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EFFECT OF APELIN-13 ADMINISTRATION ON GASTRIC SECRETION IN NORMAL
AND DIABETIC RATS
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ABSTRACT
Background: Apelin is a recently discovered peptide, identified as an endogenous ligand of receptor APJ, apelin has
beneficial effect in diabetic conditions as it increase glucose uptake and improve insulin sensitivity, diabetic patients
have impaired gastric secretion and apelin is expressed in parietal, chief and mucous cells and this raise the possibility
of involvement of apelin in gastric physiology.
Objective: The present study was carried out to demonstrate the effect of acute and chronic administration of apelin 13
on gastric secretion in normal and diabetic rats.
Design: 98 adult wistar male albino rats were used, animals were divided into three main groups group A (normal rats),
group B (high fat diet induced diabetic rats) and group C (streptozotocin induced diabetic rats), each group is
subdivided into control subgroup (1), acute apelin-13 injected subgroup (2), chronic apelin-13 injected subgroup for 21
days (3): In all studied groups, different parameters of gastric secretion, gastric mucosal pH and mucin content were
measured.
Results: acute administration of apelin-13 decreased gastric acid secretion in all groups proved by significant increase
in pH accompanied by significant decrease in total and free acidity, the percentage in decrease of gastric acid secretion
in normal rats is more than that of high fat diet induced diabetic rats and streptozotocin induced diabetic rats. Ghrelin
level, volume of gastric secretion, blood glucose and HOMA- IR significantly decreased in all groups. pepsin, mucin
content of gastric mucosa and insulin level had no significant change in all groups, while, pH of gastric mucosal surface
significantly increased .In addition, there was negative correlation between ghrelin level and pH, positive correlation
between ghrelin and both total and free acidity in normal rats, positive correlation between ghrelin and volume of
gastric secretion in all studied groups. Chronic administration of apelin-13 caused no change in gastric acidity in normal
rats. and increase gastric acidity in high fat diet induced diabetic rats and streptozotocin induced diabetic rats, proved by
significant decrease in pH accompanied by significant increase in total and free acidity, the percentage of increase in
gastric acid secretion in high fat diet induced diabetic rats is more than that of streptozotocin induced diabetic rats,
moreover, chronic administration of apelin-13decreased ghrelin level, pepsin level, volume of gastric secretion, blood
glucose, insulin level and HOMA- IR and increase pH of gastric mucosal surface and mucin level in all studied groups.
In addition, there is positive correlation between ghrelin and volume of gastric secretion in all studied groups.
Conclusion: While apelin-13 injection on chronic run caused no change in gastric acidity in normal rats, it improved
gastric acidity in diabetic rats and can act as a promising target for type 2 diabetes treatment. In addition apelin-13 can
be considered as gastro protective agent as it increased pH of gastric mucosal surface and mucin level in normal and
diabetic rats.
Key words: Apelin, gastric secretion, diabetes.

INTRODUCTION apelin released from parietal cell binds to the APJ
pelin is an adipokine isolated from the receptor expressed in enterochromaffin like cells,
bovine stomach(1).Apelin is produced as a thereby inhibiting histamine release and acid

77 amino acid preproprotein that is cleaved into a secretion in the gastric mucosa.

variety of bioactive forms, each of which retain In diabetic conditions, acid secretion decreased
the C-terminus of the precursor, The C-terminal due to autonomic neuropathy (10),caused by
of apelin constitute the core region essential for insulin deficiency in type 1 diabetes or presence
apelin function(2,3).The apelin peptides activate of insulin resistance in type 2 diabetes as insulin is
the class A G-protein-coupled receptor (GPCR) a potent factor that supports neuronal growth and
angiotensin like receptor 1(APJ)(4).A possible survival(11,12, 13).

role for apelin in gastrointestinal function was In view of all previous reports, this study is
implied since apelin was isolated from stomach designed to explore the effect of acute and chronic
extracts (5).Immunohistochemical (IHC) studies administration of apelin-13 on gastric secretion in
showed abundant apelin-positive cells in the normal, high fat diet induced diabetic and
mucosal epithelium of the stomach, especially in streptozotocin induced diabetic rats.

mucous neck cells, parietal cells and chief cells. MATERIAL AND METHODS

The localization of apelin in gastric exocrine cells Animals:

suggests that apelin is secreted into the gastric This study was conducted on 98 adult male
lumen in response to secretagogues that activate healthy albino wistar rats 14 weeks old with body
gastric exocrine cells(6). Yakabi et al.(7)and weight 200-230 gm, were obtained from the
Ohno et al.(8) state that apelin stimulates acid animal house of faculty of veterinary medicine-
secretion and histamine release in rat stomach, on Zagazig University. Rats were kept in steel wire
the contrary, Lambrecht et al.(9)stated that cages (4-6/cage) in the physiology animal house
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in faculty of medicine -Zagazig University under
hygienic conditions.

