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Abstract: Leukocyte infiltration and acinar cell injury are characteristic features of acute pancreatitis (AP). However,
the signaling pathways regulating inflammation and accumulation of leukocytes into pancreas tissue remains poorly
elucidated. In the current study, we investigated the effects of Glycyrrhizin (GZ) on cerulein-induced AP in mice. AP
was induced in male C57BL/6 by intraperitoneal injection of 50 pg/kg cerulein hourly, with a total of 7 times. 1 hour
after the last injection of cerulean, mice were treated with either 35 or 70 mg/kg of GZ. Serum amylases and lipases
were measured using automated chromogenic assay, MCP-1 and MIP-2 concentrations were measured in the se-
rum by ELISA, and the number of infiltrated inflammatory cells in the pancreas were evaluated by flow cytometry.
We found that GZ treatment resulted in reduction (i) both amylase and lipase activities, (ii) the serum levels of both
MCP-1 and MIP-2; and (iii) markedly attenuated cerulein-induced histopathological alternations and water contents.
Furthermore, we observed that GZ significantly decreased the number of infiltrated monocytes and neutrophils
into the pancreas tissue. In conclusion, we demonstrate that GZ attenuates AP signs and inhibits inflammatory cell
recruitments into pancreas.

Keywords: Glycyrrhizin, tissue injury, neutrophil accumulation, leukocyte infiltration, experimental acute pancreati-
tis

Introduction participate as early triggers for inducing inflam-
matory cascades in AP and they could be use

Aoute pancrea.titis (AP). is cqnsidered .as an for as predictor biomarkers for diagnosis of AP
inflammatory disease with a high mortality and [4, 8]

morbidity. Although the mortality rate of AP has
been decreased over the past decades, only a
few treatment options are currently available
[1]. Uncontrolled activation of pancreatic en-
zymes and migration of inflammatory cells par-
ticularly neutrophils are two man hallmarks of
the pathogenesis of AP [2, 3]. Pro-inflammatory
mediators and cytokines believed to be involved
in pathophysiology of AP, as many of them such
as tumor necrosis factor o (TNF-a), interleukins

Mounting evidence indicate that migration and
accumulation of leukocytes particularly neutro-
phils and subsequently their activation play a
vital role in local inflammation and distance
organ failure in AP [9]. Migration of inflammato-
ry cells into the tissue during inflammation and
tissue injury is highly regulated by inflammatory
cytokines such as TNF-q, IL-6, MCP-1 and IL-8

6 (IL-6), IL-8 and monocyte chemoattractant as well as adhesion molecules. Moreover, leu-
protein-1 (MCP-1) have been shown elevated in kocytes excessive have been suggested to be
the plasma of patients with AP [4-7]. Of inter- contributed in organ dysfunction in AP and leu-
ests, MCP-1 and IL-8 is increased in the early kocyte depletion reduces severity of pancreati-

stage of AP, indicating that MCP-1 and IL-8 may tis and lung injury in animal models [10].
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Figure 1. The effects of Glycyrrhizin on amylase and lipase activities. Blood samples were harvested from mice 12
hours after administration of Glycyrrhizin. The administration of GZ in mice significantly reduced the increase of
amylase (A) and lipase (B) induced by cerulein. Each value is the mean + SEM for 6-8 mice and significant levels
were considered at P<0.05. *P<0.05 compared with the control mice; #P<0.05 compared with the AP group; ns;

non-significant.
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Figure 2. Effects of Glycyrrhizin on pancreas edema.
The administration of Glycyrrhizin in mice signifi-
cantly reduced the pancreas edema formation in-
duced by cerulein. Each value is the mean + SEM for
6-8 mice and significant levels were considered at
P<0.05. *P<0.05 compared with the control mice;
#P<0.05 compared with the AP group.

The root of Glycyrrhiza glabra (licorice) is widely
used as a traditional medicine in Chinese and
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Persian herbal medicine [11] Glycyrrhizin (GZ)
is one of derivatives of licorice and has been
used as sweetener agent in Europe and Asia for
many years. GZ have been shown to exhibit
many pharmacological effects such as anti-
inflammatory, anti-oxidative and hepatoprotec-
tive effects [12, 13]. For example, GZ have
been used for more than 20 years in patients
with chronic hepatitis in Japan [14]. It have
been recently demonstrated that GZ treatment
leads to attenuating of inflammation and tissue
injury in animal models including spinal cord
injury [15], experimental allergic asthma [16]
and LPS-induced acute lung injury [17].
Nevertheless, the potential effect of GZ on AP
has not yet been explored. In the current study,
we evaluated the anti-inflammatory effects of
GZ on cerulein-induced AP in mice and found
that GZ effectively attenuated AP through
decreasing of MCP-1 and MIP-2 and inhibition
of inflammatory cells infiltration into pancreas.

