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Abstract: L-arginine is a semi-essential amino acid that found naturally in food. It has been shown that administra-
tion of large doses of L-arginine can induce acute pancreatitis. In the present study, we evaluated if simvastatin, 
a 3-hydroxy-methylglutaryl coenzyme A reductase (HMG-CoA reductase) inhibitor, might prevent acute pancreatitis 
induced by L-arginine. Thirty male Wistar rats were randomly allocated to five groups. Groups were: DMSO, saline, 
simvastatin, L-arginine, and simvastatin with L-arginine. Twenty four hours after the last dose, rats were sacrificed 
and their blood was collected from heart for biochemical analysis. Pancreatic tissues were obtained for analysis of 
glutathione peroxidase (GPx), glutathione s-transferase (GST), lipid peroxide levels (MDA) and histology analysis was 
examined for pancreas. Results indicated that treatment with simvastatin significantly enhanced levels of GPx and 
GST and decreased lipid peroxide levels induced by L-arginine compared to the vehicle. Moreover, histopathological 
analysis further confirmed that administration of simvastatin relatively prevented pancreatic acinar cell damage 
compared to those animals received L-arginine alone. These findings pointed out the protective role of simvastatin 
against acute pancreatitis induced by high doses of L-arginine. 
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Introduction

Acute pancreatitis (AP) is an acute inflammato-
ry disorder of the pancreas with variable 
involvement of other regional tissues [1]. The 
most common symptoms of AP are acute 
abdominal pain and increased concentration of 
serum lipase and amylase [2]. AP is a reversible 
inflammatory disorder that varies in severity, 
ranging from focal edema and fat necrosis to 
widespread hemorrhagic parenchymal necro-
sis [3, 4]. It is relatively common, with an annu-
al incidence of 10 to 20 per 100,000 people in 
the Western world. Approximately 80% of cases 
are attributed to either biliary tract disease or 
alcoholism.

The basic alterations in AP include microvascu-
lar disturbances causing edema, fat necrosis, 
acute inflammatory reaction, destruction of 
pancreatic parenchyma, and destruction of 
blood vessels leading to interstitial hemorrhage 
[4, 5]. These alterations are largely due to acti-
vation of digestive proteases, proinflammatory 

cell infiltration, release of inflammatory cyto-
kines, and generation of free radicals. In milder 
forms, histological alterations include intersti-
tial edema and focal areas of fat necrosis in the 
pancreatic substance and peripancreatic fat. 
Fat necrosis results from enzymatic destruction 
of fat cells where the released fatty acids com-
bine with calcium to form insoluble salts that 
precipitate in situ [4, 5]. 

As a model, it has been shown that large doses 
of L-arginine induce acute pancreatitis [6]. A 
single dose of 500 mg/kg L-arginine is known 
to induce necrotizing pancreatitis in rats and it 
is found that such dose can selectively induce 
pancreatic acinar cell damage without any mor-
phological changes in the islets of Langerhans 
[6, 7]. L-arginine-induced AP model is highly 
reproducible and produces selective, dose-
dependent acinar cell necrosis [8]. 

L-arginine is the precursor for the endogenous 
synthesis of nitric oxide (NO). NO is a highly 
reactive radical gas and an important messen-
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ger molecule that is involved in functions such 
as neurotransmission, inflammation, and regu-
lation of gene expression. Additionally NO is a 
powerful vasodilator and can increase blood 
flow. The mechanism by which L-arginine 
causes AP is still unknown but it has been pro-
posed that oxygen/nitric oxide, and inflamma-
tory cytokines may be involved in the develop-
ment of the disease [9].

HMG-CoA reductase is the enzyme that cataly-
ses the conversion of HMG-CoA in mevalonate 
and this is the limiting step in the cholesterol 
synthesis. Statins are HMG-CoA reductase 
inhibitors used clinically in treatment of hyper-
lipidemia [10]. There are five statins in clinical 
use including lovastatin, simvastatin, pravas-
tatin, atorvastatin, and fluvastatin [11].

In addition to their antihyperlipidemic effect, 
statins have antioxidant activity against lipid 
peroxidation, anti-inflammatory effects, induce 
nitric oxide levels, impeding thrombogenesis by 
inhibiting activation of extrinsic coagulation, 
produce beneficial effects in hypertension, 
improving endothelial dysfunction, and provide 
additional cardioprotective effects [12].

The purpose of the present study was to evalu-
ate the protective effect of simvastatin against 
large dose L-arginine-induced acute toxicity of 
pancreas. 

