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Abstract

Objective To evaluate the anti-inflammatory effect of

a,b-amyrin, a pentacyclic triterpenoid from Protium hep-

taphyllum, on cerulein-induced acute pancreatitis in mice.

Methods Acute pancreatitis was induced in Swiss mice

by five intraperitoneal injections of cerulein (50 lg/kg), at

1 h intervals. Mice received a,b-amyrin (10, 30 and

100 mg/kg), thalidomide (200 mg/kg), or vehicle (3%

Tween 80) orally 1 h before and 12 h after the cerulein

challenge. The severity of pancreatitis was evaluated 24 h

after cerulein by assessing serum pro-inflammatory cyto-

kines and amylase activity, pancreatic myeloperoxidase

(MPO), and thiobarbituric acid-reactive substances

(TBARS), as well as by histology.

Results a,b-Amyrin and thalidomide significantly atten-

uated the cerulein-induced increase in tumor necrosis

factor (TNF)-a, interleukin-6, lipase, amylase, MPO, and

TBARS. Moreover, a,b-amyrin greatly suppressed the

pancreatic edema, inflammatory cell infiltration, acinar cell

necrosis, and expressions of TNFa and inducible nitric

oxide synthase.

Conclusions a,b-Amyrin ameliorates cerulein-induced

acute pancreatitis by acting as an anti-inflammatory and

antioxidant agent.
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Pro-inflammatory cytokines � Mice

Introduction

Acute pancreatitis is characterized by activation of diges-

tive proteases, a widespread inflammatory cell infiltration,

leukocyte activation, the release of various kinds of

inflammatory mediators, and acinar cell necrosis, and is

often associated with significant morbidity and mortality

[1, 2]. The premature intra-acinar activation of digestive

enzymes is a key event in the pathogenesis of acute pan-

creatitis. The inflammatory response is partly caused by the

release of chemokines from acinar cells, which is followed

by recruitment of helper T lymphocytes and macrophages,

leading to pancreatic edema and accumulation of neutro-

phils.A role for oxidative stress in the pathogenesis of

pancreatic disease has also been described [3, 4]. The local

and systemic release of inflammatory mediators, including

cytokines, complement and nitric oxide, in excess may lead

to the development of systemic inflammatory response

syndrome (SIRS) and/or systemic acute respiratory syn-

drome (ARDS) [5–7]. Repeated attacks of acute pancreatitis

have the potential to evolve into chronic disease character-

ized by fibrosis and loss of pancreatic function [8]. There
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are no specific therapies for acute pancreatitis. Medical

management is aimed at the control of symptoms, the pre-

vention of severe complications, and possibly endoscopic

stone removal if common bile duct stones are present or

suspected [9]. Agents which combat oxidative stress,

inflammation, and acinar cell injury during the early phase

of acute pancreatitis may greatly arrest the pathological

progression of severe pancreatitis.

Experimental research has shown the efficacy of plants

like Hypericum perforatum and Gardenia jasminoides

[10, 11], antioxidants like melatonin, ascorbic acid, N-ace-

tylcysteine, and omega-3 fatty acid [12, 13], and the

apoptosis inductor, artemisinin [14], in preventing cerulein-

induced pancreatitis, an experimental model for human

acute pancreatitis characterized by increased serum amylase

and lipase activities, release of pro-inflammatory mediators

and cytokines, and histological alterations [15].

Protium heptaphyllum (Aubl.) March, commonly

known as almécega, is a widely distributed plant in the

Amazon and in the northeast of Brazil. The resin collected

from its trunk wood is an effective wound healing agent

with anti-inflammatory and analgesic properties [16]. The

major component of the resin is a,b-amyrin, a pentacyclic

triterpene, and our previous studies established its anti-

inflammatory, antipruritic, gastroprotective, and hepato-

protective activities [17–20]. A few other studies reported

on its suppressive effect on acute visceral and orofacial

nociception and bladder inflammation in a mouse model

of cystitis [21–23]. Since these studies established the

anti-inflammatory, antinociceptive, and antioxidant prop-

erties of a,b-amyrin, the present study evaluated its

potential to ameliorate pancreatic injury in a cerulein-

induced murine model of acute pancreatitis.

