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ABSTRACT

Objective: Screening of alpha-pinene on L-arginine induced acute pancreatitis model. Material and Methods: In this
model the acute pancreatitis was determined at 24h by determination of pancreatic wet weight/body weight ratio,
nitrate/nitrite levels, lipid peroxidation (thiobarbituric acid reactive substances (TBARS)], proinflammatory cytokines
[tumor necrosis factor (TNF)-o, C-reactive proteins (CRP) and interleukin (IL)], pancreatic myeloperoxidase (MPO)
activity and serum levels of amylase and lipase. Results: Administration of L-arginine had induced pancreatitis
and this was characterized by pulmonary complication including altered pancreatic wet weight/body weight ratio,
nitrate/nitrite levels, proinflammatory cytokines, TBARS, MPO and serum levels of amylase and lipase. Treatment
with alpha-pinene (100 and 200mg/kg) dose significantly attenuated the L-arginine-induced pancreatitis and
related complication. Conclusion: The histological findings proved the amelioration of pancreatic injury by alpha-
pinene and biochemical parameters proved anti-inflammatory and antioxidant property of alpha-pinene.
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INTRODUCTION

Pancreatitis is defined as inflammation of
pancreatic gland. Although pathogenesis
is not yet clear, though oxidative stress,
microcirculatory disturbances and leuko-
cyte activation are major constituents of
acute pancreatitis. This further activates
digestive proteases, leukocytes and inflam-
matory infiltration. This leads to
release of various kinds of inflammatory
mediators, nitrogen species and reactive
oxygen species. Several factors are respon-
sible for the AP, like alcohol, gallstones,
hereditary  pancreatitis,
hypetlipidemia, malnutrition, abdominal
trauma, penetrating ulcers, malignancy,
drugs like steroids, sulfonamides, furo-
semide, thiazides, infections like mumps,
coxsackie virus, mycoplasma pneumoniae,
ascaris, Clonorchis, and structural abnor-
malities like choledochocele and pan-
creas divisum. Repeated attacks of acute

cell

hypercalcemia,

pancreatitis have the potential to develop
into chronic pancreatitis or pancreatic
cancer characterized by fibrosis and loss
of acinar cell function."” Despite medical
treatment, the lethality of severe acute pan-
creatitis is still high (20-30%). Mizunuma,
1984 had developed experimental models
of necrotizing pancreatitis by intraperi-
toneal administration of a high dose of
L-arginine in rats. This model produces
dose-dependent acinar cell necrosis and
is highly reproducible, hence used in pre-
clinical studies. Use of semi-synthetic and
synthetic treatment may leads to addic-
tion and photosensitivity skin reactions.
These semi-synthetic and synthetic treat-
ments are very expensive and not reliable.
Hence, there is need to explore potential
antioxidant and anti-inflammatory agents
available from natural sources, which are
cost-effective and have several advantages
than the synthetic and semisynthetic com-
pounds. Antioxidant, anti-inflammatory
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and anti-carcinogenic activities of alpha-pinene have
been reported.** Alpha-pinene is one of the common
monoterpenoids emitted from several aromatic plants
and has growth-inhibitory activity and inhibit the
nuclear translocation of NF-kB activity by upregula-
tion of IkBa expression.” Hence in this study the non-
toxic dose of alpha-pinene (100 and 200mg/kg) have
been used to evaluate the potential effect to ameliorate
pancreatic injury induced by L-arginine.

MATERIALS AND METHODS

Animals

Male Wistar rats (30) weighing, 180-200g obtained from
Mahaveer Enterprises, Hyderabad was maintained at a
constant room temperature (231£2°C) with 12:12h light-
dark cycles and free access to water and standard labora-
tory chow. The rats were randomly divided into 5 groups
of 6 in each and experiments were performed after
12h of fasting. All the experimental procedures were
carried out in accordance with Committee for the Pur-
pose of Control and Supervision of Experiments on
Animals (CPCSEA) guidelines. The study was reviewed
and approved by the Institutional Animal Ethics Com-
mittee (320/CPCSEA dated 03-01-2001), G. Pulla
Reddy College of Pharmacy, Hyderabad, India.