Material and methods
Induction of AP

Healthy 8 week-old C57 mice weighing 25-30 g
were used for the experiments. Mice were pur-
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Figure 3. Effects of Glycyrrhizin on cerulein-induced histological alternations of pancreas. Representative hematoxy-
lin/eosin stained sections of pancreas from a control mouse (A) demonstrates that the histological features of the
pancreas were typical of a normal architecture. On the contrary, pancreas sections of cerulein-treated mice (B) dem-
onstrate tissue damage characterized by interstitial edema, acinar cell necrosis, and inflammatory cell infiltrates.
Pancreas section from mice that had received Glycyrrhizin at the dose of 35 (C) and 70 mg/kg (D) showed less histo-
logical alterations. The figure is representative of at least six experiments performed on different experimental days.

chased from Iran Pasture Institute (Tehran,
Iran) and let them acclimate to the environment
for at least 72 h after arrival in the laboratory.
Experimental AP was induced as previously
reported [18]. Briefly, Mice were randomly allo-
cated into four groups (n = 8 for each group).
The first group was treated hourly (x 7) with
saline intraperitoneally and served as the con-
trol group. The second group was treated hourly
(x 7) with cerulein (50 pg/kg, suspended in
saline solution, i.p.) and served as the experi-
mental AP group. In the AP + 35 GZ and AP + 70
GZ, mice got cerulein with the same procedure
as that in the AP group, and 35 or 70 mg/kg of
GZ (Sigma, Sigma Chemical, St. Louis, MO)
were give intraperitoneally an hour after the
last cerulein injection, respectively. Twelve
hours later, mice were killed and blood samples
were obtained by direct intracardiac puncture.
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Pancreas was removed immediately, divided in
three equal parts. A part of it was used for flow
cytometry analysis, the second part was used
for determination of edema and the rest were
fixed in formaldehyde for histopathological
examinations.

Histopathological and biochemical examina-
tions

Paraffin-embedded pancreas samples were
sectioned (5 um) and stained with hematoxylin/
eosin. Pancreas sections were examined by an
experienced pathologist (BN), who was not
aware of the sample identity. Acinar cell injury/
necrosis was quantified by morphometry as
previously described [18]. For these studies, 10
randomly chosen microscopic fields were exam-
ined for each tissue sample, and the extent of
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Figure 4. Effects of Glycyrrhizin on MCP-1 and MIP-2. Cytokines were measured by ELISA according to manufac-
turer’s induction. Glycyrrhizin reduced serum levels of MCP-1 (A) and MIP-2 in a dose-dependent manner. Data are
means + SEM of 8 mice for each group and significant levels were considered at P<0.05. *P<0.05 compared with
the control mice; #P<0.05 compared with the AP group; ns; non-significant.

acinar cell injury/necrosis and infiltration of
inflammatory cells were evaluated. Amylase
and lipase activities were detected in the serum
of all experimental groups in a diagnostic Lab
(Behsat Hospital, Sanadaj, Iran).

Determination of pancreas edema

The extent of pancreatic edema was assayed
by measuring tissue water content as previous-
ly reported [18]. In brief, freshly obtained sam-
ples of pancreas from each group of mice were
weighted on aluminium foil, dried for 12 h at
95°C, and reweighted. The difference between
wet and dry tissue weight was calculated and
expressed as a percent of tissue wet weight.

Isolation of pancreatic cells

Pancreatic cells were isolated from pancreas
tissue as previously reported [19]. Briefly, pan-
creas gland was cut into small fragments and
suspended in FACS buffer (Dulbecco’s phos-
phate-buffer saline containing 10% fetal calf
serum medium and 5 mM EDTA). Tissue frag-
ments were more grinded by pipetting with 1ml
sampler for 30 s. The remaining large frag-
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ments were allowed to sediment for 20 s, the
supernatant collected and reserved. Then, the
sedimented large fragments were again tritu-
rated and the total of collected supernatants
from each pancreas was pooled, centrifuged
(250 X g, 4°C, 25 min). The resulting cell pellets
were then resuspended in FACS buffer for
immediate staining for flow cytometry.