Materials and methods

Animals and animal’s procedures

Male Sprague Dawley rats, weighing 160-210 
g, aged 8-12 weeks obtained from the central 
animal house of Jordan University of Science & 
Technology were used in this study. Animals 
were maintained at a constant temperature (23 
± 2°C) with light-dark cycles of 12/12 hour and 
free access to water and standard laboratory 
chow. Animals were randomly divided into five 
groups of six in each and experiments per-
formed after 12 hour fasting. Approval of the 
study was conducted by Institutional Animal 
Care Committee at Jordan University of Science 
and Technology (Irbid, Jordan).

Drugs administration

Drugs were administered orally using a ball 
tipped stainless steel gavage attached to a 
syringe. Simvastatin was dissolved in DMSO 

and L-arginine was dissolved in normal saline. 
Five experimental groups were established: 
Group I: 0.1% DMSO as vehicle, Group II: saline 
as normal control, Group III: simvastatin (1 mg/
kg), Group IV L-arginine (500 mg/kg), Group V: 
L-arginine (500 mg/kg) and simvastatin (1 mg/
kg). Animals in all groups received their medica-
tion on a daily basis except those in Group IV 
received L-arginine on the third day of the 
experiment and in Group V received daily simv-
astatin and given L-arginine on the third day of 
the experiment. 

Serum analysis

Animals in all groups were scarified in an ether 
chamber after 24 hr from the last application of 
the treatments. Blood samples were taken by 
intracardiac puncture and collected into hepa-
rinized tubes. Samples were centrifuged at 
3000 rpm for 10 min. The serum amylase and 
lipase were determined by routine colorimetric 
methods using commercial kits (Al-Far Medical 
Company, Irbid, Jordan) and expressed as U/L. 

Determination of glutathione peroxidase (GPx) 
and glutathione s-transferase (GST)

Kidneys were removed from each rat. One kid-
ney was homogenized with phosphate buffered 
solution (pH 7.2) to obtain a 1:5 (w/v) homoge-
nate. The homogenate was stored at -80°C, 
later thawed, and GST, catalase activities, and 
lipid peroxidation levels (MDA) were deter-
mined. GST activity was measured by monitor-
ing the rate of 1-chloro-2,4-dinitrobenzene con-
jugation with reduced glutathione at 340 nm 
[13]. Catalase activity was measured by moni-
toring the rate of hydrogen peroxide decompo-
sition at 240 nm [14]. Level of lipid peroxidation 
was determined at 532 nm by a method 
described earlier [15]. GST, catalase activities 
and lipid peroxidation levels were expressed in 
terms of protein content. Total protein concen-
tration (mg/ml) was estimated according to 
Bradford method (Figure 1) using bovine serum 
albumin standard curve [16].

Determination of lipid peroxidation

Following homogenization of pancreatic tissues 
in (0.1 M) phosphate-buffered saline (PBS), lev-
els of lipid peroxide in the homogenate samples 
were determined by a previously described 
method [15]. Briefly, 4 ml of a mixture contain-
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ing 1.5 ml of 20% acetic acid, 0.2 ml of 8.1% 
SDS, 1.5 ml of 0.8% TBA, 0.7 ml distilled water 
and 10 µl of the crude was prepared and incu-
bated at 95°C for one hour. After cooling, sam-
ples were centrifuged at 2500 rpm for 8 min-
utes. The optical density of the chromogen 
malondialdehyde (MDA) was then read at 532 
nm against blank containing distilled water 
instead of sample.

Pancreatic histopathology

One kidney was placed in 10% formaldehyde 
solution for histopathology examination by light 
microscopy. Fixed materials were washed in 
70% ethanol repeatedly. Dehydration was per-
formed by passing the materials in upgraded 
ethanol concentrations as follows: 80%, 90%, 

95% and absolute (two hours in each change), 
and then cleared in xylene for 20 min. Infiltration 
was carried out using paraffin wax (melting 
point 49°C), embedding of the samples with 
pure melted paraffin wax was achieved by pour-
ing it in cassettes in order to make blocks. 
Blocks were then trimmed and they were seri-
ally sectioned using a wild microtome at 5 µm 
thickness. Glass slides were used to collect the 
serial sections floating in distilled water and 
placed on a hot plate for stretching. Serial sec-
tions were stained using Ehrlich hematoxylin 
and Eosin stains (H & E). The stained sections 
were mounted with Canada balsam and cov-
ered with cover slip, examined on CX31 micro-
scope. Images were captured using DP20 cam-
era set from Olympus™. DP20 is a 2 Megapixel 
color CCD digital microscope camera, with a 

Figure 1. Bradford standard curve for total protein 
concentration, using eight different concentrations 
of bovine serum albumin along with blank cont- 
aining Bradford solution and same volume of buf- 
fer. The standard curve is linear with equation 
(Y=0.6543X+0.0069) and goodness of fit (R2= 
0.9878).

