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Objectives: To evaluate ghrelin serum level changes in animal model of L-

arginine induced acute pancreatitis (AP) and the therapeutic effect of 

concomitant ghrelin administration.  

Materials & Methods: 30 rats were divided into 3 equal groups: Group A; 

received intra-peritoneal injection (ipi) of sterile water and Groups B and C 

received ipi of L-arginine solution (500 mg/100 g) and group C received 2-

days subcutaneous injections of ghrelin (10 nmol/kg). Fasting blood samples 

were obtained, prior to AP induction, 12, 24 and 48-hr after AP induction for 

estimation of fasting blood glucose (FBG), plasma insulin (FPI) and serum 

lipase, amylase, C.reactive protein(CRP) and ghrelin. At 48-hr, all animals 

were sacrificed and pancreas was excised for histopathological examination 

and scoring. 

Results: Compared to control and pre-induction levels, serum amylase and 

lipase levels were significantly high at 12 and 24-hr and declined at 48-hr. 

FPI levels were significantly lower at 12 and 24-hr, but non-significantly 

elevated at 48-hr. FBG levels were significantly higher at 12 and peaked at 

24-hr. Serum CRP levels at 12, 24 and 48-hr were significant high, while 

serum ghrelin levels were significantly lower at 12 and 24-hr, but started to 

increase at 48-hr. Regression analysis defined serum amylase as significant 

positive and FPI level as significant negative early predictor for 

histopathological injury. Serum amylase, lipase and CRP levels were 

significantly lower at 12, 24 and 48-hr and mean FPI levels were 

significantly higher with significantly lower FBG levels at 24 and 48-hr in 

group C compared to group B.   

Conclusion: FPI and serum ghrelin levels were correlated negatively with 

pathological score. Serum ghrelin levels could be used for follow-up of cases 

with AP as a prognostic marker. Ghrelin administration ameliorated the 

altered pancreatic functions and aids subsidence of inflammation. 
 

 

Copy    Right, IJAR, 2014,. All rights reserved

 

Introduction  

Ghrelin, an acylated 28-amino acid polypeptide, is highly conserved among species and is classified into 

octanoylated (C8:0), decanoylated (C10:0), decenoylated (C10:1) and nonacylated ghrelin (des-acylated ghrelin, 

des-AG, dAG). Acylated ghrelin (AG) is the major active form of human ghrelin. Although the exact ratio of 

circulating AG to dAG varies depending on metabolic status, the majority of ghrelin circulates in the dAG form 

(Khatib et al., 2014). 

http://www.journalijar.com/
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The primary production site of ghrelin is the stomach, and it interacts with stomach ghrelin as well as 

hypothalamic growth hormone (GH) releasing hormone and somatostatin in the regulation of pituitary GH secretion. 

Ghrelin is an endogenous ligand for the GH secretagogue receptors (GHSR) which are predominantly expressed in 

the pituitary and hypothalamus where it mediates AG-induced feeding and adiposity. Ghrelin stimulate GH release 

through the GHS receptor to increase intracellular Ca
2+

 levels via inositol triphosphate signal transduction pathway. 

Ghrelin provides a definitive proof of the occurrence of a GHS-GHS receptor signaling system in the regulation of 

GH secretion. Acting on GHS-R, ghrelin strongly and dose dependently stimulates release of GH from the anterior 

pituitary. The presence of an acyl side chain (mainly n-octanoic acid) attached to the ghrelin peptide is required for 

full agonism of GHSR (Heppner et al., 2011; Yin et al., 2014).  

Some in vitro evidence suggests that dAG interacts with GHSR, although this occurs at significantly lower 

levels compared with AG. Des-acylated ghrelin was initially considered as an inactive by-product of ghrelin 

secretion and degradation. However, multiple reports have suggested that dAG acts in peripheral tissues and in the 

brain to regulate biological actions, including the control of feeding, body temperature, muscle atrophy and lipid 

metabolism. All of these actions are attributed to GHSR-independent mechanisms (Toshinai et al., 2006; Inoue et 

al., 2013; Porporato et al., 2013). 