Materials and methods

Materials

The extraction and isolation of a,b-amyrin from the crude

resin of P. heptaphyllum (March.) was carried out as

described earlier [24] and its structural identity was con-

firmed by 1H- and 13C-NMR spectral analysis, based on the

method developed by Gallegos and Roque [25] and com-

parison to literature data [26]. The ratio of a- and b-amyrin

in this mixture was 63:37. Cerulein was purchased

from Sigma–Aldrich (St. Louis, MO, USA), Tween 80

from Merck AG (Darmstadt, Germany), and thalidomide

from Funed (Brazil). All solvents used were of analytical

grade. The a,b-amyrin was dissolved in 3% Tween 80 and

diluted just before use in 0.9% saline.

Animals

Male Swiss mice (20–25 g) obtained from the Central

Animal House of our University were used. Experimental

groups consisted of eight animals per group. They were

housed at 24 ± 2�C under a 12 h/12 h light/dark cycle

and had free access to standard pellet diet (Purina chow)

and tap water. The animals were deprived of food for

15 h before experimentation, but had free access to

drinking water. Experimental protocols were approved by

the Institutional Committee on Care and Use of Animals

for experimentation (No.84/08) in accordance with the

guidelines of the National Institutes of Health, Bethesda,

USA.

Experimental design

A total of 48 mice were randomly divided into six groups

(n = 8 in each group). Group 1 was normal control; group

2 was treated with vehicle (2% Tween 80 in normal saline

in a volume of 10 mL/kg, p.o.); groups 3, 4, and 5 were

treated with a,b-amyrin (10, 30, and 100 mg/kg, p.o.,

respectively); and group 6 was treated with thalidomide

(200 mg/kg, p.o.). Acute pancreatitis was induced in

groups 2–6 by five i.p. injections of cerulein (50 lg/kg) at

intervals of 1 h [27]. a,b-Amyrin and thalidomide were

administered 1 h before and 12 h after the cerulein

administration. The normal control mice were given i.p.

saline (0.9%, NaCl) solution instead cerulein injections.

Twenty-four hours after the last injection of cerulein or

saline, mice were anaesthetized, blood samples were drawn

and the animals exsanguinated, and the pancreas was

quickly removed and frozen at -70�C until use.

Pancreatic edema and serum amylase

The pancreatic weight/body weight ratio was evaluated to

give an estimate of the degree of pancreatic edema [28].

For serum assays, blood samples were centrifuged at

3,000g at 4�C for 10 min. Serum amylase was determined

by routine colorimetric method using the commercial kit

for amylase (Labtest Diagnostica SA, Lagoa Santa, Brazil)

and expressed as U/dL.

Serum cytokines

Serum tumor necrosis factor (TNF)-a and interleukin

(IL)-6 were measured using an ELISA kit according to the

manufacturer’s instructions (Quantikine�, R&D Systems,

Minneapolis, MN, USA). The cytokine levels were calcu-

lated from the standard curve and expressed as pg/mL.
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Measurement of pancreatic myeloperoxidase activity

The degree of neutrophil infiltration was quantified by the

measurement of pancreatic myeloperoxidase (MPO)

activity [29]. Pancreatic tissue (50 mg) was minced and

homogenized in 0.5 mL of 50 mmol/L phosphate buffer

solution (PBS) (pH 6) that contained 0.5% HETAB. The

homogenate was subjected to three cycles of freezing

(-30�C) and thawing (37�C) and brief periods (15 s)

of sonication, after which they were centrifuged at

12,000g for 15 min at 4�C. The supernatant (0.1 mL) was

mixed with 2.9 mL of 50 mmol/L PBS, pH 6, which

contained 0.167 mg/mL o-dianisidine dihydrochloride and

0.0005% hydrogen peroxide. The change in absorbance at

470 nm was then measured for 5 min using a Beckman

spectrophotometer (Beckman DU 640B; CA, USA).

