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Abstract 
 

Nicotine is a major addictive component of tobacco and cigarettes. It is believed to play a major role in the development of many diseas-

es of pancreas including induction of pancreatitis and pancreatic cancer. This study was designed to assess the ameliorative effect of 

metformin & L-glutamine administered either individually or in combination on pancreatic damage induced by chronic exposure to nico-

tine. Fifty-six adult male albino rats were divided into 7 weight matched groups of 8 animals per each group and treated once daily for a 

period of 10 weeks according to the following protocol; group I (normal control): left without intervention ; they were allowed to free 

access to balanced diet & distilled water for the end of the experiment, group II (metformin treated group; Met): metformin was adminis-

trated to normal rats at a dose of (150 mg/kg /day  / orally); group III (glutamine group ; LG): in which L-glutamine was given to normal 

rats at a dose of 500 mg/kg by oral gavage); group IV (diseased non-treated group ;Nicotine) were injected subcutaneously with nicotine 

(1.5 mg/kg/day after day) to induce pancreatitis; group V (Nicotine +Met), VI (Nicotine +LG) &VII (Nicotine +Met + LG) were treated 

by (Nicotine +Met, Nicotine +LG & Nicotine +Met + LG respectively) by the same doses and routs described above. At the end of the 

experiment the following biochemical parameters were measured (fasting blood glucose, plasma insulin level, serum amylase and lipase 

level, tumor necrosis factor alpha (TNF-α), heat shock protein 70 (HSP70) & reduced glutathione; GSH) to investigate the protective 

effect of either or both drugs on pancreas. Additionally, histopathological evaluations of pancreatic tissues were assessed. The current 

study documented the damaging effect of nicotine on pancreas evidenced by significant increase of (blood glucose level due to decrease 

in plasma insulin level, serum lipase and amylase & TNF-α levels along with significant reduction of GSH in pancreatic tissue & heat 

shock protein -70. This was accompanied by histopathological alteration in pancreatic tissue. The previously mentioned parameters illus-

trate partial significant improvement in concomitant administration of individual or both metformin & L glutamine along with nicotine. 

In conclusion, co- supplementation of metformin and L glutamine documented to be anti-hyperglycemic, antioxidant and anti-

inflammatory which can ameliorate the damaging effect of nicotine on pancreas. The combination use of both drugs produces more pro-

tective effect than each other alone. 
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1. Introduction 

Tobacco and cigarette smoking are extremely still popular all over the world and considered as one of the known risk factor for the de-

velopment of numerous diseases as well as a leading causes of preventable death (jiang et al., 2010; greer et al., 2015). Nicotine is a sig-

nificant constituent of tobacco and cigarettes, and potentially mediates the development of many pancreatic related diseases e.g., pancrea-

titis, diabetes and gallstone pancreatitis (dasgupta et al., 2009; Chowdhury, 2011).  

The role of nicotine in the induction of pancreatic inflammation and pancreatic cancer as a result of cigarette smoking has been recog-

nized and reported. Oxidative stress could provoke inflammation and development of pancreatitis through zymogen degranulation, gran-

ulocyte migration, tissue necrosis with increased amylase and lipase activity (Balakrishnan and Menon, 2007).  

Metformin is an orally administered biguanide class medication used as glucose-reducing agent in management of type 2 diabetes melli-

tus (Knowler et al., 2002; Xin et al., 2018). 

Glutamine is one of the 20 naturally occurring amino acids in dietary protein. Many studies have validated the effectiveness of glutamine 

supplementation in the reduction of intestinal injuries and improving systemic cell immunity (Gismondo et al., 1998; Todorova et al., 

2010). L-glutamine (LG) possesses potent antiulcer, antioxidant, anti-bacterial, cardioprotective, anticancer, hepatoprotective, and anti-

apoptotic potential (Sadar et al., 2016).  

This work aimed to investigating the possible ameliorative effect of metformin, L-glutamine and a combination of both on nicotine in-

duced pancreatitis in rats. 

http://creativecommons.org/licenses/by/3.0/
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2. Materials and methods 

2.1. Drugs and chemicals 

Nicotine was supplied as a colorless liquid, metformin; L-glutamine was purchased from (Sigma Chemicals Co., U.S.A). 

