTION

Experimental ulcer models are frequently used
not only for the investigation of peptide pathophy-
siology but also for the evaluation of the antiulcer
activity of various agents. The etiology of gastric
ulcer is multifactorial, and gastric acidity, pepsin
secretion, gastric motility and gastric mucosal blo-
od flow are all important factors in the develop-
ment of ulcers (1). Therefore, various experimen-
tal models have been designed to induce gastric le-
sions using aspirin, indomethacin, ethanol, reser-
pine, pylorus ligation and stress. Each ulcer model
has its own pathophysiological mechanism. Reser-
pine, used in this study, is thought to induce gast-
ric ulcers mainly via the depression of adrenergic
activity with an increase in the cholinergic tone
(2). Although the reserpine-induced ulcer model
has been considered to be acid-dependent (3), Ka-
goshima and Suguro (4) have suggested that
hypermotility seems to be more important than
hypersecretion for the induction of gastric mucosal
lesions by reserpine.

A number of brain-gut peptides and neuropeptides
have been shown to exert protective effects on
gastric lesions induced by several experimental
models, including the reserpine model (5-9).
Among these, glucagon-like peptide-1 (GLP-1) has
gained attention because of its multisystemic ef-
fects. GLP-1 is a bioactive peptide encoded in the
preproglucagon gene (10). It is secreted by the en-
teroendocrine L-cells in response to food ingestion
(11, 12). It stimulates insulin secretion and inhi-
bits glucagon secretion, which is why it is under
investigation as a potential treatment of diabetes
mellitus (13, 14). Apart from these, GLP-1 has im-
portant effects on the motor and secretory functi-
ons of the proximal gastrointestinal tract (15, 16).
It inhibits gastric emptying and proximal intesti-
nal motility (15, 17-19), as well as gastric acid and
pancreatic exocrine secretions (16, 20). The brain
is a potential target organ for the actions of GLP-
1, and it has been shown that several well-known
effects of the peptide are mediated by central mec-
hanisms (16, 18). We have previously observed
that intra-cerebroventricular (i.c.v.) GLP-1 pre-
vents the gastric mucosal lesions induced by reser-
pine (21). Although the mediators of this effect are
as yet unknown, a number of modulatory systems
may be involved, including the cholinergic and the
sympathetic systems, somatostatin and nitric oxi-
de (NO). In fact, all the mentioned systems and
transmitters also have direct effects on gastric
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mucosal lesions in relevant doses. For example,
cholinergic activation induces gastric ulcers by
increasing gastric acid secretion (22). On the other
hand, stimulation of cholinergic afferent fibers
exerts gastroprotective effects, mediated by calci-
tonin gene-related peptide (CGRP), NO and vari-
ous other peptides (23). The sympathetic system is
also involved in gastric acid secretion and in the
pathogenesis of gastric mucosal lesions, mainly
through presynaptic o,-adrenoceptors. Stimulati-
on of these receptors mediates both the antisecre-
tory action and the mucosal protective effect (24,
25). Somatostatin exerts inhibitory effects on gast-
ric acid secretion and gastrointestinal motility and
also mediates the effects of various brain-gut pep-
tides (26). Finally, although there are contradic-
tory data about the effect of NO on gastric acid
secretion (27, 28), it is a well-known mediator that
regulates several components of gastrointestinal
mucosal defense (29). In the present study, we ai-
med to investigate the possible involvement of the-
se pathways in the gastroprotective effect of GLP-
1 on reserpine-induced gastric mucosal lesions.

MATERIALS AND METHODS
Animals

Female Sprague Dawley rats (Experimental Ani-
mals Breeding and Research Centre, Uludag Uni-
versity Medical Faculty, Bursa, Turkey), weighing
200-250 g were used in this study. Rats were ho-
used 4-6 in a cage under constant environmental
conditions (20-24°C; 12-h light-dark cycle). The
animals were fasted for 24-26 h before the experi-
ments with free access to tap water until 1 h befo-
re testing (n=78). The surgical and experimental
protocols used were approved by the Animals Ca-
re and Use Committee of Uludag University.