Ghrelin has been shown to suppress glucose-induced insulin release. This insulinostatic action is mediated 

by Gαi2 subtype of GTP-binding proteins and delayed outward K
+
 channels. Interestingly, ghrelin is produced in 

pancreatic islets. The ghrelin originating from islets restricts insulin release and thereby upwardly regulates the 

systemic glucose level. Furthermore, blockade or elimination of ghrelin enhances insulin release, which can 

ameliorate glucose intolerance in high-fat diet fed mice and ob/ob mice (Yada et al., 2014).   

Acute pancreatitis is a disease which develops with perivascular infiltration and inflammation characterized 

by lipid necrosis, polymorphonuclear leukocyte infiltration, hemorrhage, acinar cell necrosis and tissue edema in the 

pancreas. The two most common etiological factors of acute pancreatitis are gallstones (including small gallstones 

or microlithiasis) and alcohol abuse. Acute pancreatitis is still a serious disease as its diagnosis and treatment is 

difficult. It is usually accompanied by mild and restricted clinical conditions; however, necrotizing acute pancreatitis 

may sometimes result in a serious outcome. Despite current intensive care techniques, the development of nutritional 

support applications, fluid-electrolyte replacement and mechanic ventilation facilities, the mortality rate may reach 

10-20% (Rebours, 2014; Rohan Jeyarajah et al., 2014). 

The current prospective study aimed to evaluate serum ghrelin level changes in animal model of L-arginine 

induced acute pancreatitis (AP) compared to control animals and to evaluate the therapeutic effect of concomitant 

administration of ghrelin on serum diagnostic parameters of AP. 

 

Materials & Methods 
The current study was conducted at Department of Physiology, Faculty of Medicine, Benha University 

since Jan till April 2014. The study protocol was approved by the Local Ethical Committee, Benha Faculty of 

Medicine.    

 

Animals 

The present study included 30 male albino rats with weight range of 250-300 grams obtained from Faculty 

of Agriculture, Moshtohor. Rats were grouped and kept in separate animal cages, under the prevailing atmospheric 

conditions and maintained on a balanced diet (bread, barely, carrots, lettuce, and milk) and fresh-water supply with a 

12:12-h light/dark cycle. At the end of the experiment and after collection of the samples we get rid of the animals in 

the incinerator of Benha university hospital. 

 

Grouping 

The animals were randomly divided into 3 equal groups (n=10):  

- Group A (Control group) included rats received intra-peritoneal injection of sterile water in a volume of 2.5 

ml/100 g body weight to exclude any effect of distilled water which was used as vehicle for L-arginine. 

- Group B included rats received intra-peritoneal injection of L-arginine solution for induction of AP.  

- Group C included rats received intra-peritoneal injection of L-arginine solution for induction of AP and 

concomitantly received subcutaneous injection of ghrelin in a dose of 10 nmol/kg for 2 days. 

Rats of the three groups were kept on pre-test conditions without change and were scarified 48 hours after induction 

of AP. If an animal died spontaneously due to AP complications, it was replaced by another so as to keep the 

number of study animals sacrificed at 48-hr after AP induction equal to the control group. 
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Induction of pancreatitis  

L-argininge (Sigma; Aldrich) was dissolved in distilled water immediately before use to give a final 

concentration of 200 mg/ml. Each of study animal received intra-peritoneal injection of the prepared solution of L-

arginine in a dose of 500 mg (2.5 ml)/100 g body weight as previously described by Tani et al., (1990).  

 

Laboratory investigations 

- Fasting venous blood samples, withdrawn from the tail vein, were obtained, prior to AP induction, 12, 24 and 

48-hr after AP induction. Blood samples were divided into 2 parts:  

A) The first was put in a tube containing sodium fluoride (2 mg sodium fluoride/ ml blood) to prevent 

glycolysis. Plasma was separated by centrifugation and used for estimation of glucose by enzymatic 

colorimetric assay, Infinity™ Glucose Oxidase Reagent (sensitivity 3.3 mmol/L; ThermoFisher, 

Loughborough, UK), (Tinder, 1969).  