Chemicals: L-arginine (Sigma Aldrich Co Pvt Ltd,
USA), alpha-pinene (DestilacionesBordasChinchurreta
SA), hexadecyltrimethylammonium bromide (HETAB)
(Sigma Aldrich Co Pvt Ltd, Switzerland), o-dianisidin-
edihydrochloride, thiobarbituric acid (TBA) (Sigma
Aldrich Co Pvt Ltd, Germany), Griess reagent (Sigma
Aldrich Co Pvt Ltd, Germany) and vanadium trichlo-
ride (Sigma Aldrich Co Pvt Ltd, USA) were procured
from Sigma Aldrich Chemical Co. All other chemicals
and reagents were of highest commercial grade avail-
able locally.

L-arginine powder: prepared as a solution by dissolv-
ing in 0.9% saline to a final concentration of 500mg/mL
and the pH was adjusted to 7 with 5N HCL Alpha-
pinene was prepared as a solution by dissolving in 3%
tween 80 and 0.9% saline to a final concentration of
100 and 200mg/mL and the pH was adjusted to 7 with
0.IN NaOH.

L-arginine-induced pancreatitis Acute
pancreatitis was induced in five groups of rats by two
intraperitoneal (ip) injections of L-arginine (2.5g/kg,
1h apart). One hour following the last injection of
L-arginine, the rats were treated orally as follows:
Group: 1 received the vehicle (3% Tween 80) of alpha-
pinene (vehicle control); Group: 2 and 3 were treated
with alpha-pinene (100 and 200mg/kg, respectively).

model:

Group: 4 acted as positive control and received
methylprednisolone (30mg/kg), all in a volume of
10mL/kg and Group: 5, received saline (0.9%, NaCl, ip)
in place of L-arginine and served as a normal control.
After 24h of the last injection of L-arginine or saline, a
midline laparotomy was performedin rats under ether
anesthesia and blood samples were collected from the
inferior vena cava, the rats were then exsanguinated, the
whole pancteas was quickly removed and stored at —=70°C
until use. The pancreatic weight/body weight ratio was
evaluated as an estimate of the degree of pancreatic

edema (mg/g).

MACROSCOPIC EVALUATION

Pancreas weight/body weight ratio: The pancreas
was removed immediately after the blood collec-
tion, trimmed free of fat and weighed. The pancre-
atic weight/body weight ratio (mg/g) was calculated
for each animal, to estimate the level of pancreatic
edema.’

Serum analysis: For serum analysis, blood samples
wetre centrifuged at 3000g at 4°C for 10min. The serum
amylase and lipase were determined by the enzyme-
colorimetric method using Automated Hitachi Analyzer,
with the use of commercial kits for amylase (Rapid diag-
nostics), lipase (Accurex diagnostics), C-reactive protein
and intetleukin-o and expressed as U/dL’

Biochemical estimations: Pancreatic total protein
content’ was determined. Myeloperoxidase activity,®
nitrate/nitrite level,”!® TBARS level,!! catalase activ-
ity,'*1* SOD level* and reduced GSH level”® were
measured.

Histopathological evaluation: Pancreas
removed immediately and part of it was fixed in 10%
neutral buffered formalin and embedded in paraf-
fin by standard methods. Paraffin sections of 5um
thicknesses were cut and stained with haematoxylin
and eosin, assessed under dark field microscope and
examined blind by a morphologist for grading histo-

pathological changes. Pancreatic damage was assessed

was

and scored by grading acinar cell degeneration,
interstitial inflammation, edema, and haemorrhage
as desctribed by schmidt’s standards'®"” with modifi-
cation as follows: Grading for edema was scaled as
0: absent or rare; 1: edema in the interlobular space;
2: edema in the intralobular space; 3: isolated island
shape of pancreatic acinus. Inflammation was scored
as 0: absent; 1: mild; 2: moderate; 3: severe. Acinar cell
necrosis was scored as 0: absent; 1: mild; 2: moderate;
3: severe. Parenchyma haemorrhage was scored as 0:
absent; 1: mild; 2: moderate; 3: severe. The maximum
score for acinar cell damage was 12.
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Statistical analysis:  Statistical analysis  was
performed by one way ANOVA followed by New-
man Keuls as post-hoc test using Graph pad Prism 5.
Values were presented as mean*SE. The difference
was considered to be statistically significant when
P<0.05.

RESULTS

Serum biochemical parameters and pancreatic
edema: Induction of pancreatitis resulted in significant
raise in the serum amylase, lipase and pancreatic edema.
Treatment with alpha-pinene (100 and 200mg/ kg) dose
dependently decreased the serum amylase, lipase and
pancreatic edema (Table 1).

