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ABSTRACT 
 
The present work was done to investigate the role of ghrelin in the regulation of 
pancreatic volume and protein secretion in anaesthetized male albino rats. The rats 
were divided into 4 equal groups: First group Is the control group. Second group: 
Pancreatic secretion was stimulated by infusion of wheat germ lectin, which is known 
to be a stimulus of cholicystokinin hormone release, preceded by ghrelin infusion and 
continued for one hour, this procedure was performed before and after acute 
subdiaphragmatic vagotomy. Third group: was infused by 2-D-glucose, which acts as 
central vagal stimulant, preceded by ghrelin infusion and continued for one hour 
Fourth group: was infused by bethanechol, which is a cholinergic receptor agonist, 
preceded by ghrelin infusion and continued for one hour. Then the pancreatic 
secretion was collected after anaesthetizing male albino rat, through a cannula 
inserted in the common bile duct. The results showed significant increase of the 
protein content by wheat germ lectin infusion, through stimulation of cholicystokinin 
which stimulated pancreatic secretion, Ghrelin caused significant inhibition of 
protein secretion and this inhibition was continued after acute subdiaphragmatic 
vagotomy, Ghrelin also caused significant inhibition of the pancreatic protein 
secretion, which caused by central stimulation of vagus nerve by 2-D-glucose 
infusion. Also, ghrelin showed significant inhibition of the pancreatic protein 
secretion which caused by bethanechol, that acting as a muscarinic receptor agonist. 
It is concluded that ghrelin is a potent inhibitor of pancreatic exocrine protein 
secretion and the mechanism of its action may be directed at the level of the intra 
pancreatic neurotransmission. 

 
INTRODUCTION 

 
Ghrelin is a natural endogenous 

legend for growth hormone 
secretagogue receptors which present 
in the brain, which was isolated from 
rat stomach(1). It was identified in 
some endocrine cells of the 
gastrointestinal tract(2). Ghrelin 
immunoreactivity has been detected in 
the hypothalamic arcuate nucleus(1). 
Moreover, the finding that growth 
hormone secretagogue receptors are 
present in several brain areas and in 

peripheral tissue(3), which indicates 
the regulatory role for this peptide in 
many biological activities. Previous 
studies have shown that ghrelin 
stimulated growth hormone release 
and food intake in rodents after either 
systemic or central administration(4). 
More interesting finding that stomach 
ghrelin as well as plasma ghrelin 
levels were increased during acute 
nutrient restriction(5). It was reported 
that ghrelin was one of many brain 
peptides which influence feeding 
behavior, ghrelin can also trigger 
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gastric secretion(6) and motor 
responses(7). Although ghrelin has 
been reported to stimulate gastric acid 
secretion in anesthetized rats(6,7), it 
was demonstrated that the central 
administration of ghrelin effectively 
inhibited gastric acid secretion in 
conscious rats(8). 

Pancreatic exocrine secretion is 
controlled physiologically by both the 
autonomic nervous system and a 
number of brain gut peptides. Among 
these peptides cholicystokinin (CCK), 
secretin, cocaine and amphetamine 
that regulated transcript peptide and 
stimulated pancreatic secretion(9), 
whereas neuropeptide Y and 
somatostatin served as inhibitors(10). 
Cholicystokinin (CCK) is an 
established gastrointestinal hormone 
that stimulates gall bladder 
contraction. Subsequently CCK has 
been found to regulated pancreatic 
exocrine and endocrine secretion, 
gastrointestinal motility, pancreatic 
growth, intestinal blood flow and 
satiety (11). 

The normal diet contains many 
lectins(12). They are generally heat 
labile, but considerable amounts 
remain after cooking. Once lectin 
ingested, its activity was largely 
persists during its passage through the 
gastrointestinal tract(12).  The 
mechanism of action of lectin is 
performed by binding to N-acetyl D-
galactosamine that tends to stimulate 
intestinal cells(13). Wheat germ (tricum 
vulgris) lectin binds to n-acetyl-d-
glucosamine and causes calcium 
dependent stimulation of 
enterocytes(14). This is an interesting, 
because elevation of intracellular 
calcium can caused increase of CCK 
secretion(15).  

