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WNIN Mutant Obese Rats Develop Acute Pancreatitis With 
the Enhanced Inflammatory Milieu
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Abstract

Background: WNIN/Gr-Ob rats demonstrate features of metabolic 
syndrome that include obesity, insulin resistance, impaired glucose 
tolerance, and hyperinsulinemia. The impetus obtained from earlier 
studies on these rats demonstrates an inflammatory milieu peaking 
between 6 and 9 months of age in adipose, pancreas, and bone mar-
row/mesenchymal stem cells.

Methods: We evaluated the outcome of L-arginine-induced acute 
pancreatitis, in WNIN/Gr-Ob rats as compared to control rats. We as-
sessed key parameters associated with severity of acute pancreatitis 
such as pancreatic inflammation and extra-pancretic damage.

Result: We demonstrated increased pancreatic inflammation (inflam-
matory cytokines, malondialdehyde, and reactive oxygen species) 
in WNIN/Gr-Ob rats as compared to the control rats administered 
with L-arginine. Increased systemic inflammation and islet dysfunc-
tion were also observed in WNIN/Gr-Ob rats as compared to control 
when L-arginine was administered. Molecular, cellular and biochemi-
cal data from our study indicate increased severity of pancreatitis in 
mutant rats as compared to control rats.

Conclusion: We advocate WNIN/Gr-Ob rats as a novel model system 
to study the pathophysiology of severe acute pancreatitis associated 
with obesity.

Keywords: WNIN/GR-Ob mutant rats; Islets; Pancreatitis; Endo-
crine-exocrine cross-talk

Introduction

Acute pancreatitis (AP) is a necro-inflammatory disease of 

pancreas [1]. AP is also associated with secondary complica-
tion - extra-pancreatic tissue damage. Patients diagnosed with 
AP have a greater chance to develop pre-diabetes/diabetes [2]. 
The precise mechanism of acute pancreatitis remains contro-
versial [3]. Current studies have demonstrated that the chronic 
endoplasmic reticulum stress and oxidative stress play an im-
portant role in development and progression of AP [4, 5].

The L-arginine-induced pancreatitis is widely used as a 
relevant model for pre-clinical trials because 1) it is reproduc-
ible, 2) it shows dose and time dependent acinar cell necrosis, 
3) it can be used for investigation of early as well as late phase 
of acute pancreatitis, and 4) it is suitable for investigation of 
extra-pancreatic organ damage (pulmonary, hepatic renal and 
circulatory) and insulo-acinar axis [3]. The selective destruc-
tion of acinar cells by high dose of L-arginine may be partly 
attributed to disruption of protein metabolism, increased oxi-
dative stress, and endoplasmic reticulum stress [6].

Obesity and metabolic syndrome (MS) are prognostic 
factors for severity of AP [7]. Severity of pancreatitis in obe-
sity may be attributed to increased oxidative stress, free fatty 
acid production, fat necrosis and increased inflammation [8]. 
Studies by Mateu et al (2014) demonstrated that inflammato-
ry responses in acinar cells were caused by enhanced recruit-
ment of leukocytes that was mediated by increased secretion 
of pro-inflammatory molecules generated from adipose tis-
sues [8].

The WNIN/GR-Ob rats, developed indigenously at Na-
tional Centre of Laboratory Animal Sciences Facility of Na-
tional Institute of Nutrition, India, are relatively a new mod-
el of MS having features of obesity, insulin resistance and 
glucose intolerance [9, 10]. The mutation linked to obesity 
has been mapped to chromosome 5 upstream of leptin re-
ceptor [11, 12]. These WNIN/Gr-Ob rats also portray accel-
erated aging, with increased episodes of obesity-associated 
neuro-degeneration, cataract, cancer, infection and infertil-
ity at advanced age [13]. Our previous studies have demon-
strated increased inflammation in adipose, pancreatic tissue 
and mesenchymal stem cells isolated from bone marrow of 
WNIN/GR-Ob rats [14-16]. Based on these findings, we 
hypothesize that WNIN/Gr-Ob rats with their inherent phe-
notypic features such as obesity, IR and IGT vis-a-vis pre-
inflammatory milieu in situ, would form the feasible model 
system to portray for the pathophysiology of AP induced by 
L-arginine. The biochemical, cellular and molecular changes 
were carried out along with morphology in both controls as 
well as with L-arginine induction.
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Materials and Methods