Animals had free access to water, kept at room
temperature and were maintained on a 12h
light/dark cycle.

Rats were divided into three main groups:
Group A (normal rats, n= 24), fed ordinary diet,
Group B (high fat diet induced diabetic rats
“HFD” n= 35) rats fed high fat diet generally
contain protein 20%, carbohydrates 35% and fat
45%, mainly in form of lard and soy bean for 10
weeks (14), 24 rats which were obese and diabetic
were selected and group C (streptozotocin
induced diabetic rats , n= 39) injected by single
intra-peritoneal injection of freshly prepared
solution of streptozotocin (Sigma Aldrich Co.-
USA) 50 mg/kg of body weight dissolved in 0.2
mmol/L sodium citrate, at PH 4.5(15), rats were
given 0.1- 0.2 u\kg of insulin by subcutaneous
injection daily to prevent ketosis and reduce
mortality without normalizing blood glucose
level(16) (9 rats died and 24 were selected with
high blood glucose levels). Rats were used for the
experiment after development of impaired gastric
innervation 3 weeks after induction of diabetes
(17).

Each group was further subdivided into
control subgroup (1): Rats are injected
intravenous (i.v) in the rat tail with saline 0.5 ml
for 21 days, acute subgroup (2): injected i.v with
saline 0.5 ml for 20 days then injected once with
apelinl3 dissolved in saline, immediately before
use (Sigma Aldrich Co.-USA) 20ug /Kg i.v in the
day 21(10), chronic subgroup (3): injected i.v
with apelin 13 at a dose of 10 ug/kg/day for 21
days.

Methods:

At day 21 of experiment rats were fasted for 12
hours, rats was anaesthetised, using ether, only-
during the operation, as it was not restrained as
awakening to avoid the consequence of restraint
on gastric secretion (18).

In all groups, gastric juice was collected by
pylorus ligation according to Alumets et al.(18),
it was collected after 1 hour of pylorus ligation(8),
stomach was removed and washed by distilled
water, gastric mucosal pH was measured with an
indicator paper (pH fix 0-14 Art N 92100,
Machoney Nagel GmBh Duren. Germany), then
stomach was kept in Formaldehyde and prepared
for acian blue staining of mucin content as
described by Bancroft and Stevens,(19). Gastric
juice was centrifuged and examined for:

PH of the gastric secretion was determined by
using pH meter. total acidity and free acidity was
measured by Hawk et al. (20).

Ghrelin level was measured according to the
method by Kojima et al. (21).

Pepsin was measured according to the method by
Debanth et al (22).

The volume was estimated by measuring pipettes.
After collection of gastric juice and removal of the
stomach, the blood samples were obtained from
all rats by scarification. Serum was separated by
centrifugation of blood at 3000 rpm for 15
minutes and examined for:

Serum glucose level: According to Tietz et al.
(23) using glucose enzymatic (GOD-PAP)-
liquizyme Kits (Biotechnology, Egypt).

Serum insulin level: By a solid phase enzyme
amplified sensitivity immunoassay according to
Temple et al. (24) using KAP1251-INS-EASIA
(Enzyme Amplified Sensitivity Immunoassay)
Kits (BioSource Europe S.A., Belgium).
HOMA-IR was assessed by homeostasis model
assessment (where HOMA= fasting serum insulin
(WU/mL)  x  [fasting  serum  glucose
(mmol/L)/22.5] (25, 26).

The data obtained in the present study were
expressed as mean + SD for quantitative variables
and statistically analyzed by using SPSS program
(version 18 for windows) (SPSS Inc. Chicago, IL,
USA). P value <0.05 was considered statistically
significant.

RESULTS

Table 1: shows the effect of acute and chronic
administration of apelin-13 on all parameters
measured in the normal rats: (control group; Al)
(acute apelin-13 treated group; A2), (chronic
apelin-13 treated group; A3).

