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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.  
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INTRODUCTION 

pelin is an adipokine isolated from the 

bovine stomach(1).Apelin is produced as a 

77 amino acid preproprotein that is cleaved into a 

variety of bioactive forms, each of which retain 

the C-terminus of the precursor, The  C-terminal 

of apelin constitute the core region essential for 

apelin function(2,3).The apelin peptides activate 

the class A G-protein-coupled receptor (GPCR) 

angiotensin like receptor 1(APJ)(4).A possible 

role for apelin in gastrointestinal function was 

implied since apelin was isolated from stomach 

extracts (5).Immunohistochemical (IHC) studies 

showed abundant apelin-positive cells in the 

mucosal epithelium of the stomach, especially in 

mucous neck cells, parietal cells and chief cells. 

The localization of apelin in gastric exocrine cells 

suggests that apelin is secreted into the gastric 

lumen in response to secretagogues that activate 

gastric exocrine cells(6). Yakabi et al.(7)and 

Ohno et al.(8) state that apelin stimulates acid 

secretion and histamine release in rat stomach, on 

the contrary, Lambrecht et al.(9)stated that 

apelin released from parietal cell binds to the APJ 

receptor expressed in enterochromaffin like cells, 

thereby inhibiting histamine release and acid 

secretion in the gastric mucosa.  

In diabetic conditions, acid secretion decreased 

due to autonomic neuropathy (10),caused by 

insulin deficiency in type 1 diabetes or presence 

of insulin resistance in type 2 diabetes as insulin is 

a potent factor that supports neuronal growth and 

survival(11,12, 13).  

In view of all previous reports, this study is 

designed to explore the effect of acute and chronic 

administration of apelin-13 on gastric secretion in 

normal, high fat diet induced diabetic and 

streptozotocin induced diabetic rats. 

MATERIAL AND METHODS 

Animals: 

This study was conducted on 98 adult male 

healthy albino wistar rats 14 weeks old with body 

weight 200-230 gm, were obtained from the 

animal house of faculty of veterinary medicine- 

Zagazig University. Rats were kept in steel wire 

cages (4-6/cage) in the physiology animal house 

A 
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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 12 h 

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 

apelin13 dissolved in saline, immediately before 

use (Sigma Aldrich Co.-USA) 20µg /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 

(µIU/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; A1) 

(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 (A1) (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(A1) (55.9 ±  

6.6, 81.02 ±  1.9,  52.9 ±  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(A1) (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 < 0.05, P < 0.01and 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(A1) (P > 0.05).  

In addition, there is significant  negative 

correlation between ghrelin level and pH in both 

control group A1) 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(A1) (0.98, (P < 0.05) & 

0.97, (P < 0.01) respectively) and acute group(A2) 

) ( 0.8, P < 0.05& 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 (5.2±  0.77, 6.75± 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,   34.7±  4.2,    

25.1±  2.5,    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 ±  24.5,  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, 38.13± 

4.5respectively) in comparison with that of 

control group (B1) (3.2± 0.51, 40.2± 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 (5.3±  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± 2.9, 23.47±  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, 0.91 ± 0.23, 451.8 ± 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± 0.44, 1.2 ± 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± 5.2, 6.75± 0.7 

respectively) in comparison with that of control 

group (C1) (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, 3.57±  0.37, 2.13±  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 A1, acute apelin-13 injected group: A2, and chronic apelin-13 injected group: 

A3). 

parameter (n=8) Group A1  Group A2  Group A3  

Ghrelin 

(pg\ml (  

  SD 55.9 ±  6.6 40.2±  5.5 37.1±  7.4 

p  P< 0.001
a
,    

 
NS

c
 P< 0.001

 a 
,  NS

b
 

pH 

  SD 2.29±  0.28 4.03±  0.84 2.04± 0.42 

p  P < 0.001
a, c

 NS
a  

,   P < 0.001
b
 

% of change  + 75.9 -10.9 

r -0.93(P < 0.01) -0.83(P < 0.05) -0.26 NS 

Total 

acidity 

(mmol/ L) 

  SD 81.02 ±  1.9 59±  5.98 88.8± 12.3 

p  P < 0.001
a, c

 NS
a 
   , P < 0.001

b 

% of change  27.17 +9.6 

r 0.98 (P < 0.05) 0.8 (P < 0.05) 0.04 NS 

Free acidity 

(mmol/ L) 