2.2. Animals 

Fifty-six (56) adult male albino rats weighing 150-200 g were obtained from Experimental Animal Breeding Farm, (Helwan-Cairo). The 

animals caged 8 per cage in well ventilated place at room temperature. They allowed free water and standard food (pellets specific for rat 

feeding obtained from animal breeding farm) for 7 days for acclimatization.  

The whole study was carried out in accordance with the research protocols according to the Ethics Committee of Scientific Research, 

Faculty of Medicine, Banha University that followed the recommendations of the National Institutes of Health Guide for Care and Use of 

Laboratory Animals (Publication No. 85-23, revised 1985).  

2.3. Animal grouping and treatments 

Fifty-six rats were divided into 7 weight matched groups of 8 animals each as follow: 

Group I: normal control: left without intervention to measure the basic parameters; they were allowed to free access to balanced diet & 

distilled water for the end of the experiment.  

Group II: metformin group (Met): in which metformin was administrated to normal rats at a dose of (150 mg/kg /day   / orally) according 

to (Akinola et al., 2012). 

Group III: L glutamine group (LG): in which L-glutamine was given to normal rats (500 mg/kg) by oral gavage according to (Sadar et 

al., 2016). 

Group IV: diseased non treated group (Nicotine): in which rats were given nicotine (1.5 mg/kg body weight of nicotine by subcutaneous 

injection day after day for 10 weeks) according to (Hosseini, 2011) to induce pancreatitis. 

Group V: nicotine +metformin (Nicotine +Met): in which nicotine & metformin was administrated to rats at the same dosed and routs 

described above for 10 weeks. 

Group VI: nicotine + L glutamine (Nicotine +LG): L-glutamine was given to rats for 10 weeks along with nicotine at the same previously 

mentioned doses and routs.  

Group VII: nicotine induced pancreatitis+ metformin+ L glutamine (Nicotine +Met + LG): in which rats were given metformin in com-

bination with L-glutamine in the same manner as group V & group VI respectively along with nicotine. 

2.4. Procedural details 

2.4.1. At the start of experiment 

Pancreatitis was induced in rats of group IV, V, VI, VII by nicotine as previously described. Metformin, L-glutamine and a combination 

of both were given to rats along with nicotine in group V, VI, VII in respect. 

2.4.2. At the end of experiment 

All rats were anesthetized using 10mg/kg xylazine hydrochloride (Rhompun®, Bayer, Istanbul) and 60 mg/kg ketamine (Ketalar®, Ec-

zacıbası Warner-Lambert, Istanbul). Then blood samples were taken from the heart by the technique described by Parasuraman et al. 

(2010). Representative pancreatic fragments were taken and used for both histopathological and molecular biological investigation. 

To investigate the protective effect of either drug singly or in combination on exocrine and endocrine functions of pancreas the following 

biochemical parameters were measured; fasting blood glucose, plasma insulin level, serum amylase and lipase level, tumor necrosis fac-

tor alpha (TNF-α) and estimation of shock protein 70 (HSP70) & reduced glutathione (GSH) in pancreatic tissue homogenate. Addition-

ally, histopathological evaluation of pancreatic tissues was assessed. 

2.5. Sampling 

2.5.1. Preparation of blood samples 

At the end of the experimental, blood samples were rapidly collected by cardiac puncture and placed in dry sterilized labelled centrifuge 

tube to coagulate for 30 min at room temperature, then centrifuged at 3000 rpm for 20 min (4°C) for separation of the serum which were 

kept at -20 0C until biochemical estimation of previously mentioned biochemical parameters. 

2.5.2. Preparation of tissue homogenate & histopathologic samples 

Immediately after animal scarification, pancreatic tissues samples were rapidly excised, divided into two parts; one part were promptly 

frozen and stored at −80°C until preparation of tissue homogenate for assayed. Protein estimation was done by the method of Lowry et 

al. (1951). The second part was preserved and fixed in containers that included 10 % neutral formalin solution then processed for histo-

pathological analysis. 

