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Abstract

One of the most important and serious disorders of gastrointestinal tract is acute pancreatitis which in severe
form is associated with high mortality rate particularly in the presence of systemic inflammatory response
and multiple organ failure. Apoptosis linked to oxidative stress has been shown in the pancreas of the
patients with acute pancreatitis. Lithium, one of the most effective drugs for the treatment of bipolar
disorder, also has dramatic effects on preventing cell damage and apoptosis. Also lithium has shown anti-
inflammatory effects in some animal studies. This study was designed to investigate the possible effect of
lithium chloride in acute pancreatitis. Induction of acute pancreatitis was performed in male mice (25-30 g)
by five intraperitoneal (i.p.) injection of cerulein (50 pg/kg) with 1 h intervals. Lithium chloride (10, 20 and
30 mg/kg) was administered i.p. 15 min before the induction of pancreatitis. Six h after the last injection of
cerulein, the animals were sacrificed and biochemical as well as histopathological analysis was performed.
Pretreatment with 20 mg/kg i.p. of lithium chloride reduced significantly the inflammatory response in
cerulein-induced acute pancreatitis by ameliorating pancreatic edema and leukocyte infiltration, attenuating
amylase and lipase serum levels, and myeloperoxidase activity compared to control group (p<0.05). Two
other administered doses namely 10 and 30 mg/kg were found ineffective. In this study our findings
demonstrate that lithium can dose dependently exhibit protective effect against cerulein-induced acute
pancreatitis.
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INTRODUCTION synthase kinase-3 (GSK-3) (3). It has been
demonstrated that inhibition of GSK-3 reduces

cerulein-induced  acute

Acute pancreatitis is a sudden inflammation the

of the pancreas that suffers from the lack of
specific therapy. Pathophysiology of the acute
pancreatitis is poorly understood. Therefore,
pancreatitis continues to be associated with
significant mortality and morbidity (1).
Inflammatory mediators are released from
damaged pancreatic cells and systemic
immune cells during pancreatitis. Interleukin-1
(IL-1) and tumor necrosis factor-a (TNF-a) are
two major cytokines that play an important
role in progression of acute pancreatitis (2).
Identification of intracellular signal transduction
pathways that regulate duration of the
inflammatory response in the course of the
pancreatitis has been shown by protein kinases
and has suggested a major role for glycogen

*Corresponding author: M. Minaiyan
Tel. 0098 311 792 2623, Fax. 0098 311 6680011
Email: minaiyan@pharm.mui.ac.ir

degree of
pancreatitis and mortality rate in mice (4).
Lithium which is mainly used medically as a
mood-stabilizing drug, in the treatment of
bipolar disorder, acts as a specific inhibitor of
the GSK-3 family of protein kinases (5). Also
it has been demonstrated that lithium has
significant neuronal protective actions against
apoptosis (6). High concentration of cerulein
promoted the expression of proapoptotic gene
bax and p53 and DNA fragmentation in
AR42J cell line, which was mediated by
intracellular Ca>* (7). Lithium inhibits inositol
lipid linked signaling pathway which causes
remission in intracellular calcium levels
(8).These data suggest that lithium might
possess potential protective effects against



A. Abed et al. / RPS 2014; 9(2): 135-141

pancreatitis. The present study was performed
to investigate the protective effects of lithium
chloride in a murine model of acute
pancreatitis which was induced by cerulein
administration. To gain access to better insight
into the possible mechanism (s) of action of
the observed protective effects of lithium on
pancreatitis, we have investigated the effects
of lithium on pancreatic edema, leukocyte
infiltration, amylase and lipase serum levels
and also myeloperoxidase activity.

MATERIALSAND METHODS

Animals

Male mice weighing 25-30 g bred in the
animal house of School of Pharmacy at
Isfahan University of Medical Sciences
(Isfahan, Iran) were wused in this study.
Animals were kept in uniform environment of
temperature (21 + 2 °C), and light/dark cycles
(12/12 h) and allowed free access to pelleted
rodent chow and tap water. Before induction
of cerulein-induced acute pancreatitis, animals
were fasted over the night for at least 12 h.
The study was approved by the Ethics
Committee for Animal Care and Uses of
Istfahan University of Medical Sciences,
Isfahan, Iran.