Experimental animals

Animal experiments were approved by ethical committee on an-
imal experiments at National Institute of Nutrition, Hyderabad, 
India (Regd. No. 154/1999/CPCSEA). The experiments were 
performed in compliance with “principles of laboratory animal 
care” (NIH publication no. 85-23, revised 1985). We restricted 
this study to 9-month-old rats (WNIN/Gr-Ob and control) based 
on findings from our earlier publication where increased pancre-
atic dysfunction was observed with age [17, 18]. WNIN/Gr-Ob 
and its parental control rats were used for the study. The ani-
mals were housed individually in polypropylene cages with wire 
mesh bottom, maintained at standard laboratory conditions of 
light (12-h light/dark cycle), temperature and relative humidity. 
They had free access to de-ionized water and standard rat chow.

WNIN/Gr-Ob as well as its parental controls were ran-
domly allocated into four groups (six rats in each group) (Fig. 
1): group 1: parental control rats treated with saline; group 2: 
parental control rats treated with L-arginine; group 3: WNIN/
Gr-Ob rats administerd with saline; and group 4: WNIN/Gr-

Ob rats treated with L-arginine. L-arginine hydrochloride was 
administered at a concentration of 350 mg/100 g body weight, 
dissolved in 0.15 molar saline as 20% solution. This concen-
tration was selected as increasing concentration resulted in in-
creased mortality in WNIN/Gr-Ob rats. L-arginine was admin-
istered (intra-peritoneal) at fed condition and the animals were 
sacrificed 48 h after treatment [19].

Biochemical measurements

Blood (2 - 3 mL) was collected by retro-orbital puncture from 
both control rats and experimental rats in pro-coagulant vacu-
tainers (Genire Bio, Germany) and serum was stored at -70 °C. 
The animals were dissected immediately after the blood collec-
tion. Pancreatitis induction was assessed by measuring amylase 
and lipase levels in serum with ELISA multimode reader com-
mercial kits (Erba Diagnostics, Hyderabad, India) and expressed 
in U/dL. Total pancreatic protein content was constituted in 10% 
homogenate by bicinchoninic acid protein assay kit (Product 
#BCA-1, Sigma) and expressed in mg/g tissue. Lipid peroxi-
dation was estimated as thiobarbituric acid reacting substances 
(TBARS) in pancreas, lung and liver by the method described 

Figure 1. Schematic diagram of the protocol. WNIN/Gr-Ob and control rats were randomly allocated into four groups (six rats in 
each group). One group of WNIN/Gr-Ob and age-matched WNIN controls were administered L-arginine. Other two groups were 
WNIN/Gr-Ob and control rats that were administered saline. L-arginine was administered in fed condition and the animals were 
sacrificed 48 h after treatment. Parameters pertaining to oxidative stress, inflammation, pancreatic injury, islet and acinar cell 
functions were assessed.
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earlier and expressed in nmol/mg protein. The superoxide dis-
mutase (SOD) activity was determined by the method described 
earlier [20]. In this test, the degree of inhibition of pyrogallol 
auto-oxidation by pancreas homogenate supernatant was meas-
ured. The change in absorbance was read at 470 nm against blank 
every 3 min on a spectrophotometer and the enzyme activity was 
expressed as 50% inhibition of adrenaline auto-oxidation/min. 
The SOD activity was normalized against protein concentration.

Catalase activity of tissues was assayed as described pre-
viously [21]. Briefly, the appropriate dilution of tissue super-
natant was added to the cuvette containing 1.9 mL of 50 mmol 
phosphate buffer (pH 7.0). The final volume of the mixture 
was made up to 2 mL by adding additional buffer solution. 
The reaction was started by the addition of 1.0 mL of freshly 
prepared 30 mmol H2O2. The rate of decomposition of H2O2 
was measured spectrophotometrically at 240 nm. The enzyme 
activity for H2O2 was expressed as k/s/mg protein, where k is 
the first-order rate constant. The SOD activity was normalized 
against protein concentration.

Liver functions were assessed using a panel of biochemi-
cal tests indicating liver inflammation (aspartate amino trans-
ferase and alanine amino transferase), cholestasis or biliary 
obstruction (total bilirubin and alkaline phosphatase) and 
synthetic function (albumin). Renal function was assessed by 
measuring the levels of blood urea nitrogen (BUN) and creati-
nine (Schiapparelli Biosystems, Wipro Biomed, USA).