 

2.6. Analysis: 

2.6.1. Estimation of serum insulin by ELISA 

Serum insulin level was determined by using a commercial Dako Cytomation Kit (Glostrup, Denmark), an ELISA method was based on 

two MABs. Values were expressed as mIU/ml. 
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2.6.2. Measurement of serum amylase and lipase level 

Blood samples were centrifuged at 15,000 rpm under 4°C and the plasma was separated by using sterile pipettes. Serum lipase and amyl-

ase activity were evaluated with a spectrophotometric technique by the Olympus AU-2700 autoanalyzer (Olympus, Hamburg, Germany) 

using commercial kits (MAN Company, Tehran, Iran). The results were expressed as U/I. 

2.6.3. Measurement of shock protein 70 (HSP70) 

HSP70 protein levels were determined using commercially available ELISA kits (Stress Gen Biotechnologies Corp). The concentrations 

of HSP70 protein were determined by comparison with a standard curve according to manufacturer’s direction. The results were ex-

pressed as ng/100mg. 

2.6.4. Measurement of reduced glutathione (GSH) 

The GSH content was measured using the 5, 5′-dithiobis (2-nitrobenzoic acid)-oxidized GSH (DTNB-GSSG) reductase recycling assay 

for total glutathione (GSH + GSSG) as described by Tietze [13]. Briefly, tissues were lysed by 200 μL of lysis buffer (50 mM Tris-HCl, 

1 mM EGTA, and 1% Triton X-257 100). The tissue lysate was deproteinized with the same volume of 10% 5-sulfosalicylic acid. After 

centrifugation at 5000 g for 5 min at 4°C, the supernatant was divided into 2 samples, 1 for GSH and 1 for GSSG measures. The amount 

of total GSH was determined by formation of 5-thio-2-nitrobenzoic acid converted from DTNB. GSSG was measured by the DTNB-

GSSG reductase recycling assay after treating GSH with 2-vinylpyridine for 1 h at room temperature. Total glutathione and GSSG levels 

were defined as the change in OD at 405 nm for 5 min at room temperature. The results were expressed as μmol/g. 

2.6.5. Measurement of tumor necrosis factor-alpha (TNF-α) 

TNF-α levels were measured using an enzyme-linked immunosorbent assay (ELISA) with ELISA kits (Boster Biological Technology, 

Wuhan, China) according to the manufacturer’s protocol. The ELISA microplate was read using an ELISA reader (Dynatech Laborato-

ries, USA) with an absorbance maximum at 450 nm. The cytokine levels were calculated after plotting the standard curves and expressed 

as pg/mL. 

2.6.6. Histopathologic evaluation 

For histopathological examination, the fixed pancreatic tissue samples were trimmed, dehydrated in ascending grades of alcohol, cleared 

in xylene and embedded in paraffin blocks, then sectioned at 4µm thickness and stained with Hematoxylin and Eosin (H&E).  

The histopathological alterations of pancreatic slices were interpreted in several sections from each group using a light microscope by an 

experienced single pathologist who evaluated it in a blinded manner for necro- inflammatory activity. The severity of pancreatitis was 

assessed by scoring (edema, Inflammation & perivascular infiltration, Vacuolization, hemorrhages, Acinar cell necrosis) using scoring 

system ranging from 1- 4 (table 1) according to Arslan et al. (2015) with some modifications. Data from each animal were statistically 

analyzed.  

 
Table 1: Grading of Pancreatic Sections 

Finding Score Description 

Edema 

0 None 
1 Focal expansion of interlobular septate 

2 Diffuse expansion of interlobular septate 

3 2+ focal expansion of intercellular spaces 
4 2+ diffuse expansion of intercellular spaces 

5 + enlargement of the distance between cells 

Inflammation & perivascular infiltration 

0 0-1 intralobular or perivascular leukocyte 

1 2-5 intralobular or perivascular leukocyte 

2 6-11 intralobular or perivascular leukocyte 

3 12-20 intralobular or perivascular leukocyte 
4 >20 leukocyte 

Vacuolization 

0 Absent 

1 Periductal (<5%) 
2 Focal (5-20%) 

3 Diffuse (21-50%) 

4 Severe (>50%) 

Acinar cell necrosis 

0 Absent 

1 1-4 necrotic cells  / HPF 

2 5-10 necrotic cells / HPF 
3 11-16 necrotic cells / HPF 

4 >16 necrotic cells / HPF 

Hemorrhage 

0 None 
1 One area 

2 Two area 

3 Tree area 
4 < Four 

HPF means high power field. 

