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Introduction
Acute pancreatitis is a disease that results in inflammation of 

the pancreas. Activation of digestive enzymes such as amylase and 
lipase with subsequent release of pro-infammatory cytokines is a 
characteristic feature of the disease.1 The markers used for diagnosis of 
acute pancreatitis include amylase, lipase, trypsinogen, interleukin-6 
and C reactive protein.2 The inflammatory condition may be limited 
to the pancreatic gland, or it may extend to involve the surrounding 

tissues and/or distant organs. Hence, the clinical manifestations range 
from mild abdominal pain to very serious presentations.3 L-Arginine 
is an amino acid that increases the muscular power and improves 
performance through maintaining ATP level. In spite of this, l-arginine 
was found to induce acute pancreatitis in animals.4 

One of the most common animal models used to study the 
biochemical and histological alterations of AP was L-arginine-
induced acute pancreatitis. It induced pancreatitis in rats by oxygen 
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Abstract

Introduction: Acute pancreatitis (AP) is a disease that results in inflammation of the 
pancreatic tissue. The most characteristic features of this disease are activation of digestive 
enzymes such as amylase and lipase with subsequent release of pro-inflammatory cytokines. 
It may be complicated with multiorgan failure. Pulmonary complications are considered the 
most frequent and most serious complications. Apitherapy is a type of natural medicine 
that uses honey bee products like bee venom and bee propolis for treating various diseases.

The aim of the study: To elucidate the apitherapeutic value of bee venom and bee propolis 
on L-arginine-induced acute pancreatitis and its associated lung injury complication in 
adult male albino rats via biological study.

Materials and methods: This study was performed on 70 adult male albino rats. Rats 
were randomly divided into seven groups: Group I :Control group (CG), Group II :Acute 
pancreatitis group (AP) in which pancreatitis was induced by two intraperitoneal (i.p.) 
injections of 2g/kg L-arginine, 1 h apart, Group III :Bee venom (250µg/kg subcutaneous 
(s.c.) injection) + L-arginine treated group (BVL), Group IV: Bee propolis (300mg/kg 
intramuscular (i.m.) injection) + L-arginine treated group (BPL), Group V: Combined 
therapy group (CT), Group VI: Bee venom only treated group(BV) and Group VII: Bee 
propolis only treated group (BP). The diagnostic markers, including serum lipase and 
amylase, GGT, glucose, CRP, tissue total antioxidants and RT-PCR analysis of matrix 
metalloproteinase-9 (MMP-9), were measured. Histological (using hematoxylin & eosin 
stain) and Immunohistochemical (using NF-κB immunostain) techniques were done. The 
morphometric study was performed for area % and optical density of immunoexpression 
of NF-κB in pancreatic and lung tissues. All performed measurements were followed by 
statistical analysis.

Results: Acute pancreatitis group revealed a significant increase in amylase and lipase 
serum levels, increase in MMP-9 expression and a decrease in the total antioxidants tissue 
content. Histopathological results demonstrated widening of the connective tissue septa of 
the pancreas with degeneration of pancreatic acini in AP group while, the lungs showed 
thickened interalveolar septa with inflammatory cellular infiltration. A significant increase 
in immunoreactivity of NF-κB in pancreatic and lung tissues was also observed. The 
pretreated groups showed a significant improvement of these biochemical and histological 
changes.

Conclusions: There was a significant role of pretreatment with bee venom and bee propolis 
in ameliorating biochemical and histopathological changes in AP group.

Keywords: bee venom, bee propolis, acute pancreatitis, lung injury, l-arginine, mmp-9, 
nf-κb
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and nitrogen free radicals generation which in turn distort the 
cellular membranes of zymogen granules. This results in releasing 
the digestive enzymes, cellular proteins, and increased levels of 
inflammatory mediators.5

Honeybees products include numerous substances such as bee 
venom, bee propolis, bee pollen, and royal jelly. They are known to 
have many medicinal and health-promoting properties. Bee products 
are a great source of natural antioxidants. They contain flavonoids, 
phenolic acids, or terpenoid.6 So, the use of natural substances 
that having the ability to counteract the effects of oxidative stress 
that underlie the pathogenesis of numerous diseases, such as 
neurodegenerative disorders, cancer, diabetes, and atherosclerosis, 
and to combat the negative effects of different harmful factors and 
drugs become a great concern.7

Honeybees (Apis mellifera) produce a natural toxin known as bee 
venom. Purified bee venom is well known for its anti inflammatory, 
analgesic and anti-cancer effects.8 Bee venom contains different 
peptides such as melittin, apamin, adolapamin and mast cell 
degranulating peptide. It was claimed to stimulate cortisol secretion 
and to enhance antibody production. It also modulates cytokine 
production.9

Propolis is another honeybee product. Its chemical composition 
was very complex. It has an antioxidant property due to its high 
content of polyphenolic components including flavonoids, tannins, 
terpenoids and phenolic compounds. These compounds have free-
radical scavenging activity. Many biological and pharmacological 
properties of propolis have been noted. They include antibacterial, 
antifungal, anti-inflammatory, antioxidant, immunomodulatory, 
antiviral and anticarcinogenic properties.10,11 

Apitherapy is a type of natural medicine that uses honeybee 
products, including honey, pollen, propolis, royal jelly and bee venom. 
As modern medicine has sometimes either many side effects or 
inefficient curative effect, so, we were looking back to the past for an 
alternative approach like apitherapy.12,13 So, the aim of this study was 
to evaluate the possible apitherapeutic value of bee venom and bee 
propolis on L-arginine-induced acute pancreatitis and its associated 
lung injury in adult male albino rats using biochemical, histological 
and immuno-histochemical techniques.