Flow cytometry analysis

Pancreatic cells were stained for CD45 antigen
as previously reported [19] Isolated pancreatic
cells from each mouse were washed three
times with FACS buffer, resuspended in 200 uL
of FACS buffer and then distributed equally into
two 1.5 mL microtubes. In order to stain the
cells for CD45 antigen, 10 pl rat anti-mouse
CD45-PE/Cy5 (eBiosciences, San Diego, CA)
was added to one tube and incubated for 45
min at 4°C in dark place. To determine cut-off
values and true positive staining, 10 ul isotype
control antibody conjugated with PE/Cy5 (eBio-
science) was added to the second tube and
incubated for 45 min at 4°C in dark place.
Immunostained cells were washed three times,
resuspended in FACS buffer and subjected to

Int J Clin Exp Pathol 2014,7(1):101-109



Glycyrrhizin attenuates acute pancreatitis

A Control AP

P P — S —
{

AP + GZ35 AP + GZ70

CD45-PE/Cy5

Figure 5. Flow cytometry analysis of inflammatory cells in pancreas of mice with AP. A: Representative forward
and side scatter plot for isolated cell in the AP group. B: CD45/SSC gating was used to identify various leukocytes
populations in the AP group. Green rectangle gate shows leukocytes population. Pink, blue and red gates show
granulocytes, monocyte and lymphocyte population, respectively. Representative plots from 6-8 mice are shown.

flow cytometry using FACS Calibur (Beckman
Dickinson, San Jose, CA) within an hour. FCAS
data were analyzed by FCS Express software
(De Novo Software, Los Angeles, CA).

Statistics

Numeral data are presented as mean + SD
from 8 mice. Student t-test were used to calcu-
late the difference between each groups and
significance was assed at the p<0.05 and
experiments were performed independently at
least twice.

Results
Effects of GZ on pancreatitis signs

Administration of cerulein resulted in elevation
of lipase and amylase activities in serum of
mice, but when we treated the mice with GZ, we
found that GZ reduces both amylase and lipase
activities in a dose dependent manner (Figure
1A and 1B). Twelve hours after induction of AP,
pancreases were subjected to determination of
water content for evaluation of pancreas
edema. As shown in Figure 2, edema was
robustly increased in the AP group. However,
GZ administration significantly reduced it to the
baseline level. Histological examination of pan-
creas sections 12 h after cerulean injections
showed tissue damage characterized by infil-
tration of inflammatory cells and necrosis of
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acinar cells. As shown in Figure 3 the severity
and extent of histological signs of pancreas
injury were significantly decreased in GZ-treated
AP mice (Figure 3).

GZ decreases serum levels of MCP-1 and MIP-
2 in experimental mice

MCP-1 and MIP-2 have been shown to play cru-
cial roles in migration of inflammatory cells par-
ticularly monocytes and neutrophils [20, 21].
When we examined the levels of these two
cytokines in the serum of the AP group, we
observed that the levels of MCP-1 and MIP-2
significantly elevated. However, treatment of
cerulean-induced AP with GZ decreased the
serum levels of both MCP-1 and MIP-2 in a dose
dependent-manner (Figure 4).

Effect of GZ on infiltration of inflammatory
cells into pancreas

We have previously reported a method, by
employing flow cytometry analysis, for enumer-
ating leukocytes infiltration in the pancreas tis-
sue [19]. In general, our flow cytometry data
show that isolated pancreatic cells from all four
groups of mice consisted of a wide variety of
cells as evidenced by side scatter (FSC) and for-
ward scatter (SSC) (Figure 5A). Next, we identi-
fied each population of infiltrating inflammatory
cells in pancreas tissue by employing CD45/
SSC gating. As shown in Figure 5B, all three