B) The second part was divided into two parts the first was collected in EDTA containing tube for RIA 

estimation of fasting plasma insulin (FPI) (Gordon et al., 1985). The second part was allowed to clot then 

serum was separated by centrifugation at 3000 rpm for 10 min. Serum was
 
removed and used for ELISA 

estimation of: serum lipase (Pezzilli et al., 1999) and amylase (Treacy et al., 2001) using the 

commercially available kit (Randox Laboratories Limited, United Kingdom) and serum ghrelin using the 

commercially available kit (Linco Research Inc. St. Charles, 63304 MO, USA) (Peterli et al., 2009).  

 

Histopathological examination 

At 48-hr after AP induction, animals of groups A and B were sacrificed and pancreas was excised and 

preserved in formalin solution. Paraffin sections were cut into 5 µm-thick slices and stained with hematoxylin and 

eosin. Sections were evaluated according to Niederau et al., (1986) using light microscope at magnification of 20 

for histopathological changes. Assessment of pancreatic damage was scored by grading acinar cell degeneration, 

interstitial inflammation, edema and hemorrhage as described by Schmidt's standards (Schmidt et al., 1992) with 

modification as shown in table 1. 

 

Statistical analysis  

Obtained data were presented as mean±SD and ranges. Results were analyzed using Wilcoxon; ranked test 

for unrelated data (Z-test). Statistical analysis was conducted using the SPSS (Version 15, 2006) for Windows 

statistical package. P value <0.05 was considered statistically significant. 

 

Results 

Baseline levels of estimated parameters showed non-significant (p>0.05) difference between animals of the 

three groups.  The injected dose of L-arginine was sufficient for AP induction as manifested by significantly 

(p<0.001) higher serum amylase and lipase levels estimated at 12-hr after injection compared both to control and 

pre-induction levels in both group B and C. Serum levels of both amylase and lipase reached peak level at 24-hr 

after AP induction and declined at 48-hr after AP induction in both groups. However, serum levels of both enzymes 

estimated at 24-hr and 48-hrs were significantly higher compared to control levels and to its respective levels 

estimated at pre-induction and 12-hr after induction, but levels estimated at 24-hr were significantly higher levels 

compared to at 48-hr levels. Serum levels of amylase and lipase were significantly lower at 12, 24 and 48-hr after 

AP induction in group C compared to group B, (Table 2, Fig. 1 & 2). 

Induction of AP affected not only the exocrine function of pancreas but also affected its endocrine function. 

In group B, such effect was manifested by significantly lower FPI levels estimated at 12-hr and 24-hr after AP 

induction compared to control and pre-induction levels. On contrary, FPI levels estimated at 24-hr were non-

significantly lower compared to levels estimated at 12-hr levels. FPI levels estimated at 48-hr after AP induction 

started to increase and were non-significant lower compared to control and pre-induction levels, but were non-

significantly higher compared to levels estimated at 12 and 24-hr after AP induction. In group C, the ameliorative 

effect of therapeutic ghrelin was evident and manifested as non-significant decrease of FPI levels at 12, 24 and 48-hr 

after AP induction compared to control and pre-induction levels and at 24-hr compared to at 12-hr with non-

significantly higher levels at 48-hr compared to at 12, 24 and 48-hr after induction of AP. Moreover, mean FPI 

levels estimated in group C were non-significantly higher at 12-hr, but were significantly higher at 24 and 48-hr 

compared to corresponding levels of group B, (Table 3, Fig. 3). 

On opposite direction to FPI, at 12-hr FBG levels were significantly higher compared to control and pre-

induction levels and peaked at 24-hr after AP induction. Despite the increased FPI at 48-hr after AP induction, FBG 

levels at 48-hr were still significantly higher compared to at 12 and 24-hr in both group B and C. However, mean 
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FBG levels estimated in group C were non-significantly lower at 12-hr, but were significantly lower at 24 and 48-hr 

compared to corresponding levels of group B, (Table 3, Fig. 4). 