  SD 52.9 ±  1.7 34.2±  6.8 59.9± 11.2 

p  P < 0.001
a, c

 NS
a    , 

P < 0.001
b
 

% of change  - 35.3 +13.23 

r 0.97 (P < 0.01) 0.87(P < 0.01) 0.22 NS 

Pepsin 

(ng/ ml) 

  SD 3.22 ± 0.48 3.12± 0.48 2.1± 0.56 

p  NS
a 
    , P < 0.001

c 
P < 0.01

a 
 , P < 0.001

b 

r 0.21     NS 0.42     NS 0.16     NS 

Gastric 

Surface pH 

  SD 7.37 ± 0.51 8.12± 0.83 8.5± 0.53 

p  P < 0.05
a 
      , NS 

c 
P < 0.01

a 
     , NS 

b 

r 0.72(P < 0.01) 0.13 NS 0.68 NS 

Volume 

(ml/ 100 

gm) 

  SD 1.36 ± 0.3 0.68 ± 0.24 0.49± 0.25 

p  P < 0.001
a 
    , NS 

c 
P < 0.001

a 
    , NS 

b 

r 0.92(P < 0.01) 0.72(P < 0.05) 0.77(P < 0.05) 

Glucose 

(mg/ dl) 

  SD 89.6 ±  16.9 66.5±  12.4 70.7±  14.6 

p  P < 0.01
a 
        , NS 

c 
P < 0.05

a 
   , NS 

b 

Insulin 

(u IU/ml) 

  SD 21.04 ± 2.6 20.7± 2.4 15.3± 2.3 

p  NS 
a 
     , P < 0.01

c 
P < 0.01

a 
, P < 0.001

b 

HOMA-IR 
  SD 4.7±  1.2 3.4 ±  0.62 2.7 ±  0.88 

p  P < 0.01
a 
     , NS 

c 
P < 0.001

a
  , NS 

b
 

a = VS group A1   b = VS group A2  c = VS group A3 

r= correlation with ghrelin levels  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  

Ghrelin 

(pg\ml (  

  SD 35.9 ±  4.9 30.49±  3.94 29.7±  4.8 

p  P< 0.05
a
    , NS

c
 P< 0.05

 a
    , NS

b
 

pH 

  SD 4.05 ±  0.78 5.2±  0.77 3.3± 0.48 

p  P < 0.05
a, 

  , P < 0.001
c 

P < 0.05
a, 

 , P < 0.001
b 

% of change  + 28.39 -18.5 

r -0.28 NS -0.61 NS -0.46 NS 

Total 

acidity 

(mmol/ L) 

  SD 39.9±  4.3 34.7±  4.2 49.1± 2.7 

p  P < 0.05
a, 

  , P < 0.001
c 

P < 0.05
a, 

, P < 0.001
b 

% of change  -13.03 +23.05 

r 0.19   NS 0.64    NS 0.32     NS 

Free acidity 

(mmol/ L) 

  SD 33.2±  6.7 25.1±  2.5 39.3± 4.7 

p  P < 0.05
a, 

  , P < 0.001
c 

P < 0.05
a, 

, P < 0.001
b 

% of change  - 24.13 +18.37 

r 0.33  NS 0.55  NS 0.16 NS 

Pepsin 

(ng/ ml) 

  SD 3.2_±  0.51 3.11± 0.81 2.47± 0.15 

p  NS
a 
    , P < 0.01

c 
P < 0.05

a 
  , P < 0.01

b 

r - 0.16 NS - 0.7 NS - 0.48 NS 

Gastric 

Surface pH 

  SD 6 ± 0.75 6.75± 0.46 6.87± 0.36 

p  P < 0.05
a 
   , NS 

c 
P < 0.01

a 
   , NS 

b 

r 0.72(P < 0.05) 0.25 NS 0.28 NS 

Volume 

(ml/ 100 

gm) 

  SD 0.83 ± 0.1 0.46 ± 0.2 0.44± 0.26 

p  P < 0.01
a 
  , NS 

c 
P < 0.01

a 
  , NS 

b 

r 0.76(P < 0.05) 0.77(P < 0.05) 0.75(P < 0.05) 