Histology

Pancreas and liver were immediately fixed in neutral buffered 
formalin (10%) and embedded in paraffin by standard meth-
ods. The sections were then stained with hemotoxylene and 
eosine stain and were visualized and imaged under Nikon TE-
2000S light microscope (Nikon, Japan) using ACT-2U soft-
ware (version 2.1) (Nikon, Japan).

Immunofluorescence/immunohistochemistry

Formaldehyde fixed-paraffin embedded sections of the pancre-
atic tissue were processed for immunolocalization [22]. Briefly, 
after deparaffinization, the sections were dehydrated by pass-
ing through a series of decreasing concentration of ethanol. 
Permeabilization was done using 50% chilled methanol (v/v in 
water), and the sections were incubated at 37 °C for 1 h using 
4% serum for the non-specific blocking. This was followed by 
overnight incubation with primary antibodies for IL-6 (Santa 
Cruz Biotechnology Inc., Santa Cruz, CA, USA), IL-1β (Santa 
Cruz Biotechnology Inc.), TNF (BD PharMingen, San Jose, 
CA, USA), collagen (Santa Cruz Biotechnology Inc.), and am-
ylase (Santa Cruz Biotechnology Inc.) at a dilution of 1:100 in 
a humified chamber. After washes to remove excess unbound 
antibodies, samples were then incubated with the correspond-
ing anti-rabbit or anti-goat secondary antibodies (Santa Cruz 
Biotechnology Inc.). The fluorescent images were visualized 
on Leica TCS SP5 series confocal microscope and quantitated 
as relative fluorescence unit (Leica, Mannheim, Germany). The 
immunostained sections stained with diamino benzoate (DAB), 

and counterstained with hematoxylene were captured using 
Leica CTR 4000 (Leica, Mannheim, Germany). Immunostain-
ing intensity for collagen was quantified by determining the 
reciprocal intensity using Image J software [23]. The immuno-
fluorescence was measured by Leica Qwin software.

Real-time PCR

Total RNA was isolated and cDNA was prepared as per the 
protocol of Venkatesan et al [16]. Primers were designed with 
the aid of PrimerQuest software (Integrated DNA Technolo-
gies, Coralville, IA, USA). PCR was carried out to analyze the 
expression of TNF-alpha. qPCR was performed using a CFX 
96 touch real-time PCR system (Biorad, Italy). Samples were 
run as triplicates in a 96-well PCR plate (Biorad, Italy). Each 
assay (15 µL total volue) contained nuclease free water (5 - 10 
µL), cDNA template (2 ng/µL), and gene-specific primers (4.5 
pm/µL). Specificity of the PCR products was confirmed by the 
melting curve program with temperatures in the range of 60 - 
95 °C with a heating rate of 0.5 - 0.05 °C/s and a continuous 
florescence measurement. The data were analyzed with bio-
logical replicates for each group and subtracting the Ct value 
of target gene from that of reference gene β-actin to obtain the 
ΔCt. We have used the unpaired t-test to yield the estimation 
of ΔΔCt [16]. Relative differences in gene expression between 
treatment with L-arginine (groups 3 and 4) were represented 
as fold change. The statistical significance (P < 0.05 by t-test) 
is indicated by an asterisk (*) and ($). The data presented here 
are in compliance with MIQE guidelines [24].

The primers were β-actin (sense: 5’-tgtgatggtgggaatggg 
tcag-3; antisense: 5’-tttgatgtcacgcacgatttcc-3’) and TNF-alpha 
(sense: 5’-gcaaaccaccaagcagag-3’; antisense: 5’-cggagaggag-
gctgactt-3’) [18].

Primary islet cell culture

Islets were isolated from the pancreatic tissue under sterile 
conditions (as per the protocol of Venkatesan et al (2012). 
Briefly, the pancreas were removed aseptically without dis-
turbing the surrounding connective tissues in cold RPMI-1640 
(GIBCO) pH-7.2 containing antibiotics (100 units/mL peni-
cillin, 0.2 mg/mL streptomycin, and 2.5 mg/L amphotericin). 
The tissue was minced finely to obtain approximately 1 mm 
pieces, and digested with 0.5 mg/L filter sterilized collagenase 
solution prepared in RPMI-1640 medium. The digest was sub-
jected to several washes and the cellular pellet (> 95% islets) 
was suspended in DMEM with 10% FBS and maintained for 
48 h in optimal culture conditions as per Venkatesan et al [15].

