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Abstract
Bee propolis which is a natural resinous product collected by honey bees from plants, is used as folk medicine since ancient time. propolis 
has been shown to produce various beneficial  biological and pharmacological effects due its immunomodulatory , anti-inflammatory, 
antioxidant and antimicrobial  properties which have been investigated extensively in the last decade. A total number of 30 male albino Wistar 
rats 150-250 gm were conducted in the present study .They divided  into  3 equal groups 10 rats each: (1)The negative controls ,they did not 
receive any treatment, (2)The positive controls with experimental acute pancreatitis(AP) by L-Arginine injections), they did not receive any 
treatment (3) Group with AP and treated with Propolis .The following investigations were done to test the anti-inflammatory and anti-oxidant 
effects of propolis : (1) proinflammatory cytokines : (IL-1β, IL-6, TNF-α) and anti-inflammatory cytokine: IL-22.(2) serum lipase and Amylase.(3) 
thiobarbituric acid-reactive substances (TBARS): to detect lipid peroxidation . Propolis showed a strong anti-inflammatory and anti-oxidant 
effects by attenuation of the severity of acute inflammation of the pancreatic tissues of rats with L-arginine-induced AP through inhibition of 
the secretions of proinflammatory cytokines and also a novel result of this study was the finding that propolis significantly increased levels 
of IL-22, which had not been tested in previous studies .Therefore, propolis and IL-22  could be considred as a potential treatment for AP in 
humans,which needs more investigations for side effects and tolerance.
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Introduction:
Pancreatitis is a major gastrointestinal problem worldwide. Acute 
pancreatitis (AP) is a sudden pancreatic inflammation accompanied 
by an excessive reactive oxygen species production that provokes 
inflammation. maldigestion and abdominal pain (1).

In the majority of cases, it is mainly caused by gallstones or heavy 
alcohol use while other causes include medications, infections, 
trauma, metabolic disorders and surgery. In up to 30% of people with 
acute pancreatitis, the cause is unknown(idiopathic) (2). Despite the 
development of new therapeutic and diagnostic approaches, the 
clinical course of acute pancreatitis (AP) is associated with significant 
high mortality rates (3).

Experimental studies in animal models were focused on the molecular 
pathway, including proinflammatory cytokines, and shedding light 
on the pathophysiologic mechanisms of AP(4). Increased levels of 
proinflammatory cytokines such as interleukin (IL)-1, IL-6 and tumour 
necrosis factor-alpha (TNF-α) aggravate AP by increasing vascular 
permeability (5).The disease is usually associated with Oxidative damage 
to pancreatic cells with the release of pancreatic digestive enzymes 
into the pancreatic interstitium and to the systemic circulation with 
increased proinflammatory cytokine production(6).These cytokines 
act locally with the released pancreatic enzymes to aggravate acute 
pancreatitis (7). Oxidative stress is regarded as a major pathogenic 
factor in acute  pancreatitis. In human acute pancreatitis, the 
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increased levels of lipid peroxide in pancreatic tissue and subnormal 
levels of antioxidant vitamins in the blood were reported (8). Among 
several animal models of experimental pancreatitis that exhibit the 
biochemical, morphological, and pathophysiological similarities  to 
various aspects of human pancreatitis, L-arginine pancreatitis was 
shown to be one of the best-characterized , more selective and widely 
used experimental models (9). L- Arginine produces large amounts of 
reactive oxygen species (ROS) activates oxidant-sensitive nuclear 
transcription factor NF-κB and thus induces cytokine expression in 
freshly isolated pancreatic acinar cells without inflammatory cells in 
vitro (10).

Propolis is a natural resinous compound collected by bees from the 
gum of various plants Propolis has attracted global attention for its 
wide range of pharmacological and biological properties, making it 
a potentially promising therapeutic agent. The efficacy of propolis 
depends mainly on the presence of flavonoids, primarily caffeic acid 
phenethyl ester (CAPE), which provide an anti-inflammatory and anti-
oxidant effects.(11). Many studies have shown that the anti-inflammatory 
activity of propolis inhibit the activation of cyclooxygenase (COX)-
2 gene expression, suppress enzyme activities of COX-1 and COX-2 
and inhibit the release of arachidonic acid from cell membranes. (12). 
IL-22, a member of the IL-10 family, is a cytokine secreted by several 
types of immune cells such as T helper (Th) 22, Th1, and Th17 cells, γδ 
T cells, natural killer T cells, and innate lymphoid cells. It is a principal 
component in mucosal barrier defense, tissue repair, epithelial cell 
survival, and proliferation (13). In cases of AP,  IL-22 production was 
found to be increased while, the receptor expression is   restricted 
to leukocytes and epithelial cells, respectively (14). IL-22 is recognized 
today as a key player in the antimicrobial , anti-inflammatory defense, 
regeneration, and protection against damage (15). The aim of the 
present study was to investigate the possible therapeutic effects 
of propolis against destructive and oxidative changes of acute 
pancreatitis induced  by L-Arginine .Also , to find out the mechanism of 
action of propolis as anti-inflammatory agent. The aim was reached via 
measurement of the following parameters :
Serum pancreatic enzymes(lipase and amylase), Serum biochemical 
inflammatory mediators (interleukins): IL-1B, IL-6 and the anti-
inflammatory cytokine IL-22., Serum TNF- α, and Serum Lipid 
peroxidation products (TBARS) .