Glucose 

(mg/ dl) 

  SD 210 ±  24.5 158±  19.8 138.1±  10.6 

p  P < 0.05
a 
 , P < 0.001

c 
P < 0.001

a
, P < 0.001

b
 

Insulin 

(u IU/ml) 

  SD 40.2_±  4.4 38.13± 4.5 29.2± 3.4 

p  NS 
a 
  , P < 0.001

c 
P < 0.001

a, b
 

HOMA-IR 

  SD 21.2 ±  3.8 15.1 ± 3.15 10.09 1.35 

p  P < 0.001
a 
  , P < 0.05

c 
P < 0.001

a
, P < 0.05

b
 

a = VS group B1   b = VS group B2  c = VS group B3 

NS  = non significant (P > 0.05)      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). 

a = VS group C1    b = VS group C2  c = VS group C3 

r= correlation with ghrelin levels   NS  = non significant (P > 0.05)  

parameter (n=8) Group C1  Group C2  Group C3  

Ghrelin 

(pg\ml (  

  SD 42.3 ±  3.2 37.4±  3.9 36.9±  4.3 

p  P < 0.05
a
  , NS

 c
 P < 0.05

 a
  , NS

 b
 

pH 

  SD 4.09±  0.17 5.3±  0.54 3.57±  0.37 

p  P < 0.001
a, 

 P < 0.001
c 

P < 0.05
a, 

, P < 0.001
b 

% of change  +28.5  

r -0.57 NS -0.36 NS -0.2 NS 

Total 

acidity 

(mmol/ L) 

  SD 43.1±  2 37.3±  2.9 48.3± 6.3 

p  P < 0.05
a, 

 , P < 0.001
c 

P < 0.05
a, 

 , P < 0.001
b 

% of change  - 13.45  

r 0.69    NS 0.26    NS 0.22     NS 

Free acidity 

(mmol/ L) 

  SD 30.7±  2.1 23.47±  2.3 34.7± 5.2 

p  P < 0.01
a, 

, P < 0.001
c 

P < 0.05
a, 

, P < 0.001
b 

% of change  - 23.95  

r 0.58    NS 0.21    NS 0.48     NS 

Pepsin 

(ng/ ml) 

  SD 2.8 ± 0.15 2.75± 0.44 2.13±  0.14 

p  NS
 a 

   , P < 0.001
c 

P < 0.001
a 
, P < 0.001

b 

r - 0.61   NS - 0.64    NS - 0.52    NS 

Gastric 

Surface pH 

  SD 5.87 ± 0.83 6.62± 0.51 6.75± 0.7 

p  P < 0.05
a 
  , NS 

c 
P < 0.05

a
, NS 

b 

r 0.88 (P < 0.01) 0.35    NS 0.56      NS 

Volume 

(ml/ 100 

gm) 

  SD 0.91 ± 0.23 0.54 ± 0.21 0.49± 0.24 

p  P < 0.01
a 
  , NS 

c 
P < 0.01

a
, NS 

b 

r 0.75 (P < 0.05) 0.72 (P < 0.05) 0.87 (P < 0.01) 

Glucose 

(mg/ dl) 

  SD 451.8 ±  99.2 338.6 ±  74.5 321.6±  69.9 

p  P < 0.05
a 
   , NS 

c 
P < 0.01

a
  , NS 

b
 

Insulin 

(u IU/ml) 

  SD 1.4± 0.62 1.2± 0.53 1.02± 0.45 

p  NS 
a , c

 NS 
a , b

 

HOMA-IR 

  SD 1.7  1 0.86  0.45 0.85  0.45 

p  P < 0.05
a 
  , NS 

c 
P < 0.05

a
   , NS 

b
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Photo1: 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.V) 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.V 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 Pyr1-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).  

http://www.sciencedirect.com.zdl.zu.edu.eg:81/science/article/pii/S0167011511002084#bb0105
http://ep.physoc.org/content/92/4/591.long#ref-55
http://ep.physoc.org/content/92/4/591.long#ref-54
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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, PGE2 

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 

http://www.sciencedirect.com.zdl.zu.edu.eg:81/science/article/pii/S1687197910000481#bib30
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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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 علي العصازة المعديت في الجسذان الطبيعيت و المصابت بداء السكسى 31 أبليهتاثيس