2.7. Statistical analysis 

Using software (SPSS, Version 20.0 for Windows, SPSS Inc., Chicago, IL) was used for the univariate, bivariate, and stratified analyses 

of the data. Man-Whitney test was applied for the comparison of quantitative variables after establishing their non -normality by K-S test 

of normality. ANOVA test (F) and Kruskal-Wallis was used for multiple comparisons of quantitative variables for parametric and non-

parametric variables. Differences were considered statistically significant at Probability (P) values ≤ .05. 
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3. Results 

Administration of nicotine affected both exocrine and endocrine functions of pancreas in the form significant increase of blood glucose 

level as a result of significant decrease in plasma insulin level this was associated significant elevation of serum lipase and amylase lev-

els. This was accompanied by histopathological changes in pancreatic tissue in the form of edema, inflammation & perivascular infiltra-

tion, vacuolization, acinar cell necrosis and hemorrhage. These deleterious effects were explained by significant decrease of reduced 

glutathione with significant decrease of heat shock protein -70 and significant increase in TNF-alpha. Concomitant administration of 

metformin and/or L glutamine resulted in significant improvement of the previously mentioned parameters, metformin showed better 

results as regard to GSH level while L glutamine was significantly better as regard to plasma insulin level and serum HSP70 level eleva-

tion. Both drugs produced significant improvement of plasma glucose level and tissue TNF-alpha level similarly, while fasting blood 

glucose level and plasma insulin level were normalized on combination of the two tested drugs. Finally, the best results were obtained on 

combination of both drugs (table 2, 3 &4; fig. 1). 

 
Table 2: Effect of Metformin and/or L Glutamine on Blood Glucose Level (Mg/Dl), Serum Insulin (Miu/Ml), Serum Amylase (U ∕L) & Serum Lipase (U 
∕L) 

 FBG S. insulin Serum amylase Serum lipase 

normal control 102.88±13.02 50±1.6 472.38±36.12 10.88±1.96 

metformin group (Met) 102.13±12.31 53±1.1 474.5±28.12 11.25±1.49 
L glutamine group (LG) 96.75±14.81 51±1.4 474.25±29.11 11.63±1.41 

Nicotine group 226.38±22.29 a,b,c 25.51 ± 2.1a,b,c 896.75±47.25a,b,c 51.88±5.19a,b,c 

Nicotine +Met 173.88±7.57abcd 31.82 ±1.9 a,b,c,d 716.63±50.89a,b,c,d 39.0±2.56a,b,c,d 
Nicotine +LG 168.88±9.57abcd 39.45±2.4 a,b,c,d,e 698.5±50.07a,b,c,d 35.63±2.5a,b,c,d 

Nicotine + Met +LG 100.25±13.73 def 49.64±1.6 d,e,f 529.38±44.39a,b,c,d,e,f 20.0±2.39 a,b,c,d,e,f 

 
Table 3: Effect of Metformin and/or L Glutamine on Tissue Level of GSH (Nmol/Mg), TNF-Alpha (Pg/Ml) and Tissue Level of HSP-70(Ng/100mg) 

 GSH TNF-alpha HSP-70 

normal control 54.12±0.9 3.75±1.67 9.31±2.4 
metformin group (Met) 53.11±0.6 4.38±1.41 8.68±1.3 

L glutamine group (LG) 55.33±0.8 4.0±1.60 10.1±2.1 

Nicotine group 25.59±1.2 a,b,c 168.5±16.33a,b,c 5.68±1.3a,b,c 
Nicotine+Met 38.41±0.16 a,b,c,d,e 34.88±5.89a,b,c,d 23.93±2.5 a,b,c,d 

Nicotine +LG 32.51±0.11 a,b,c,d 20.63±4.57a,b,c,d,e 30.11±3.5 a,b,c,d,e 

Nicotine + Met +LG 45.31±0.21 a,b,c,d,e,f 54.5±9.74 a,b,c,d,e,f 42.11±3.4 a,b,c,d.e.f 