Induction of pancreatitis

Acute pancreatitis was induced by five
consecutive intraperitoneal (i.p.) injections of
50 pg/kg body weight of cerulein (Sigma, St.
Louis, MO, USA) with 1 h intervals (9).

Experimental design

In the current investigation, effect of
lithium chloride (10, 20 and 30 mg/kg,) on
acute pancreatitis was studied. Test doses of
lithium were chosen based on the study
performed by Egashira and coworkers (10).
Lithium chloride was given 15 min before
pancreatitis induction.

Control group (healthy mice) received i.p.
injection of 5 ml/kg normal saline as the
vehicle. In negative control group, mice with
acute pancreatitis were pretreated with 5 ml/kg
normal saline as i.p injection. Six mice in each
group were used. Blood samples were
collected 6 h after the last injection of cerulein
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and stored at -70 °C for biochemical analysis.
Thereafter mice were sacrificed by decapitation
and their pancreases were rapidly removed and
fixed in formaldehyde (10%) for histological
examination. Besides, portions of this organ
were promptly frozen in liquid nitrogen and
stored at -70 °C until assayed.

Amylase and lipase serum level analysis

Serum lipase and amylase activities were
determined using commercially available
lipase and amylase kits (Pars-Azmoon
Company, Tehran, Iran) (11).

Myel oper oxidase activity assay

Myeloperoxidase (MPO) activity, an index
of polymorphonuclear cell accumulation, was
measured according to the method of Bradley
and coworkers with brief modification (12).
Pancreas tissue was homogenized in 1 mL of
50 mM potassium phosphate buffer containing
0.5% hexadecyl trimethylammonium bromide
(HTAB). The homogenate was then sonicated
in an ice bath for 10 s and freeze thawed twice
with sonication between cycles. Afterward, the
suspensions were centrifuged at 15000 rpm for
15 min at 4 °C and the supernatant (0.1 mL)
was allowed to react with dianisidine
dihydrochloride (0.167 mg/ml) and 0.005%
hydrogen peroxide contained in 2.9 mL of 50
mM potassium phosphate buffer (pH 6.0) .
The absorbance of the reaction mixture was
measured at 450 nm using a UV-Vis
spectrophotometer (UNICO®, uv-2100). MPO
activity was expressed in units (U) per gram of
wet tissues.

Histological examinations

Paraffin-embedded pancreas samples were
sectioned (5 pm), stained with hematoxylin
and eosin, and examined by a pathologist
unaware of the experimental protocol.

The histological grading of edema was
made using a scale ranging from 0 to 3 (0=no
edema, l=interlobular edema, 2=interlobular
and moderate intralobular edema, and
3=interlobular edema and severe intralobular
edema). Leukocyte infiltration was also graded
from 0 to 3 (O=absent, 1=scarce perivascular
infiltration, 2=moderate perivascular and
scarce diffuse infiltration, and 3=abundant



diffuse infiltration). Grading of vacuolization
was based on the appropriate percentage of
acinar cells involved: O=absent, 1=less than
25%, 2=25-50% and 3=more than 50% of
acinar cells (13).

Statistical analysis

Biochemical results are expressed as mean
+ SEM. Statistical analysis was carried out by
one-way analysis of variance (ANOVA)
followed by Tukey’s multiple comparison
test. Nonparametric data was analyzed by
Mann-Whitney U test. The minimal level of
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significance was considered at P<0.05.
RESULTS