 

ظيد  ٌ نٓيا ذياشٛساخ يةرهفيح لهيٗ انعٓياش ُٔ كرشَفَحِ حدٚصاً, ٔانريٙ  ًُ انيدٔز٘ , ٔانديدج انُةايٛيح ٔذ يد  إٌ ْسيٌٕ الأتهٍٛ يٍ انٓسيَٕاخ انثثرٛدٚح ان

 .يٓاد انًخ ٔانرًصٛم اندرائٙ ٔانعٓاش انٓعًٙ ٔظٓاش انًُالح

عح فٗ اَّ نعدٚس تانركس ٌ يسظٗ انثٕل انسكسٖ ٚعإٌَ يٍ ذدْٕز فٗ افساش انعصازج انًعدٚح ٔ  ٌ ْسيٌٕ الاتهٍٛ نّ انعدٚد يٍ انراشٛساخ انُاف

ٔٚ سٍ حساسٛح خلاٚا انعسى نلأَسٕنٍٛ, ٔ قد ذى اكرشاف الاتهٍٛ  فيٗ انةلاٚيا انعدازٚيح ,انةلاٚيا  ْرا انًسض فٕٓ ٚصٚد يٍ ايرصاص انعهٕكٕش

اٌ انطثٛعٛح لٍ \ان قٍ انفٕزٖ نلاتهٍٛ لهٗ ان ايط انًعدٖ فٗ انعسدزاساخ ساتقح لٍ ذاشٛس  كًا  سفسخانسئٛسٛح ٔ انةلاٚا انًةاغٛح تانًعدج 

 ٔظٕد ذاشٛس نلاتهٍٛ لهٗ انعصازج انًعدٚح., ٔ ْرا ٚفرسض احرًانٛح َرائط يرعازتح

 لهٗ انعصازج انًعدٚح فٗ انعسذاٌ انطثٛعٛح ٔ انًصاتح تداء انسكسٖ 31ٔنرنك فقد  ظُسٚد ْرِ اندزاسح لاسرثٛاٌ ذاشٛس حقٍ ْسيٌٕ  تهٍٛ 

يعًٕلياخ زئٛسيٛحا انًعًٕليح   انعيسذاٌ يٍ ذكٕز انعسذاٌ انثٛعاء انثاندح ٔ ذى ذقسيًٛٓا إنيٙ شيلاز  89ٔ نر قٛق ْرا انٓدف ذى اسرةداو لدد 

ٛعيح انطثٛعٛح ,انًعًٕلح ب انعسذاٌ انًصاتح تداء انسكس٘ َرٛعح ذدرٚرٓا تانطعاو اندُٗ تاندٍْ ٔانًعًٕلحض انعسذاٌ انًصاتح تداء انسيكس٘ َر

 ظسذ(ا  9ٔ قد ذى ذقسٛى  كم يعًٕلح زئٛسٛح انٗ شلاز يعًٕلاخ فسلٛح كم يُٓا )ن قُٓا يادج انسرسٚثرٕشٔذٕشٍ.

 ٕٚياً.  13فٗ انٕزٚد  ٕٚيٛا نًدج  0.9%ي هٕل يهح يم  5.0ذى حقُُٓا   :يعًٕلح ظاتطح

  يٛكسٔظيساو / كعيى فيٗ  15ٕٚيياً شيى حقُيد تٓسييٌٕ الأتهيٍٛ تعسليح  15فٗ انٕزٚد  ٕٚيٛيا نًيدج  %0.9ي هٕل يهح يم  5.0يعًٕلح ذى حقُُٓا

 انٕزٚد  نًسج ٔاحدج فٗ انٕٛو انٕاحد ٔ انعشسٍٚ. 