Primary acinar cell culture

Pancreas were removed quickly using asceptic methods and 
the tissue was minced into small fragments and digested in 
DMEM medium containing collagenase V (0.5 mg/mL) at 37 
°C for 30 min with constant shaking as described by the meth-
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od described earlier [25]. The digest was subjected to several 
washes and the cellular pellet (> 95% acinar) was suspended 
in DMEM with 10% fetal bovine serum (FBS) and maintained 
for 48 h in optimal culture conditions.

In vitro assays

Intracellular reactive oxygen species (ROS) levels were meas-
ured for all groups as described earlier [22]. Briefly, 150 islets 
were incubated in 10 µM dichlorofluorescein diacetate at 37 °C 
for 30 min and the resulting fluorescence was measured with ex-
citation of 495 nm and emission of 538 nm. Values were reported 
as fluorescence intensity unit (FIU). All values were corrected by 
subtracting autofluorescence for respective wells and fluorescent 
intensities were standardized as per the total protein content.

Inflammmatory markers and acinar cell cycle analysis: 
flow cytometry

Inflammmatory markers were assessed by flow cytometry. 
Briefly, 1 mL cell suspension (1 × 106 cells) was incubated for 
few minutes in rat specific Fc block solution (BD Biosciences, 
San Jose, CA, USA) followed by incubation with fluorescence-
tagged primary antibodies-CD11b-FITC (BD Biosciences), 
TNF-α-PE (BD Biosciences) and NF-κB-FITC (in 1:100 dilu-
tion) at 4 °C for 30 min in dark. Total of 10,000 events were 
acquired in FACS Aria II and data were analyzed using FACS 
Diva software. Values have been represented as average per-
centage positivity of cells carried out from three independent 
experiments performed in duplicates as reported earlier [13].

The acinar cell cycle was analyzed with flow cytometry. 
Briefly 1.0 × 106 cells/mL were fixed in 75% ethanol, washed 
in PBS and incubated with propidium iodide (3 g/L) containing 

RNase. The percentage of cells in G0-G1, S and G2-M phases 
was calculated using 488 nm red laser fluorescence and ana-
lyzed in BD FACS Aria II (BD Biosciences). Peak fluorescence 
was gated to discriminate aggregates. The cell cycle analysis 
was done using FACS Diva Software (BD Biosciences) [14].

In vitro glucose stimulated insulin secretion assay

Isolated islets (250) from all the groups were subjected to glu-
cose stimulated insulin secretion assay at basal (5.5 mmol/L 
glucose) followed by high glucose challenge (16.5 mmol/L 
glucose) as described by us earlier [18]. Briefly, primary islet 
cell cultures were incubated with KRBH buffer containing 5.5 
mM followed by 16.5 mM glucose for 1 h each at 37 °C. The 
insulin secretion was estimated using an ultra-sensitive rat in-
sulin ELISA kit (Mercodia, Uppsala, Sweden).

Results

Pancreatitis induction

L-arginine administration (350 mg/100 g body wt) had signifi-
cant impact on the animals, as demonstrated by an increase in 
serum lipase and amylase levels in both controls and WNIN/
Gr-Ob rats. However, the levels were significantly higher in 
WNIN/Gr-Ob rats as compared to the controls (Table 1).

Pancreatitis induction/biochemical assays

L-arginine administration induced AP in WNIN/Gr-Ob and 
control rats as demonstrated by an increase in serum lipase and 

Table 1.  Effect of L-Arginine Administration on Biochemical Parameters in WNIN and WNIN/GR-Ob Rats

Parameter WNIN WNIN + L-arginine WNIN/GR-Ob rats WNIN/GR-Ob  
rats + L-arginine

Amylase (U/L) 1,665 ± 286.6 4,605 ± 169.5 2,305 ± 431 6,350 ± 93.18#$ѱ

Lipase (U/L) 46.17 ± 2.548 80 ± 5.298 61.50 ± 6.168 113.3 ± 3.896#$ѱ

Aspartate aminotransferase (U/L) 96.28 ± 2.157 154 ± 5.784 160.1 ± 6.670 264 ± 8.453#$ѱ

Alanine transaminase (U/L) 40.37 ± 0.7911 76.12 ± 4.406 61.90 ± 2.651 148 ± 4.862#$ѱ