 
Table 4: Effect of Metformin and/or L- Glutamine on Pancreatic Histopathological Finding among the Studied Groups 

 
Control Median 
(IQR) 

Metformin 

(Met) Median 

(IQR) 

L-glutamine 

(LG) Median 

(IQR) 

Nicotine 

Median 

(IQR) 

Nicotine + 

Met Median 

(IQR) 

Nicotine + LG 
Median (IQR) 

Nicotine + Met+ 
LG Median (IQR) 

edema 0 (0-0) 0(0-0) 0(0-0) 5 abc(4-5) 3 abcd (2-3) 2 abcd (2-2.75) 1 abcdef (1-1.75) 
Inflammation 0 (0-0) 0(0-0) 0(0-0) 4abc (3.25-4) 3 abcd (2-3) 2 abcde (2-2) 1 abcdef (1-1) 

Vacuolization 0 (0-0) 0(0-0) 0(0-0) 4 abc (3-4) 3 abcd (2-3) 2 abcde (2-2) 1 abcdef (0-1) 

Necrosis 0 (0-0) 0(0-0) 0(0-0) 4 abc (4-4) 2.5 abcd (2-3) 2 abcd (2-2.75) 0 def (0-1) 
Haemorrhage 0 (0-0) 0(0-0) 0(0-0) 4 abc (3-4) 2.5 abcd (2-3) 2 abcd (2-3) 0 def (0-0.75) 

a→Significant versus control group; b→ Significant versus Metformin group; c→ Significant versus L- glutamine group; d→ Significant versus Nicotine 

group; e→ Significant versus Nicotine+ Metformin group (group V); f→ Significant versus Nicotine+ L-glutamine group. 
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Fig. 1: Photomicrograph Sections of Pancreatic Tissues of the Studied Rats Demonstrated Ameliorating Effect of Metformin and / or L Glutamine on 
Histopathological Changes of Pancreatic Tissues in Rats Injected with Nicotine. All [Hematoxylin and Eosin (H& E) X 400], Histopathological Findings 

as Follows: 

 

Fig. (I, II &III): pancreatic sections of rats in group I (control group), group II (metformin group) & group III (L glutamine group) reveal 

normal architectures of pancreatic tissues in form of lobules separated by connective tissue septa and consisted of triangular acinar cells 

(A) with darkly stained basal nuclei and pink cytoplasm. Pancreatic islets of Langerhans (IL) observed as clusters of cells. 

Fig. (IV): pancreatic a section of group IV (nicotine treated rats) showing marked interstitial edema (E) in between pancreatic acini, in-

flammatory cell infiltrates (I), cytoplasmic vacuolation (V), Hemorrhage (H) & necrosis (N). 

Fig. (V, VI, &VII): pancreatic sections of rats in group V (nicotine+ metformin), group VI (nicotine +L glutamine) & group VII (nico-

tine+ metformin +L glutamine group) demonstrating ameliorating effect of metformin and/or L glutamine on histopathological changes 

of pancreatic tissues in concomitant injection with nicotine with better improvement observed in sections from group VII (nicotine+ met-

formin +L glutamine group) which illustrate minimal changes (image; VII). 

4. Discussion 

It is well recognized that nicotine has an important role in induction of pancreatitis as a component of cigarette smoking (Chowdhury, 

2011).  

In this work administration of nicotine for ten weeks resulted in pancreatic injury that involved exocrine function of pancreas manifested 

by increased serum levels of lipase and amylase enzymes as well as the endocrine function was affected revealed by decreased serum 

level of insulin these results were associated with inflammation and a state of oxidative stress manifested by increase chronic inflamma-

tory mediators namely tumor necrosis factor α and marked reduction of natural antioxidant namely GSH in pancreatic tissue homoge-

nates. This is in line with many studies suggesting that cigarette smoking can be a cause for development of both acute pancreatitis 