Induction of AP strenuously induced inflammatory response as manifested by significantly higher serum 

CRP levels estimated at 12, 24 and 48-hr after AP induction compared to control and pre-induction levels. Estimated 

serum CRP levels at 12 and 24-hr were significantly higher compared to levels estimated at 48-hr with significantly 

higher levels estimated at 24-hr compared to at 12-hr levels in both group B and C. However, mean serum CRP 

levels estimated in group C were significantly lower at 12, 24 and 48-hr after induction of AP compared to 

corresponding levels of group B, (Table 4, Fig. 5). 

 Estimated serum ghrelin levels in group B showed progressive decrease peaked at 24-hr after AP induction 

with significantly lower levels estimated at 24-hr compared control and pre-induction levels, but were non-

significantly lower compared to levels estimated at 12-hr after induction. At 48-hr after AP induction, serum ghrelin 

levels started to increase and were non-significantly lower compared to control and pre-induction levels and non-

significantly higher compared to levels estimated at 12 and 24-hr levels, (Table 5, Fig. 6). 

Histopathological examination of control pancreatic tissue showed normal structure of pancreatic lobes and 

acini. Pancreatic tissue was formed of closely packed acini separated from each other by very little connective tissue 

septae. The acinar cells are pyramidal in shape with basophilic basal nucleus and acidophilic cytoplasm (Fig. 7). 

Histopathological examination of specimens of pancreatic tissue obtained from animals of group B showed marked 

changes in the form of massive inflammatory infiltrate, massive interlobular edema and dilated congested blood 

vessels with inflammatory cellular infiltrate around them (Fig. 8-10). All control pancreatic specimens were scored 

0, while mean pathological score of pancreatic specimens of animals of group B was 6.2±1.2; range: 5-8.  

Histopathological score determined at time of animal scarification (at 48-hr after AP induction) in group B 

showed positive significant correlation with serum levels of amylase and CRP, but showed negative significant 

correlation with serum ghrelin estimated at 12-hr after AP induction. Histopathological score showed positive 

significant correlation with serum amylase and lipase levels and negative significant correlation with serum ghrelin 

and FPI levels estimated at 24-hr after AP induction. At 48-hr after AP induction, histopathological scores showed 

negative significant correlation with serum ghrelin level (Table 6).  

  Regression analysis to verify blood levels of estimated parameters at 12-hr after AP induction as early 

predictor for histopathological injury as judged by histopathological scoring showed that serum level of amylase was 

significant positive predictor in one model, while FPI level was significant negative predictor in two models, while 

other estimated parameters were non-significant predictors (Table 7). 

 

Discussion 

 The current animal model of acute pancreatitis (AP) showed some interesting data; firstly, AP affects not 

only exocrine pancreatic function manifested by significantly higher serum amylase and lipase levels, but also 

affects pancreatic endocrine function as manifested by decreased fasting plasma insulin (FPI) levels in association 

with hyperglycemia and all these changes were manifested early at 12-hr after AP induction.  

 In support of these findings, Zechner et al., (2012) using AP animal model induced in streptozotocin 

(STZ)-treated diabetic mice found diabetes aggravated AP, inhibited regeneration of the exocrine tissue and led to 

strong atrophy of the pancreas and during the regenerative phase, diabetes augmented inflammation, increased cell 

death, reduced acinar cell expansion, but administration of insulin reversed these changes in diabetic mice. 

Thereafter, Zechner et al., (2014) using animal model of chronic pancreatitis induced in STZ-treated diabetic mice, 

found diabetes has a detrimental influence on the progression of chronic pancreatitis by aggravating fibrosis, 

inflammation and pancreatic atrophy. 