Materials and methods
Animals: Seventy adult male albino rats, locally bred at the Animal 

House of Kasr El Aini with an average weight of 200-250 g were used 
in the present study. Rats were housed at ordinary room temperature, 
exposed to natural daily light-dark cycles, had access to food and 
water ad libitum. This experiment has been approved by the ethics 
committee for animal research in the animal house of Kasr-El-Aini 
Faculty of Medicine, Cairo University, Egypt following international 
ethics and regulations for animal research in laboratory applications.14

Experimental design

The animals were divided into seven groups: 

Group I (Control group) (CG): Included ten rats that were further 
divided into untreated rats, and that received the same solvents of 
the drugs in injection form at the same times with the experimental 

animals. All rats were sacrificed at the same time as the corresponding 
experimental group. 

Group II (Acute pancreatitis group) (AP): Included ten rats which 
were injected intraperitoneally (i.p.) with L-Arginine (Sigma-Aldrich, 
St. Louis, MO, USA) in two doses of 2 g/kg body weight each, 1 h 
apart. L-arginine was dissolved in normal saline.15

Group III (Bee venom+L-arginine group) (BVL): Included ten rats 
which were given 250 μg/kg bee venom (Vacsera) dissolved in normal 
saline by subcutaneous injection (s.c.) one hour before injection of 
L-arginine and 24 hours after the second dose of L-arginine.16,17

Group IV (Bee propolis+L-arginine group) (BPL): Included ten 
rats which were given 300 mg/kg bee propolis (Biopropolis, Sigma, 
Egypt) dissolved in buffer phosphate saline by intramuscular injection 
(i.m.) one hour before injection of L-arginine and 24 hours after the 
second dose of L-arginine.18

Group V (Combined thaerapy group) (CT): Included ten rats which 
were given both bee propolis and bee venom one hour before injection 
of L-arginine and 24 hours after the second dose of l-arginine. 

Group VI (Bee venom only treated group) (BV): Included ten 
rats which were given two doses of 250 μg/kg bee venom (Vacsera) 
dissolved in normal saline by subcutaneous injection on the first and 
second day of the experiment.

Group VII (Bee propolis only treated group) (BP ): Included ten rats 
which were given two doses of 300 mg/kg bee propolis (Biopropolis, 
Sigma, Egypt) dissolved in buffer phosphate saline by intramuscular 
injection on the first and second day of the experiment.

Preparation of blood and tissues for biochemical analysis

After 48 hours after the second injection of l-arginine, the rats 
were anesthetized using an injection of thiopental sodium 50 mg/ kg 
subcutaneously. The blood samples were directly taken from retino-
orbitalpuncture and were centrifuged at 3000 rpm for 15min. The 
collected serum was stored at −70°C. The pancreas and lungs were 
quickly removed and fixed in formaldehyde (10%) for histological 
examination. Remaining parts of pancreatic tissues were frozen 
until needed for Total Antioxidant Capacity (TAC) and total RNA 
extraction and gene expression. The supernatants of blood used 
for measurement of CRP according to Fisher et al.,19 amylase by 
diagnostic kit colorimetric method according to,20 lipase colorimetric 
method by Spectrum kit,21 GGT by Spectrum kit kinetic colorimetric 
according to Szasz method,22 glucose levels by enzymatic colorimetric 
according to Weissman et al.,23 Caraway et al.24 Total Antioxidant 
Capacity (TAC) was measured in pancreatic tissue, using Randox 
(Shanghi, China) kit Total Antioxidant Capacity, (cat No. Nx 2331) 
according to the method of25 and expressed as nmol TAC/g tissue.

Quantitative analysis of gene expression of MMP-9 by real 
time PCR

Total RNA extraction

Total RNA was extracted from tissue homogenate using SV Total 
RNA Isolation System (Promega, Madison, WI, USA) according to 
manufacturer’s instruction. The RNA concentrations and purity were 
measured with an ultraviolet spectrophotometer.
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Complementary DNA (cDNA) synthesis 

The cDNA was synthesized from 1 μg RNA using SuperScript 
III First-Strand Synthesis System as described in the manufacturer’s 
protocol (#K1621, Fermentas, Waltham, MA, USA). One μg of total 
RNA was mixed with 50 μM oligo (dT) 20, 50 ng/μL random primers, 
and 10 mM dNTP mix in a total volume of 10 μL. Then the mixture 
was incubated at 56°C for 5 min, and placed on ice for 3 min. The 
reverse transcriptase master mix containing 2 μL of 10× RT buffer, 4 
μL of 25 mM MgCl2, 2 μL of 0.1 M DTT, and 1 μL of SuperScript® 
III RT (200 U/μL) was added to the mixture and incubated at 25°C for 
10 min followed by 50 min at 50°C.

Real-time quantitative PCR

Real-time PCR amplification and analysis were performed using an 
Applied Biosystem with software version 3.1 (StepOne™, USA). The 
reaction contained SYBR Green Master Mix (Applied Biosystems), 
gene-specific primer pairs which were shown in Table 1 and were 
designed with Gene Runner Software (Hasting Software, Inc., Hasting, 
NY) from RNA sequences from the gene bank. All primer sets had a 
calculated annealing temperature of 60°C. Quantitative RT-PCR was 
performed in a 25-μl reaction volume consisting of 2X SYBR Green 
PCR Master Mix (Applied Biosystems), 900 nM of each primer and 
2μl of cDNA. Amplification conditions were: 2 min at 50°C, 10 min at 
95°C and 40 cycles of denaturation for 15 s and annealing/extension at 
60°C for 10 min. Data from real-time assays were calculated using the 
v1.7 sequence detection software from PE Biosystems (Foster City, 
CA). Relative expression of studied gene mRNA was calculated using 
the comparative Ct method. All values were normalized to GAPDH 
which was used as the control housekeeping gene and reported as fold 
change over background levels detected in the diseased groups.

