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ABSTRACT
Aim: To clarify the role of ghrelin in the regulation of gastric acid secretion in both normal and
experimental diabetic rats. Material and Methods: A total number of 140 adult male albino rats were
included in this study. All animals were fed the same type of food to avoid the effect of diet on the
experiments.. They had free access to water and kept at room temperature. The animals were divided
into two main groups: Group A (Normal rats) , Group B (Streptozotocin —induced diabetic rats) . Each
group was subdivided into four subgroups : Subgroup 1 : control group : injected with saline 0.5 ml
i.v. in the tail vein ,Subgroup 2 : injected with Ghrelin 20pg /Kg i.v. ,Subgroup 3 : injected with
Ghrelin 20ug /Kg i.v. + L-NAME 70 mg /Kg s.c.,Subgroup 4 : injected with L-NAME 70 mg /Kg
,Gastric secretions were collected and gastric secretion volume , both free and total acidity, pH were
measured.
Results: The study reported that ghrelin significantly enhanced the secretion of both gastric acid and
mucus in both normal and diabetic rats, and these effects inhibited by the nitric oxide synthase
inhibitor, L NAME. Also, there was a significant reduction in gastric acid secretion in STZ — induced
diabetic rats in comparison with that in normal rats.
Conclusions: Ghrelin plays a stimulatory role on gastric acid secretion and mucus secretion in
both normal and STZ-induced diabetic rats and the nitric oxide synthase inhibitor L-NAME
blocks this effect. So, this role is performed via nitric oxide as a mediator.
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INTRODUCTION

hrelin is a 28 amino acid motilin-

related hormone mainly secreted by
X/A-like cells of gastric mucosa .It is the
endogenous ligand for the growth -
hormone secretagogue receptor (GHS-R
typela) and a potent releaser of GH. In
addition, actively participate in controlling
energy balance and the regulation of food
intake™? .
Most of the circulating plasma ghrelin
originates from ghrelin-secreting cells in
in the stomach and these cells were
charachterized by round, compact, electron
dense secretory granules of P/D(1) type in
humans (mean diameter 147+/-30nm), A-
like type in rats (183+/-37nm) and X-like
type in dogs (273+/-49nm). Ghrelin cells
are mainly located in the acid secreting
mucosa between neck and base of oxyntic
glands, and fewer in glands of pyloric
mucosa®. Lower concentrations have also

been reported at various regions in the
body™“.

Ghrelin has been proposed to stimulate
gastric acid secretion®”.while ghrelin
administered subcutaneously exerted no
effect on gastric acid secretion ®. Thus, it
is possible to speculate that ghrelin may
play a role in the regulatory mechanism of
acid secretion in the stomach. The role
of ghrelin in the mechanism of gastric
secretion and gastroprotection has been
little investigated. However ®showed that
central administration of ghrelin exerts
gastroprotection and this effect is
attenuated by the blockade of nitric oxide
synthase (NOS) activity with L-NAME
(N-nitro-L-arginine methyl ester)
suggesting that NO may play an important
role in this protection. Recently,the
involvement of nitrergic mechanisms in
ghrelin regulation of gastric acid secretion
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secretion  have

(10

and mucus
demonstrated by

been
who concluded that,

ghrelin plays a stimulatory role in the
secretion of both gastric acid and mucus
in rats and these effects can be abolished

by a NOS inhibitor,L-NAME.
MATERIAL &METHODS

A total number of 140 adult male
albino rats weighing from 180 to 220 gm
were enrolled in this study. They were
bred in the animal house and kept in steel
wire cages (10/cages).

All animals were fed the same type of
food to avoid the effect of diet on the
experiments. Their diet consisted of mixed
commercial rat laboratory chow and
supplied in separate clean containers. They
had free access to water and kept at room
temperature.

The animals were divided into two
main groups as follows :

(1)Group A (Normal rats):

(IDGroup B (Streptozotocin —induced
diabetic rats):

Each of the two main groups:

Further subdivided into four subgroup :
*Subgroup 1 : control group : injected
with saline 0.5 ml i.v. in the tail vein .
*Subgroup 2: injected with Ghrelin 20pug
/Kgiv.

*Subgroup 3: injected with Ghrelin 20pug
/Kgiv. +L-NAME 70 mg /Kg s.c.
*Subgroup 4 : injected with L-NAME 70
mg /Kg

Dosage and routes of administration,

Induction of experimental diabetes

Insulin  dependent diabetes was
induced by single intra-peritoneal injection
of  freshly prepared solution of
streptozotocin 50 mg/kg of body weight
dissolved in 0.2 mmol/L sodium citrate, at
PH 4.5 and the rats were provided with
10% glucose solution after 6 hours of
streptozotocin administration for the next
48 hours and maintained for 30 days
DThree days later, diabetes induction was
confirmed through measurement of blood
glucose level in each animal (from blood

(10)

sampled from the tail vein) with the One
Touch Ultra Glucometer “?and rats with
blood glucose levels more than 250 mg/dl
were selected for experiments"?. Rats
with STZ —induced insulin dependent
diabetes exhibit reduced body weight,
glucosuria ,hyperphagia ,hyperglycaemia
,hypoinsulinaemia as

For all studied groups, the following
investigations were done :

I.Collection of Gastric Secretion :
Precautions for the collection of gastric
juice :

Animals were allowed to fast for 12
hours, as this period ensures complete
gastric emptying “¥The animal was
anaesthetised, using ether, only-during the
operation
The operation of pyloric ligation was fully
described by !'?