 These experimental findings are supported clinically wherein Solanki et al., (2012) documented that 

complex pathogenetic connections exist between AP and factors involved in the development and therapy of 

diabetes mellitus and given the high morbidity associated with an attack of AP in a diabetic patient, therapy for 

hyperglycemia may help to reduce the risk of development of AP and may also help to reduce the severity of an 

established AP attack in a diabetic patient. Li et al., (2012) found intensive insulin therapy (IIT) in patients with 

severe AP could relieve patient's condition earlier and shorten the length of hospitalization without serious adverse 

effect. Aryal et al., (2013) presented a case of AP in a young woman due to hypertriglyceridemia who was 

successfully treated with insulin and heparin. Du et al., (2014) found IIT combined with low-molecular weight 

heparin for treatment of severe AP noticeably increased the white blood cell count, serum albumin level and the 

arterial partial oxygen pressure with markedly shortened intestinal recovery time and length of hospital stay and 

reduced multiple organ failure, surgery and fatality rates. 

In trial to explore the pathogenesis of islet cell dysfunction concomitant with AP, Deng et al., (2011) using 

acute necrotizing pancreatitis (ANP) animal model reported that microscopic examinations indicated pancreatic β 
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cell dysfunction and death with concomitant elevation of serum glucose and using western blot and immuno-

histochemisty assay found the expression of ORP150 (150kD oxygen-regulated protein taking part in the process of 

endoplasmic reticulum stress) mainly appeared on pancreatic β cells and decreased gradually during pathogenesis of 

AP and concluded that there is probable role of ORP150 in changes in appearance and function of pancreatic β cells 

following AP through endoplasmic reticulum stress pathway. 

 Secondly, in group B, serum ghrelin was found to be significantly decreased at 12-hr and 24-hr after AP 

induction, but started to increase at 48-hr after AP induction. Thus, estimated serum ghrelin could be used to follow-

up patients with AP and could be considered as an early marker for recovery.  

These findings are supported clinically by Ma et al., (2013) who documented that serum level of ghrelin 

during early-stage AP showed significant differences between patients had mild and severe AP and it may become 

an early predictor of pancreatic necrosis and a degree marker of clinical severity. Also, Panek et al., (2014) found 

serum ghrelin concentrations on admission of patients with acute biliary pancreatitis (ABP) were significantly lower 

than in controls, but showed steadily increasing levels in patients with mild and severe AP during the course of 

disease and concluded that rising serum ghrelin levels during the course of ABP may be a marker of recovery and an 

indicator of the healing process.  

Continuous consumption of normally secreted ghrelin may underlie its lower levels early in disease course 

and starting levels to increase indicted lessened consumption secondary to starting recovery; such explanation may 

indicate an anti-inflammatory or inflammation controlling role of ghrelin. In support of this attribution, serum 

ghrelin levels estimated at 12, 24 and 48 hours showed negative significant correlation with histopathological score 

indicating more consumption in animals with severe tissue destruction. 

Depending on what previously documented by Lin et al., (2002), that the coincidence of acute gastritis 

with AP is a frequent event and more than half of patients with AP may complicate with upper gastrointestinal 

ulcers and the occurrence of ulcer was positively correlated with the severity of pancreatitis, mucosal inflammation 

may alter mucosal secretion of ghrelin and this could be another explanation for altered ghrelin levels in association 

with AP and starting increase of serum ghrelin levels may indicate starting mucosal regeneration with concomitant 

secretion of ghrelin. In support of this assumption, Liang et al., (2014) found that in L-arginine induced ANP 

melatonin levels in serum or gastric tissue peaked at 6 h and returned to normal levels at 12 h after melatonin was 

administered, while ghrelin remained at low levels during the first 12 h, but it recovered at 24 h and continued 

increasing, while the levels of oxidative stress damage markers and activity of inflammatory factors were decreased 

and concluded that the protective effects of melatonin on acute gastric injury during the early stages of ANP may be 

mediated through anti-oxidative and anti-inflammatory activities, while at advanced stages of ANP, it may be 

mediated through the recovered endogenous ghrelin. 