The primer sequence of the studied gene MMP-9:

Forward primer: 5’- CCA CCG AGC TAT CCA CTC AT -3

Reverse .primer: 5′- GTC CGG TTT CAG CAT GTT TT -3

The primer sequence of the studied gene GAPDH:

Forward primer :5’-- TGAACGGGAAGCTCACTGG -3

Reverse primer:5′- TCCACCACCCTGTTGCTGTA

Histopathology and Immunohistochemical study

Specimens of pancreas and lung tissues were dehydrated processed 
to obtain paraffin blocks. Five µm sections were cut and stained 
with H&E stain. Immunohistochemical staining was done using anti 
NF-kB/p65 (Labvision, Thermo Scientific, USA) rabbit polyclonal 
antibody, catalog no. RB -1638. The reaction is cytoplasmic and the + 
ve control was the prostate.

Morphometric study

The morphometric data were obtained using the image analyzer 
computer system (Leica Qwin 500, England). The area % and optical 
density of NF-kB/p65 immunoexpression were measured in 10 high 
power (x40) non- overlapping fields in each specimen using binary 
mode.

Statistical analysis

The data were expressed as group means ± SEM after checking 
for normality of distribution. The statistical analysis was carried out 
using ANOVA followed by Tukey post hoc test, with SPSS version 
16 (SPSS, Chicago, IL, USA). A value of p ≤ 0.05 was accepted as 
statistically significant.

Results
Biochemical results

There was a significant elevation (P≤0.05) in amylase, lipase 
activity and glucose in AP group as compared with control and other 
pretreated groups. There was no significant difference between the 
pretreated groups (Table 1).

Regarding GGT and CRP, there was a significant increase (P<0.05) 
in their levels in AP, BVL, BPL and CT groups as compared to the 
control group. On the other hand, a significant decrease in GGT and 
CRP levels was noticed in the BVL, BPL and CT groups compared to 
AP group. There was no significant difference between the pretreated 
groups (Table 2).

Table 3 cleared up that there was a significant decrease (P<0.05) in 
TAC level in AP and all pretreated groups as compared to the control 
group. However, there was a significant improvement in pretreated 
groups when compared with AP group. Combined therapy group 
showed significant increase in TAC as compared with single therapy 
groups (BVL and BPL).

Table 1 Effectiveness of various treatments on serum amylase, lipase enzymes activity and glucose level in rats. Data presented as mean ± SE

BP BV CT BPL BVL AP CG Treatment 
measurement

1234.5 ± 13.4 1230.9 ± 10.4 1202 ± 3.06b 1180 ± 15.1b 1233 ± 16.2b 1450 ± 3.1a 1238.9 ± 17.1 Amylase (U/l)

22.1 ± 1.1 20.2 ± 0.9 26.2 ± 1.4b 23.3 ± 1.48b 19.9 ± 1.7b 63.2 ± 0.6a 21.2 ± 1.09 Lipase (U/l)

103.9 ± 3.8 111.01 ± 1.6 143.8 ± 2.5a,b 148.3 ± 2.6a,b 154.2 ± 4.7a,b 163.7 ± 2.7a 108.2 ± 3.9  Glucose (mg/dl)

a, P ≤ 0.05, significant difference as compared to the control
b, P ≤ 0.05, significant difference compared to AP
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Table 2 Effectiveness of various treatments on Serum levels GGT andCRP after L-arginine induced acute pancreatitis. Data presented as mean ± SE

BP BV CT BPL BVL AP CG Treatments 
measurements

1.87 ± 0.09 2.01 ± 0.12 3.6 ± 0.06a,b 4.16 ± 0.09a,b 4.08 ± 0.1a,b 6.3 ± 0.16a 1.9 ± 0.12 GGT (U/l)

6.7 ± 3.6 6 ± 4.8 60.04 ± 20.6a,b 55.06 ± 15.0a,b 54.08 ± 16.0a,b 80.04 ± 31,0a 7.4 ± 6.3 CRP (mg/l)

a, P ≤ 0.05, significant difference as compared to the control
b, P ≤ 0.05, significant difference compared to AP

Table 3 Total antioxidant capacity. Data presented as mean ± SE

BP BV CT BPL BVL APG CG Treatments 
measurements

27.9 ± 0.28 29.2 ± 0.15 21.4 ± 0.16a,b 19.3 ± 0.15a,b,c 18.3 ± 0.18a,b,c 12.06 ± 0.04a 28.9 ± 0.18 TAC (nmol/gm tissue)

a, P ≤ 0.05, significant difference as compared to the cont
b, P ≤ 0.05, significant difference compared to AP
c, P ≤ 0.05, significant difference compared to combined therapy

Table 4 Mean±SE area % and optical density of NF-κB in pancreas

BP BV CT BPL BVL AP CG Treatments measurements 

1.1 ± 0.006
1.02 ± 
0.006 1.5 ± 0.09b  3.02 ± 

0.03a,b
2.8 ± 0 .006 
a,b 4.6 ± 0.41 a 1.2 ± 

0.006 Area % of NF-κB in pancreas

0.25 ± 
0.003

0.23 ± 
0.009

0.27 ± 
0.03b 0.6 ± 0.003a,b 0.45 ± 0.01a,b 1.2 ± 

0.009a 0.2 ± 0.01 Optical density of NF-κB in 
pancreas

a, P ≤ 0.05, significant difference as compared to the control
b, P ≤ 0.05, significant difference compared to AP