It was found that acute administration of apelin-
13 in group A2 resulted in significant increase in
the mean values of pH of gastric secretion and
gastric surface pH (4.03+ 0.84, 8.12+ 0.83
respectively) in comparison with that of control
group (Al) (2.29+ 0.28,7.37 + 0.51 respectively)
(P < 0.001, P< 0.05 respectively), accompanied
by significant decrease in the mean values of
ghrelin level, total acidity, free acidity, volume of
gastric secretion, serum glucose, HOMA-IR
(40.2+ 5.5, 59+ 5.98, 34.2+ 6.8, 0.68 + 0.24,
66.5+ 12.4, 3.4 +0.62 respectively) in
comparison with that of control group(Al) (55.9 £
6.6,81.02+ 1.9, 529+ 1.7,1.36+0.3,89.6 +
16.9, 4.7 1.2 respectively) (P values: P < 0.001,
P < 0.001, P < 0.001, P < 0.001 and P < 0.01
respectively). However, there was no significant
change in the mean values of pepsin level or
serum insulin level (3.12+ 0.48, 20.7+ 2.4
respectively) in comparison with that of control
group (A1) (3.22 £0.48, 21.04 £ 2.6) (P > 0.05).
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As regard chronic administration of apelin-13 in
group A3 there was significant increase in the
mean values of gastric surface pH (8.5 0.53) in
comparison with that of control group(Al) (7.37 £
0.51) (P < 0.01), accompanied by significant
decrease in the mean value of ghrelin level, pepsin
level, volume of gastric secretion, serum glucose
level, serum insulin level, HOMA-IR (37.1+ 7.4,
2.1+ 0.56, 0.49+ 0.25, 70.7+ 14.6, 15.3% 2.3, 2.7
+0.88respectively) in comparison with that of
control group (A1) (P < 0.001, P < 0.01, P <
0.001, P < 005 P < 0.0land P <
0.001respectively) . However, there was no
significant change in the mean values of pH, total
acidity, free acidity (2.04+ 0.42, 88.8+ 12.3, 59.9+
11.2 respectively) in comparison with that of
control group(Al) (P > 0.05).

In addition, there is significant  negative
correlation between ghrelin level and pH in both
control group Al) and acute group (A2) (-0.93,P
< 0.01& -0.83, P < 0.05 respectively),
accompanied by significant positive correlation
between ghrelin and both total acidity and free
acidity in control group(Al) (0.98, (P < 0.05) &
0.97, (P < 0.01) respectively) and acute group(A2)
) (08, P<0.056& 0.87, P < 0.01), significant
positive correlation between ghrelin and volume
of gastric secretion in all groups (0.92, P <0.01 &
0.72, P <0.05& 0.77, P < 0.05 respectively).

Table 2 shows the effect of acute and chronic
administration of apelin-13 on all parameters
measured in High fat diet (HFD) induced diabetic
rats: (control group B1) (acute apelin-13 treated
group; B2), (chronic apelin-13 treated group; B3).

It was found that acute administration Of apelin-
13 in group B2 resulted in significant increase in
the mean values of pH of gastric secretion and
gastric surface pH (5.2t 0.77, 6.75t 0.46
respectively) in comparison with that of control
group (B1) (4.05+ 0.7, 8,6 £ 0.75 respectively)
(P< 0.05). Accompanied by significant decrease in
the mean values of ghrelin level, total acidity, free
acidity, volume of gastric secretion, serum
glucose, HOMA-IR (30.49+ 3.94, 347+ 4.2,
25.1+ 25, 0.46 £0.2, 158+ 19.8,15.1 + 3.15
respectively) in comparison with that of control
group (B1) (35.9 £ 4.9, 39.9+ 4.3, 33.2¢ 6.7,
0.83+0.1, 210+ 245, 21.2 + 3.8 respectively)
(P<0.05 P<0.05 P<0.05 P<0.01, P<0.05,
P < 0.001 respectively). However, there was no
significant change in the mean values of pepsin
and serum insulin  (3.11= 0.81, 38.13t
4.5respectively) in comparison with that of
control group (Bl) (3.2t 0.51, 402+ 4.4
respectively), (P > 0.05).

As regard chronic administration of apelin-13 in
group B3 there was significant increase in the
mean value of total acidity, free acidity, gastric
surface pH (49.1+ 2.7, 39.3+ 4.7, 6.87+ 0.36
respectively) in comparison with that of control
group (B1) (P < 0.05, P < 0.05, P < 0.01
respectively). Accompanied by significant
decrease in the mean value of ghrelin level, pH,
pepsin level, volume of gastric secretion, serum
glucose level, serum insulin level, HOMA-IR
(29.7+ 4.8, 3.3+ 0.48, 2.47+ 0.15, 0.44+ 0.26,
138.1+ 10.6, 29.2+ 3.4, 10.09 + 1.35 respectively)
in comparison with that of control group (B1) (P <
0.05, P <0.05, P <0.05, P<0.01,P<0.001, P<
0.001, P < 0.001 respectively).