In group C, ghrelin administration concomitant with induction of AP resulted in amelioration of markers' 

alterations, wherein serum amylase, lipase and CRP levels were significantly lower in group C compared to group B 

at 12, 24 and 48-hr after AP induction, and mean FPI levels were significantly higher with significantly lower FBG 

levels at 24 and 48-hr in group C compared to group B. These findings spotlight on the ameliorative effect of ghrelin 

administration on severity of AP and support the data reported in group B concerning the relationship between 

starting increased levels of ghrelin and improvement of disease markers. 

In support of these data, Warzecha et al., (2010) found ghrelin treatment after development of caerulein-

induced AP in animal model reduced morphological signs of pancreatic damage, led to earlier pancreatic 

regeneration and significant reduction of biochemical indexes of disease severity and serum level of pro-

inflammatory interleukin-1b (IL-1b). Turk et al., (2012) reported significant difference in blood glucose levels in 

newborn-STZ-diabetic rats compared to ghrelin treated diabetic rats at weeks 1, 2 and 4 with decreases in pancreatic 

non-enzymatic glycosylation and lipid peroxidation levels, while glutathione levels and enzymatic activities were 

increased and insulin peptide and mRNA (+) signals in islets of Langerhans showed an increase and concluded that 

administration of ghrelin to newborn rats may prevent effects of diabetes. Also, Pantic et al., (2013) found ghrelin 

administration increases exocrine pancreas fractal dimension and textural entropy, and decreases lacunarity.  

In trial to explore the underlying mechanism for the therapeutic effect of ghrelin for AP; Ceranowicz et al., 

(2010) found ghrelin treatment of cerulein-induced AP in rats with intact pituitary reduced biochemical indexes of 

AP severity and morphological signs of pancreatic damage, leading to faster pancreatic regeneration, reduction in 

serum IL-1β levels and decrease in serum activity of amylase and lipase with improvement of pancreatic blood flow 

and an increase in pancreatic DNA synthesis, while hypophysectomy of rats with cerulrin-induced AP, delayed the 

pancreatic healing and abolished the therapeutic effect of ghrelin, but treatment with insulin-like growth factor-1 

(IGF-1) exhibits therapeutic effect similar to that observed in ghrelin-treated rats with intact pituitary and concluded 

that therapeutic effect of ghrelin in AP is indirect and depends on growth hormone and IGF-1 release. 
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It could be concluded that AP induced a diabetic-like state characterized by early decreased FPI. Serum 

ghrelin levels were significantly decreased at 12-hr and 24-hr after AP induction, but started to increase at 48-hr 

after AP induction. Both serum ghrelin and FPI levels correlated negatively with pathologically confirmed disease 

severity. Serum ghrelin levels could be used for follow-up of cases with AP as a prognostic marker. Concomitant 

administration of ghrelin with AP induction ameliorated the altered pancreatic functions and aids subsidence of 

pancreatic inflammation. 

Table (1): Grading of histopathological changes secondary to AP (Schmidt et al., 1992) 

 

Score  

Edema  Inflammation Acinar cell degeneration  Parenchymal 

hemorrhage  

0 Absent  Absent  Absent  Absent  

1 Edema in interlobular space Mild  Focal (<5%) Mild  

2 Edema in intralobular space Moderate  Sublobular degeneration 

(<20%) 

Moderate  

3 Isolated island-shape of 

pancreatic acinus  

Severe  Lobular degeneration 

(>20%) 

Severe  

 Table (2): Mean (±SD) levels of serum amylase and lipase estimated in groups B and C at 12, 24 and 48-hr 

after induction of AP compared to Group A and pre-induction levels  

parameter Groups  Group A  Time of sampling 

Pre-  12-hr  24-hr 48-hr 

Serum 

amylase 

(U/L) 

 448.1±19.6     

Group 

B 

Level  456.4±34.6 902.4±87.4 1245.5±64 768±56.7 

P 

value 

P1  >0.05 <0.05 <0.05 <0.05 

P2   <0.05 <0.05 <0.05 

P3    <0.05 <0.05 

P4     <0.05 

Group 

C 

Level   468.4±43.9 760±82.4 945.5±89.1 675±84 

P 

value 

P1  >0.05 <0.05 <0.05 <0.05 

P2   <0.05 <0.05 <0.05 

P3    <0.05 <0.05 

P4     <0.05 

P5  >0.05 <0.05 <0.05 <0.05 

Serum 

lipase 

(U/L) 