Table 5 Mean±SE area % and optical density of NF-κB in lung

BP BV CT BPL BVL AP CG Treatments 
measurements

0.24 ± 
0.022

 0.21 ± 
0.009

0.64 ± 
0.003a,b

1.1 ± 
0.006a,b

0.53 ± 
0.01a,b 10 ± 0.07a 0.23 ± 

0.003 Area % of NF-κB in lung

0.39 ± 
0.006

0.4 ± 0.03 0.44 ± 0.031b 0.46 ± 
0.003b

0.42 ± 
0.012b

1.7 ± 
0.006a

0.41 ± 
0.003

Optical density of NF-κB in 
lung

a, P ≤ 0.05, significant difference as compared to the control
b, P ≤ 0.05, significant difference compared to AP

Matrix metalloproteinase-9 showed a significant increase in 
expression (6.8 folds) in AP group as compared with the control 
and the pretreatment groups. There was also a significant increase in 
expression in BVL (2.6 folds), BPL (2.8 folds) and CT (1.4 folds) 
groups as compared with the control rats. Combined therapy group 
showed a significant decrease in MMP-9 expression as compared with 
the single therapy groups. A correlation was observed between MMP-
9 expression and degree of pancreatitis (Graph).

Bee venom and bee propolis only treated rats showed no significant 
difference as compared with the control in all parameters.

Histological results

Hematoxylin& eosin results

Pancreas: Examination of hematoxylin & eosin - stained sections of 
the control pancreatic specimens showed the characteristic appearance 
of pancreatic acini with apical acidophilic granules and basal 

basophilia. Lightly-stained islets of Langerhans were seen in between 
the acini (Figures 1a&1b). The specimens from the AP group revealed 
distortion and vacuolation of pancreatic acinar cells, widening in the 
connective tissue septa (Figure 2). They also demonstrated congested 
blood vessels with acidophilic material inside, extravasation of RBCs 
and infiltration of mononuclear inflammatory cells in the connective 
tissue septa and blood vessels (Figure 3). Regarding pancreatic 
sections of bee venom pretreated rats (BVL group), they appeared 
nearly as that of the control group with the characteristic acini and 
islets of Langerhans preserved (Figures 4a&4b). Bee propolis 
pretreated rats (BPL group) showed mild distortion in pancreatic acini 
(Figures 5a&5b). Combined therapy treated rats (CT group) revealed 
marked improvement with no wideninig in the connective tissue septa 
or distortion of pancreatic acini. Few acini showed some vacuolated 
cells (Figures 6a&6b). In bee venom only treated rats (BV group), 
they appeared normal compared to the control group (Figure 7). No 
remarkable difference was observed in propolis only treated rats (BP 
group) compared with group VI. 
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Graph Effect of treatments on expression of pancreatic MMP-9. Data shown 
are mean ± SE. Value significantly different versus anormal control or bAP or 
cCT (P ≤ 0.05). Results are shown as fold change over GAPDH levels.

Figures 1a&b Photomicrographs of a section of a rat pancreas in group I 
(CG) showing the characteristic appearance of pancreatic acini (thin arrows) 
with apical acidophilic granules and basal basophilia. Lightly stained islets of 
Langerhans (thick arrows) are seen in between the acini.

a-Hx. &E; x 100
b- Hx. &E; x 200

Figure 2 A Photomicrograph of a section of a rat pancreas in group II (AP 
group) showing distortion and vacuolation of pancreatic acinar cells (thick 
arrows), widening in the connective tissue septa (thin arrows).
Hx. &E; x 100

Figure 3 A Photomicrograph of a section of a rat pancreas in group II (AP 
group) showing congested blood vessels (C), extravasation of RBCs (thin 
arrow) and infiltration of mononuclear inflammatory cells in the connective 
tissue septa (thick arrows) and blood vessels (dotted arrows). Notice the 
acidophilic material in the blood vessel (*).

Hx. &E; x 400

Figures  4a&b A photomicrographs of a section of a rat pancreas in group 
III (BVL group) showing preserved acini (thin arrows) and islets of Langerhans 
(thick arrows) which appear nearly as that of the control group.

a-Hx. &E; x 100
b-Hx. &E; x 200

Figures  5a&b Photomicrographs of a section of a rat pancreas in group IV 
(BPL group) showing mild distortion in pancreatic acini (arrows). 

a-Hx. &E; x 100
b- Hx. &E; x 200

Figures  6a&b Photomicrographs of a section of a rat pancreas in group 
V (CT group) showing marked improvement with no wideninig in the 
connective tissue septa or distortion of pancreatic acini. Few acini showed 
some vacuolated cells (arrows). 
a-Hx. &E; x 100

b- Hx. &E; x 200

Figures  7a&b Photomicrographs of a section of a rat pancreas in groups VI 
(BVgroup) showing normal acini (arrows) comparable with the control group. 

Hx. &E; x 100

Lung

The hematoxylin& eosin - stained sections of control lung 
specimens showed normal-appearing lung architecture with expanded 
alveoli separated by thin interalveolar septa and members of the 
bronchial tree in between (Fig. 8). Lung specimens from the AP group 
demonstrated thickened interalveolar septa and dilated congested 
blood vessels with acidophilic hyaline exudate. There was also 
acidophilic material in the bronchiolar lumen. Inflammatory cellular 
infilteration in addition to collapsed alveoli were observed (Figures 
9&10a,&10b). 

Regarding lung sections of bee venom pretreated rats (BVL group), 
they showed normal expanded alveoli with thin interalveolar septa 
with intrabronchiolar congestion (Figure 11). Bee propolis pretreated 
rats (BPL group), they showed areas of expanded alveoli with thin 
interalveolar septa. Other areas showed thickened interalveolar 
septa in addition to presence of dilated congested blood vessels with 
acidophilic hyaline exudate (Figure 12). Combined therapy treated 
rats (CT group) revealed marked improvement with expanded alveoli 
and thinning of interalveolar septa. Disappearance of congestion and 
inflammatory cellular infiltration was observed (Figure 13).