The present study was performed 
to examine the effect of ghrelin on the 
volume and protein content(amylase) 
of pancreatic exocrine secretion and 
its mechanism of action in 
anaesthetized male albino  rats. 
 
MATERIALS & METHODS 

 
24 male albino rats weighing 200-

250gm were housed in single cages 
that had wire net 60 inches. Before the 
experiments all rats were fasted for 24 
hours, but had free access to tap 
water. The rats were divided into four 
equal groups each containing sex rats: 
Group (1): control group in which 
the rats were administrated by saline 
infusion in the common bile duct. 
Group (2): Lectin stimulation 
group, were administrated wheat 
germ lectin CCK stimulant) for 15 
minutes. The rats were infused by 
synthetic rat ghrelin that started 15 
minutes before wheat germ lectin and 
continued for the rest of the 
experiment. Acute sub diaphragmatic 
vagotomy was done with continuous 
infusion of ghrelin for the rest of the 
experiment. 
Group (3): 2-D-glucose stimulation 
group: In which the rats were 
administrated by 2-D-glucose(central 
vagal stimulant) as a single bolus. 
Ghrelin infusion was started 15 
minutes before 2-D-glucose infusion 
and continued for the rest of the 
experiment. 
Group (4): bethanechol stimulation 
group: The rats were administrated by 
bethanechol (muscarinic stimulant) as 
a continuous intravenous infusion. 
Ghrelin infusion was started 15 
minutes before bethanechol infusion 
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and continued for the rest of the 
experiment. 

On the morning of the 
experiment, the rats were 
anaesthetized with intramuscular 
injection of ketamine and xylazine 
(sigma) in a dose of 87,13mg/kg body 
weight (16), supplemental doses were 
used every 2 hours to maintain 
adequate anesthesia. An intravenous 
cannula was placed into the right 
external jugular vein for infusion of 
0.9% NaCL (1 ml/min) with other 
chemicals. Through an upper midline 
labarotomy, the duodenum was 
elevated and the bile duct isolated as it 
entered the posterior duodenum. 
Through a small incision, a 
polyethylene cannula (PE (10) sigma) 
was introduced into the common bile 
duct and was fixed in place with fine 
silk suture. A second polyethylene 
cannula (PE (50) sigma) was placed 
into the duodenum (16). The abdominal 
wound was covered with a saline 
moist gauze. At the end of the 
experiments, animals were killed by 
cervical dislocation. 
1- Pancreatic secretion study: The 

pancreatic juice was collected for 
one hour to allow stabilization of 
flow after surgical manipulation. 
The pancreatic secretions were 
collected over 30 minutes. The 
volume was recorded and aliquots 
were assayed for protein content 
(17). 

2- Study of the effect of ghrelin and 
wheat germ lectin on pancreatic 
secretion: Wheat germ lectin (90 
mg/kg BW)(18) from Sigma was 
infused into the duodenum in a 
total volume of 5 ml over 15 
minutes. Infusion of synthetic rat 
ghrelin (1-2 n mol/kg/hours) (16) 

from (Phoenix pharmaceuticals) 
was begun 15 minutes before wheat 
germ lectin administration and 
continued for the rest of the 
experiment .Ghrelin infusion was 
continued after acute sub 
diaphragmatic vagotomy 

3- Study of the effect of ghrelin and 
2-D-ghucose (2-DG) on 
pancreatic secretion: 2-DG is 
centrally acting vagal stimulant(19). 
2-DG (75 mg/kg)(16) from Sigma 
was dissolved in saline and 
administered as a bolus intravenous 
injection . Ghrelin infusion (1-2 n 
mol/kg/hour) was started 15 
minutes before 2-DG injection and 
continued for the rest of experiment 
(16). 

4- Study of the effect of ghrelin and 
bethanechol on pancreatic 
secretion: Bethanechol is a 
cholinergic receptor agonist. 
Bethanechol (3 mg/kg) (16) from 
Sigma was dissolved in saline and 
administered as a continuous 
intravenous infusion. Ghrelin 
infusion (1-2 n mol/kg/hour) was 
started 15 minutes before the 
bethanechol infusion and continued 
for the rest of the experiment. 