At the end of collection period, the animal
was ana- esthetized again with ether, the
laporatomy wound was opened and a
ligature was tied around the oesophago-
gastric junction to prevent reflux and
spilling of gastric secretion. The gastric
juice was allowed to flow out into a
calibrated centrifuge tube and centrifuged
at approximately2000 rpm for 15 minutes.
The supernatant was decanted and
measured for volume. Samples were
discarded if they tinged with blood 7'
IL.Determination of pH of Basal Gastric
Secretion : pH of the gastric secretion was
determined by using PH meter
III.Determination of Free Acidity of
Gastric Juice : Free acidity (HCI) of the
gastric  secretion was determined by
titration of a given volume of gastric juice
with NaOH, 0.1 mol/L. using Toepfer's
reagent (0.5 gm Diethylaminoazobenzene/
100 ml ethanol) as an indicator with a PH
range from 2.9 to 4 *”

IV.Determination of the Total Acidity of
Gastric Secretion: Total acidity was
determined by titration of a given volume
of gastric secretion with NaOH, 0.1 mol/L
employing 1% alcoholic phenolphathalein
as an indicator with PH range from 8.3 to
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10.0 phenophthalein is used as an indicator
because it shows the color change after
neutralization of total acidity **
V. Alcian Blue staining protocol of
gastric mucosa Method of staining
according to ®”
Slides examination

The slides were examined by oil
emersion technique at power 100X and
400 X to detect the mucin  content of
gastric mucosa according to the density of
the blue colour of alcian blue stain as mild
intenisty (+) , moderate intensity (++) and
marked intensity (+++) "

RESULTS

The study showed the gastric secretion
volume (ml/3h/100 gm body weight) in
normal and STZ — induced diabetic rats
between different subgroups . There was a
significant increase in gastric secretion
volume in ghrelin subgroups when
compared with that in control subgroups
(P < 0.001). While there was a significant
reduction in gastric secretion volume in
ghrelintL-NAME subgroups (P <0.01)
and L-NAME subgroups (P < 0.001) when
compared with that in control subgroups in
both normal and diabetic.

The study recorded the pH of gastric
secretion in normal and STZ — induced
diabetic rats between different subgroups.
There was a significant decrease in pH in
ghrelin subgroups when compared with
that in control subgroups (P < 0.001).
While there was a significant increase in
pH in ghrelintL-NAME subgroups (P
<0.001) and L-NAME subgroups (P <
0.001) when compared with that in control
subgroups in both normal and diabetic.

The study measured the free acidity
(mmol/L/3h/100 gm body weight) in
normal and STZ — induced diabetic rats
between different subgroups . There was a
significant increase in the free acidity in
ghrelin subgroups when compared with
that in control subgroups (P < 0.001).
While there was a significant reduction in
the free acidity in ghrelintL-NAME
subgroups (P <0.05) and L-NAME

subgroups (P < 0.01) when compared with
that in control subgroups in both normal
and diabetic.

The study measured the total acidity
(mmol/L/3h/100 gm body weight) in
normal and STZ — induced diabetic rats
between different subgroups . There was a
significant increase in the free acidity in
ghrelin subgroups when compared with
that in control subgroups (P < 0.001).
While there was a significant reduction in
the total acidity in ghrelintL-NAME
subgroups (P <0.05) and L-NAME
subgroups (P < 0.05) when compared with
that in control subgroups in both normal
and diabetic.

The study showed also, significant
increase in the intensity of the density of
blue color of alcian blue dye in ghrelin
subgroups when compared with that in
control subgroups. While there was a
significant reduction in intensity of the
density of blue color of alcian blue dye the
in ghrelintL-NAME subgroups and L-
NAME subgroups when compared with
that in control subgroups in both normal
and diabetic.
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Table 1 & Figure 1: :Normal rats

N=10 Gastric secretion volume PH of gastric secretion Free acidity Total acidity
Mean + F P (VS Mean + SD F P (VS Mean + SD F P (VS Mean + SD F P (VS

SD groupl) groupl) groupl) groupl)
Group 1 1.44 + 24+ 13.92 + 3.67 28.4 4732
(Control) 0.36 0.699

0.001 0.001 0.001

Group.Z 1.93 + < 1.2+0.42 P<0.00 < 2391+ 3.35 <0.001 < 48.26 + 6.87 <0.001 <
(Ghrelin) 0.28 <0.001  0.001 1
Group3 1.01+ < 3.8+ 042 <0.001 11,18+ 1.39 <0.05 22.31£5.8 <0.05
(Ghrelin+ 0.15 0.01
L-name)
Group 4 0.73+ < 4+ 0.667 <0.001  9.84+1.49 <0.01 21.48 + 5.34 <0.05
(L-name) 0.189 0.001
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-4-
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Table 2& Figure 2: STZ Induced Diabetic Rats.