In bee venom only treated rats (BV group), they appeared normal 
compared to the control group (Figure 14). No remarkable difference 
was observed in propolis only treated rats (BP group) compared with 
group VI. 

Immunohistochemical 

Pancreas

NF-κB immuno-stained sections of control pancreas demonstrated 
mild cytoplasmic immunoexpression in the acinar cells (Figure 
15), while, AP group showed intense cytoplasmic and nuclear 
immunoreactivity in the acinar cells (Figures 16a&16b). Regarding 
pancreatic sections of bee venom pretreated rats (BVL group), 
they showed moderate cytoplasmic immunoreaction in the acinar 
cells (Figure 17). Bee propolis pretreated rats (BPL group) showed 
positive cytoplasmic immunoreaction in pancreatic acini and negative 
immunoreaction in islet of Langerhans (Figure 18). Combined therapy 
treated rats (CT group) revealed positive cytoplasmic immunoreaction 
in pancreatic acini (Figure 19).

In bee venom only treated rats (BV group), they showed mild 
immunoreaction in acinar cells (Figure 20). No remarkable difference 
was observed in bee propolis only treated rats (BP group) compared 
with group VI. 
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Figure 8 A photomicrograph of a section of a rat lung in group I (CG) showing normal-appearing lung architecture with the expanded alveoli separated by thin 
interalveolar septa (thin arrows) and members of the bronchial tree in between (thick arrows). 
Hx. &E; x 100

Figure 9 A photomicrograph of a section of a rat lung in group II (AP group) showing thickened interalveolar septa (thin arrows) and acidophilic hyaline exudate 
in the blood vessels (thick arrows). Collapsed alveoli are observed (dotted arrows).
Hx. &E; x 100

Figures  10a&b Photomicrograph of a section of a rat lung in group II (AP group) showing mononuclear inflammatory cellular infiltrate (thin arrows) inside 
dilated and congested (C) blood vessels. There is also acidophilic material in bronchiolar lumen (thick arrows).
a- Hx. &E; x 100
b- Hx. &E; x 400

Figure 11 A photomicrograph of a section of a rat lung in group III (BVL group) showing normal expanded alveoli with thin interalveolar septa (arrows) with 
intrabronchiolar congestion (C).
Hx. &E; x 100

Figure 12 A photomicrograph of a section of a rat lung in group IV (BPL group) showing areas of expanded alveoli with thin interalveolar septa (thin arrows). 
Other areas showed thickened interalveolar septa (thick arrows) in addition to presence of dilated congested blood vessels with acidophilic hyaline exudate 
(dotted arrow).
Hx. &E; x 100

Figure 13 A photomicrograph of a section of a rat lung in group V (CT group) showing marked improvement with expanded alveoli and thinning of interalveolar 
septa (arrows). Disappearance of congestion and inflammatory cellular infiltration is observed.

Hx. &E; x 100

Figure 14 A photomicrograph of a section of a rat lung in groups VI (BV group) showing normal appearance of alveoli and interalveolar septa (arrows) 
comparable with the control group.
Hx. &E; x 100

Lung

NF-κBimmuno-stained sections of control lung specimens 
demonstrated mild positive cytoplasmic immunoexpression in the 
epithelial cells lining the expanded alveoli, bronchioles, as well as 
in the cells of connective tissue septa (Figure 21). The lungs of the 
AP group were characterized by the presence of intense cytoplasmic 
immunoreactivity in the epithelial cells lining the alveoli, bronchioles, 
as well as cells present within the thickened interalveolar septa (Figure 
22).

Regarding lung sections of bee venom pretreated rats (BVL group), 
they showed areas with moderate cytoplasmic immunoreaction in the 

epithelial cells lining the alveoli, bronchioles, blood vessels, as well as 
cells present within interalveolar septa. Other areas showed negative 
immunoreaction (Figure 23). Both bee propolis pretreated rats 
(BPL group) and combined therapy treated rats (CT group) showed 
moderate cytoplasmic immunoreaction in the epithelial cells lining 
the alveoli, bronchioles, as well as cells present within the thickened 
interalveolar septa (Figures 24&25). 

In bee venom only treated rats (BV group), they showed mild 
positive cytoplasmic immunoexpression in the epithelial cells lining 
the expanded alveoli, as well as in the cells of connective tissue septa 
(Figure 26). No remarkable difference was observed in bee propolis 
only treated rats (BP group) compared with group VI. 
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Morphometric results

A significant increase (P ≤ 0.05) in the mean area % and mean 
optical density of NF-κB immunoexpression in pancreatic and lung 
specimens was found in AP group as compared with the control group 
and other groups. Combined therapy group showed a non-significant 

increase in area % in pancreatic tissue and significant increase in 
lung tissues when compared with control group. Moreover, there was 
a non-significant difference in optical density in combined therapy 
group of both pancreatic and lung tissues when compared with control 
group (Tables 4&5).

Figure 15 A photomicrograph of a section of a rat pancreas in group I (CG) showing mild cytoplasmic immunoexpression in the acinar cells (arrows).

NF-κB; x 200

Figures  16a&b Photomicrographs of a section of a rat pancreas in group II (AP group) showing intense cytoplasmic (arrows) and nuclear immunoreactivity 
(arrow heads) in the acinar cells
a- NF-κB; x 200

b- NF-κB; x 400

Figure 17 A photomicrographs of a section of a rat pancreas in group III (BVL group) showing moderate cytoplasmic immunoreaction in the acinar cells 
(arrows).

NF-κB; x 200

Figure 18 A photomicrograph of a section of a rat pancreas in group IV (BPL group) showing positive cytoplasmic immunoreaction in pancreatic acini (thick 
arrows) and negative immunoreaction in islet of Langerhans (thin arrow).