Figure 2. The effect of L-arginine (500 mg/Kg) and/
or simvastatin (1 mg/Kg) on plasma lipase activity 
for 5 days. (n=6). Values are means ± SEM. Analysis 
of variance (ANOVA), aP<0.05 compared with saline 
group, bP<0.05 compared with the L-arginine group. 

Figure 3. The effect of L-arginine (500 mg/Kg) and/
or simvastatin (1 mg/Kg) on plasma amylase activity 
for 5 days. (n=6). Values are means ± SEM. Analysis 
of variance (ANOVA).

Figure 4. The effect of L-arginine (500 mg/Kg) and/
or simvastatin (1 mg/Kg) on GPx activity for 5 days. 
(n=6). Values are means ± SEM. Analysis of vari-
ance (ANOVA), aP<0.05 compared with saline group, 

bP<0.05 compared with the L-arginine group. 
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resolution of 1600 x 1200 pixels, and pixel size 
of 4.2 µm x 4.2 µm.

Statistical analysis

Results were analyzed using the SPSS soft-
ware, and expressed as a mean ± Standard 
error (SE). The data was analyzed using one-
way analysis of variance (ANOVA). A P-value of 
less than 0.05 was considered statistically 
significant.

Results

Results in the present study showed no mortal-
ity in animals during the study period. Figures 2 
and 3 demonstrated that administration of 
L-arginine has significantly (P<0.05) increased 
plasma lipase activity with a slight increase in 
plasma amylase activity in comparison with 
saline group. While pre-treatment with simvas-
tatin at 1 mg/kg has significantly (P<0.05) 
inhibited these increases in lipase and amylase 
levels, simvastatin at 0.3 mg/kg did not affect 
their levels in animals treated with L-arginine 
(data not shown).

Figures 4 and 5 depict the effect of L-arginine 
on the antioxidant enzymes GPx and GST. 
Results indicated that L-arginine significantly 
(P<0.05) decreased their levels compared to 
the control group. Pre-treatment with simvas-
tatin at 1 mg/kg significantly (P<0.05) 
enhanced levels of both GST and GPx in rats 
receiving L-arginine. 

In order to assess pancreatic damage, levels of 
malondialdehyde (MDA), an end-product of lipid 
peroxidation, were measured in animals 
received different drug combinations. Results 
shown in (Figure 6) revealed that MDA levels in 
the L-arginine-induced acute pancreatitis group 
were significantly (P<0.05) higher when com-
pared to the saline-treated group. Pre-treatment 
with simvastatin at 1 mg/kg reduced the 
increase in MDA levels induced by L-arginine. 

Histological examination of pancreatic speci-
mens from animals treated with DMSO, saline, 
or simvastatin at 1 mg/kg presented no histo-
logical alterations within acinar cells (Figure 7). 
Administration of L-arginine resulted in a signifi-
cant disruption of normal architecture with cell 
vacuolization (Figure 7D) and fat necrosis in 
adipose tissues (Figure 7E). Simvastatin at 1 

mg/kg protected pancreas from histological 
damage induced by L-arginine and pathological 
scores were significantly decreased (Figure 
7F).

Discussion

The present study aimed to investigate the 
potential of large dose of L-arginine (as a model) 
to induce acute pancreatitis in rats and the pro-
tective effect of simvastatin. In accordance 
with the previous reports [17, 18], L-arginine 
induced acute pancreatitis as evidenced by a 
dramatic increase in plasma lipase levels, and 
to a lesser degree in amylase levels in L-arginine 
treated group. It has been shown early that 
lipase might be more specific biochemical 
marker than amylase for diagnosis of acute 
pancreatitis [19]. The increase in lipase levels 
was reversed by pre-administration of simvas-
tatin indicating that simvastatin might inhibit 
some signaling pathway involved in the devel-
opment of AP. 