Pancreatic MPO and total protein—Induction of pan-
creatitis resulted in significantly increased the pancreatic
MPO and decreased the pancreatic total protein levels.
Treatment with alpha-pinene (100 and 200mg/kg) dose

dependently reversed the change in pancreatic MPO
and total protein levels (Table 1).

Pancreatic, lung, liver and kidney MDA, nitrate/
nitrite, GSH and antioxidant enzymes catalase
and SOD: Induction of pancreatitis resulted in a
significant raise in MDA, nitrate/nitrite, catalase
and SOD and decline in GSH levels. Treatment with
alpha-pinene (100 and 200mg/kg) dose dependently
reversed the change in MDA, nitrate/nitrite, catalase,
SOD and GSH levels (Table 1).

Assessment of interleukins and C- reactive protein:
Induction of pancreatitis resulted in a significant raise in
interleukins, TNF-o and C- reactive protein. Treatment
with alpha-pinene (100 and 200mg/kg) dose dependently
decreased the interleukins and C- reactive protein (Table 2).

Pancreatic histology: Histological examination of nor-
mal control group (saline treated) showed normal archi-
tecture and absence of edema, neutrophil infiltration,
hemorrhage and necrosis (Fig 1). Whereas, pancreatic

Table: 1 Effect of Alpha-pinene on Pancreas Weight, Total Body Weight, Serum Amylase, Serum

Lipase, Total Nitrate, Total Protein, MDA, MPO and SOD After L-arginine Induced Acute Pancreatitis

Parameter/Groups N.C D.C STD PIN 100 PIN 200
Pancreas weight 870.3+15.36 1015+19.0* 911.3+18.83a 862+83.670 869+80.17c
Total body wt 187.5+4.889 192+3.578*  191.2+3.60 188+18.85 174+18.7
Pancreatic ind (x10-3)  4.652+1.26 5.286+1.57 4.769+1.32 4.58+1.28 4.99+1.24
Serum Amylase 2000+85.63 7667+349* 3317+£110.8a 2933+527.9a. 3200+460.
Serum Lipase 191.7+4.014 566.7+30.84*  346.7+39.210 233.3+27.330 250+24.490
Total Nitrate 11.87+1.372 16.07+1.462* 7.060.390 0.85+0.7960. 0.71+0.8530
Total Protein 0.73+0.032 0.355+0.037* 0.91£0.067a 0.730.020 0.82+0.050
Kidney GSH 0.47+0.011 0.284+0.04* 0.71£0.0140 0.10+0.049 0.10+0.0610.
Liver GSH 0.48+0.010 0.284+0.04* 0.67+0.03c 0.10£0.049 0.08+0.060y
Lung GSH 0.50+0.020 0.284+0.04* 0.67+0.03c 0.08+0.039y 0.10£0.0473
Pancreas GSH 0.48+0.011 0.284+0.04* 0.67+0.03c 0.10+0.049 0.08+0.0600.
Kidney MDA 105.6+13.67 170.9+10.45*  135.2+16.42f3 121.6+17.5a 129.4+13.55a
Liver MDA 105.6+13.67 170.9£10.45*  135.2+16.42y 119.6+17.540 126.9+16.51B
Lung MDA 14.95+0.66 17.09+1.04 9.82+1.04p 13.23+1.291a 14.24+1.620.
Pancreases MDA 1.62+0.6615 1.04£0.4267*  2.39+0.97560. 1.75£0.71a 1.35+£0.553
Pancreas MPO 47521 32.8+4.7* 6.2+2.20. 19.2+3.70 14.2+3.70
Lung MPO 7.7£0.9402 38.92+2.259*  10.62+1.5120 26.15+3.48a 16.98+2.0430
Liver MPO 7.883+0.5419 31.73+£2.223* 11.6+1.9130 28.2+3.4260. 17.38+1.533a
Kidney MPO 7.883+0.5419 32.52+4.093*  6.953+1.0430 21.65+2.2940, 15.1£2.4940.
Pancreas Catalase 0.33£0.13 0.41+£0.1707*  0.19+0.07 0.1840.07 0.12+0.05a
kidney SOD 2.33+0.95 1.50+0.6146 2.61+1.06 Bo 1.63+0.66 1.17110.47
Liver SOD 0.83+0.34 1.01+£0.4153 1.97+0.80a. 1.323+0.54p 1.63+0.66
Lung SOD 1.04+0.42 1.03+0.42* 3.44+1.400 1.04+0.42 2.25+0.91a
Pancreases SOD 2.09+0.85 1.51£0.6191*  1.4910.610 1.50+0.614y 1.04+0.42