NF-κB; x 200

Figure 19 A photomicrograph of a section of a rat pancreas in group V (CT group) showing positive cytoplasmic immunoreaction in pancreatic acini (arrows). 

NF-κB; x 200

Figure 20 A photomicrograph of a section of a rat pancreas in groups VI (BV group) showing mild immunoreaction in acinar cells (arrows). 

NF-κB; x 200
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Figure 21 A photomicrograph of a section of a rat lung in group I (CG) showing mild positive cytoplasmic immunoexpression in the epithelial cells lining the 
expanded alveoli (dotted arrows), bronchioles (arrows), as well as in the cells of connective tissue septa (arrow head).

NF-κB; x 200

Figure 22 A photomicrograph of a section of a rat lung in group II (AP group) showing intense cytoplasmic immunoreactivity in the epithelial cells lining the 
alveoli, bronchioles (arrow), as well as cells present within the thickened interalveolar septa (dotted  arrows).

NF-κB; x 200

Figure 23 A photomicrograph of a section of a rat lung in group III (BVL group) showing areas with moderate cytoplasmic immunoreaction in the epithelial 
cells lining the alveoli (thin arrow), bronchioles, blood vessels (thick arrow), as well as cells present within interalveolar septa. Other areas show negative 
immunoreaction (dotted arrow).

NF-κB; x 200

Figure 24 A photomicrograph of a section of a rat lung in group IV (BPL group) showing moderate cytoplasmic immunoreaction in the epithelial cells lining the 
alveoli (arrows), bronchioles (arrow head), as well as cells present within the thickened interalveolar septa (dotted arrow).

NF-κB; x 200

Figure 25 A photomicrograph of a section of a rat lung in group V (CT group) showing moderate cytoplasmic immunoreaction in the epithelial cells lining the 
alveoli (thin arrow), bronchioles (arrow head), as well as cells present within the thickened interalveolar septa (thick arrow).

NF-κB; x 200

Figure 26 A photomicrograph of a section of a rat lung in groups VI (BV group) showing mild positive cytoplasmic immunoexpression in the epithelial cells 
lining the expanded alveoli (thin arrow), as well as in the cells of connective tissue septa (thick arrow).

NF-κB; x 200

Discussion
Experimental acute pancreatitis have been induced by caerulein, 

L-arginine, choline deficient ethionine supplemented (CDE) diet, or 
sodium taurocholate in different animal models. These models vary 
in severity and have been used by the researchers to understand 
the pathogenesis of the disease and to study the effect of different 
therapeutic agents.26 

Acute hemorrhagic necrotizing pancreatitis (AHNP) is a potentially 
fatal disease with very high morbidity and mortality rate. Acute lung 
injury (ALI) is the most serious complication of AHNP, but the link 
between AHNP and pulmonary damage is not fully understood. Many 
factors, such as oxygen free radicals, NF-κB, nitric oxide (NO), 
cytokines and arachidonic acid metabolites may be related to AHNP 
and ALI.27,28 L-arginine (an essential amino acid) was previously used 
to induce severe necrotizing AP in rats. Uçmak et al.,29 revealed that 
intraperitoneal injection of L-arginine induced acute pancreatitis in 
a rat by creating free oxygen radicals that damage the pancreas. The 

dose of l-arginine used in this study was selected as an appropriate 
dose in producing acute pancreatitis with a peak effect within two to 
three days with the least mortality rates as higher doses has higher 
mortality rates and lowe+r doses has a limited effect in producing 
pancreatitis. The choice of examining the specimens after 48 hours in 
AP group exposed to l-arginine was based on a study of Wang et al.30

The diagnosis of acute pancreatitis is based on many findings 
including laboratory investigations. The most important biomarkers 
are amylase, lipase, CRP, GGT and others. Regarding amylase 
enzyme, it is rapidly elevated within 6 hours of onset of disease. It 
remains at high levels for 3-5 days after reaching its peak. Despite 
its importance as a marker of pancreatitis, its return to normal level 
does not correlate with disappearance of clinical symptoms. Lipase 
increased within 3-6 hours of onset of disease and reaches its peak 
after 24 hours. It remains around 7-14 days before normalization.31–33

Concerning CRP, it is synthesized by hepatocytes and increased 
during inflammation. Cytokines like IL6 are potent stimulators of 
CRP synthesis.34,35 C reactive protein is a factor which has a prognostic 
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value for acute pancreatitis. It is used as a scoring parameter for 
severity of AP during its managment.36 It also has a predictive value 
regarding mortality that is associated with complications of AP.37 

Another biomarker, GGT was used for diagnosis of alcoholic 
pancreatitis. Alcohol causes direct toxic effect on pancreatic acinar 
cells through induction of oxidative stress.38 So, GGT was investigated 
in this study as L-arginine induces acute pancreatitis by the same 
mechanism of alcohol.29 It is worth-mentioning that severe acute 
pancreatitis is accompanied by disorder of endocrine function. This is 
due to pancreatic islet injury including beta cells.39 So, measurement 
of serum glucose level in this study may be of great value.

Matrix metalloproteinase-9 (MMP-9) is a type IV collagenase. 
Its main function is extracellular matrix degradation. In the process 
of inflammation, MMP-9 causes vascular endothelial injury with 
subsequent migration and invasion of inflammatory cells, worsening 
the inflammatory response. Recent studies revealed that MMP-9 may 
act as a potential biomarker in acute pancreatitis. They have shown 
a strong relation between MMP-9 and development of pancreatic 
necrosis. So, it could be used as a marker of severity of the disease.40,41 
In the present study, serum levels of amylase, lipase, CRP, GGT, 
glucose and MMP-9 gene expression were significantly elevated in the 
rats with untreated AP when compared with control and other groups, 
while total antioxidant level in pancreatic tissue was significantly 
reduced in AP group when compared with control and other groups. 