Surgical Procedures

Ether anesthesia was used during surgery. For i.v.
injections, rats were implanted through the right
femoral vein with a PE 50 tubing filled with hepa-
rinized saline (100 U/ml). For i.c.v. injections, a
burr hole was drilled through the skull 1.5 mm la-
teral to the midline and 1-1.5 mm posterior to the
bregma on the right side. Through this hole, a 10
mm length of 20 gauge stainless steel hypodermic
tubing (prepared by S. Aydin) was directed toward
the right lateral ventricle. The cannula was lowe-
red 4.2-4.5 mm below the surface of the skull per-
pendicularly and was fixed to the skull with acry-
lic cement. Animals were housed individually and
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allowed to recover for five days. At the end of the
experiments, 5 ul of a methylene blue solution was
injected into the cerebral ventricle through the
cannula, and the placement of the inner end of the
cannula was verified for each rat. After decapita-
tion, the brains were removed and sections were
observed macroscopically to ascertain whether the
cannula had been correctly placed into the lateral
cerebral ventricle.

Induction and Evaluation of Gastric Mucosal
Lesions

In order to produce reserpine-induced gastric lesi-
ons, reserpine was administered intraperitoneally
at a dose of 25 mg/kg in 10 ml/kg of 0.5% acetic
acid solution (30). Four hours later, the animals
were decapitated, and the stomachs were removed
and opened along the greater curvature. The num-
ber and severity of gastric lesions were evaluated
according to the following rating scale:

0: no lesion

1: mucosal edema and petechiae
2: 1-5 small lesions (1-2 mm)
3

: more than 5 small lesions or 1 intermediate
lesion (3-4 mm)

4: two or more intermediate lesions or 1 gross le
sion (greater than 4 mm)

5: perforated ulcers
Experimental Protocols

Effect of i.c.v. GLP-1 on reserpine-induced gastric
lesions

GLP-1 (100 ng/10 ul) or saline (10 ul) was injected
intracerebroventricularly 5 min before reserpine
administration. We used 100 ng i.c.v. GLP-1 thro-
ughout the experiments, since we have recently
shown that this is the most effective dose in this
model, inhibiting the gastric mucosal lesions by
85% (21). Gastric lesions were evaluated 4 h later.

Role of the cholinergic system in the gastroprotecti-
ve effect of i.c.v. GLP-1

Rats were pretreated with a nicotinic receptor an-
tagonist, mecamylamine (5 mg/kg; i.p.), and a
muscarinic receptor antagonist, atropine sulfate
(1 mg/kg; i.p.), 10 min before GLP-1 (100 ng/10 nl;
i.c.v.) or saline (10 ul; i.c.v.) injection. Reserpine
was administered 5 min later.

Involvement of the oy-adrenergic receptors in the
gastroprotective effect of i.c.v. GLP-1

Rats received yohimbine, an o,-adrenergic recep-
tor antagonist (1 mg/kg; i.p.), 10 min before GLP-
1 (100 ng/10 ul; i.c.v.) or saline (10 pl; i.c.v.) injec-
tion. Reserpine was administered 5 min later.

Effect of somatostatin depletion on the gastropro-
tective effect of i.c.v. GLP-1

Rats received cysteamine, a somatostatin depletor
(280 mg/kg; s.c.), 4 h before GLP-1 (100 ng/10 nl;
i.c.v.) or saline (10 pl; i.c.v.) injection. Reserpine
was administered 5 min later.

Involvement of the NO pathway in the gastropro-
tective effect of i.c.u. GLP-1

Rats received N°-nitro-L-arginine methyl ester (L-
NAME), a NO synthase inhibitor (3 mg/kg; i.v.), 1
min before GLP-1 (100 ng/10 ul; i.c.v.) or saline (10
ul; i.c.v.) injection. Reserpine was administered 5
min later.

Drugs

GLP-1, reserpine, mecamylamine chloride, atropi-
ne sulfate, cysteamine, L-NAME and yohimbine
were purchased from Sigma (Sigma Chemical Co.,
MO, USA) and dissolved in saline. I.c.v. injections
were performed using a Hamilton microsyringe.

Statistical Analysis

Data are presented as means + SE. Non-paramet-
ric Mann-Whitney U test was used to determine
statistical significance. Differences were conside-
red to be significant at p<0.05.

RESULTS

Effect of i.c.v. GLP-1 on reserpine-induced gastric
lesions

In the saline + reserpine group, the average ulcer
score was 3.1 + 0.3 versus 0.3 = 0.2 in the GLP-1
(100 ng/10 ul) + reserpine group. Thus, this dose of
GLP-1 inhibited the reserpine-induced gastric mu-
cosal lesions by 90% (p<0.01) (Figure 1).