*p < 0.0001 when compared with normal control, op< 0.0001, Bp< 0.001, Yp< 0.01 when compared with disease control group. Pl1oo: alpha-pinene
100 and Pl200: alpha-pinene 200mg/kg. [Values are mean + SEM from 6 animals in each group]
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Table: 2 Effect of Alpha-pinene on IL-6, TNF-o. and CRP After L-arginine Induced Acute

Pancreatitis

Parameter/Groups NC DC PIN1 PIN2

IL-6 29.3+1.569 90.48+1.689* 66.9+1.131 35.35+2.464y
TNF-a 19.33+1.541 26.32+3.036 21.9+1.987 17.35+1.383
CRP 415.317.762 16403+119* 7436163 562.8+17.44y

N.C- Normal Control, D.C- Disease Control, Plioo: alpha-pinene 100 and Pl2oo: alpha-pinene 200mg/kg. *P < 0.0001 when
compared with normal control, YP< 0.01 when compared with disease control group.

A. Normal Control C. Disease control 24 hrs haemorrhage

B. Standard Control D. Disease control 24 hrs Oedema & necrosis

F. Alpha-pinene 200mg/kg, ip, 24 hrs

E. Alpha-pinene 100mg/kg, ip, 24 hrs
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sections of disease control group showed extensive tissue
damage characterized by acinar cell degeneration, necro-
sis, edema, mononuclear cell infiltration, hemorrhage and
thus received significantly higher scores. Treatment with
alpha-pinene (100 and 200mg/kg) and methyl predniso-
lone (30mg/kg) ameliorated the inflammation, edema
and more significantly acinar cell degeneration and necro-
sis and protected the pancreas from L-arginine induced
damage. Treatment with alpha-pinene dose dependently
decreased the total pathological scores compated to dis-
ease control group.

Histopathology: Fig. 1-Effect of alpha-pinene on pan-
creatic histopathological changes after L-arginine induced
acute pancreatitis [(A) normal control, (B) standard control,
(C) disease control 24h hemorrhage, (D) disease control 24
h edema and necrosis, (E) alpha-pinene 100mg/kg, ip, 24,
(F) alpha-pinene 200mg/kg, ip, 24h] (H&EX200)

DISCUSSION

In the present study alpha-pinene (200mg/kg) signifi-
cantly attenuated pancreatitis in L-arginine induced
acute pancreatitis model. In eatlier report of Robbins,?
it was stated that, the serum amylase and lipase are
increased in the disease state. In consistent with pre-
vious reports alpha-pinene has significantly reduced
the raised level of acinar cell necrosis, serum amy-
lase and lipase.>'®! One of the important diagnostic
markers for acute pancreatitis are serum amylase and
lipase, which rise within four to eight hours of initial
attack and will be peak at 24 hours. Treatment with
alpha-pinene decreased the serum amylase and lipase
levels, indicating protective effect of alpha-pinene
at early stage of the disease progression. Pancreatic
markers like MPO, MDA, nitrite, catalase and SOD,
increases at the time of acute pancreatitis. With con-
sistent with previous, alpha-pinene decreased the level
of MPO, MDA, nitrite, catalase, SOD and marker of
neutrophil infiltration.”** In agreement with previous
reports®? induction of pancreatitis with L-Arginine
increased the pancreatic MPO levels. Inhibition of
the neutrophil infiltration can attenuate the pancre-
atic injury® Treatment with alpha-pinene signifi-
cantly decreased the pancreatic MPO levels probably
due to its anti-inflammatory action. One of the lipid
peroxidation marker, which is elevated in L-arginine
treated rats. Lipid peroxidation is a process medi-
ated by free radicals, which results in impairment of
the membrane functional and structural integrity™**
resulting in oxidative deterioration of polyunsaturated
fatty acids of cell membrane. It could be attributed to
the accumulation of free radicals proposed to be gen-
erated by L-arginine. The change in levels of catalase

and SOD remains controversial. Czako and Takacs®
reported the fall in these enzyme levels at 24 h. How-
evet, Szabolcs* reported the raised levels of these
enzymes. In consistent with Robbins,” in the pres-
ent study significant increase in SOD and catalase
level was observed. It indicates that oxidative stress
caused by L-arginine may up-regulate the activity of
antioxidant enzymes to facilitate rapid removal of
accumulated reactive oxygen and nitrogen species.”*
It is well known that GSH is found to be decreased
in L-arginine treated rats indicating enhanced oxida-
tive stress as the disease progresses.”® The role of NO
in the initiation and progression of acute pancreati-
7170 reported
that NO increase the pancreatic blood flow and/or
secretion in response to endothelium derived NO and
ameliorates the pancreatic dysfunction, others sug-