These biochemical findings were in accordance with Fan et al.,42 
Mirmalek et al.,43 and Wang et al.,15 who detected high serum level 
of amylase and lipase in acute pancreatitis, Biradar et al.,44 who 
showed elevated CRP in L-arginine induced pancreatitis; Moulali39 
who revealed elevated GGT in alcoholic pancreatitis, Ucmak et al.,29 
who demonstrated low antioxidant levels and Hong et al.,39 who 
revealed increased glucose level in severe acute pancreatitis due to 
beta cell injury. Ping et al.,45 reported that MMP-9 gene expression 
was elevated with acute pancreatitis.

The pretreated groups with bee venom and propolis showed 
significant improvements in these parameters especially regarding 
total antioxidants in pancreatic tissues. There was a significant 
increase in its levels in all pretreated groups as compared with AP 
group. These results were consistent with previous studies which 
have revealed the decline of different biomarkers of acute pancreatitis 
by using bee venom16,17,46 and propolis.18 It is worth-mentioning that 
a recent study has reported that polyphenols from propolis inhibit 
MMP-9 gene expression and activity of activated macrophages in a 
dose dependent manner.47 Another study has revealed that melittin an 
apamine (the active substances in bee venom) significantly reduced 
MMP-9 gene expression.48  

The ameliorating effect of bee products on these biomarkers could 
be attributed to their antioxidant properties by inhibiting formation 
of radicals, scavenging free radicals, preventing lipid peroxidation 
of membranes (thereby controlling membrane permeability), and 
causing an increased intracellular content of scavenger.49,50 They 
have also anti-inflammatory effect that interfere with the transduction 
cascade controlled by NF-κB, a transcription factor for genes involved 
in cell survival, differentiation, inflammation, and growth.49–52 It is 
worth-mentioning that there was no significant difference between the 
pretreatment groups except as regarding TAC and MMP-9 expression 
where combined therapy group showed a significant difference. This 
indicated that combined therapy may have better effect. In spite of 
the marked improvement in the pretreatment groups; there was a 

significant difference between them and the control group. This might 
be due to the short duration or inappropriate dose of treatment. 

In the present study, examination of hematoxylin & eosin - stained 
pancreatic sections of AP group showed interstitial edema, congested 
blood vessels, acinar necrosis in the form of distortion and vacuolation 
of pancreatic acinar cells. They also demonstrated extravasation of 
RBCs (hemorrhage) and infiltration of mononuclear inflammatory 
cells within the dilated connective tissue septa. These results are 
in accordance with Wang et al.,15 who demonstrated edema, acinar 
cell necrosis, hemorrhage, and inflammation after 48 and 72 hours 
from l-arginine injection. Sayed et al.,42 Fan et al.,53 and Mirmalek et 
al.,43 have shown the same results but by using different methods for 
inducing pancreatitis and different times of scarification.

It is worth-mentioning that under normal conditions, digestive 
enzymes and enzyme precursors known as zymogens are packed 
into zymogen granules. These granules release their content into the 
pancreatic duct after eating. In pancreatitis, a decrease in secretion 
into the duodenum in animals and humans is noted. This is due to 
decreased apical secretion of the acinar cells and disruption of the 
paracellular sealing in the pancreatic duct. These events allow the 
contents to leak into the paracellular space and redirect the secretion 
of the zymogen granules from the apical pole to the basolateral 
regions of the acinar cell, as shown by in-vitro and in-vivo animal 
studies.54 So, the degenerative changes of pancreatic acini may be due 
to autodigestion by inappropriately activated enzymes and lysosomal 
hydrolases. As a result of these necrotic changes, neutrophils are 
attracted to the site of inflammation. They release cytokines and 
cause interstitial edema that impairs blood flow and causes ischemia 
and acinar cell injury.55,56 Monocytes and macrophages also have an 
important role in the pathogenesis of acute pancreatitis. They migrate 
to the pancreatic interstitium from the circulation. They also produce 
cytokines and other inflammatory mediators. The degree of monocyte 
activity may be related to disease severity and the degree of local 
damage.57,58

Pretreatment with bee venom and propolis in l-arginine treated rats 
provided protection against the histopathological changes concerning 
pancreatic acini, inflammatory cellular infiltration and widening 
of connective tissue septa. As the mechanism of pancreatitis was 
reported to be due to premature activation and release of digestive 
enzymes,55,56 it would be appropriate to assume that bee venom and 
bee propolis would exert their therapeutic effect through delaying and 
decreasing the premature activation and release of pancreatic digestive 
enzymes. They might do this action through their antioxidant effect 
and restoration of the altered antioxidant defense system. They can 
reduce the levels of reactive oxygen species that might be responsible 
for its anti-inflammatory effects.49,50

The previous results were consistent with Seo et al.,16 Yun et al.,46 
and Bae et al.,17 who revealed that bee venom inhibited histological 
damage of pancreas. Results were also consistent with Buyukberber 
et al.,18 who reported the ameliorating effect of caffeic acid phenethyl 
ester, one of the active components of propolis, on acute pancreatitis. 
Regarding morphological changes in hematoxylin & eosin-stained lung 
specimens of AP group, there were edematous thickened interalveolar 
septa and dilated congested blood vessels with acidophilic hyaline 
exudate. There was also acidophilic material with cellular debris in 
bronchiolar lumen. Mononuclear inflammatory cellular infiltrate 
was noticed inside the lumen of bronchioles and in the thickened 
interalveolar septa. Collapsed alveoli were also observed. The 
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previous findings were concomitant with that of Chen et al.,59 who 
revealed inflammatory cell infiltration (predominantly neutrophils), 
pulmonary edema, and hemorrhage of alveoli and interstitial tissue. 
Other previous studies have shown similar findings.60–62