 116.2±9     

Group 

B 

Level   114.8±6.6 209.5±21.6 354.4±22.8 183.1±23.3 

P P1  >0.05 <0.05 <0.05 <0.05 
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value P2   <0.05 <0.05 <0.05 

P3    <0.05 <0.05 

P4     <0.05 

Group  

C 

Level   117.3±6.8 185.5±17.1 246.2±51.3 162±21 

P 

value 

P1  >0.05 <0.05 <0.05 <0.05 

P2   <0.05 <0.05 <0.05 

P3    <0.05 <0.05 

P4     <0.05 

P5  >0.05 <0.05 <0.05 <0.05 

P1: significance versus control levels; P2: significance versus pre- induction level in the study groups; P3: 

significance versus 12-hr post-induction level in the study groups; P4: significance versus 24-hr post-induction level 

in the study groups; P5: significance of difference between groups B and C. 

Table (3): Mean (±SD) levels of FPI and FBG estimated in Groups B and C at 12, 24 and 48-hr after 

induction of AP compared to Group A and pre-induction levels  

parameter Groups Group A  Time of sampling 

Pre-  12-hr  24-hr 48-hr 

FPI 

(µIU/ml) 

 0.94±0.17     

Group 

B 

Level  0.93±0.17 0.82±0.11 0.76±0.12 0.89±0.16 

P 

value 

P1  >0.05 <0.05 <0.05 >0.05 

P2   <0.05 <0.05 >0.05 

P3    >0.05 >0.05 

P4     >0.05 

Group 

C 

Level  0.96±0.18 0.915±0.17 0.89±0.17 0.933±0.1 

P 

value 

P1  >0.05 >0.05 >0.05 >0.05 

P2   >0.05 >0.05 >0.05 

P3    >0.05 >0.05 

P4     >0.05 

P5  >0.05 >0.05 <0.05 <0.05 

FBG 

(mg/dl) 

 77.5±9.2     

Group Level  77.3±8.7 114.5±13.2 159.9±23.5 144±28 



ISSN 2320-5407                             International Journal of Advanced Research (2014), Volume 2, Issue 12, 611-625 

 

618 

 

B P 

value 

P1  >0.05 <0.05 <0.05 <0.05 

P2   <0.05 <0.05 <0.05 

P3    <0.05 <0.05 

P4     <0.05 

Group 

C 

Level  79.8±9.1 109.5±10.4 140.3±13.5 124.6±10 

P 

value 

P1  >0.05 <0.05 <0.05 <0.05 

P2   <0.05 <0.05 <0.05 

P3    <0.05 <0.05 

P4     <0.05 

P5  >0.05 >0.05 <0.05 <0.05 

FPI: Fasting plasma insulin; FBG: Fasting blood glucose; P1: significance versus control levels; P2: significance 

versus pre- induction level in the study groups; P3: significance versus 12-hr post-induction level in the study 

groups; P4: significance versus 24-hr post-induction level in the study groups; P5: significance of difference 

between groups B and C. 

Table (4): Mean (±SD) levels of serum CRP estimated in Groups B and C at 12, 24 and 48-hr after induction 

of AP compared to Group A and pre-induction levels 

 Time of sampling 

Pre-  12-hr  24-hr 48-hr 

Group A 1.12±0.54     

Group 

B 

Level   1.1±0.42 19.2±2.34 24.6±2.5 17.6±2.63 

P 

value 

P1  >0.05 <0.05 <0.05 <0.05 

P2   <0.05 <0.05 <0.05 

P3    <0.05 >0.05 

P4     <0.05 

Group 

C 

Level  1.13±0.34 16±2.87 20.8±3.59 15±1.71 

P 

value 

P1  >0.05 <0.05 <0.05 <0.05 

P2   <0.05 <0.05 <0.05 

P3    <0.05 >0.05 

P4     <0.05 

P5  >0.05 <0.05 <0.05 <0.05 
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P1: significance versus control levels; P2: significance versus pre- induction level in the study groups; P3: 

significance versus 12-hr post-induction level in the study groups; P4: significance versus 24-hr post-induction level 

in the study groups; P5: significance of difference between groups B and C. 