Measurement of pancreatic thiobarbituric acid-reactive

substances

Thiobarbituric acid-reactive substances (TBARS) level in

the pancreatic tissue was determined as an indicator of lipid

peroxidation according to a previously described method

[30]. Briefly, 500 lL of 10% tissue homogenate in

0.15 mol/L KCl was mixed with 200 lL 8.1% SDS, and

then incubated at room temperature for 5 min. The reaction

mixture was heated at 95�C for 1 h after the addition of

1.5 mL 20% acetic acid (pH 3.5) and 1.5 mL 0.8% thio-

barbituric acid. After the mixture had cooled, 1.0 mL

distilled water and 5.0 mL butanol/pyridine (15:1) solution

were added under agitation using a vortex. This solution

was centrifuged at 1,000g for 15 min, and the resultant

colored layer was measured at 532 nm a Beckman spec-

trophotometer (Beckman DU 640B).

Immunohistochemistry

Immunohistochemical analysis of the expression of TNFa
and inducible nitric oxide synthase (iNOS) was performed.

Sections of pancreas (4 lm) were transferred to a gelatin-

coated slide. The tissue sections were deparaffinized, and

endogenous peroxidase activity was blocked by incubation

with 3% H2O2 (10 min). Nonspecific protein binding was

blocked by incubating the tissue sections with goat serum

(1:200 in PBS for 45 min). The slides were then incubated

overnight with primary rabbit anti-TNF-a or rabbit anti-

iNOS (Sigma, USA) diluted 1:400 in PBS plus bovine serum

albumin. The slides were gently washed with Tris-buffered

saline (pH = 7.4) and incubated with alkaline phosphatase

conjugated secondary antibody (EnVisionTM/AP K1396,

DakoCytomation kit). The reaction was developed by

applying onto the slides a solution containing levamisole, to

block human alkaline phosphatase activity, and Fast Red

Substrate (EnVisionTM/AP, DakoCytomation).

Histological examinations

Samples of pancreatic tissue were fixed in 10% buffered

formalin solution, embedded in paraffin by standard meth-

ods, cut into 5 lm sections, stained with hematoxylin–eosin,

and then assessed under light microscopy and examined

blind by a morphologist for grading the histological altera-

tions. Pancreatic edema, leukocyte infiltration, acinar

vacuolization, and necrosis were described with scores

ranging from 0 to 3 as described by Dembiński et al. [31].

Statistical analysis

Statistical analysis was performed by analysis of variance

(ANOVA) followed by Kruskal–Wallis or Student New-

man–Keuls as post-hoc tests using GraphPadPrisma

(GraphPad Software, San Diego, CA, USA). The non-

parametric data is expressed as median (with low and high

ranges), and parametric data as mean ± s.e.m. P \ 0.05

was considered to indicate statistical significance.

Results

The secretagogue cerulein (5 9 50 lg/kg), administered

intraperitoneally, induced acute pancreatitis in mice as

evidenced by changes in biochemical and histological

parameters. Cerulein caused a significant enhancement in

serum levels of amylase enzyme (1,917.0 ± 116.1 U/dL)

and the pancreatic weight/body weight ratio (5.944 ±

0.227 mg/g) compared to saline-treated control (1,284.0 ±

15.7 U/dL and 4.624 ± 0.266 mg/g, respectively) (Fig. 1).

Pretreatment with a,b-amyrin (10, 30, and 100 mg/kg)

showed a dose-related lowering effect on cerulein-induced

elevation of serum amylase (801.7 ± 30.6, 536.1 ± 59.3,

and 336.5 ± 24.8 U/dL, respectively) (Fig. 1a). At doses

of 30 and 100 mg/kg, a,b-amyrin significantly decreased

the pancreatic weight/body weight ratio by 14 and 18%,

respectively (Fig. 1b). Thalidomide (200 mg/kg), the ref-

erence anti-inflammatory drug included in the study,

manifested significant reductions in serum amylase activity

as well as in pancreatic weight/body weight ratio (Fig. 1).