Statistical analysis: 
Data were expressed as multiples 

of basal secretion. The results are 
expressed as means ±SD. a two-way 
analysis of variance (ANOVA) was 
used to analyze differences between 
treatment groups. Student's unpaired t-
test was used to analyze data from 
integrated protein secretion and 
volume differences were considered 
significant when P values were less 
than 0.05. 
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RESULTS 
 
The results of the present work 
showed in table (1): 
1- Effects of ghrelin and wheat germ 

lectin infusion on pancreatic 
secretion: Wheat germ lectin 
infusion resulted in a significant 
increase in both volume and protein 
content of the pancreatic secretion 
(P<0.05). Ghrelin infused 15 
minutes before wheat germ lectin 
showed non significant change in 
volume and significant reduction in 
protein content in relation to basal 
secretion (P<0.05). Acute sub 
diaphragmatic vagotomy at the 
same time of ghrelin infusion 
showed non significant change in 
volume and significant reduction of 
protein content (P<0.05). There was 
significant reduction of protein 
content after vagotomy by ghrelin 
and lectin (P<0.05) Fig 1. 

2- Effects of ghrelin and 2-DG 
infusion on pancreatic secretion: 
2-DG infusion caused significant 
increase in volume and protein 
content of the pancreatic secretion 
in relation to basal secretion 
(P<0.05). Ghrelin infusion started 
15 minutes before 2-DG showed  a 
significant reduction in protein 
content and non significant change 
in relation to 2-DG infused rats 
(P<0.05)Fig2. 

3- Effects of ghrelin and 
bethanechol infusion on 
pancreatic secretion: Bethanechol 
infusion showed significant 
increase in both volume and protein 
content in relation to control 
(P<0.05). Ghrelin infusion started 
with bethanechol and continued for 
15 minutes showed non significant 
change in volume and significant 
reduction in protein content 
(p<0.05) Fig3. 

  
 
Table (1): Effects of ghrelin on pancreatic secretion volume (ml/15min) and 
protein (amylase) (U/15 min) stimulated by wheat germ lectin, 2-D-glucose and 
bethanechol in male albino rats 
Groups ( Mean ±SD 6rats) Protein(Amylase) 

U/15 min 
Volume 
ml/15min 

(1) Control group 3.26±0.32 0.3±0.03 
(2) Lectin  administrated group 16.2±0.91* 0.34±0.03* 
(3) Lectin and Ghrelin administrated group 11.76±68* 

T2=* 
0.31±0.01 
 

(4) Acute vagotomy and ghrelin  
administrated group 

5.24±0.27* 0.32±0.01 

(5) 2-DG  administrated group 4.85+0.41* 0.36±0.01* 
(6) 2-DG and ghrelin  administrated group 2.19+0.16* 

T2=* 
0.34±0.01* 
 

(7) Bethanechol  administrated group 5.38+0.28* 0.35±0.02* 
(8) Bethanechol and ghrelin administrated 
group 

2.37±0.2* 
T2=* 

0.35±0.01* 
 

*=Significant P<0.05. 
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Fig. (1): Effect of ghrelin and wheat germ lectin before and after acute vagotomy 
on pancreatic protein secretion (U/15min) in male albino rats. 
 
 

 
Fig. (2): Effect of ghrelin and 2-D-glucose on pancreatic protein secretion 
(U/15min) in male albino rats 
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Fig. (3): Effect of ghrelin and bethanechol on pancreatic protein secretion 
(U/15min) in male albino rats. 
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DISCUSSION 
 

Ghrelin is a novel 28 amino acid 
peptide secreted form the endocrine 
cells of gastric mucosa(20). It is an 
endogenous legend for the growth 
hormone secretagogue receptor, which 
has been demonstrated in both central 
nervous system and peripheral tissues 
(21). Where as ghrelin was initially 
identified as, a growth hormone 
releasing peptide with a wide range of 
actions have been reported. The 
results of the present work studied the 
mechanism of the inhibitory effect of 
ghrelin on exocrine pancreatic volume 
and protein secretion. The results 
showed that ghrelin significantly 
inhibited the increase of pancreatic 
secretion that caused by lectin 
infusion which stimulated CCK 
release and caused an increase of 
pancreatic secretion. Moreover ghrelin 
inhibited CCK-stimulation of the 
pancreatic secretion after acute 
subdiaphragmatic vagotomy. In 
addition ghrelin inhibited pancreatic 
secretion stimulated by 2-DG infusion 
and decreased that of bethanechol 
stimulation.  