Int J Clin Exp Pathol 2014;7(1):101-109



Glycyrrhizin attenuates acute pancreatitis

A Lymphocyte B Monocyte c Granulocyte
2.5 1 ns 3.5 1 21 4

= ns

e .. ns 3 181

E 25 15 1

o

= 1.5 1 2 12 4

]

g 1 1.5 1 9

et

c

[+}] 11 6 1

g 0.5 1

a 0.5 4 3 -

0 - 0 4 0 -

Curl AP AP+GZ35 AP+GZ70 Ctrl

AP+GZ35 AP+GZT0 Ctrl

AP+GZ35 AP+GZ70

Figure 6. Quantifying the percentage of all inflammatory cells by flow cytometry. Inflammatory cells were determined
as stated in Figure 5B and the percentage of each cell population was analyzed by dividing the number of each
population to total of isolated pancreatic cells. The percentage of lymphocytes, monocytes and granulocytes are
shown in graphs A, B and C, respectively. Pooled data from 6-8 mice per group are shown. Values are the mean per-
centage of each population £ SD. *P<0.05; ns: non-significant. *P<0.05 compared with the control mice; #P<0.05

compared with the AP group; ns; non-significant.

inflammatory cells including granulocytes,
monocytes and lymphocytes were present in
the pancreas of normal, cerulein-induced AP
and GZ-treated AP mice. However, the number
of these inflammatory cells was quite different
in the four experimental groups. Finally, the per-
centage of each granulocytes, monocytes and
lymphocytes was analyzed by dividing the num-
ber of each population to the total number of
isolated pancreatic cells. We found that the
percentage of both monocytes and granulo-
cytes were robustly increased in the AP than
the control group. However, when we adminis-
trated GZ to the mice with AP, we found that GZ
reduced the percentage of monocytes and
granulocytes in pancreas in a dose-dependent
manner (Figure 6B and 6C). In contrast, we
observed that not only the number of lympho-
cytes did not significantly enhance in the AP
group, but also GZ did not show any significant
effect on the number of these cells (Figure 6A).

Discussion

Since various inflammatory cells and cytokines
have been shown to play many crucial roles in
pathophysiology of AP, this disease has been
regarded as an inflammatory disease [1, 22].
Therefore, finding new pharmaceutical agents
targeting the signaling pathways of inflamma-
tory mechanisms in AP are of great interest. In
the current study, we examined the anti-inflam-
matory effects of GZ on experimental AP and
found that GZ significantly reduces the histo-
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pathological signs of AP as well as reducing the
enzymatic activity of amylase and lipase.
Moreover, GZ treatment not only decrease the
serum level of MCP-1 and MIP-2 in the serum of
cerulein-induced AP mice, but also remarkably
reduced the number of infiltrated granulocytes
and monocytes in the pancreas tissue.

We utilized cerulein-induced experimental AP
as a typical animal model of AP which is enzy-
mologically and histologically resembles to AP
in human [23]. Our data demonstrate that GZ
treatment led to reducing of both serum lipase
and amylase activities as well as histopatho-
logical features of AP implying that GZ have
beneficial effects on experimental AP. Even
though our work is the first study showing the
beneficial effects of GZ on AP in animal model
there are many reports demonstrating that GZ
have either protective or therapeutic effects on
many inflammatory diseases [15, 16, 24]. Ram
A et al have recently shown that GZ markedly
reduced infiltration of eosinophils in peribron-
chial area and inhibited ovalbumin-induced air-
way constriction in experimental allergic asth-
ma in mice [16].

MCP-1 has been shown to play in important
role in migrating and trafficking of monocytes
[20]. In addition, MCP-1 is also a key player in
the pathogenesis of AP, and previous studies
have clearly shown that inhibition of MCP-1 by
either a dominant-negative mutant MCP-1 gene
or its inhibitor reduces the histopathological

Int J Clin Exp Pathol 2014;7(1):101-109



Glycyrrhizin attenuates acute pancreatitis

features of AP [25, 26]. More importantly, clini-
cal studies have revealed that serum levels of
MCP-1 is elevated in patients with AP [4]. In the
current study, we demonstrated that the serum
levels of MCP-1 is significantly increased in the
cerulean-induced AP confirming the previous
study [27]. However, Gz administration in mice
with AP led in a significant reduction of serum
MCP-1 levels. Accordingly, previous in vitro
studies has clearly shown that GZ reduces
MCP-1 production by human monocytes [28]
and granulocytes [29]. In addition, pancreatic
acinar cells have shown to be one of the major
sources of MCP-1 secretion in AP [30]. We have
to consider that GZ might directly affect on
these MCP-1-producing cells which need to be
further elucidated.