Table (5): Mean (±SD) levels of serum ghrelin estimated in Group B at 12, 24 and 48-hr after induction of AP 

compared to Group A and pre-induction levels 

 Time of sampling 

Pre-  12-hr  24-hr 48-hr 

Group A 290.3±88.2     

Group 

B 

Level   300.1±77.9 237.5±60.1 218.5±52.1 254±66.4 

P 

value 

P1  >0.05 >0.05 <0.05 >0.05 

P2   >0.05 <0.05 >0.05 

P3    >0.05 >0.05 

P4     >0.05 

P1: significance versus control levels; P2: significance versus pre-induction level in group B; P3: significance versus 

12-hr post-induction level in group B ; P4: significance versus 24-hr post- induction level in group B  

 

Table (6): Spearman correlation between histopathological score and laboratory parameters estimated at 12, 

24 and 48 hours after AP induction in group B 

 12-hr after AP induction 24-hr after AP induction 48-hr after AP induction 

Rho  p Rho  p Rho  p 

Serum amylase 

(U/L) 

0.669 <0.05 0.669 <0.05 0.493 >0.05 

Serum lipase 

(U/L) 

0.556 >0.05 0.720 <0.05 0.215 >0.05 

FPI (µIU/ml) -0.608 >0.05 -0.788 <0.05 -0.469 >0.05 

Serum CRP 

(g/L) 

0.657 <0.05 0.379 >0.05 0.152 >0.05 

Serum ghrelin 

(pg/ml)  

-0.633 <0.05 -0.788 <0.05 -0.665 <0.05 

FPI: Fasting plasma insulin; CRP: C-reactive protein 
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Table (7): Regression analysis of laboratory parameters estimated at 12-hrs after AP induction in Group B 

for prediction of disease severity as judged by histopathological score determined at 48-hrs after AP 

induction 

 Parameter  Standardized coefficient t p 

Model 1 Serum amylase 0.578 3.030 <0.05 

FPI -0.617 3.325 <0.05 

Model 2 FPI -0.642 2.367 <0.05 

FPI: Fasting plasma insulin  

Figures  

 

 

 

 
 

Fig. (1): Mean serum amylase levels estimated in AP groups throughout 48-

hr after AP induction
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Fig. (2): Mean serum lipase levels estimated in AP groups throughout 48-

hr after AP induction
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Fig. (3): Mean FPI levels estimated in AP groups throughout 48-hr after AP 

induction
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Fig. (4): Mean FBG levels estimated in AP groups throughout 48-hr after AP 

induction

0

20

40

60

80

100

120

140

160

180

Pre 12-hr 24-hr 48-hr

(m
g

/d
l)

Group B Group C



ISSN 2320-5407                             International Journal of Advanced Research (2014), Volume 2, Issue 12, 611-625 

 

622 

 

 

 
 

Fig. (6): Light microscopy of Group A animal revealed normal histological structure of the pancreas.(H&E x20) 

 

Fig. (5): Mean serum CRP levels estimated in AP groups throughout 48-hr 

after AP induction
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Fig. (7): Light microscopy of an animal had AP in Group B showed massive inflammatory infiltrate, massive 

interlobular edema and dilated congested blood vessels with inflammatory cellular infiltrate around blood vessels. 

(H & E x20) 

 

 
 

Fig. (8): Light microscopy of an animal had AP in Group B showed moderate inflammatory infiltrate, massive 

interlobular edema and dilated congested blood vessels. (H & E x20) 
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Fig (9): Light microscopy of an animal had AP in Group B showed moderate inflammatory infiltrate, massive 

interlobular edema and dilated congested blood vessels. (H & E x20) 
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