Following AP, lipids are one of the main targets 
for free radicals damage. The later will induce 
lipid peroxidation by removing one hydrogen 
atom from polyunsaturated fatty acids and 
form hydroperoxides. As a result, perturbations 
in cellular fluidity and membrane integrity lead 
to disintegration of cells and necrotic cell death. 
Consequently, subcellular structures released 
into the extracellular media will induce several 
inflammatory events and further worsen the 
ongoing damage [1-4]. The MDA level in the 
simvastatin-treated pancreatitis group was 
found to be significantly lower compared to the 
L-arginine-treated group (p<0.05). These 
results suggest a protective effect against free 
radical-induced damage through inhibition of 
lipid peroxidation.

GST and GPx are known to protect the cell from 
oxidative injuries by neutralizing free radicals 
and peroxides. Tissue GST levels are rapidly 
decreased during pancreatic damage [6]. In our 
study, GST and GPx levels were significantly 
lower in the L-arginine-treated group than in the 
saline-treated group (p<0.05). These results 
were similar to those presented previously 
where antioxidant activity of simvastatin 
explored [6, 8, 20]. These effects might due to 
the potential of GST to conjugate free radicals 
including hydroxyl radicals, single oxygen, nitric 
oxide and peroxynitrite by formation thioether 
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bond, thus masking their reactivity. In addition, 
the antioxidant activity of GPx might due to 
neutralization of hydrogen peroxide into water, 
thus perturbing its oxidative activity.

Statins, which are 3-hydroxy-methylglutaryl coe- 
nzyme A reductase (HMG-CoA reductase) inhib-
itors, have been clinically used for treatment of 

hyperlipidemia. The HMG-CoA reductase is the 
enzyme that catalyses the conversion of HMG-
CoA in mevalonate, the limiting step in the cho-
lesterol synthesis. Moreover, it has been sug-
gested that statins might alter the inflammatory 
response independently of their lipid lowing 
effect. They can modulate the production of 
acute-phase proteins, endothelial leukocyte 

Figure 5. The effect of L-arginine (500 mg/Kg) and/
or simvastatin (1 mg/Kg) on GST activity for 5 days. 
(n=6). Values are means ± SEM. Analysis of vari-
ance (ANOVA), aP<0.05 compared with saline group, 

bP<0.05 compared with the L-arginine group.

Figure 6. The effect of L-arginine (500 mg/Kg) and/
or simvastatin (1 mg/Kg) on MDA levels for 5 days. 
(n=6). Values are means ± SEM. Analysis of vari-
ance (ANOVA), aP<0.05 compared with saline group, 

bP<0.05 compared with the L-arginine group. 

Figure 7. Effect of different drug combination on acinar cells and fat tissues. Specimen of pancreas showing effects 
of DMSO (A), saline (B), simvastatin (C), L-arginine on acinar cells and fat tissues (D & E), and simvastatin with L-
arginine (F). (H & E, X 400). 
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adherence, NO and macrophage activation, 
besides their immunomodulatory role [21, 22]. 

Several studies have reported that simvastatin 
is among the drugs that increase risk of AP [23-
28]. The incidence of simvastatin potential to 
induce AP seems clearly to be very rare, dose 
and treatment time-dependent [29]. In con-
trast, other reports explored the anti-inflamma-
tory effects of simvastatin. These effects were 
thought to be mediated by inhibition of mono-
nuclear cell adhesiveness, suppression of 
T-cell response, reduced expression of class II 
major histocompatibility complexes on antigen-
presenting cells, reduced chemokine synthesis 
in peripheral blood mononuclear cells and 
blocking the LFA-1/ICAM-1 interaction [30-33]. 
Thus, the differential effect of simvastatin 
might depend on simvastatin dose, biological 
system used, and duration of treatment.

Consistent with previous histological studies of 
pancreas, results in here showed that adminis-
tration of L-arginine caused cytoplasmic vacu-
olation within acinar cells, also the adipose tis-
sue around the pancreas showed fat necrosis 
[6]. Pretreatment with simvastatin inhibited 
L-arginine-induced inflammatory events in pan-
creas and pancreatic damage. These results 
emphasized that administration of simvastatin 
reduced the severity of inflammation and pro-
motes the spontaneous regeneration process 
of the pancreatic tissue as supported by histo-
logical examination.

Conclusion

The present study demonstrated that simvas-
tatin treatment provided a significant protec-
tive effect against L-arginine induced acute 
pancreatitis. Therefore, simvastatin can be 
considered a potential candidate to minimize 
acute pancreatitis induced by oxidative stress 
which is a major clinical problem with L-arginine 
intoxication. 
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