(Sadr-Azodi et al., 2012; Yuhara et al., 2014) and chronic pancreatitis (Law et al., 2010; Alsamarrai et al., 2014). These finding could be 

explained by the fact that nicotine can induce pancreatic injury partly through oxidative stress (Chowdhury and Walker, 2008) as well as 

disruption in anti-oxidant mechanism by enhancing Reactive Oxygen Species (ROS) production and thereby decreases antioxidant level 

causing per oxidative tissue damages (Ramesh et al., 2007) ; this was manifested in this work by reduction of reduced glutathione tissue 

level. The role of free radicals as a causative factor for inflammation was demonstrated by Connor and Grisham (1996) who showed that 

reactive oxygen metabolites may also initiate and/or amplify inflammation via up-regulation of several different genes involved in the 

inflammatory response, such as those that code for pro-inflammatory cytokines and adhesion molecules. The previously mentioned 

mechanisms may explain the elevation of plasma levels of pro-inflammatory parameters namely tumor necrosis factor-alpha in this work. 

Heat shock proteins (Hsps), also known as stress proteins and molecular chaperones, play a central role in protecting cellular homeostatic 

processes from environmental and physiologic insult by preserving the structure of normal proteins and repairing or removing damaged 

ones (Gerner et al., 1975).  

In this work chronic nicotine administration resulted in decreased serum level of HSP70 this can contribute in explanation of the deterio-

ration occurred in pancreatic functions. Decreased plasma insulin level in this work after chronic nicotine administration was in line with 

Yoshikawa et al. (2005) who cited that exposure to nicotine concentrations above 1 µmol/L inhibits insulin secretion in isolated human 

islet cells, this toxic influence of nicotine on insulin-secreting β cells may be attributed to the presence of neuronal nicotinic receptors 

sensitive to nicotine in pancreatic cells.  

In the current study concomitant administration of metformin along with nicotine resulted in improvement of all tested parameters. Met-

formin has antihyperglycemic effect through increase tissue insulin sensitivity due to increase expression of insulin receptors and tyro-

sine kinase enzyme as well as inhibition of hepatic glycogenolysis (Viollet et al., 2012), this can explain metformin improving effect on 

fasting blood glucose level. In addition, metformin has a unique antioxidant effect mediated by inhibition of mitochondrial oxidation 

through inhibition of mitochondrial respiratory chain complex (Diniz Vilela al., 2016). This effect was manifested in this work by signif-

icant improving of tissue level of reduced glutathione. The unique decrease in free radical synthesis explains the improvement of parame-

https://scialert.net/fulltextmobile/?doi=jpt.2012.166.180#52245_ja
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ters related to free radical mediated inflammation namely TNF-α. The powerful antioxidant and anti-inflammatory activity of metformin 

explain its ability in improvement of pancreatic exocrine and endocrine functions. 

Glutamine is one of the 20 naturally occurring amino acids in dietary protein. Under normal conditions, glutamine serves as a main ener-

gy metabolism fuel for intestinal and renal enterocytes. Moreover, it was recognized that glutamine supplementation in the reduction of 

intestinal injuries and improving systemic cell immunity (Chai & Sheng.2008). It is an important precursor for the synthesis of glutathi-

one, which is a non-enzymatic antioxidant. It also plays a vital role in glutathione metabolism as well as maintenance of the cellular re-

dox potential during elevated cellular oxidative stress (Kandhare et al., 2015). This is in this is in accordance with our results concerning 

with glutamine antioxidant effect which was manifested by significant improvement of reduced glutathione tissue level. Additionally, 

Singleton et al. (2007) suggested that the protective effect of L glutamine supplementation may be directly related to its ability of in-

creasing expression of HSPs. This is in agreement with our results where glutamine resulted in increasing plasma insulin level with sub-

sequent decrease in fasting blood glucose level, this could be explained by glutamine effect on glucagon like peptide-1 (Samocha-Bonet 

et al., 2014) as well as its ability of improving insulin action and signaling, with increased muscle glucose uptake as reported by Ab-

boudet al. (2019).  

5. Conclusions 

In conclusion, within the dose limits used in this study, oral metformin and L glutamine supplement proved to be antihyperglycemic, 

antioxidant and anti-inflammatory. We may postulate that either, metformin or L glutamine can protect against nicotine induced pancre-

atic damage and a combination of both tested drugs produces more powerful effect than each other alone.  
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