Previous studies have shown that neutrophils and leukocytes 
were attracted to the site of injury as early as 3 hours after induction 
of pancreatitis. Infiltrating polymorphonuclear neutrophils 
produce oxygen-free radicals and thus cause local and systemic 
complications.1,63 The pathophysiology of severe acute pancreatitis 
with acute lung injury is poorly understood. Researchers have 
hypothesized that during localized inflammation; cytokines may leak 
into the circulation and exceed the amount of soluble receptors, which 
may then lead to systemic inflammation.64

Pretreatment with bee venom and propolis in l-arginine treated 
rats showed marked improvement in the form of expanded alveoli 
and thinning of interalveolar septa. Disappearance of congestion 
and inflammatory cellular infiltration were also observed in mixed 
therapy group. These results were consistent with that of Choi et 
al.,65 who revealed efficiency of bee venom on diminishing bronchial 
inflammation in an OVA-induced allergic asthma murine model and 
with that of Ma et al.,66 who reported the potency of Caffeic acid 
phenethyl ester in alleviating airway inflammation and remodeling 
in chronic asthma by balancing the airway microenvironment. 
This enforces the finding of anti-inflammatory and antioxidant 
effect of both bee venom and bee propolis. A significant increase 
in immunoreactivity of NF-κB (represented by area % and optical 
density) in pancreatic and lung specimens was observed in AP group 
as compared with the other groups. Previous studies have revealed 
the role of nuclear factor-kappa B (NF-κB) activation as an early and 
central event in the progression of inflammation in AP. NF-κB, is a 
molecule that links the initial acinar injury to systemic inflammation. 
So, direct NF-κB inhibition strategies were the target of many 
studies.67 

This change in the immune reaction may be due to oxidative 
stress caused by L-arginine. Oxidative stress is known to stimulate 
transcription factors, including NF-κB via phosphorylation of IκB 
by IκB kinases.68 Phosphorylation of IκB sets the stage for the 
dissociation and nuclear translocation of NF-κB. Then it binds to the 
corresponding DNA sequence of genes, inducing the expression of 
different inflammatory mediators such as iNOS and COX II.69 

Several cytokines also have been found to be associated with 
the pathogenesis of pancreatitis. These include pro-inflammatory 
cytokines: tumour necrosis factor-α (TNF-α), interleukin- 6 (IL-6).70 
TNF-α is produced by blood monocytes and macrophages. It mediates 
the release of various inflammatory mediators and has a strong 
toxic effect.71 TNFα acts as NF-κB - dependent pro-inflammatory 
cytokine. It tends to be receptors that, in turn, activate NF-κB. So, 
NF-κB is important for the propagation and elaboration of cytokine 
responses. Moreover, TNFα is important for both local and systemic 
inflammation. It is also a potent inducer of NF-κB.72 

Although, nuclear localization of NF-κB is considered as 
equivalent to NF-κB activation, it is difficult to determine whether 
immunohistochemical detection reflects its dynamic localization. 
However, similar to our study, previous researches have determined 
NF-κB/p65 expression by immunohistochemical staining.73 The 
previous results were in accordance with Xiao et al.,74 and Wang et 
al.,30 who revealed increased immunoexpression of NF-κB in acinar 
cells in pancreatitis by using immunohistochemical and western 

immunoblot techniques and with Kan et al.,73 who demonstrated 
increased immunoexpression of NF-κB in lung and pancreatic tissues 
in induced severe pancreatitis. 

Pretreatment with bee venom and propolis in L-arginine 
treated rats significantly reduced NF-κB immunoreactivity. This 
improvement may be attributed to inhibition of NF-κB activation, with 
subsequent inhibition of cyclooxygenase and consequent inhibition 
of prostaglandin biosynthesis, free radical scavenging, inhibition of 
nitric oxide synthesis, reduction in the concentration of inflammatory 
cytokines and immunosuppressive activity.49–52 

In acute pancreatitis, pro-inflammatory cytokines secreted from 
the pancreatic cells, vascular endothelial cells and tissue macrophages 
in the pancreas enter the circulation through the portal vein and the 
lymphatic system. They activate the vascular endothelium leading to 
micro-vascular leakage of the capillary veins and leukocyte migration 
into the tissues, as seen in experimental rat pancreatitis. Pro-
inflammatory cytokines also activate the coagulation process in human 
patients which causes thrombosis in the small vessels of many organs. 
Both of these phenomena result in impaired tissue microcirculation. 
Thus, it may lead to organ failure in severe pancreatitis.75

So, changes occuring in acute lung injury involve endothelial 
barrier dysfunction, neutrophil and monocyte/macrophage activation, 
adhesion molecule expression and intracellular signaling. These 
can be executed by proteases derived from polymorphonuclear 
neutrophils (PMNs). This process seems to be driven by tumor 
necrosis factor (TNF)-α and monocyte chemoattractant protein 
(MCP)-1, with involvement of mast cells, at least during the initiation 
of leukocyte activation. So, it seems that inflammatory mediators may 
play a key role in the pathogenesis of acute lung injury. Moreover, 
active pancreatic enzymes in the circulation, released as a result of 
pancreatic injury, play a key role in the development of pulmonary 
complications of pancreatitis.76–78

Conclusion
Administration of bee venom and propolis in injection form either 

by S.C. or I.M. route was for rapid effect and high bioavailability. They 
have ameliorated both biochemical and histopathological parameters. 
The present study also showed that combined therapy was the most 
potent treatment. Finally, apitherapy could be helpful as prophylactic 
and/or therapeutic approach in AP. 
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