gested that NO aggravates pancreatic oxidative stress
30

tis remains controversial. Some studies

and damage. In agreement with previous reports,
in the present study significant increase in NO and
pancreatic edema was observed in L-arginine received
rats. Takacs®' demonstrated that, administration of
excess L-arginine could induce iNOS activity and
increase the NO levels in pancreas. The raised levels
of NO can increase vascular/micro capillary perme-
ability and may contribute to the pancreatic edema
and acinar cell damage. Alpha-pinene has signifi-
cantly restored the pancreatic MDA, nitrite, edema,
catalase, SOD and GSH in L-arginine received rats.
Passaglia® stated that acinar cells are the protein fac-
tory of the body. In acute pancreatitis, catabolism of
proteins could increase up to 80%. Consequently, a
sharp decline in protein content was observed in
pancreas. In consistent with report from Sidhu,” pan-
creatic total protein content, a marker of the tissue
damage was found to decrease in L-arginine received
Treatment with alpha-pinene
increased the total protein content. It is well known

rats. significantly
that the extent of pancreatic tissue damage in acute
pancreatitis correlates with the levels of inflammatory
mediators and free radicals. In agreement with
previous reports™ in the present study, histopatho-
logical assessments revealed that, induction of pan-
creatitis resulted in pancreatic damage characterized
by acinar cell necrosis, mono nuclear cell infiltration,
edema and haemorrhage. Treatment with alpha-pinene
protected the pancreas from L-arginine induced injury.
In conclusion, the present study suggests that treat-
ment with alpha-pinene significantly ameliorated the
severity of L-arginine induced pancreatitis by reduc-
ing the neutrophil infiltration and oxidative stress
markers and this effect may be due to antioxidant and
anti-inflammatory properties of the alpha-pinene.

Indian Journal of Pharmaceutical Education and Research | Vol 47 | Issue 4 | Oct-Dec, 2013 77



Sandeep Biradar, & Veeresh B.: Pre-Clinical Evolutionary Study of Alpha-Pinene in L-Arginine Induced Acute Pancreatitis in Rat.

REFERENCES

78

Robbins. K, Basic Pathology (Elsevier Publications, Chicago) 6" edition
1997; 902-28.

Robbins. K, Basic Pathology (Elsevier Publications, Chicago) 8" edition
2002; 675-6.

Hammer KA, Carson CF and Riley TV. Antifungal activity of the components
of Melaleucaalternifolia (tea tree) oil. Journal of Applied Microbiology 2003;
95, 853-60.

Rivas da Silva AC, Biological Activities of a-Alpha-pinene and B-Alpha-
pinene Enantiomers. Molecules 2012; 17:6305-16.

Zhou JY, Tang FD, Mao GG, Bian RL. Effect of alpha-alpha-pinene on
nuclear translocation of NF-kappa B in THP-1 cells. Acta Pharmacol Sin.
2004; 25(4):480-4.

Melo CM, Carvalho KMMB, Neves JCDS, et al. a,f-amyrin, a natural
triterpenoid ameliorates L-arginine induced acute pancreatitis in rats. World
J Gastroenterol 2010; 16(34):4272.

Sidhu S, Pandhi P, Malhotra S, Vaiphei K and Khanduja KL. Melatonin
treatment is beneficial in pancreatic repair process after experimental acute
pancreatitis. Eur J Pharmacol 2010; 628:282.

Bradley PP, Priebat DA, Christensen RD and Rothstein G. Measurement of
cutaneous inflammation: estimation of neutrophil content with an enzyme
marker. J Invest Dermatol 1982; 78:206.

Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS and
Tannenbaum SR, Analysis of nitrate and nitrite in biological fluids. Anal
Biochem 1982; 126:131.

Gamal el-din AM, Mostafa AM, Al-Shabanah OA, Al-Bekairi AM and Nagi
MN. Protective effect of arabic gum against acetaminophen-induced
hepatotoxicity in mice. Pharmacol Res 2003; 48:631.

Ohkawa H, Ohishi N and Yagi K. Assay for lipid peroxides in animal tissues
by thiobarbituric acid reaction. Anal Biochem 1979; 95:351.

Aebi H. Catalase in Methods in enzymology, edited by L Packer (Academic
Press, Orlando) 1984; 105:121.