Role of the cholinergic system in the gastroprotecti-
ve effect of i.c.v. GLP-1

Neither the nicotinic receptor antagonist mecamy-
lamine (5 mg/kg; i.p.) nor the muscarinic receptor
antagonist atropine sulfate (1 mg/kg; i.p) changed
the effect of GLP-1 on reserpine-induced gastric
mucosal lesions (ulcer scores: 1.1 + 0.3 and 1.1 *
0.3, respectively) (Figure 1). None of the agents
alone had any significant effect on gastric lesions.

Involvement of the o,-adrenergic receptors in the
gastroprotective effect of i.c.v. GLP-1
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Figure 1. Role of the central cholinergic and sympathetic sys-
tems in the protective effect of i.c.v. GLP-1 on reserpine-indu-
ced gastric mucosal lesions. Rats received a nicotinic receptor
antagonist mecamylamine (5 mg/kg; i.p.), a muscarinic receptor
antagonist atropine sulfate (1 mg/kg; i.p.) or an o,-adrenergic re-
ceptor antagonist yohimbine (1 mg/kg; i.p.) 10 min before GLP-
1 (100 ng/10 ul; i.c.v.) or saline (10 pl; i.c.v.) injection. Reserpi-
ne was administered 5 min later and gastric lesions were scored
4 h later. Results were presented as means+ SE. Each group con-
sisted of 6-7 rats.

**: p<0.01 with respect to the saline group.

###: p<0.001 with respect to the GLP-1 group
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Figure 2. Role of somatostatin and NO in the protective effect
of i.c.v. GLP-1 on reserpine-induced gastric mucosal lesions.
Rats received a somatostatin depletor cysteamine (280 mg/kg;
s.c.) 4 h before or a NO synthase inhibitor L-NAME (3 mg/kg;
i.v.) 1 min before GLP-1 (100 ng/10 ul; i.c.v.) or saline (10 pl;
i.c.v.) injection. Reserpine was administered 5 min later and
gastric lesions were scored 4 h later. Results were presented as
means+SE. Each group consisted of 6-7 rats.

**: p<0.01 with respect to the saline group.

##: p<0.01 with respect to the GLP-1 group
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The gastric ulcer scores of the rats which were
pretreated with yohimbine, an o,-adrenergic re-
ceptor antagonist (1 mg/kg;i.p.), were significantly
higher (ulcer score: 3.5 + 0.2) than those of the re-
serpine + GLP-1 group (p<0.001) (Figure 1). Yo-
himbine alone did not have any effect on gastric le-
sions.

Effect of somatostatin depletion on the gastropro-
tective effect of i.c.v. GLP-1

Injection of cysteamine, a somatostatin depletor
(280 mg/kg; s.c.), 4 h before GLP-1 prevented the
protective activity of GLP-1 against reserpine-in-
duced gastric mucosal lesions (ulcer score: 3.3 =
0.2) (p<0.01) (Figure 2). Cysteamine alone did not
have any effect on gastric lesions.

Involvement of the NO pathway in the gastropro-
tective effect of i.c.v. GLP-1

Inhibition of NO synthesis by L-NAME (3 mg/kg;
i.v.) significantly abolished the protective effect of
GLP-1 on reserpine-induced gastric mucosal lesi-
ons (ulcer score: 3.4 = 0.2) (p<0.01) (Figure 2). L-
NAME alone did not have any effect on gastric le-
sions.

DISCUSSION

GLP-1 is a peptide known to exert a wide range of
effects on various systems. Recently, we have ob-
served the gastroprotective effect of GLP-1 in va-
rious gastric ulcer models (21), which led us to
further investigate the mechanisms involved in
this effect. We have reported that GLP-1 prevents
ethanol-induced gastric mucosal lesions when in-
jected intra-cerebroventricularly, and central
muscarinic and peripheral nicotinic cholinergic re-
ceptors and NO contribute to this protective effect
(31). However, since gastric ulcer models have dif-
ferent pathogenetic mechanisms, the gastropro-
tective effect of GLP-1 in each model may not in-
volve the same mechanism, and therefore should
be investigated separately. Here, we investigated
the contribution of 1- the cholinergic pathway, 2-
the sympathetic pathway, 3- somatostatin and 4-
endogenous NO in the gastroprotective effect of
i.c.v. GLP-1.