Methods :
The present study was conducted at Imam Abdulrahman Bin Faisal 
University, Dammam, Saudi Arabia. A total of 30 male albino Wistar 
rats weighing 150–250 g were obtained from the university’s animal 
house for this study. All rats were maintained in a room at a constant 
temperature of 22 ± 1°C with 12 hour light/dark cycles and had free 
access to standard laboratory food pellets and water. 

Rats were equally divided into three groups. Group-1 was the undiseased 
untreated negative control group, group 2 consisted of the diseased 
untreated positive controls and group 3 was the diseased and treated 
group.Rats of group 2 and 3 were injected with L-arginine to induce 
AP. Two intraperitoneal (IP) injections of L-arginine (Sigma-Aldrich 
Chemical, Merck KGaA, Darmstadt, Germany) at a dose of 250 mg/100 
g of body weight (BW) prepared in isotonic saline (20% 0.15 M sodium 
chloride) were administered at a one-hour interval to induce AP(9). The 
rats in group 3 were treated orally with Brazilian green propolis alcohol 
extract (Uniflora Apicultores Associados Ltda, Olímpia, Brazil) 100 mg/

kg of BW after two hours of L-arginine injection and daily for seven 
days.(16) This dose was previously shown to be anti-inflammatory dose 
(17). AP was diagnosed clinically as rats became sluggish and lethargic 
with anorexia and weight loss as well as the serum levels of lipase and 
amylase. The condition was most severe 72 hours after the L-arginine-
injections . The treatment regimens were stopped after seven days 
and 12 hours before the rats were anaesthetised with an IP injection 
of ketamine (50 mg/kg of BW; Alfasan International BV, Woerden, 
the Netherlands). Rats were euthanised and blood was collected 
from the abdominal aorta by means of a vacutainer .The levels of 
pro-inflammatory cytokines IL-1β, IL-6, and TNF-α were assessed by 
enzyme-linked immunosorbent assay (ELISA), kits supplied from Bio-
Rad Laboratories Inc., Hercules, California, USA (18). The levels of IL-22 
were measured by ELISA Kit supplied from R&D Systems, Minneapolis, 
Minnesota, USA(19) .Amylase and Lipase : by ELISA kits using an ELISA 
reader (20). lipid peroxidation product level : thiobarbituric acid-reactive 
substances (TBARS): to detect lipid peroxidation  which is a well 
established mechanism of cell membrane injury.The measurement of 
TBARS was done by Cayman chemical TBARS assay kit(21). 

Statistical analysis :was performed using Statistical Package of Social 
Science (SPSS), Version 21 (IBM Corp., Armonk, New York, USA). 
Data are presented as means ± standard error of the mean. One-way 
analysis of variance followed by Tukey’s multiple comparison post-hoc 
test was used to compare the means. Statistical significance was set 
at P <0.05.

All experiments were performed in accordance with the 
recommendations of the national guidelines for the care and handling 
of laboratory animals. The experimental protocol was approved by the 
Local Animal Ethics Committee .

Results :
From table(1) : the means±S.D of serum concentrations of IL-1-B of 
the 3 studied groups were 36.393±pg/ml, 116.13±4.28 and 41.43±4.01 
respectively, showing a  statistically significant increase in group 2 
(positive control) than the other groups indicating a significant effect 
on the propolis treated group which was found near the negative 
control.

From table(1): the means± S.D of serum concentrations  of IL-6 of 
the 3 studied groups were 39.021±3.13 and 85.4±3.39 and 45.2±2.05 
respectively, showing a  statistically significant increase in group 2 
(positive control) than the other groups indicating a significant effect 
on the propolis treated group which was found near the negative 
control.

From table(1) : the means± S.D of serum concentrations of IL-22 of the 
3 studied groups were 0.1927±0.020 , 0.1565±0.023 and 0.3053±0.056 
respectively, showing a significant increase in group 3 (propolis 
treated) than the other groups indicating a significant effect on the 
propolis treated group .

From table(1): the means± S.D of serum concentrations of TNF- α 
of the 3 studied groups were 59.748±1.40, 96.9±2.51and 48.8±1.51 
respectively, showing a significant increase in group 2 (positive 
control) than the other groups indicating a significant effect on the 
propolis treated group which was found insignificantly lower than the 
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negative control group .

From Table (2): the means±S.D of serum concentration of Amylase 
of the 3 studied groups were 49.2±2.9, 605.2±3.11 and 60.8±2.45 
respectively, showing a  very highly statistically significant increase in 
group 2 (positive control) than the other groups indicating a significant 
effect on the propolis treated group which was found insignificantly 
higher than the negative control.

From Table (2): the means±S.D of serum concentration of lipase of 
the 3 studied groups were 150.4±3.22, 1535.9±4.78 and 154.9±2.66 
respectively, showing a  highly statistically significant increase in group 
2 (positive control) than the other groups indicating a significant effect 
on the propolis treated group which was found insignificantly higher 
than the negative control.