 ٕٚياً . 13يٛكسٔظساو / كعى فٗ انٕزٚد  ٕٚيٛا نًدج 35يعًٕلح ذى حقُُٓا تٓسيٌٕ الأتهٍٛ تعسلح 

 اوقد أسفس هرا البحث عه الىتائج الآتيت

ان قٍ انفٕزٖ نلاتهٍٛ فٗ ظًٛع انًعًٕلياخ انيٗ َقيض فيٗ افيساش ان يايط انًعيدٖ ٔ قيد ذيى ا نقد  دٖ 31تأثيس الحقه الفوزى لأبليه   -أولا: 

َٔقيض ذ٘ دلانيح إحصيائٛح فيٗ كيم ييٍ ان ايعيٛح انكهٛيح ٔ انًطهقيح ٔ كاَيد َسيثح PHذاخ دلانيح إحصيائٛح فيٙ نك تًا حدز يٍ  شٚادج ذخ اشثا

فيٗ كيم ييٍ انعيسذاٌ انًصياتح تيداء انسيكس٘ َرٛعيح ذديرٚرٓا تانطعياو اندُيٗ   كصس ييٍ َيٛسْياانعيسذاٌ انطثٛعٛيح انُقض فٗ ان ايط انًعدٖ فٗ

, ٔ حيدز َقيض ذ٘ دلانيح إحصيائٛح فيٗ يسيرٕٖ انعيسنٍٛ , حعيى نًصاتح تداء انسكس٘ َرٛعح ن قُٓا ييادج انسيرسٚثرٕشٔذٕشٍتاندٍْ ٔ انعسذاٌ ا

ٖ انعصازج انًعدٚح, يسرٕٖ انعهٕكٕش فٗ اندو ٔ يقأيح انةلاٚا نلاَسٕنٍٛ فٗ ظًٛع انًعًٕلاخ, نى ٚسيفس ان قيٍ انفيٕزٖ نلاتهيٍٛ ليٍ ذدٛٛيس ذ

صٚى انثثسٍٛ , ي رٕٖ انًٕٛسيٍٛ فيٗ اندشياء انًةياغٙ ٔ يسيرٕٖ الاَسيٕنٍٛ فيٗ انيدو  فيٗ ظًٛيع انًعًٕلياخ تًُٛيا دلانح إحصائٛح فٗ يسرٕٖ اَ

ازذثاغيا يسيرٕٖ انعيسنٍٛ, ٔ  ٔ PHٔ قد حيدز ازذثاغيا سيهثٛا تيٍٛ  ,سطح اندشاء انًةاغٙ فٙ انًعدج PHحدشد شٚادج ذاخ دلانح إحصائٛح فٗ 

حعيى انعصيازج  ٔ يسيرٕٖ انعيسنٍٛ فٗ انعسذاٌ انطثٛعٛح ٔازذثاغا اٚعاتٛا تيٍٛ  ايعٛح انكهٛح ٔ انًطهقحان ٔ كم يٍ يسرٕٖ انعسنٍٛ اٚعاتٛا تٍٛ

  انًعدٚح فٗ ظًٛع انًعًٕلاخ.

نى ٚسفس ان قٍ غٕٚم انًدٖ نلاتهيٍٛ ليٍ ذدٛٛيس فيٗ افيساش ان يايط انًعيدٖ حٛيس  َيّ نيى : 31تأثيس الحقه طويل المدى لأبليه ثاويا:

فيٗ كيم ييٍ انعيسذاٌ  ٔ ان ايعٛح انكهٛح ٔ انًطهقح, ٔ  دٖ انٗ شٚادج فٗ افساش ان ايط انًعدPHٖفٗ كم يٍ إحصائٛح ذٖ دلانحٚ دز ذدٛٛس 

, ٔ قد ذى اشثياخ انًصاتح تداء انسكس٘ َرٛعح ذدرٚرٓا تانطعاو اندُٗ تاندٍْ ٔ انعسذاٌ انًصاتح تداء انسكس٘ َرٛعح ن قُٓا يادج انسرسٚثرٕشٔذٕشٍ 

دلانح إحصائٛح فٗ كم يٍ ان ايعٛح انكهٛح ٔ انًطهقحٔ كاَيد َسيثح انصٚيادج فيٗ  ذاخٔ شٚادج PHدلانح إحصائٛح فٙ ض ذ٘ نك تًا حدز يٍ َقذ

فيٗ انعيسذاٌ انًصياتح تيداء انسيكس٘   كصس ييٍ َيٛسْيا انعسذاٌ انًصاتح تداء انسكس٘ َرٛعح ذدرٚرٓا تانطعاو اندُٗ تاندٍْ ان ايط انًعدٖ فٗ