N=10 Gastric secretion volume PH of gastric secretion Free acidity Total acidity
Mean + SD F P (VS Mean + SD F P (VS Mean + SD F P (VS Mean + SD F P (VS
groupl) groupl) groupl) groupl)
Group 1 1.07+0.189 3.2+ 0.633 11.161.51 22.05+3.32
(Control)
Group 2 1.74£0.222 < 1540527 poggo 0001 20944345 549, 0001 40864£9.66 0 <000
(Ghrelin) < 0.001 1
Group3 0.76+£0.17 0.001  <0.01 4.3+0.483 <0001 92840.647 <0.05 17.0441.40 <0.05
(Ghrelin+
L-name)
Group 4  0.5740.134 < 4.7+ 0.483 <0.001  8.44+1.15 <0.01 16.6+£ 3.13 <0.05
(L-name) 0.001
-5-
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DISCUSSION

Ghrelin was shown to enhance the
gastric motility and gastric acid secretion
(Zz)Also, the role of nitric oxide as a
mediator in the regulation of the secretion
of both gastric acid and mucus has been
recorded by 19

The present study examined the
effects of ghrelin on gastric acid secretion
and mucus secretion in both normal and
STZ-induced diabetic rats aimed to
evaluate the role of NO in this
mechanism. So, the study used L-NAME
for this purpose.

The results of secretory studies
performed on pylorus ligated rats were
evaluated. The present study
demonstrated that intravenous injection of
ghrelin in normal and STZ-induced
diabetic rats produced a significant
increase in gastric secretion volume, both
free and total acidity , a significant
decrease in pH and a significant increase
in the intenisity of the denisty of blue
color of alcian blue indicating that ghrelin
stimulates gastric acid secretion and
mucus secretion in stomach of both
normal and diabetic rats .However there
was a significant reduction in gastric
secretion volume, both free and total
acidity , a significant increase in pH and a
significant decrease in the intenisity of the
denisty of blue color of alcian blue in both
ghrelintL-NAME and L-NAME
subgroups indicating that L-NAME
blocks the stimulatory effect of ghrelin on
gastric acid secretion and mucus
secretion in stomach of both normal and
diabetic rats either when used alone or
with ghrelin.

These results revealed that exogenous
administration of ghrelin stimulates both
gastric acid secretion and mucus secretion
and these effects of ghrelin were inhibited

7.

by applying the nitric oxide synthase
inhibitor, L-NAME indicating the role of
NO as a mediator in ghrelin action.

These observations are in keeping with the
findings of previously reported studies **
\which also demonstrated an increase in
the  gastric acid  secretion  after
administration of ghrelin and that the
secretory effect of ghrelin was abolished by
an inhibitor of NOS, LNAME.

And this hypothesis supported by two
factors:

Firstly: The relationship between ghrelin and
nitric oxide release that was proved by many
arguments:

@3demonstrated that ECL cells contain NOS.
Also, the expression of a neuronal isoform of
NO synthase (nNOs) in rat parietal cells has
been demonstrated by ®®suggesting the
possibility that NO derived from parietal cells
may act on adjacent endocrine cells like ECL
cells regulating gastric acid secretion. In
addition, “”revealed that ghrelin induces the
release of nitric oxide in rat stomach by acting
directly on enteric neurons .

Secondly: The role of nitric oxide in the
regulation of many cellular functions in the
body, namely, the regulation of gastric acid
secretion and mucus secretion:

®®demonstrated that nitric oxide was

involved in the regulation of acid and
alkaline secretion and, it was reported
also, that endogenous NO is involved in
an increase of postprandial acid secretion
in humans ®” Also, howed that NO
donors enhanced acid secretion via release
of endogenous histamine in isolated
bullfrog fundic mucosa preparations.

In contrast, the inhibitory effect of
ghrelin on acid secretion at pylorus-
ligated rats by intracerebroventricular
application was also observed ®This
seems reasonable as in this setting the
route of ghrelin administration was
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different. It was also demonstrated that
ghrelin constitutes no effect on gastric
acid output ®and on acid secretion ** in
rats. These different results could be
related with the existence of different
methods as the studies of gastric acid
secretion began 7-10 days after surgery,
pentobarbital and isoflurane was used to
perform anesthesia and the acid was
collected in 30 minutes by using a plastic
gastric fistula.
CONCLUSION
Ghrelin plays a stimulatory role on
gastric acid secretion and mucus secretion
in both normal and STZ-induced diabetic
rats and the nitric oxide synthase inhibitor
L-NAME blocks this effect. So, this role
is performed via nitric oxide as a
mediator.
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