In addition, there is significant positive
correlation between ghrelin and volume of gastric
secretion in all groups (0.76, P < 0.05& 0.77, P <
0.05& 0.75, P < 0.05 respectively).

Table 3: shows the effect of acute and chronic
administration of apelin-13 on all parameters
measured in streptozotocin induced diabetic rats:
(control group; C1), (acute apelin-13 treated
group; C2), (chronic apelin-13 treated group; C3).

It was found that acute administration of apelin-
13 in group C2 resulted in significant increase in
the mean values of pH of gastric secretion and
gastric surface pH (5.3t 0.54, 6.62+ 0.51
respectively) in comparison with that of control
group (C1) (4.09+ 0.17, 5.87 £ 0.83respectively)
(P< 0.001, P< 0.05 respectively). Accompanied by
significant decrease in the mean values of ghrelin
level, total acidity, free acidity, volume of gastric
secretion, serum glucose, HOMA-IR (37.4%+ 3.9,
37.3+ 29,2347+ 2.3, 0.54 £0.21, 338.6+ 74.5,
0.86 + 0.45 respectively) in comparison with that
of control group (C1) (42.3 + 3.2, 43.1+ 2,
30.7+ 2.1, 091 + 0.23, 4518 + 99.2, 1.7 + 1
respectively) (P < 0.05, P < 0.05, P<0.01,P<
0.01, P < 0.05, P < 0.05 respectively) . However,
there was no significant change in the mean
values of pepsin level and serum insulin level
(2.75+ 044, 12 + 0.53 respectively) in
comparison with that of control group (C1) (2.8 +
0.15,1.4 £ 0.62), (P > 0.05).

As regard chronic administration of apelin-13 in
group C3 there was significant increase in the
mean values of total acidity, free acidity, gastric
surface pH(48.3+ 6.3, 34.7+ 52, 6.75t 0.7
respectively) in comparison with that of control
group (Cl1) (43.1+ 2, 30.7+ 2.1, 5.87 + 0.83
respectively), (P < 0.05). Accompanied by
significant decrease in the mean values of ghrelin
level, pH, pepsin level, volume of gastric
secretion, serum glucose level, HOMA-IR (36.9+
4.3, 357+ 0.37, 213+ 0.140, 0.54 + 0.21,
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321.6+ 69.9, 0.85 =+ 0.45respectively) in
comparison with that of control group (C1) (P <
0.05, P<0.05 P<0.001,P<0.01,P<0.01,P<
0.05 respectively). However, there was no
significant change in the mean value of serum
insulin (1.02+ 0.45) in comparison with that of

control group (C1), (P > 0.05). In addition, there
was significant positive correlation between
ghrelin and volume of gastric secretion in all
groups (0.75, P < 0.05& 0.72, P < 0.05& 0.87, P <
0.01 respectively).

Table 1: The effect of acute and chronic administration of apelin-13 on all parameters measured in the
normal rats, (control: group Al, acute apelin-13 injected group: A2, and chronic apelin-13 injected group:

A3).
parameter (n=8) Group Al Group A2 Group A3
Ghreli® 55.9+ 6.6 40.2+ 5.5 37.1+ 7.4
(pg\ml) p P<0.001%, NS° P<0.001°%, NS°
X +SD 2.29+ 0.28 4.03+ 0.84 2.04+ 0.42
’ p P <0.001*°¢ NS*, P<0.001°
P % of change +75.9 -10.9
r -0.93(P < 0.01) -0.83(P < 0.05) -0.26 NS
X +SD 81.02+ 1.9 59+ 5.98 88.8+ 12.3
TQtda_'t p P <0.001%° NS* , P <0.001°
aclal
(mmo)I// L) | Yofchange 27.17 +9.6
r 0.98 (P <0.05) 0.8 (P < 0.05) 0.04 NS
X +SD 529+ 1.7 34.2+ 6.8 59.9+ 11.2
Free acidity p P <0.001*° NS* P <0.001
(mmol/ L) % of change -35.3 +13.23
r 0.97 (P<0.01) 0.87(P < 0.01) 0.22 NS
X +SD 3.22+0.48 3.12+ 0.48 2.1+ 0.56
?r?g?/sml) p NS* P <0.001° P <001, P <0.001"
r 0.21 NS 0.42 NS 0.16 NS
X +SD 7.37+0.51 8.12+ 0.83 8.5+ 0.53
CEEIIE p P<005 . NS° P<001" ,NS°
Surface pH
r 0.72(P <0.01) 0.13 NS 0.68 NS
X +SD 1.36 £ 0.3 0.68 +0.24 0.49+ 0.25
Volume
(ml/ 100 p P<0.001° ,NS° P<0.001° ,NS°"
gm) r 0.92(P <0.01) 0.72(P < 0.05) 0.77(P < 0.05)
Glucose X +SD 89.6 + 16.9 66.5+ 12.4 70.7+ 14.6
(mg/ dI) p P<001* ,NS° P<0.05" ,NS°
Insulin X +SD 21.04+26 20.7+ 2.4 15.3+2.3
(u1U/ml) p NS® ,P<0.01° P <0.01%, P < 0.001°
X +SD 4.7+ 1.2 3.4+ 0.62 2.7+ 0.88
HOMA-IR -
p P<001* |, NS° P <0.001% , NS