Effects of lithium chloride on the serum
levels of amylase and lipase
Cerulein-induced pancreatitis in vehicle-
treated mice was associated with significant
rises in the serum levels of amylase and lipase.
The increase in amylase and lipase was
noticeably reduced in cerulein-treated mice
which were pretreated with i.p. injection of
lithium at the dose of 20 mg/kg (Figs. 1 and 2).
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Fig. 1. Effect of lithium chloride on serum amylase levels (U/L) of cerulein-induced acute pancreatitis in mice. Control
(Ctrl), normal mice treated with normal saline (5 ml/kg); negative control (NegCtrl), mice with pancreatitis treated with
normal saline (5 ml/kg) lithium chloride (10, 20, 30 mg/kg); all treatments were made intraperitoneally. Data are shown
as mean = SEM of 6 animals in each group. ¥*P<0.05, ***P<0.001 versus negative control (ANOVA).
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Fig. 2. Effect of lithium chloride on serum lipase level (U/L) of cerulein-induced acute pancreatitis in mice. Control
(Ctrl), normal mice treated with normal saline (5 ml/kg); negative control (NegCtrl), mice with pancreatitis treated with
normal saline (5 ml/kg), lithium chloride (10, 20, 30 mg/kg); all treatments were made intraperitoneally. Data are shown
as mean = SEM of 6 animals for each group. *P<0.05, ***P<0.001 versus negative control (ANOVA).
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Effects of lithium chloride on myeloperoxidase
activity

Myeloperoxidase activity as a marker of
leukocyte accumulation was obviously enhanced
in the pancreas tissue following the cerulein
administration. Pretreatment with lithium at the
dose of 20 mg/kg by i.p. injection significantly
diminished MPO activity, in comparison with
normal saline treated mice (P<0.05) (Fig. 3).

Effects of lithium chloride on the histological
parameters

As expected, in normal saline treated mice,
pancreas did not show any tissue injuries at
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light microscopic level (x10 magnification).
Administration of cerulein was able to induce
acute edematous pancreatitis with severe
leukocyte infiltration and vacuolization in all
mice tested.

In lithium-pretreated group at a dose of 20
mg/kg the severity of edema and leukocyte
infiltration was significantly reduced compared
to normal saline treated group (P<0.05) while
vacuolization was not affected significantly.
On the other hand, two lower and
higher doses of lithium (10 and 30 mg/kg)
were not effective in protecting pancreas
against injuries (Table 1, Fig. 4).
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Fig. 3. Effect of lithium on myeloperoxidase activity of cerulein-induced acute pancreatitis in mice. Control (Ctrl),
normal mice treated with normal saline (5 ml/kg); negative control (NegCtrl), mice with pancreatitis treated with
normal saline (5 ml/kg), lithium (10, 20, 30 mg/kg); all treatments were made intraperitoneally. Data are shown as mean
+ SEM of 6 animals for each group. ¥*P<0.05, ***P<0.001 versus negative control (ANOVA).

Fig. 4. Representative illustrations of normal pancreas and acute pancreatitis in mice. A. Normal pancreatic tissue. B.
Acute pancreatitis induced by cerulein with severe intralobular edema and abundant diffuse leukocyte infiltration (white
arrows). C. Acute pancreatitis treated with lithium (20 mg/kg) with moderate intralobular edema and scarce perivascular
infiltration. Hematoxylin and eosin staining with low (X 10) power.
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Table 1. Effect of lithium on pathological scores of pancreas in cerulein-induced acute pancreatitis in mice.

Group Edema L eukocyteinfiltration Vacuolization
Ctrl 0.00 +0.00 0.00 = 0.00 0.00 £ 0.00
NegCitrl 2.50+0.22 2.16 £ 0.30 0.62 +£0.22
Li (10 mg/kg) 2.16 +0.16 2.00+0.25 0.53+£0.21
Li (20 mg/kg) 1.80 £ 0.25% 1.66 £ 0.21* 0.57+0.20
Li (30 mg/kg) 2.24+0.24 1.9+ 023 0.56 £0.16

Control (Ctrl), normal mice treated with normal saline (5 ml/kg); negative control (NegCtrl), mice with pancreatitis
treated with normal saline (5 ml/kg); all treatment were made intraperitoneally. Data are shown as mean = SEM of 6
animals for each group, *P<0.05: significant difference compared to negative control (Mann's Whitney U test).