, ٔ قد  دٖ  ٚعا انٗ َقض ذ٘ دلانح إحصائٛح فٗ يسرٕٖ انعسنٍٛ, يسرٕٖ اَصٚى انثٛثسٍٛ , حعيى انعصيازج رسٚثرٕشٔذٕشٍَرٛعح ن قُٓا يادج انس

انًعدٚح, يسرٕٖ انعهٕكٕش فٗ اندو, يسرٕٖ الاَسٕنٍٛ فٗ انيدو ٔ يقأييح انةلاٚيا نلاَسيٕنٍٛ فيٗ ظًٛيع انًعًٕلياخ ح ٔ قيد حيدشد شٚيادج ذاخ 

 ٔ ي رٕٖ انًٕٛسٍٛ فٗ اندشاء انًةاغٙ فٗ ظًٛع انًعًٕلاخ , تالاظافح انٗ ٔظيٕد دشاء انًةاغٙ فٙ انًعدجسطح ان PHدلانح إحصائٛح فٗ 

 حعى انعصازج انًعدٚح فٗ ظًٛع انًعًٕلاخ.  ٔ يسرٕٖ انعسنٍٛ ازذثاغا اٚعاتٛا تٍٛ

انعصيازج انًعدٚيح ٔ حعيى انعصيازج  يسيرٕٖ انعيسنٍٛ فيٗ دٖ انٗ َقيض فيٗ كيم ييٍ ان يايط انًعيدٖ,  31الخلاصت: الحقه الفوزى لابليه 

فيٗ يسيرٕٖ اَيصٚى انثثسيٍٛ فيٗ انعصيازج , ٔ نيى ٚسيفس ليٍ ذدٛٛٛيس يلاحي   سطح اندشاء انًةاغٙ فٙ انًعدج  PHفٗانًعدٚح , ٔ  دٖ انٗ شٚادج 

 انًصاتح تداء انسكس٘. ٔٗ ٔ ذنك فٗ انعسذاٌ انطثٛعٛح انًعدٚح ٔ ي رٕٖ انًٕٛسٍٛ فٗ اندشاء انًةاغ

انعسذاٌ انطثٛعٛح, تًُٛيا دٖ انيٗ شٚيادج فٗ  ان ايط انًعدٖ فٗ افساش نى ٚسفس لٍ ذدٛٛٛس يلاح  ٕٚو 13نًدج  31المدى لأبليه  الحقه طويل

يسيرٕٖ انعيسنٍٛ فيٗ انعصيازج انًعدٚيح , يسيرٕٖ اَيصٚى فيٗ , ٔ  دٖ انيٗ َقيض فٗ افساش ان ايط انًعدٖ فٗ انعسذاٌ انًصياتح تيداء انسيكس٘

ٔ ي ريٕٖ انًٕٛسيٍٛ فيٗ اندشياء سطح اندشاء انًةاغٙ فٙ انًعدج   PHفًٗعدٚح ٔ حعى انعصازج انًعدٚح , ٔ انٗ شٚادج انثثسٍٛ فٗ انعصازج ان

 .فٗ انعسذاٌ انطثٛعٛح ٔ انًصاتح تداء انسكس٘انًةاغٙ 

 التوصياث:

عسيى نلأَسيٕنٍٛ, ٔٚ سيٍ حًٕظيح ٚعد ْسيٌٕ الأتهٍٛ ْدف ٔالد نعلاض يسض انسكس٘ يٍ انُٕع انصاَٗ حٛيس  َيّ ٚصٚيد ييٍ حساسيٛح خلاٚيا ان -3

 انًعدج ٔٚكٌٕ تًصاتح لايم ٔقائٙ نعداز انًعدج.

ْسيٌٕ الأتهٍٛ لايم ٔقائٙ نعداز انًعيدج ٔ لا ٚيرشس لهيٗ حًٕظيح انًعيدج لهيٗ انًيدٖ انًيصيٍ, ًٔٚكيٍ اسيرةدايّ تايياٌ نعيلاض قصيٕز انقهية  -1

 ٔازذفاع ظدػ اندو تدٌٔ آشاز ظاَثٛح فٙ انًعدج

 اندزاساخ نرقٛٛى ذاشٛس ْسيٌٕ الأتهٍٛ لهٗ الالرلال انعصثٙ انسكس٘.إظساء انًصٚد يٍ  -1