Kakkar R, Mantha SV, Radhi J, Prasad K and Kalra J. Increased oxidative
stress in rat liver and pancreas during progression of streptozotocin-induced
diabetes. Clin Sci 1998; 94:623.

Misra HP and Fridovich |. The role of superoxide anion in the autoxidation
of epinephrine and a simple assay for superoxide dismutase. J Biol Chem
1972; 247:3170.

Sedlak J and Lindsasy RH. Estimation of total, protein-bound, and
nonprotein sulfhydril groups in tissue with Ellman’s reagent.Anal Biochem
1968; 25:192.

Schmidt J, Rattner DW, Lewandrowski K, et al. A better model of acute
pancreatitis for evaluating therapy. Ann Surg 1992; 215:44.

Esrefoglu M, Gul M, Ates B, Batgioglu K, Selimoglu MA. Antioxidative
effect of melatonin, ascorbic acid and N- acetylcysteine on caerulein-

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

induced pancreatitis and associated liver. World J Gastroenterol 2006; 14;
12(2):259-64.

Szabolcs A, Reiter JR, Letoha T, et al. Effect ofmelatonin on the severity
of L-arginine-inducedexperimental rats. World
J.Gastroenterol. 2006; 12:251-258.

Caroline MM, Karine MM, Julliana C, et al. a-amyrin, a natural triterpenoid

World J

acute pancreatitis in

ameliorates L-arginine induced acute pancreatitis in rats.
Gastroenterol. 2010; 16(34):4272-80.

Poch B, Gansauge F, Rau B, et al. The role ofpolymorphonuclear leukocytes
and oxygen-derivedfree radicals in experimental acute pancreatitis:mediators
of local destruction and activators ofinflammation. FEBS Lett. 1999; 461:
268-72.

Song AM, Bhagat L, Singh VP, et al. Inhibition ofcyclooxygenase- 2
ameliorates the severity of pancreatitis and associated lung injury. Am.
J.Physiol. Gastrointest. Liver Physiol. 2002; 283:1166—74.

Abdin AA, El-Hamid MA, EI-Seoud SH and Balaha MF. Effect of pentoxifylline
and/or alpha lipoic acid on experimentally induced acute pancreatitis. Eur J
Pharmacol 2010; 643:289-96.

Shi C, Zhao X, Wang X, Zhao L and Andersson R, Potential effects of PKC or
protease inhibitors on acute pancreatitis induced tissue injury in rats. Vascul
Pharmacol 2007; 46:406.

Szabolcs A, Reiter RJ, Letoha T, et al. Effect of melatonin on the severity
of L-arginine-induced experimental acute pancreatitis in rats. World J
Gastroenterol 2006; 12:251.

Czako L and Takacs T. Involvement of oxygen derived free radicals in
L-arginine induced acute pancreatitis. Dig Dis Sci 1998; 43(8):1770.

Hegyi P, Rankonczay Z, Sari R, et al. L-arginineinduced experimental
pancreatitis. World J.Gastroenterol 2004; 10:2003-09.

Gukovskaya A and Pandol S. Nitric oxide productionregulates cGMP
formation and calcium influx inpancreatic acinar cells. Am. J. Physiol 1994;
266:350-56.

Holst JL, Rasmussen TN and Scmidt P. Role of nitric oxide in neutrally
induced pancreatic exocrinesecretion in pigs. Am. J. Physiol 1994; 266:
206-13.

Satoh A, Shimosegawa T, Abe T, et al. Role of nitricoxide in the pancreatic
blood flow response tocaerulein. Pancreas 1994; 9:574-79.

Patel AG, Toyama MT, Nguyen TN, et al. Role of nitricoxide in the relationship
of pancreatic blood flow andexocrine secretion in cats. Gastroenterology
1995; 108:1215-20.

Takacs T, Czako L, Morschl E, et al. The role of nitricoxide in edema formation
in L-arginine-induced acutepancreatitis. Pancreas 2002; 25:277-82.
Passaglia C. Nutritional problems in acutepancreatitis. Recent Prog. Med.
2007; 98:335-38.

Caroline MM, Karine MM, Julliana C, et al. a-amyrin, a natural triterpenoid
ameliorates L-arginine induced acute pancreatitis in rats. World J
Gastroenterol. 2010; 16(34):4272-80.

Indian Journal of Pharmaceutical Education and Research | Vol 47 | Issue 4 | Oct-Dec, 2013