DISCUSSION

We investigated here the effects of lithium
chloride on cerulein-induced acute pancreatitis
in mice. Cerulein caused a substantial increase
in the serum levels of amylase and lipase as
well as tissue damage characterized by
inflammatory cell infiltration, edema and
increased myeloperoxidase activity.

Lithium chloride reduced serum amylase
and lipase activities and myeloperoxidase
activity in pancreas tissues. Pancreatic tissue
inflammation was also decreased significantly
(P<0.05) at the dose of 20 mg/kg of lithium
carbonate. But intraperitoneal injection of
lithium at doses of 10 and 30 mg/kg did not
significantly alter the degree of inflammation
and serum lipase and amylase activities
elevated in mice with pancreatitis. This is in
accordance with the results obtained by
Matasis and coworkers (14). They suggested
that lithium in high doses caused a rise in the
serum amylase concentration which was in
accordance with low therapeutic window of
lithium activity and suggested more detailed
studies to explore the underlying mechanism
of action.

Lithium also inhibits GSK-3 which was
first identified as ubiquitous serine-threonine

protein  kinase involved in  glycogen
metabolism  (15,16). GSK-3 has been
implicated in cell membrane to nucleus

signaling, gene transcription and translation,
cytoskeletal organization, and cell cycle
progression and survival (3,17,18). Also GSK-
3 is a part of many intracellular signaling
pathways such as insulin phosphatidylinositol-
3 kinase (PI-3K). Activation of these pathways
inhibits GSK-3 which has been linked to the
neuroprotection and activation of cell survival
GSK-3 contributes to the pathogenesis of
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signaling pathways (5). It has been shown that
cerulein-induced pancreatitis in mice and that
treatment with the GSK-3 inhibitor decreases
the inflammatory responses associated with
the pancreatitis (4).

The nuclear factor-«B (NF-kB) is involved
in the regulation of many pro-inflammatory
genes, including those for TNF-qa, IL-1p and
vascular endothelium growth factor (VEGF)
(19). The discovery that inhibition of NF-xB
activity may be useful in conditions associated
with local and systemic inflammation
stimulated the search for agents that prevent its
activation. It has also been proven that
interfering with the NF-xB pathway leads to a
substantial amelioration of experimental acute
pancreatitis (20). GSK-3p has profound effects
on the transcription in a gene-specific manner
through a mechanism involving in the control
of promoter-specific recruitment of NF-xB

(21).
Lithium has been shown to reduce
inflammatory  cytokine  production by

inhibiting GSK3-dependent activation of NF-
kB transcriptional activity (22-24).
It has been reported that prevention of

neutrophil infiltration into the pancreas
consequently attenuates pancreatic injury
during acute pancreatitis (25). It was

demonstrated that lithium markedly decreased
MPO activity in an animal model of colitis in
rat which has been further supported by the
results obtained from the present study (26).
Cerulein is able to induce apoptosis in
pancreatic cells (27). Some studies have been
shown that lithium increases cell survival by
stimulating activity in anti-apoptotic pathways,
including the PI-3K /Akt and the mitogen-
activated protein kinase pathways. In addition,
lithium reduces pro-apoptotic function by
directly and indirectly inhibiting GSK-3f3
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activity and indirectly inhibiting N-methyl-D-
aspartate (NMDA) receptor-mediated calcium
influx which may be partially or fully
responsible for protective effect of lithium
against cerulein induced acute pancreatitis (28).

Taken together these findings demonstrate
that lithium marginally exhibits anti-
inflammatory property in animal model of
cerulein-induced acute pancreatitis but this
effect is critically dependent to dose and needs
an accurate estimation of the dosage.

CONCLUSION

We demonstrated that lithium chloride
indicated protective activity against cerulein-
induced acute pancreatitis in mice which might
suggest therapeutic or protective potential
under this inflammatory disease condition.
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