Mounting evidence demonstrated that neutro-
phils migrate and accumulate into pancreas tis-
sue during AP leading to activating of many pro-
enzymes and secreting of various inflammatory
mediators [9, 31]. MIP-2 have been shown,
through binding to its receptor CXCR2, to act as
strong chemoattractant for neutrophils in mice
[32]. Migration of neutrophils into lung was sig-
nificantly reduced in LPS-induced acute lung
injury in CXCR”- mice [33] indicating that MIP-2
plays a crucial role in trafficking of neutrophil
into the pancreas in AP. Herein, we demon-
strate that the levels of MIP-2 is significantly
increased in the serum of mice with AP. In con-
trast, when we treated the mice with GZ the lev-
els of MIP-2 remarkably decreased. In line with
our data, a recent study showed that GZ
reduced IL-4 and IL-5 in the BAL of experimen-
tal allergic mice [16] indicating that GZ may
inhibit production of inflammatory cytokines.

Neutrophil excessive in pancreas has been
contributed to the severity of AP, and deletion
of these inflammatory cells resulted in attenu-
ating of AP in animal models [10]. We have
recently employed flow cytometry to enumerate
inflammatory cells in the pancreas tissue and
found it as a reliable approach for quantifying
these cells [19]. In the current study, we
observed that the number of lymphocytes did
not increase in the AP group and GZ administra-
tion did not show any effect on the number of
these cells in the pancreas tissue. In contrast,
the numbers of monocytes were significantly
enhanced in the AP mice and GZ treatment
decreased their number. Accordingly, as MCP-1
is the main chemoattractant factor for mono-
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cytes migration [20], we found that the amount
of MCP-1 is reduced in the serum of GZ-treated
AP mice.

Many studies have shown that neutrophils con-
tribute to pathobiology of many inflammatory
diseases such as AP [10, 34], lung injury [33,
35] and arthritis [36]. Further supporting of the
notion is our previously study exhibiting that the
percentage of infiltrated neutrophil consist of
18.2 of total pancreatic cells in the AP mice,
whereas it was only 2.9 in the control mice [19].
Herein, we observed that GZ administration
remarkably decreased the number of infiltrated
neutrophils in the pancreas tissue of AP mice in
a dose-dependent manner. This is in accor-
dance with our ELISA data revealing that GZ
treatment reduces the levels of MIP2, a major
chemoattractant factor for neutrophil, in the
serum of AP mice.

So far, nutritional support is the only available
treatment for AP and many experimental and
clinical studies indicate that enteral nutrition
reduces length of hospital stay and mortality in
patients with AP [37]. Licorice and its deriva-
tives such as GZ and glabridin possess anti-
inflammatory effect in many experimental ani-
mal models [17, 24, 29]. Base on data, we
postulate that adding GZ to enteral nutrition
might reduce have some beneficial effects in
patients with AP which needs further inves-
tigations.

Taken together, we demonstrate for the first
time that GZ administration attenuates AP in
mice and reduces infiltration of leukocytes par-
ticularly neutrophils in the pancreas tissue.
Thus, GZ might have a potential to inhibit
inflammatory responses in patients with AP.

Acknowledgements

We thank Dr. Daem Roushani for his wonderful
help in statistical analysis. This work was sup-
ported by grants from Kurdistan University of
Medical Sciences to AJ and Iran University of
Medical Sciences to ASM.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Ali Jalili, Kurdistan
Cellular & Molecular Research Center, Kurdistan
University of Medical Sciences, Sanandaj, Iran. Tel:

Int J Clin Exp Pathol 2014;7(1):101-109



Glycyrrhizin attenuates acute pancreatitis

+98-871-6131290; E-mail: Alil30@gmail.com; Ali.
Jalili@muk.ac.ir

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

108

Sargent S. Pathophysiology, diagnosis and
management of acute pancreatitis. Br J Nurs
2006; 15: 999-1005.