Expression of ghrelin and its 
related receptors of growth hormone 
secretagogue receptor, which caused 
stimulation of food intake and 
subsequent body weight gain, have 
been demonstrated in rats 
administered by ghrelin either 
centrally or peripherally(22,23). In the 
gastrointestinal tract, ghrelin has been 
demonstrated to regulate gastric acid 
secretion and gastric motility (24). 
Ghrelin may be involved in the 
regulation of digestive process which 
was supported by the observation that 
ghrelin producing cells correspond to 

X/A like endocrine cells in 
gastrointestinal tract that including 
stomach, small intestine and pancreas 
(1). The pancreas has been 
demonstrated to express growth 
hormone secretagogue like 
receptor(25). 

Regulation of pancreatic exocrine 
secretion occurs at multiple levels 
including the central nervous system. 
Pancreatic innervations (intra 
pancreatic neurons) that is supplied to 
the receptors, which present on 
pancreatic acinar cells (9). 

The mechanism by which ghrelin 
inhibited pancreatic protein output, 
may be  by a direct effect, because 
ghrelin did not have any effect on 
pancreatic acini exposed to the 
peptide in virtue(16). Also it may be 
suggested that, the inhibitory actions 
of ghrelin are not mediated by its 
direct action on the acinar cells. This 
indirect inhibitory action on 
pancreatic secretion has been reported 
for neuropeptide Y(25). Similar to 
neuropeptide Y, ghrelin appears to act 
on the intrapancreatic neurons to 
inhibit protein secretion(19). In 
addition, fat hydrolysis is essential to 
induce the effects of ghrelin and 
neuropeptide Y, this occur through 
generation of long chain fatty acids 
(LCF). Furthermore LCF stimulated 
plasma CCK release, so this is 
suggesting that CCK is a mediator of 
ghrelin inhibitory effect. Also CCK-1 
receptor antagonists abolish the effect 
of both ghrelin and neuropeptide Y 
(23). It was suggested that ghrelin may 
have an action within the central 
nervous system, ghrelin upregulates 
the role of neuropeptide Y and related 
protein genes in hypothalamus(24) and 
also  m RNA is present in dorsomotor 
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nucleus of the vagus(23). Moreover 
stimulation of gastric secretion by 
ghrelin administrated by 
intracerebroventricular injection is 
mediated through direct central 
activation of the central vagal 
mechanism(23). Also, ghrelin 
replacement partially reversed the 
gastrectomy that induced reduction in 
body weight (25). The results of present 
study supported the idea that detected 
that the actions of ghrelin on 
pancreatic secretion are directed at the 
level of intrapancreatic neuron (26). 
Ghrelin caused reduction of pancreatic 
protein secretion stimulated by 2-D-
glucose, which is a centrally acting 
vagal stimulant, but partially caused 
inhibition of the pancreatic protein 
secretion which stimulated by lectin, 
which stimulated CCK release, 2-DG 
or bethanechol. Also vagotomy failed 
to reverse the inhibitory effects of 
ghrelin on CCK stimulation of 
pancreatic secretion. Moreover it was 
observed that ghrelin resulted in 
decrease of amylase release stimulated 
by depolarizing concentration of KL 
in pancreatic lobules(16).  
Conclusions: 

The present study has 
demonstrated that, ghrelin is a potent 
inhibitor of pancreatic exocrine 
secretion in male albino rats. The 
action of ghrelin is direct and it may 
affect intra pancreatic 
neurotransmission as a mechanism of 
action. 
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  دراسة عن تأثير الجريلين على تنظيم افراز العصارة البنكرياسية 
  في ذكور الفئران البيضاء