Alkaline phosphatase (U/L) 236.8 ± 7.709 443.7 ± 10.74 316.7 ± 2.092 961.7 ± 12.56#$ѱ

Globulin (g/dL) 3.383 ± 0.101 2.650 ± 0.076 4.633 ± 0.080 3.633 ± 0.130
Albumin (g/dL) 4.117 ± 0.07 3.667 ± 0.07 4.917 ± 0.174 3.733 ± 0.05
A/G ratio 1.356 ± 0.07 1.303 ± 0.01 1.139 ± 0.01 0.918 ± 0.028#$ѱ

Total bilirubin (mg/dL) 0.350 ± 0.034 0.6500 ± 0.034 0.06500 ± 0.056 1.283 ± 0.079#$ѱ

Creatinine (mg/dL) 0.600 ± 0.023 0.810 ± 0.026 0.706 ± 0.031 0.916 ± 0.052#$ѱ

TBARS-serum (nM/mL) 14.23 ± 0.554 24.52 ± 1.260 29.40 ± 1.878 48.75 ± 2.447#$ѱ

TBARS-pancreatic (nM/mg protein) 0.493 ± 0.016 0.747 ± 0.030 0.933 ± 0.009 1.396 ± 0.107#$ѱ

# indicates significant change (P < 0.05) as compared to control rats. $ indicates significant change (P < 0.05) as compared to L-arginine treated 
controls and ѱ indicates significant change (P < 0.05) as compared to WNIN/Gr-Ob with saline treatment.
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amylase levels. However, no significant difference was found 
in amylase and lipase levels in WNIN/Gr-Ob and control rats 
at basal conditions (Table 1).

Interestingly, L-arginine administration also resulted in 
extra-pancreatic damage including liver and kidney, measured 
by liver function tests and urea levels. In addition, L-arginine 
administration decreased albumin/globulin (A/G) ratio, dem-
onstrating decreased synthetic function of the liver (Table 1). 
Furthermore, induction of pancreatitis altered renal functions 
and upregulated inflammation with an increase in the global 
oxidative marker such as TBARS, along with creatinine and 
urea. These changes were profound in WNIN/Gr-Ob with L-
arginine administration as compared to control rats (Table 1).

Histopathology

At the cellular level, L-arginine administration resulted in aci-
nar cell necrosis in both WNIN/Gr-Ob and control rats. How-
ever, acinar cell necrosis was more severe in WNIN/Gr-Ob 
as depicted in Figure 2a. Amylase staining showed that ad-

ministration of L-arginine increased heterogeneity of amylase 
staining in both WNIN/Gr-Ob and WNIN rats. However, the 
heterogeneity was higher in L-arginine administered WNIN/
Gr-Ob as compared to WNIN rats treated with L-arginine (Fig. 
2b). At the tissue level, there was no evidence for the presence 
of collagen in the pancreatic tissue (acinar and islet region) of 
WNIN/GR-Ob and control rats. However, L-arginine induced 
collagen deposition which was significantly higher in WNIN/
Gr-Ob compared to control rats (Fig. 2c). These observations 
do illustrate for the characteristic of AP and chronic pancreati-
tis like changes exemplified with fibrotic lesions [26]. Further, 
L-arginine administration increased vacuoalation in hepatic 
tissue of WNIN/Gr-Ob as compared to control rats (Fig. 2d), 
indicating more severe liver injury in WNIN/Gr-Ob rats [27].

Oxidative stress markers

It has been well documented that free radicals are mediators of 
pancreatic damage in AP and their levels correlate with extent 
of tissue damage. Increased TBARS and ROS are markers for 

Figure 2. Pathological changes. (a) H&E staining showed increased acinar cell necrosis in WNIN/Gr-Ob administered with 
L-arginine. (b) Homogenous amylase staining was seen in WNIN rats administered with saline. Administration of L-arginine in 
WNIN/Gr-Ob and WNIN rats demonstrated increased heterogeneity of amylase staining. The heterogeneity was higher in L-
arginine administered WNIN/Gr-Ob as compared to WNIN rats administered with L-arginine. (c) Increased collagen staining was 
observed in WNIN/Gr-Ob treated with L-arginine as compared to other groups. (d) L-arginine increased vacuoalation in hepatic 
tissue of WNIN/Gr-Ob rats as compared to control rats. # indicates a significant increase (P < 0.05) as compared to WNIN rats 
treated with saline, $ denotes a significant increase (P < 0.05) as compared to L-arginine treated WNIN rats, and ѱ indicates a 
significant increase (P < 0.05) as compared to mutants with saline treatment.