Pancreatic MPO activity and TBARS were significantly

elevated in cerulein-induced pancreatitis in mice (Fig. 2).

Treatment with a,b-amyrin (10, 30, and 100 mg/kg) sig-

nificantly reduced the cerulein-evoked increase in

pancreatic MPO activity by 58, 62, and 57% and in TBRAS

content by 16, 21, and 22%, respectively (Fig. 2a, b). Tha-

lidomide (200 mg/kg) significantly reduced the MPO

activity and TBARS content (Fig. 2).
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Serum TNF-a and IL-6 were significantly elevated in

cerulein-induced pancreatitis in mice (Fig. 3). Similar

to thalidomide, treatment with a,b-amyrin (10, 30, and

100 mg/kg) significantly reduced the cerulein-evoked

increase in serum levels of TNF-a and IL-6 (Fig. 3).

Representative TNF-a and iNOS immunostaining of the

pancreas for different treatments are shown in Fig. 4 and 5.

In control mice, the pattern of TNF-a and iNOS staining

was very mild (Fig. 4a, 5a). On the other hand, while there

was a high-intensity staining for TNF-a and iNOS in the

acinar cells, inflammatory cells, and blood vessels of the

pancreas in the cerulein group (Fig. 4b, 5b), in mice pre-

treated with a,b-amyrin (100 mg/kg) or thalidomide

(200 mg/kg) the TNF-a and iNOS immunostaining inten-

sity was much less (Fig. 4, 5).

Histological examination of normal controls showed

normal architecture and absence of edema, leukocyte infil-

tration, acinar vacuolization, and necrosis (Fig. 6a and

Table 1). In contrast, pancreatic sections from cerulein-

administered mice revealed extensive tissue damage char-

acterized by significant disruption of architecture with acinar

cell vacuolization, extensive acinar cell necrosis, and

inflammatory cell infiltration, and thus gave significantly

higher scores (Fig. 6b and Table 1). Pretreatment with a,b-

amyrin (100 mg/kg) and thalidomide (200 mg/kg) signifi-

cantly protected the pancreas from histological damage

induced by cerulein, as indicated by lower histological

scores (Fig. 6c,d and Table 1).

Discussion

The present study demonstrates that the pentacyclic

triterpene, a,b-amyrin, attenuates the severity of cerulein-

induced pancreatitis in mice. In particular, we have
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demonstrated that a,b-amyrin treatment reduces pancreatic

inflammation and the associated tissue injury, through

suppression of neutrophil infiltration, TNF-a and IL-6

cytokine production, and TNF-a and iNOS expression.

TNF-a and IL-6 were found to be enhanced in both

experimental pancreatitis as well as in pancreatitis patients

[32–34]. TNF-a plays a pivotal role in severe acute pan-

creatitis, acting early in the disease course [27], and IL-6

constitutes the principal mediator in the synthesis of acute-

phase proteins, in addition to transitioning the acute

inflammatory response to a chronic response [35]. In this

study, a,b-amyrin pretreatment significantly attenuated

cerulein-induced TNF-a and IL-6. Furthermore, immuno-

histochemical staining for TNF-a and iNOS showed that

a,b-amyrin could inhibit their expression. Thus, the present

study reveal that a,b-amyrin ameliorates acute pancreatitis

by suppressing pro-inflammatory cytokines TNF-a and

IL-6, and iNOS expression.