Sah RP, Garg P and Saluja AK. Pathogenic
mechanisms of acute pancreatitis. Curr Opin
Gastroenterol 2012; 28: 507-515.
Shanmugam MK and Bhatia M. The role of pro-
inflammatory molecules and pharmacological
agents in acute pancreatitis and sepsis. In-
flamm Allergy Drug Targets 2010; 9: 20-31.
Rau B, Baumgart K, Kruger CM, Schilling M
and Beger HG. CC-chemokine activation in
acute pancreatitis: enhanced release of mono-
cyte chemoattractant protein-1 in patients with
local and systemic complications. Intensive
Care Med 2003; 29: 622-629.

Gunjaca |, Zunic J, Gunjaca M and Kovac Z. Cir-
culating cytokine levels in acute pancreatitis-
model of SIRS/CARS can help in the clinical
assessment of disease severity. Inflammation
2012; 35: 758-763.

Tu XH, Song JX, Xue XJ, Guo XW, Ma YX, Chen
ZY, Zou ZD and Wang L. Role of bone marrow-
derived mesenchymal stem cells in a rat model
of severe acute pancreatitis. World J Gastroen-
terol 2012; 18: 2270-2279.

Makhija R and Kingsnorth AN. Cytokine storm
in acute pancreatitis. J Hepatobiliary Pancreat
Surg 2002; 9: 401-410.

Gross V, Andreesen R, LESER HG, Ceska M,
Liehl E, Lausen M, Farthmann E and Scholm-
erich J. Interleuki-8 and neutrophil activation in
acute pancreatitis. Eur J Clin Invest 1992; 22:
200-203.

Abdulla A, Awla D, Thorlacius H and Regner S.
Role of neutrophils in the activation of trypsin-
ogen in severe acute pancreatitis. J Leukoc
Biol 2011; 90: 975-982.

Bhatia M, Saluja AK, Hofbauer B, Lee HS,
Frossard JL and Steer ML. The effects of neu-
trophil depletion on a completely noninvasive
model of acute pancreatitis-associated lung
injury. Int J Pancreatol 1998; 24: 77-83.
Shibata S. A drug over the millennia: pharma-
cognosy, chemistry, and pharmacology of lico-
rice. Yakugaku Zasshi 2000; 120: 849-862.
Ming LJ and Yin AC. Therapeutic effects of glyc-
yrrhizic acid. Nat Prod Commun 2013; 8: 415-
418.

Asl MN and Hosseinzadeh H. Review of phar-
macological effects of Glycyrrhiza sp. and its
bioactive compounds. Phytother Res 2008;
22:709-724.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Stickel F and Schuppan D. Herbal medicine in
the treatment of liver diseases. Dig Liver Dis
2007; 39: 293-304.

Genovese T, Menegazzi M, Mazzon E, Crisafulli
C, Di Paola R, Dal Bosco M, Zou Z, Suzuki H
and Cuzzocrea S. Glycyrrhizin reduces second-
ary inflammatory process after spinal cord
compression injury in mice. Shock 2009; 31:
367-375.

Ram A, Mabalirajan U, Das M, Bhattacharya |,
Dinda AK, Gangal SV and Ghosh B. Glycyrrhizin
alleviates experimental allergic asthma in
mice. Int Immunopharmacol 2006; 6: 1468-
1477.

Shi JR, Mao LG, Jiang RA, Qian Y, Tang HF and
Chen JQ. Monoammonium glycyrrhizinate in-
hibited the inflammation of LPS-induced acute
lung injury in mice. Int Immunopharmacol
2010; 10: 1235-1241.

Malleo G, Mazzon E, Genovese T, Di Paola R,
Muia C, Crisafulli C, Siriwardena AK and Cuz-
zocrea S. Effects of thalidomide in a mouse
model of cerulein-induced acute pancreatitis.
Shock 2008; 29: 89-97.

Fakhari S, Nikkhoo B, Abdulmohammadi K and
Jalili A. Flow Cytometric Analysis of Inflamma-
tory Cells in Experimental Acute Pancreatitis.
Journal of Allpied Biomedicine 2013; [Epub
ahead of print].

Deshmane SL, Kremlev S, Amini S and Sawaya
BE. Monocyte chemoattractant protein-1
(MCP-1): an overview. J Interferon Cytokine
Res 2009; 29: 313-326.

Konrad FM and Reutershan J. CXCR2 in acute
lung injury. Mediators Inflamm 2012; 740987:
6.

Kylanpaa L, Rakonczay Z Jr and O’Reilly DA.
The clinical course of acute pancreatitis and
the inflammatory mediators that drive it. Int J
Inflam 2012; 360685: 12.