Articles © The authors   |   Journal compilation © Cell Mol Med Res and Elmer Press Inc™   |   www.thecmmr.org66

Pancreatic Stress in WNIN/GR-Ob Mutant Rats Cell Mol Med Res. 2023;1(2):61-72

Figure 3. Oxidative stress. (a) ROS was highest in WNIN/Gr-Ob rats as compared to other groups. (b) Lowest superoxide 
dismutases level-antioxidant enzyme was observed in WNIN/Gr-Ob administered with L-arginine compared to other groups. 
(c) Pronounced decrease in catalase levels (antioxidant) was observed in L-arginine-induced pancreatitis in WNIN/Gr-Ob rats 
compared to other groups. *P < 0.05.

Figure 4. Inflammatory markers. (a) Relative TNF-alpha mRNA levels among the groups are presented as fold changes. mRNA 
levels for TNF-alpha were significantly upregulated in WNIN/Gr-Ob rats administered with L-arginine. (b) WNIN/Gr-Ob rats ad-
ministered with L-arginine also showed increased IL-1b protein levels in the serum. (c) Immunolocalization of IL-6, IL-1beta and 
TNF-alpha in pancratic tissues of all animal groups. # indicates a significant change (P < 0.05) as compared to WNIN rats treated 
with saline, $ denotes a significant change (P < 0.05) as compared to L-arginine treated WNIN rats, and ѱ indicates a significant 
change (P < 0.05) as compared to WNIN/Gr-Ob with saline treatment.
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oxidative stress caused by increased generation of free radi-
cals. We observed increased TBARS (Table 1) and ROS lev-
els in the pancreatic tissues of WNIN/Gr-Ob rats in both basal 
and with L-arginine induction as compared to their respective 
controls (Fig. 3a), which is in line with previous findings [18].

Decreased antioxidant levels are an indicator of increased 
ROS generation and progression of pancreatitis. A significant 
decrease in SOD levels (Fig. 3b) and catalase (Fig. 3c) was 
demonstrated in WNIN/Gr-Ob rats with L-arginine treatment. 
Interestingly, WNIN/Gr-Ob at basal conditions (saline treat-
ment) also demonstrated decreased antioxidant status as com-
pared to control rats.

Inflammatory markers

L-arginine treatment enhanced TNF-alpha mRNA expression in 
both WNIN and WNIN/Gr-Ob rats and the highest TNF-alpha 
mRNA levels were detected in WNIN/Gr-Ob rats treated with 
L-arginine (Fig. 4a). There were significantly higher circulating 
levels of TBARS (Table 1) and IL-1β (Fig. 4b) in WNIN/Gr-Ob 

treated with L-arginine as compared to WNIN rats administered 
with saline or L-arginine. Even at the basal conditions, higher 
levels of IL-1β and TBARS in WNIN/Gr-Ob rats were seen as 
compared to control rats (Table 1 and Fig. 4b). These results dem-
onstrate that L-arginine treatment expediated the inflammatory 
response in WNIN/Gr-Ob rats compared against the control rats.

In similar lines, expression levels of inflammatory mol-
ecules (IL-6, IL-1β and TNF) in exocrine fraction of WNIN/
Gr-Ob rats were significantly higher when administered with 
L-arginine as confirmed by immunohistochemistry (Fig. 4c).

The expression of TNF-alpha, NF-κB in acinar cells and 
macrophage CD11b was measured by FACS. L-arginine treat-
ment resulted in an increase of all these proteins in cells from 
WNIN as well as WNIN/Gr-Ob rats, but a higher increase was 
detected in cells from WNIN/Gr-Ob rats compared with those 
from WNIN rats (Fig. 5).

Cell cycle analysis

Administration of larginine increased acinar cells in G1 phase 

Figure 5. Expression of inflammatory markers (TNF, CD11b and NF-κB) assessed by flow cytometry. Increased TNF, CD11b and 
NF-κB expression was detected in WNIN/Gr-Ob administered with L-arginine as compared to other groups. A representative flow 
cytometric histogram for each molecule detected in each group was shown in left panels. Shown in the right plots were results of 
three independent assays for each molecule from all groups of animals.
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in both WNIN/Gr-Ob rats and control rats. However, at basal 
conditions (saline treatment) controls had more cells in “S” 
phase and WNIN/Gr-Ob had more cells in G2/M phase (Fig. 
6).