a=VSgroup Al
r= correlation with ghrelin levels

b = VS group A2 ¢ =VSgroup A3
NS = non significant (P > 0.05)
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Table 2: The effect of acute and chronic administration of apelin 13 on all parameters measured in the High
fat diet (HFD) induced diabetic rats: (control: group B1, acute apelin-13 injected group: B2, and chronic

apelin-13 injected group: B3).

parameter (n=8) Group B1 Group B2 Group B3
. X +SD 359+ 4.9 30.49+ 3.94 29.7+ 4.8
Ghrelin
(pg\ml ) p P<0.05" NS P<0.05% , NS
X +SD 4.05+ 0.78 5.2+ 0.77 3.3+ 0.48
p P <0.05* ,P<0.001° P <0.05* , P <0.001"
H
P % of change +28.39 -18.5
r -0.28 NS -0.61 NS -0.46 NS
X +SD 30.9+ 4.3 34.7+ 4.2 49.1+ 2.7
Total p P <0.05* ,P<0.001° P <0.05%, P < 0.001°
acidity
(mmol/L) 7o Of change -13.03 +23.05
r 0.19 NS 0.64 NS 032 NS
X +SD 33.2+ 6.7 251+ 2.5 39.3+ 4.7
, , b
= e p P <0.05* , P <0.001° P < 0.05*, P < 0.001
(mmol/ L) % of change -24.13 +18.37
r 0.33 NS 0.55 NS 0.16 NS
X + SD 3.2 + 051 3.11+ 0.81 2.47+0.15
Pepsin p NS® P <0.01° P <005 . P<001°
(ng/ ml)
r -0.16 NS -0.7NS -0.48 NS
X +SD 6+0.75 6.75+ 0.46 6.87+ 0.36
Gastric p P<005  NS° P<001* , NS°
Surface pH
r 0.72(P < 0.05) 0.25 NS 0.28 NS
X +SD 0.83+0.1 0.46+0.2 0.44+ 0.26
Volume
(ml/ 100 P P<0.01* /NS° P<0.01 ,NSP"
m
gm) r 0.76(P < 0.05) 0.77(P < 0.05) 0.75(P < 0.05)
X +SD 210 + 245 158+ 19.8 138.1+ 10.6
Glucose
(mg/ dI) p P <0.05* , P <0.001° P < 0.001% P < 0.001°
_ X +SD 402 + 4.4 38.13+ 4.5 29.2+ 3.4
Insulin
(u 1U/ml) p NS , P <0.001° P < 0.001%"
X +SD 212+ 3.8 15.1 + 3.15 10.09 +1.35
HOMA-IR
p P <0.001* ,P<0.05° P < 0.001%, P < 0.05"

a=VSgroup Bl

NS = non significant (P > 0.05)

b =VS group B2

¢ =VS group B3

r= correlation with ghrelin levels in the same group
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Table 3: The effect of acute and chronic administration of apelin 13 on all parameters measured in
streptozotocin induced diabetic rats: (control: group C1, acute apelin-13 injected group: C2, and chronic

apelin-13 injected group: C3).