Wettergren (32) has suggested that the inhibitory
action of GLP-1 involves the vagus nerves, altho-
ugh neither efferent transmission of vagal impul-
se to the ganglia of the stomach and the pancreas
nor the function of their intrinsic excitatory ne-
urons seems to play a role. Imeryuz et al. (18) ha-
ve also reported that central and peripheral effects



Effect of GLP-1 on reserpine-induced gastric lesions

of GLP-1 on gastric emptying are abolished follo-
wing vagal afferent denervation, while neither
cholinergic nor adrenergic blockade had any ef-
fects. Similarly, we found that neither mecamyla-
mine nor atropine sulfate influenced the gastrop-
rotective effect of GLP-1 on reserpine-induced
gastric mucosal lesions, suggesting that nicotinic
and muscarinic cholinergic receptors do not medi-
ate this effect.

Yohimbine, an o,-adrenergic receptor antagonist,
significantly prevented the gastroprotective effect
of GLP-1 on reserpine-induced gastric mucosal le-
sions. It has been reported that activation of
presynaptic o,-adrenoceptors on the vagus nerve
not only inhibits gastric acid secretion and gastric
motility (25, 33), but also stimulates mucosal pro-
tective effect (24). Thus, stimulation of o,-adrener-
gic receptors by GLP-1 may lead to gastroprotecti-
on via the mentioned effects.

The contribution of somatostatin in the gastroin-
testinal effects of GLP-1 is not clear and seems to
depend on the species. Eissele et al. (34) have re-
ported that GLP-1 stimulates somatostatin secre-
tion in the perfused rat stomach, suggesting that
the inhibitory effect of GLP-1 on acid secretion
may be mediated by somatostatin. On the other
hand, Orskov et al. (35) did not observe an effect of
GLP-1 on somatostatin release in the isolated per-
fused pig stomach. Similarly, it has been shown
that GLP-1 has no effects on the circulating con-
centrations of somatostatin, although it effectively
inhibits sham-feeding induced acid secretion (36).

It has been reported that centrally-injected GLP-1
also inhibits gastric acid secretion (18, 21), but the
role of somatostatin in this effect is not clear. In
the present study, we used a somatostatin deple-
tor, cysteamine, to investigate the possible role of
somatostatin in the gastroprotective effect of GLP-
1 in reserpine-induced gastric mucosal lesions.
Cysteamine prevented the gastroprotective effect
of GLP-1, indicating that somatostatin is involved
in this effect. Cysteamine-induced somatostatin
depletion occurs both in the periphery and the
central nervous system and therefore we cannot
discriminate whether central or peripheral soma-

tostatin mediates the gastroprotective effect of
i.c.v. GLP-1. Furthermore, this effect may be due
to somatostatin-induced inhibition in gastric acid
secretion or increase in gastric mucosal blood flow,
or both, since it has been suggested that somatos-
tatin may cause vasodilation directly via a mecha-
nism which involves endothelial NO (37).

NO was another candidate which could participa-
te in the gastroprotective effect of GLP-1. L-NA-
ME, a NO synthase inhibitor, significantly abolis-
hed the effect of GLP-1. We have previously obta-
ined similar results in the ethanol model of gastric
mucosal damage (31). Since the major cause of
gastric mucosal lesions in the ethanol model is the
decrease in gastric mucosal blood flow, the invol-
vement of NO in the gastroprotective activity is
not surprising. On the other hand, reserpine indu-
ces gastric mucosal lesions mainly by causing
hypermotility, although its hypersecretory and va-
soconstrictor effects cannot be neglected. GLP-1
may modulate most of the reserpine-induced ef-
fects. Although there is no data at present about
the effect of GLP-1 on gastric mucosal blood flow,
it has been shown that it causes vasodilation in
pulmonary arteries and this effect is mediated by
NO (38). The vasodilator effect of GLP-1 in the
pulmonary arteries seems to endothelium-depen-
dent (38, 39), while the vasorelaxant effect of GLP-
1 in the rat femoral artery has been shown to be
NO- and endothelium-independent (40). We have
observed that NO is involved in the gastroprotec-
tive effect of GLP-1 in both ethanol and reserpine
models. GLP-1 may prevent gastric mucosal lesi-
ons by increasing gastric mucosal blood flow
and/or decreasing gastric motility, and both effects
may be mediated by NO. In addition, stimulation
of 0,- adrenoceptors on endothelial cells leads to
the release of vasodilator substances like NO (41).
Thus, the data we obtained from both L-NAME
and yohimbine trials seem to support each other.

In conclusion, we can put forward that the
sympathetic pathway, somatostatin and NO, but
not the cholinergic pathway, contribute to the
gastroprotective effect of i.c.v. GLP-1 on reserpine-
induced gastric mucosal lesions.
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