Lerch MM and Gorelick FS. Models of acute
and chronic pancreatitis. Gastroenterology
2013; 144: 1180-1193.

Thiyagarajan P, Chandrasekaran CV, Deepak
HB and Agarwal A. Modulation of lipopolysac-
charide-induced pro-inflammatory mediators
by an extract of Glycyrrhiza glabra and its phy-
toconstituents. Inflammopharmacology 2011;
19: 235-241.

Ishibashi T, Zhao H, Kawabe K, Oono T, Egashi-
ra K, Suzuki K, Nawata H, Takayanagi R and Ito
T. Blocking of monocyte chemoattractant pro-
tein-1 (MCP-1) activity attenuates the severity
of acute pancreatitis in rats. J Gastroenterol
2008; 43: 79-85.

Bhatia M, Ramnath RD, Chevali L and Gugliel-
motti A. Treatment with bindarit, a blocker of
MCP-1 synthesis, protects mice against acute
pancreatitis. Am J Physiol Gastrointest Liver
Physiol 2005; 288: 3.

Int J Clin Exp Pathol 2014;7(1):101-109


mailto:Ali130@gmail.com
mailto:Ali.Jalili@muk.ac.ir
mailto:Ali.Jalili@muk.ac.ir

[27]

(28]

[29]

[30]

(31]

109

Glycyrrhizin attenuates acute pancreatitis

Brady M, Bhatia M, Christmas S, Boyd MT, Ne-
optolemos JP and Slavin J. Expression of the
chemokines MCP-1/JE and cytokine-induced
neutrophil chemoattractant in early acute pan-
creatitis. Pancreas 2002; 25: 260-269.

Takei M, Kobayashi M, Li XD, Pollard RB and
Suzuki F. Glycyrrhizin inhibits RS HIV replica-
tion in peripheral blood monocytes treated
with 1-methyladenosine. Pathobiology 2005;
72:117-123.

Takei M, Kobayashi M, Herndon DN, Pollard RB
and Suzuki F. Glycyrrhizin inhibits the manifes-
tations of anti-inflammatory responses that
appear in association with systemic inflamma-
tory response syndrome (SIRS)-like reactions.
Cytokine 2006; 35: 295-301.

Bhatia M, Brady M, Kang YK, Costello E, New-
ton DJ, Christmas SE, Neoptolemos JP and
Slavin J. MCP-1 but not CINC synthesis is in-
creased in rat pancreatic acini in response to
cerulein hyperstimulation. Am J Physiol Gastro-
intest Liver Physiol 2002; 282: G77-85.

Awla D, Abdulla A, Syk |, Jeppsson B, Regner S
and Thorlacius H. Neutrophil-derived matrix
metalloproteinase-9 is a potent activator of
trypsinogen in acinar cells in acute pancreati-
tis. J Leukoc Biol 2012; 91: 711-719.

(32]

[33]

(34]

(35]

(36]

(37]

Kielian T, Barry B and Hickey WF. CXC chemo-
kine receptor-2 ligands are required for neutro-
phil-mediated host defense in experimental
brain abscesses. J Immunol 2001; 166: 4634-
4643.

Reutershan J, Morris MA, Burcin TL, Smith DF,
Chang D, Saprito MS and Ley K. Critical role of
endothelial CXCR2 in LPS-induced neutrophil
migration into the lung. J Clin Invest 2006;
116: 695-702.

Hartman H, Abdulla A, Awla D, Lindkvist B,
Jeppsson B, Thorlacius H and Regner S. P-se-
lectin mediates neutrophil rolling and recruit-
ment in acute pancreatitis. Br J Surg 2012; 99:
246-255.

Schofield ZV, Woodruff TM, Halai R, Wu MC
and Cooper MA. Neutrophils - A Key Compo-
nent of Ischemia Reperfusion Injury. Shock
2013; 1: 1.

Wright HL, Moots RJ, Bucknall RC and Edwards
SW. Neutrophil function in inflammation and
inflammatory diseases. Rheumatology 2010;
49: 1618-1631.

Marik PE. What is the best way to feed patients
with pancreatitis? Curr Opin Crit Care 2009;
15: 131-138.

Int J Clin Exp Pathol 2014;7(1):101-109