Many reports show that cerulein-induced reactive oxy-

gen species (ROS) can activate nuclear factor (NF)-jB,

thereby enhancing TNF-a expression [36, 37]. Excessive

ROS and nitrogen species (RNS) produced by nitric oxide

synthase (NOS) and isoforms of NADPH oxidase, or as

by-products of the mitochondrial electron-transport chain,

have been implicated in the pathogenesis of acute pan-

creatitis [4]. Oxidative stress is a deleterious process that

can be an important mediator of damage to cell structures,

including lipids, membranes, proteins, and DNA. Antiox-

idants such as N-acetylcysteine, raxofelast, and pyrrolidine

dithiocarbamate are efficient inhibitors of NF-jB activa-

tion in animal models of pancreatitis [37]. In the present

study, a,b-amyrin potently suppressed the neutrophil-

mediated MPO enzyme and lipoperoxidation, as evidenced

by reduced TBARS formation, events that reflect its anti-

oxidant action. Recent studies have shown that a,b-amyrin

and a-amyrin have the capacity to inhibit NF-kB activation

[38] and are also effective under a therapeutic regimen in

yet another model of L-arginine-induced pancreatitis in

which nitric oxide plays a prominent role [39]. Further

research is therefore needed to verify that a,b-amyrin

would also work under a therapeutic regimen without

prophylactic application in this or other models of

pancreatitis.

Thalidomide, the positive control used in this study, is a

synthetic derivative of glutamic acid that inhibits TNF-a
production, modulates adhesiveness in microvascular beds

through the modification of surface cell adhesion molecules,

and suppresses NF-jB activity [40–42]. Thalidomide man-

ifested amelioration of pancreatic injury almost to a similar

degree as a,b-amyrin. This finding with thalidomide is

consistent with the observations of Malleo et al. [27] that

showed its efficacy in the cerulein model of experimental

pancreatitis. Activation of pancreatic primary sensory neu-

rons causes the release of inflammatory neuropeptides, both

in the spinal cord to signal pain and in the pancreas itself

where they produce plasma extravasation and neutrophil

infiltration. Recent studies indicate that primary sensory

neurons of the pancreas express transient receptor potential

V1 (TRPV1) channels whose activation induces pancreatic

inflammation, and blockade of these TRP channels has been

suggested to ameliorate pancreatitis inflammation and pain

[43, 44]. In this context, our previous studies demonstrated

the antinociceptive effects of a,b-amyrin in experimental

models of nociception induced by capsaicin (TRPV1 ago-

nist) [20, 45] and in visceral nociception induced by

ciclophosphamide, by mechanisms that involve, at least in

part, tachykinin NK(1)-receptors and K(?)(ATP) channels

[22]. Future studies should examine the efficacy of a,b-

amyrin in mitigating pancreatic pain in animal models of

acute pancreatitis.
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Many plant-derived anti-inflammatory triterpenoids,

including oleanone and ursane derivatives, have been

previously described to act as competitive and non-com-

petitive inhibitors of the serine proteases trypsin and

chymotrypsin, which have a key role in the development of

acute pancreatitis [46, 47]. Such an antiprotease effect of

a,b-amyrin is quite likely, due to its structural resemblance

to ursane and oleanone series of triterpenes.

Conclusions

In conclusion, this study provides the first evidence that a,b-

amyrin attenuates the development of cerulein-induced

acute pancreatitis by reducing the infiltration of neutrophils

and generation of inflammatory cytokines and iNOS.

However, the beneficial effect of a,b-amyrin observed in

this study is based on prophylactic application. Further

Fig. 4 Effect of a,b-amyrin on

TNFa immunoreactivity in

cerulein-induced acute

pancreatitis in mice. Normal

control group showing basal

immunostaing (a);

vehicle ? cerulein showing

increased acinar

immunostaining (b); a,b-amyrin

(100 mg/kg) ? cerulein (c); and

thalidomide (200 mg/kg)

? cerulein (d) showing

immunostaining comparable to

control group

Fig. 5 Effect of a,b-amirin on

iNOS immunoreactivity in

cerulein-induced acute

pancreatitis in mice. Normal

control group showing basal

immunostaing (a);

vehicle ? cerulein showing

increased acinar

immunostaining (b); a,b-amyrin

(100 mg/kg) ? cerulein (c); and

thalidomide (200 mg/

kg) ? cerulein (d) showing

immunostaining comparable to

control group
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research is needed to demonstrate whether it will work also

as treatment without prophylactic application in this or other

models of pancreatitis. In addition, the protease inhibitory

effect of a,b-amyrin on the inflammatory response in

experimental acute pancreatitis deserves future study.
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