Islet characteristics

L-arginine treatment induced increased expression of IL-6 and 
IL-1β (immunohistochemistry) in islets of WNIN/Gr-Ob rats 
compared to controls rats. However, increased expression of 
IL-6 and IL-1β were also demonstrated in the islets of WNIN/
Gr-Ob at basal conditions, indicating the preinflammatory mi-
lieu in WNIN/Gr-Ob rats compared to control rats (Fig. 7a).

Insulin secretion assay

Insulin secretion of the islets is an important hall mark status 
of its functional response [18]. L-arginine administration al-
tered insulin secretion in both control and WNIN/Gr-Ob rats. 
However, the magnitude of decrease with insulin secretion was 
greater in WNIN/Gr-Ob rats as compared to control rats (Fig. 
7b, c).

Discussion

AP is an inflammation disease of the exocrine gland of pan-
creas causing systemic as well as local complications, needing 
emergency and hospital admission [28]. Studies have demon-

strated that MS is associated with the precipitation and severity 
of AP [29]. Our previous studies have also reported increased 
episodes of obesity-associated neurodegeneration, cataract, 
cancer, infertility and immune dysfunction and accelerated 
aging in WNIN/Gr-Ob rats [30]. In line with our hypothesis, 
L-arginine treatment caused significantly higher alterations in 
histopathological/biochemical parameters in WNIN/Gr-Ob 
as compared to their parental control rats. This has been evi-
denced by 1) increased acinar cell necrosis, 2) increased serum 
amylase and lipase, 3) higher hepatic damage, 4) altered liver 
function test, 5) increased kidney damage, 6) increase in serum 
urea and creatinine, 7) altered distribution of pancreatic cells, 
8) increased vacoulation and irregular islets, and 9) mild fibro-
sis in exocrine regions.

L-arginine is a choice of molecule to induce AP as it caus-
es dose-dependent selective necrosis of acinar cells by ROS 
and ER stress, also by inhibiting polyamine synthesis in acinar 
cells resulting in inhibition of protein metabolism [31, 32]. Se-
verity of AP has been predicted by the magnitude of local and 
systemic inflammatory cytokine production [33] and several 
reports have well documented for over activation of leukocytes 
being the major contributor of inflammation leading to multi-
ple organ dysfunction syndrome [34]. Interestingly, we have 
earlier reported for the predominance of the inflammatory mi-
lieu of the pancreas [17, 18], adipose [35] and bone marrow in 
WNIN/Gr-Ob rats [14] and probably this may be an important 
confounding factor to predispose WNIN/Gr-Ob rats toward 
development of pancreatitis, as compared to their age-matched 
parental control rats [17]. Interestingly, among inflammatory 
cytokines, IL-1, TNF-α , IL-6 and IL-8 are the major cytokines 
that initiate and propagate detrimental consequence of AP such 

Figure 6. Cell cycle analysis of isolated acinar cells. The figure shows the effect of L-arginine admininistration on acinar cell 
cycles. The data were computed from three independent experiments.
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Figure 7. Islet characteristics. (a) Immunolocalization of IL-1β and IL-6 in islets revealed upregulated levels of both molecules in 
WNIN/Gr-Ob administered with L-arginine as compared to other groups. (b) Insulin secretion assay revealed decreased insulin 
secretion at basal levels both in WNIN/Gr-Ob as well as WNIN rats when admininistered with L-arginine. (c) Stimulatory index 
was also decreased in WNIN and WNIN/Gr-Ob rats when L-arginine was administered. # indicates a significant change (P < 
0.05) as compared to WNIN rats treated with saline, $ denotes a significant change (P < 0.05) as compared to L-arginine treated 
WNIN rats, and ѱ indicates a significant change (P < 0.05) as compared to WNIN/Gr-Ob with saline treatment. * indicates a 
significant reduction compared to saline treated animals.

Figure 8. L-arginine induces severe acute pancreatitis in WNIN/GR-Ob rats. The pancreatitis induction may be attributed to 
increased necrosis of acinar cells and inflammatory cytokines leading to increased systemic inflammation and islet dysfunction.
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as severe inflammation and sepsis [36]. In the present study, 
WNIN/Gr-Ob treated with L-arginine showed increased ex-
pression of inflammatory markers: CD11b, TNF-α, IL-1β, IL-
6, NF-κB, compared to control rats in acinar as well as islets 
(Figs. 4, 5 and 7), suggesting the inflammatory milieu in the 
pancreas. In similar lines increased severity of pancreatitis was 
also observed in diet-induced obese mice when administered 
with IL-12 and IL-18 [37].