parameter (n=8) Group C1 Group C2 Group C3
S X +SD 423+ 3.2 37.4% 3.9 36.9+ 4.3
(pg\ml) p P<0.05" ,NS® P<0.05% ,NSP
X +SD 4.09+ 0.17 5.3+ 0.54 3.57+ 0.37
p P < 0.001* P < 0.001° P <0.05*, P < 0.001°
PH % of change 1285
r -0.57 NS -0.36 NS 0.2NS
X +SD 431+ 2 37.3% 2.9 48.3% 6.3
Total p P <0.05* , P <0.001° P <0.05* , P <0.001°
acidity
(mmol/ L) % of change -13.45
r 0.69 NS 0.26 NS 022 NS
X +SD 30.7+ 2.1 2347+ 2.3 34.7+5.2
Free acidity P P <0.01*, P <0.001° P <0.05*, P <0.001°
(mmol/ L) % of change -23.95
r 0.58 NS 021 NS 0.48 NS
X +SD 28+0.15 2.75+ 0.44 213+ 0.14
?ﬁg‘;’f;‘l) p NS® . P<0.001° P <0.001°, P < 0.001°
r -0.61 NS -0.64 NS -0.52 NS
X +SD 5.87 + 0.83 6.62+ 0.51 6.75% 0.7
gj‘rs]f;::‘; o p P<005 NS° P <0.05° NS"
r 0.88 (P <0.01) 0.35 NS 056 NS
X +SD 0.91+0.23 0.54 +0.21 0.49+ 0.24
Volume
(ml/ 100 p P<0.01° ,NS¢ P <0.01% NS"
m
gm) r 0.75 (P < 0.05) 0.72 (P < 0.05) 0.87 (P < 0.01)
Glucose X +SD 451.8 + 99.2 338.6 £ 74.5 321.6+ 69.9
(mg/ dI) p P<005 ,NS°® P<0.01* NS
insulin X +SD 1.4+ 0.62 1.2+ 0.53 1.02+ 0.45
(uIU/mI) p NSa,c NSa,b
X +SD 1.7+1 0.86 + 0.45 0.85 + 0.45
HOMA-IR
p P<0.05° ,NS° P<0.05° ,NS"

a=VSgroupCl
r= correlation with ghrelin levels

b =VS group C2 ¢ =VSgroup C3
NS = non significant (P > 0.05)
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Photol: Photomicrograph of gastric mucosal
gland showing acute effect of apelin-13 (20ug\kg
i.v) on mucin content in normal rats; there is
normal mucin content of the epithelial cells
(acian blue -150).

Photo2: Photomicrograph of gastric mucosal
gland showing chronic effect of apelin-13 (10
ug\ kg\ day i.v for 21 days) on mucin content in
normal rats; there is marked increase in mucin
content of the epithelial cells(acian blue-150).

Photo 3: Photomicrograph of gastric mucosal
gland showing acute effect of apelin-13 (20ug\kg
i.v) on mucin content in HFD induced diabetic
rats; there is normal mucin content of the
epithelial cells(acian blue-150).

Photo 4: Photomicrograph of gastric mucosal
gland showing chronic effect of apelin (10 ug\
kg\ day i.v for 21 days) on mucin content in HFD
induced diabetic rats there is moderate increase
in mucin content of the epithelial cells(acian
blue-150).

Photo 5: Photomicrograph of gastric mucosal
gland showing acute effect of apelin (20 ug\ kg\
day i.VV) on mucin content in streptozotocin
induced diabetic rats there is normal mucin
content of the epithelial cells(acian blue-150).

Photo 6: Photomicrograph of gastric mucosal
gland showing chronic effect of apelin (10 ug\
kg\ day i.Vv for 21 days) on mucin content in
streptozotocin induced diabetic rats there is
moderate increase in mucin content of the
epithelial cells(acian blue-150).
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DISCUSSION

Apelin and its receptor APJ constitute a new
peptide system with important physiological and
pathophysiological roles (27). Apelin was found
in the gastric wall, especially in the oxyntic
mucosa (28), with highest expression in the
fundus of the stomach (6), it is also detected in
mucous neck cells and chief cells(29).The
previous data suggest physiological roles for
apelin in the regulation of gastric function (6,9).
Therefore, the present study demonstrated the
effect of acute and chronic administration of
apelin-13 on gastric secretion in three groups of
adult male wistar albino rats (normal rats, HFD
induced diabetic rats and streptozotocin induced
diabetic rats).

This study revealed that acute administration
of apelin-13in normal, HFD induced diabetic and
streptozotocin induced diabetic rats decreased
gastric acid secretion proved by significant
increase in pH accompanied by significant
decrease in both total and free acidity, this effect
may be through different mechanisms ; first,
decrease ghrelin content in gastric secretion which
is proved in the present study as acute iv
administration of apelin 13 in the three groups of
rats decrease significantly ghrelin content of
gastric secretion, and there was negative
correlation between ghrelin level and pH, and
positive correlation between ghrelin level and
both total and free acidity. Ghrelin was known to
stimulate the secretion of gastric acid when
administered peripherally or centrally (30, 31),
through vagal nerve stimulation (30).