From Table (2): the means±S.D of serum concentration of TBARS 
for the 3 studied groups were 53.9±3.12,  94.9±2.45 and  41.8±1.8 
respectively, showing a  statistically significant increase in group 2 
(positive control) than the other groups indicating a significant effect 
on the propolis treated group which was found insignificantly lower 
than the negative control.

Discussion :
Previous studies have used experimental AP induced by L-arginine to 
study the effect of various therapeutic agents and the pathophysiologic 
mechanisms of the disease.(22) The present study aimed to determine 

the effects of propolis on immune mediators and its anti-inflammatory 
and antioxidant effect in rats with AP. The effect of propolis was 
evidenced by a decrease in proinflammatory cytokines (TNF-α,IL-1-B 
, and IL-6), increase the levels of anti-inflammatory cytokine IL-22, 
decreased levels of pancreatic enzymes and the protective strong 
antioxidant  effect through the significant decrease of TBARS in the 
propolis treated group which was detectd before to ameliorate the 
oxidative stress in the pancreas of  experimentally diabetic rat (16). 

Interestingly, an important and novel result of the present study 
was the finding that propolis significantly increased the levels of 
the anti-inflammatory cytokine IL-22, which had not been tested in 
the previous studies.This result added more infomations about the 
mechanism of the anti-inflammatory action of propolis which still not 
fully understood. A study was suggested that propolis has an anti-
inflammatory effect through the inhibition of the release of histamine, 
prostaglandins and leukotrienes.(23) Another study reported that 
the anti-inflammatory properties of propolis are due to CAPE as it  
exerts its anti-inflammatory actions by suppressing the inflammatory 
enzyme activities of COX-1 and COX-2 and inhibiting the release of 
arachidonic acid from cell membranes (24). The benificial effect of 
propolis on  experimental acute pancreatitis induced by cerulein was 
studied before , a significant beneficial effect of propolis was  found 
in this study( 22).  So it is necessary to test this natural agent again in 
a L-arginine induced pancreatitis which is more similar to the human 
acute pancreatitis to support this finding which was done in the 
present study which showed non-significant minimal change in IL-22 
levels between groups 1 and 2, but there was a significant increase of 
IL-22 in group 3 ( propolis treated group) which may be mediated via 

Negative Control

G1

L-Arginine(Positive 
Control)

G2

Propolis treated

G3
P value

IL-1β pg/ml 36.393±3.07 116.13±4.28* 41.43±4.01 <0.05

IL-6 pg/ml 39.021±3.13 85.4±3.39* 45.2±2.05 <0.05

IL-22 pg/ml 0.1927±0.020 0.1565±0.023 0.3053±0.056* <0.05

TNF-α pg/ml 59.748±1.40 96.9±2.51* 48.8±1.51 <0.05

Table(1) shows the means± S.D of the proinflammatory cytokines(IL-1-B , IL-6 and TNF- α) and anti-
inflammatory IL-22 in the three studied groups.

Negative Control Arginine(Positive 
Control) Propolis treated P value

Serum amylase U/L 150.4±3.22 1535.9±4.78*** 154.9±2.66 <0.001

Serum lipase U/L 49.2±2.9 605.2±3.11** 60.8±2.45 <0.01

Serum TBARS umol/L 53.9±3.12 94.9±2.45* 41.8±1.8 <0.05

Table(2) shows the means± S.D of serum amylase, lipase and TBARS in the three groups. 



International Journal of Biotechnology and Bioengineering Volume 6 Issue 7, November 2020

 Citation: Tharwat A.G.Eldin  (2020), Propolis -Induced IL-22 Ameliorated the inflammatory response in experimental Acute Pancreatitis in Male 
Rats. Int J Biotech & Bioeng. 6:7, 133-137

136

the signal transducer and activator of transcription STAT3 signaling 
pathway in which exogenous recombinant IL-22 protected mice from 
L-arginine-induced AP(25). The favourable effect of IL-22 is thought to 
depend on the extent of AP inflammation. In mild cases of induced 
AP, administration of exogenous IL-22 successfully aborted the 
development of the disease, while it ameliorated the more severe cases 
(15). Furthermore, over-expressed animal models of IL-22 were resistant 
to AP development (26) .It was reported that the administration of the 
anti-IL-22 anti-body, to block the receptors, endogenously aggravated 
pancreatic injury which supports the essential role of IL-22(27). 
Collectively, these findings strongly suggest that IL-22 plays a vital role 
in AP prevention and amelioration. Furthermore, IL-22 may mediate 
a protective effect against L-arginine-induced AP via activation of the 
STAT3 signaling pathway, which can suppress apoptosis by inducing 
downstream genes, including Bcl-xL and Bcl-2(26).

Conclusion :
Propolis attenuated the severity of inflammation of the pancreatic 
tissues of rats with L-arginine-induced AP through the induction 
of secretion of the anti-inflammatory cytokine IL-22. Therefore, 
propolis and IL-22  could be considred as a potential treatment for 
AP in humans,which needs more investigations for side effects and 
tolerance.
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