Increased expression of Cd11b - a marker of macrophages 
[38] seen with L-arginine admininistration in WNIN/Gr-Ob 
rats, might be due to increased influx of inflammatory cells in 
the exocrine fraction via adhesion molecules [17]. In agree-
ment, our published data from genome-wide expression from 
the pancreas of WNIN/Gr-Ob rats further confirm the pre-
dominance of ER stress, as the major inflammatory response 
underlying in WNIN/Gr-Ob rats [17]. In addition, inflamma-
tory cytokines and transcription factors have also been shown 
to be upregulated in taurocholate-induced AP in obese zucker 
rats leading to increased oxidative stress, fat necrosis and iso-
prostanes levels, as compared to lean controls [7].

Increased free radical induced oxidative stress plays a piv-
otal role in pathogenesis of many diseases including obesity, 
T2D and AP [7, 39-43] leading to macromolecular damage 
(DNA, protein and lipids), inflammation, ER stress and necro-
sis of acinar cells [44]. Interestingly, amongst all the organs, 
pancreas are equipped with weak antioxidant mechanism(s) 
and deleterious effects of oxidative stress can be prevented 
by antioxidative enzymes [22], thus helping in maintenance 
of ROS levels to normal physiological concentrations. Endog-
enous antioxidant defense system regulates the level of ROS 
to maintain normal physiological homeostasis of free radical 
scavengers. CAT and SOD provide significant protection to 
pancreas [45]. SOD removes superoxide radicals by convert-
ing them into H2O2 that is rapidly converted to water by CAT. 
Therefore, decrease in activity of these enzymes in WNIN/Gr-
Ob rats at basal conditions, may be a primary reason for the 
acceleration of the pancreatic injury presently observed with 
L-arginine induction (Fig. 8). Co-precipitating of fibrotic le-
sions as demonstrated by collagen expression in acinar cells 
may be attributed to defence mechanism against inflammatory 
cytokine-induced pancreatic injury and inflammation [26]; in-
terestingly, the collagen expression was restored when pancre-
atic inflammation was relieved [46].

Exocrine and endocrine components are structurally and 
functionally interrelated. Diseases of exocrine pancreas such 
as chronic pancreatitis and AP adversely affect endocrine func-
tion and may lead to diabetes [47]. Pancreatitis and secondary 
diabetes are observed in WBN/KOb rats [48] and severity of 
pancreatitis and diabetes increases in WBN/Kob-Leprfa strain 
with homozygous fa/fa trait (genetic obesity), as compared to 
parental WBN/KOb rats. These homozygous (fa/fa) WBN/
Kob-Leprfa rats with obesity develop pancreatitis at the age 
of 7 - 9 weeks compared to 3 months in WBN/Kob rats, and 
develop diabetes by the age of 3 - 4 months as compared to 9 
months in male WBN/Kob rats [49]. In par with these studies, 
the propensity to increase the levels of inflammatory cytokines 
(IL-6 and IL-1β) expression in islets of WNIN/Gr-Ob rats 
were exacerbated with L-arginine administration in mutants.

Islet function is assessed by its ability to respond to glu-

cose challenge [22], and very interestingly the stimulatory re-
sponses of the islets were attenuated in WNIN/Gr-Ob admin-
istered with L-arginine compared to control rats. We also have 
earlier reported for an impaired response in WNIN/Gr-Ob rats 
at basal condition [18]. Probably, these perturbations noted 
with islet cell functions could be a multifactorial effect and can 
be attributed to a reduced threshold of the beta-cells reported 
under MS [18] that can all be accelerated with the induction of 
AP by L-arginine. Further studies are needed to gain an insight 
to delineate the endocrine-exocrine cross-talk underlying in-
flammation in WNIN/Gr-Ob rats.

Conclusion

Obesity is associated with increased severity of pancreatitis. 
Pancreatic inflammation present at basal state predisposes the 
obese rats to severe acute pancreatitis. We here demonstrate 
the promise(s) of WNIN/Gr-Ob rats to study the pathophysi-
ology of AP with L-arginine induction, as our study is in line 
with human studies.
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