Second, decrease histamine release from ECL
,and this mechanism supported by Lambrecht et
al.(9) who reported that while apelin is expressed
by parietal cell (PC) but not ECL cells. APJ
receptor is expressed in ECL cells but not in PC.
In addition, apelin was shown to inhibit
intracellular  calcium signaling in  gastrin-
stimulated isolated rat ECL cells and suppress the
release of histamine (9), which is known by
increasing gastric acid secretion and acting as a
paracrine stimulant of parietal cells (32,33).

Third, apelin increase NO synthesis which in
turn decrease gastric acid secretion , this
explanation is supported by the studies of Alan et
al.(34) and Pisarenko et al. (35) who stated
that apelin increase expression of NOS and
endothelial NO generation,  the latter has
inhibitory effect on acid secretion both in vivo and
in vitro (36, 37, 38, 39,40), and decrease
histamine release from ECL(41).

However, in both of HFD and streptozotocin
induced diabetic rats, acute administration of

apelin-13 caused significant decrease in ghrelin,
but in both conditions the decreased ghrelin has
little importance due to autonomic neuropathy in
diabetic rats(10) which prevent the action of
ghrelin on vagus nerve (30), this explain that
percentage of decrease of gastric acid secretion in
normal rats is more than that of HFD and
streptozotocin induced diabetic rats due to the
additive effect of decreased ghrelin.

Our results in normal rats are different from
what stated by Yakabi et al. (7) that iv injection
of AP12 induced gastric acid secretion in rats, and
that this secretion peaked at about 30 min after
injection. Moreover, Ohno et al. (8) stated that
apelin-12 stimulates gastric acid secretion in vivo
and increase histamine release from isolated ECL.
The conflicting reports could be explained as
resulting from differences in the form of apelin
used, as the action of apelin peptide was found to
be greatly influenced by its molecular size (28).
apelin-13 which is the main form circulating in
plasma, was showed to specifically bind to APJ
receptor with a high affinity(42) ,and had greater
biological activity than apelin-36 or apelin-17(43).
Furthermore, apelin-12 has been reported to be
more potent than Pyrl-apelin-13 in reducing
blood pressure (28), and apelin 9, 10, and 11 have
no effect on arterial blood pressure (28).In
addition, it was reported that
intracerebroventricular (i.c.v.) injection of apelin-
12 stimulates food intake during the day-time
(44),while apelin 13 has no effect during day
time(45).

As regard chronic administration of apelin-13
for 21 days in normal rats ,there was non
significant change in gastric acid secretion , on
chronic run, acute effect of apelin on gastric acid
secretion may be counteracted by compensatory
effects that increased gastric acid secretion like
hypergastrinemia which is a physiological
response to the reduction in gastric acid secretion
(46,47),gastrin stimulates release of histamine
from ECL (48), activates the enzyme histidine
decarboxylase (HDC) which is involved in
histamine synthesis ( 49). Moreover, gastrin
upregulates the expression of genes involved in
histamine synthesis and storage (50, 51). It has
been proved that long-term gastric acid
suppression for 14 days, induced
hypergastrinemia and increase the number of ECL
(52), in addition, 28 days of proton pump inhibitor
treatment increased the blood gastrin level and the
output of basal acid secretion by the development
of parietal cells hyperplasia evoked by trophic
action of gastrin(53).
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Another factor may help to antagonize the
acute decreasing effect of apelin on gastric acidity
in normal rats on chronic run is apelin effect on
leptin level,  leptin inhibited basal gastric
secretion, gastrinemia, and mucosal gastrin
MRNA in vivo(54), apelin-induced reduction in
adiposity decreased leptin level (55, 56) so help in
increasing gastric acid secretion, and balanced the
decreased acidity in normal rats.

chronic administration of apelin-13 for 21 days
in both HFD and streptozotocin induced diabetic
rats increased gastric acid secretion proved by
significant decrease in pH and significant increase
in both total and free acidity, and the percentage
of increase of gastric acid secretion in HFD
induced diabetic rats is more than streptozotocin
induced diabetic rats. These effects may be
through the effect of hypergastrinemia that
balance on chronic run the acute effect of apelin
on gastric acidity. In addition , in diabetic
conditions, there is low levels of nitric oxide( NO)
due to inhibition of nitric oxide synthase (NOS)
by oxidative stress (57), this result in diabetic
vascular complication which is a leading cause of
a variety of neuropathy (58,59).Alan et
al.(34)stated that apelin increase expression of
NOS and endothelial NO generation, which is
one of the most potent endogenous vasodilators,
anti-inflammatory, anti-proliferative and anti-
thrombotic agent, it is widely recognized as an
endogenous vasoprotective in diabetes (60,61), in

addition, many agents that increase nerve
conduction velocity and reverse established
neuropathy act through NO(62, 63).By

improvement of diabetic neuropathy, this effect
cause increase in gastric acid secretion in HFD
induced diabetic rats and streptozotocin induced
diabetic rats when compared with control diabetic
rats.