  
  روميساء على الشربينى ومحمود عبد الحميد الغريب

  جامعة طنطا - كلية الطب–قسم الفسيولوجى 
 

إفѧراز يھدف ھذا البحث إلѧى دراسѧة دور الجѧريلين فѧي افѧراز العصѧارة البنكرياسѧية و ميكانيكيѧة تنظѧيم 
جلوكѧѧوز  -د -٢فѧѧي ذكѧѧور الفئѧѧران البيضѧѧاء والمحفѧѧز بللكتѧѧين جنѧѧين القمѧѧح  و) إنѧѧزيم الاميليѧѧز(البѧѧروتين 

وقѧد أجريѧت . والبيتانيكول فى ذكور  الفئران البيضѧاء المخѧدرة مѧن خѧلال أنابيѧب فѧى القنѧاة الصѧفراوية
  .من ستة فئران فأرا قسمت إلى أربعة مجموعات متساوية كل مجموعة مكونة٢٤التجربة على  

 وھى المجموعة الضابطة:  المجموعة الأولى
وفيھѧѧا يحقѧѧن لكتѧѧين جنѧѧين القمѧѧح فѧѧي القنѧѧاة الصѧѧفراوية و الѧѧذي يحفѧѧز إفѧѧراز ھرمѧѧون : المجموعѧѧة الثانيѧѧة

كما تسѧتمر عمليѧة حقѧن   .الكوليسستوكينين مسبوقا بالجريلين ويستمر لمدة خمسة عشر دقيقة بعد الحقن
  مفاجىء للعصب الحائر تحت الحجاب الحاجز   الجريلين بعد عمل قطع

جلوكوز في القناة الصفراوية مسبوقة  بѧالجريلين الѧذي يسѧتمر -د -٢وفيھا تحقن مادة  :المجموعة الثالثة
 جلوكوز-د -٢لمدة ھمسة عشر دقيقة بعد حقن 

لمѧدة خمسѧة عشѧر وفيھا تحقن مادة البيتانيكول في القناة الصѧفراوية مѧع الجѧريلين و :المجموعة الرابعة 
دقيقة بعد التجربѧة ويقѧاس كѧلا مѧن الحجѧم  ٣٠ثم تجمع العصارة البنكرياسية لمدة  .دقيقة بعد البيثانيكول

   ·)إنزيم الاميليز(والبروتين 
ملحѧوظ ذو دلالѧة إحصѧائية بعѧد حقѧن لكتѧين ، وقد وجد مѧن نتѧائج البحѧث أن الجѧريلين يسѧبب انخفѧاض  

حوظѧѧة فѧѧي  نسѧѧبة البѧѧروتين ويسѧѧتمر الانخفѧѧاض حتѧѧى بعѧѧد القطѧѧع جنѧѧين القمѧѧح والѧѧذي يسѧѧبب زيѧѧادة مل
 .المفاجىء للعصب الحائر

جلوكѧѧوز و الѧѧذي يسѧѧبب -د -٢كمѧѧا لѧѧوحظ أن الجѧѧريلين أدى إلѧѧى انخفѧѧاض ذو دلالѧѧة إحصѧѧائية بعѧѧد حقѧѧن 
زيادة ملحوظة ذات دلالة إحصائية في نسبة البروتين، عن طريق تحفيز العصب الحائر والذي ينخفض 

وأيضا ھناك انخفاض ملحوظ بسبب الجريلين بعند حقѧن البثѧانيكول والѧذي  .ملحوظا بالجريلين انخفاضا
  ·يعتبر محفز لمستقبلات الماسكرين  ويسبب زيادة ملحوظة في نسبة البروتين

و يستخلص من نتائج ھذا البحث  أن حقن مادة الجريلين يثѧبط إفѧراز الاميليѧز عѧن طريѧق تثبѧيط  تѧأثير  
وحتѧى بعѧد قطѧع العصѧب الحѧائر والمѧواد . لقمح و المحفز لافѧراز ھرمѧون كوليسسѧتوكينينلكتين جنين ا

جلوكوز وأيضا بعѧد تثبѧيط مسѧتقبلات الماسѧكرين ممѧا يѧدل علѧى أن -د-٢المحفزة للعصب الحائر وھى  
الجѧѧريلين يѧѧؤثر بطريقѧѧة مباشѧѧرة علѧѧى إفѧѧراز العصѧѧارة البنكرياسѧѧية عѧѧن طريѧѧق الأعصѧѧاب الداخليѧѧة 

 .للبنكرياس