The present study revealed that chronic
administration of apelin in HFD induced diabetic
rats decreased insulin resistance and this effect is
in line with the study of Higuchi et al. (55) and
Yue et al.(64) who reported that the high levels of
circulating apelin found in HFD induced diabetic
rats (65) help to delay the onset of insulin
resistance, improvement of glucose tolerance test.

Apelin increase insulin sensitivity through
modulating adiponectin level, as apelin induced
reduction in adiposity increased adiponectin level
(55,56), adiponectin reverses insulin resistance
and glucose intolerance in obese diabetic
mice(66).Increasing insulin sensitivity by apelin
help in improvement of neuropathy as 4 weeks of
insulin therapy is able to successfully reversed
established neuronopathy to control levels (67).

It is interesting that, in obese HFD induced
diabetic rats, there is high level of leptin(68,69,70)
,with associated selective leptin resistance in
hypothalamus, skeletal muscle, liver and pancreas
with excess leptin action in non resistant tissue
(71). leptin inhibited basal gastric secretion,
gastrinemia, and mucosal gastrin mRNA in vivo
(54), so hyperleptinemia present in obese diabetic
rats cause excessive decrease in gastric acidity,
apelin-induced reduction in adiposity decreased
leptin level (55,56) so help in increasing gastric
acid secretion.

According to the effect of apelin on ghrelin
level in gastric secretion, the present results stated
that acute and chronic administration of apelin-13
decreased ghrelin level , in normal, HFD induced
diabetic rats and streptozotocin induced diabetic
rats, this effect may suggest presence of APJ
receptors on ghrelin secreting cells(x\a) cells and
direct effect of apelin on ghrelin secretion.

According to the effect of apelin on pepsin
level in gastric secretion, acute administration of
apelin had no effect on pepsin level in all groups,
while chronic administration of apelin caused
significant decrease in pepsin level in gastric
secretion. According to the effect of apelin on
mucin content and PH of gastric mucosal
surface,in all groups acute administration of
apelin had no effect on mucin content while PH of
surface gastric mucosa increase significantly,
chronic administration of apelin caused significant
increase in mucin content and PH of gastric
mucosa in all groups, this suggest that apelin may
have direct effect on mucous cells or may be due
to the vasodilator effect of apelin (34), as
appropriate microcirculatory blood supply helps
to improve various lines of mucosal defence
system in gastric mucosa (72, 73). Alan et
al.(34)stated that the vasodilator effect of apelin
is mediated predominantly by endothelial nitric
oxide (NO) generation, it is known that NO plays
a pivotal role in the regulation of gastric mucosal
integrity through its action on the microcirculation
and on the surface mucus bicarbonate
barrier(74),moreover,NO is able to activate the
cyclo-oxygenase (COX) pathway to enhance
mucosal prostaglandin (PG)(75). Evidently, PGE,
plays a major role in the maintenance of the
gastrointestinal tract integrity, repair of gastric
mucosal injury and ulcer healing through
induction of both cytoprotective bicarbonates and
mucous glycoproteins (76).

As regard, the effect of apelin on volume of
gastric secretion, acute and chronic administration
of apelin cause significant decrease in volume of
secretion in all groups, this may be attributed to
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the fact that apelin decrease intracellular water
(77).There is evidence that apelin acts to
counteract vasopressin (VP) actions through
regulation of VP neurone activity and VP
secretion (78,79,80,81). Exogenously
administered apelin also reduced the amount of
circulating VP and stimulated diuresis (79). In
addition, apelin may act through NO which has
reducing effect on volume of gastric secretion
(82).

Another mechanism regarding the effect of
apelin on volume of gastric secretion through the
decreased ghrelin level as in the present study,
there is positive correlation between ghrelin level
and volume of gastric secretion in all studied
groups.

In conclusion: Acute administration of apelin-
13 decrease gastric acidity, ghrelin level and
volume of gastric secretion, increase of PH of
gastric mucosal surface and cause no change of
pepsin and mucin level in normal and diabetic
rats, while chronic administration of apelin-13
for 21 days , caused no change in gastric acidity in
normal rats, improve gastric acidity in diabetic
rats, and decreased ghrelin level, pepsin level and
volume of gastric secretion and increase PH of
gastric mucosal surface and mucin level in normal
and diabetic rats.
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