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Abstract Viral hepatitis-induced oxidative stress accompa-
nied by increased levels of transforming growth factor-f3
(TGF-f3) and hepatic fibrosis are hallmarks of hepatitis C virus
infection. The present study was designed to investigate the
potential protective effect of propolis against liver injury in-
duced by concanavalin A (Con A), a T-cell-dependent model
that causes an immune-mediated hepatitis in a similar pattern
to the one induced by viral infections. In the present study, rats
were randomly divided into four groups. The first group
(control) was administered the vehicle of Con A (i.v.) for
24 h. The second group received Con A (12 mg/kg body
weight i.v.) for 24 h. The third group received propolis
(300 mg/kg by oral gavage) 5 days before and concurrently
with Con A for 24 h. The last group received propolis alone.
Following a single injection of Con A, histopathological
changes as well as significant reduction in albumin level were
observed. In addition, serum levels of alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), and total biliru-
bin were significantly increased. These increases correlated
with an increase in lipid peroxidation and downregulation of
reduced glutathione (GSH) as well as superoxide dismutase
(SOD) and catalase activities in liver tissue. Furthermore,
these changes were associated with an increase in serum levels
of the inflammatory cytokines tumor necrosis factor-o
(TNF-o) and interleukin-6 (IL-6) as well as the profibrotic
cytokine TGF-f3. Moreover, TGF- 3 activation was
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accompanied with an increase in Smad phosphorylation.
Interestingly, concomitant administration of propolis along
with Con A significantly attenuated all these negative effects
and improved liver function indicating that propolis has the
ability to protect rats from Con A-induced hepatitis.
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species - Liver injury

Introduction

Inflammation of the liver is a common finding during a
variety of liver diseases. The inflammatory phenotype
can be attributed to the innate immune response. The
adaptive immune system is also influenced by the innate
immune response leading to liver injury. In hepatitis,
interleukins (IL-1, IL-6), interferon-y (IFN-y), and tu-
mor necrosis factor o« (TNF-o) have been shown to
mediate liver injury in animal models (Cao et al.
1998). Viral infection has been shown to affect the cell
redox equilibrium by inducing reactive oxygen species
(ROS) and by interfering with the synthesis of antioxi-
dant enzyme systems (Ruggieri et al. 2013). Moreover,
ROS production in the hepatocytes may lead to Kupffer
cell activation and subsequent production of proinflam-
matory or profibrotic cytokines such as transforming
growth factor-3 (TGF- 3) (Poli 2000). Chronic liver
injury induced by hepatitis B and C is usually the cause
of liver fibrosis. It has been reported that oxidative
stress induced by viral hepatitis and subsequent TGF-f3
release play an important role in liver fibrosis (Paik
et al. 2014). Concanavalin A (Con A)-induced hepatitis
is an experimental model of human autoimmune hepati-
tis. It causes an immune-mediated hepatitis in a similar
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pattern to the one induced by viral infections (Tiegs
et al. 1992). It is characterized by massive hepatic inju-
ry and lymphocyte activation and accumulation in the
liver leading to secretion of proinflammatory cytokines
including TNF-«, IFN-y, IL-1, IL-2, and IL-6 (Tiegs
et al. 1992; Gantner et al. 1995; Mizuhara et al. 1996;
Nicoletti et al. 2000). It has been reported that TNF-o
and IFN-y released from activated T cells are consid-
ered to play critical roles in the development of Con A-
induced hepatic injury. The Con A model is a proper
animal model to investigate most forms of acute liver
injury in humans such as autoimmune hepatitis, acute
liver failure, and acute viral hepatitis in which T cell
infiltration is observed (Ballegeer and Libert 2016). In
addition, it has been shown that ROS play an important
role in immune-mediated Con A-induced hepatitis.
Malondialdehyde (MDA) level in the liver increases on-
ly 12 h after Con A injection, so scavenging of reactive
oxygen species by antioxidants prevents hepatitis and
may be a new therapeutic target in this experimental
model (Shirin et al. 2010). Recently, identification and
isolation of new antioxidants from natural sources has
become an active area of research. One of the most
important natural antioxidants is propolis. It is a resin-
ous natural product collected by honeybees from various
plant sources. It has a wide range of biological activities
including anti-inflammatory and antioxidant properties
(Kolankaya et al. 2002; Tan-No et al. 2006). Propolis
generally composed of 50% resins and balsams, 30%
wax, 10% essential and aromatic oils, 5% pollen, and
5% other substances (Pujirahayu et al., 2014). The main
chemical groups present in propolis resin comprise phe-
nolic acids or their esters, flavonoids (flavones,
flavaonones, flavonols, dihydroflavonols and chalcones),
terpenes, fatty acids, stilbenes, and (-steroids (Mannaa
et al.,, 2011). Phenolic compounds in their many forms
are the main components responsible for the functional
properties associated with many foods, such as antioxi-
dant capacity (Viuda-Martos et al., 2008). Propolis has
been shown to increase the antioxidant capacity in ani-
mals and humans (Jasprica et al., 2007; Zhao et al.
2009). Flavonoids and various phenolics in propolis
have been reported to be free radical scavengers
(Seven et al., 2009). Also, it has been reported that
the antioxidant activity of propolis is due to the free
radical scavenging property of its constituents, caffeic
acid, galangin, chrysin (5,7-dihydroxyflavone), and
quercetin (Capucho et al., 2012). In addition, it has
been shown that daily intake of propolis inhibits lipid
peroxidation and increases SOD activity in healthy
humans (Jasprica et al., 2007). Furthermore, propolis
has been shown to inhibit macrophage apoptosis via
effect on glutathione (GSH) (Claus et al., 2000).
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Moreover, it has been reported that propolis has the
ability to inhibit NADPH-oxidase and subsequent ROS
production (Silva et al. 2011). Therefore, it was inter-
esting to investigate the possible protective effect of
propolis against liver injury induced by Con A, a T-
cell-dependent animal model of liver injury.

Materials and methods
Animals

Male Wistar albino rats weighing 150-200 g were housed in a
12 h dark/light cycle animal facility with controlled humidity
and constant temperature. The animals were fed a standard
diet pellets. Water was supplied ad libitum. The animals were
kept under observation for 1 week before the treatments for
adaptation. The experimental protocol used in this study was
approved by the Institutional Animal Ethics Committee.

Drugs and chemicals

Concanavalin A (Con A) were purchased from Sigma-Aldrich
Chemicals Co. (St. Louis, MO, USA). Propolis was purchased
from Sigma Pharma Ind., Egypt. Reduced glutathione (GSH),
superoxide dismutase (SOD), catalase (CAT), and thiobarbi-
turic acid reactive substance (TBARS) assay kits were pur-
chased from Bio-diagnostic, Egypt. Alanine amino transferase
(ALT), aspartate amino transferase (AST), albumin, and bili-
rubin were purchased from Spectrum Diagnostics, Egypt. Rat
interleukin-6 (IL-6) enzyme-linked immunosorbent assay
(ELISA) kit, rat tumor necrosis factor-o« (TNF-&) ELISA kit
and rat transforming growth factor-f3; (TGF-3;) ELISA kit
were purchased from Immuno-Biological Laboratories,
Minnesota, USA, Ray Biotech, Inc., Norcross, Georgia,
USA, and Kamiya biomedical Co, WA, USA, respectively.
An antibody raised against phospho-Smad-2/3 and anti-
rabbit HRPlinked IgGs were obtained from Santa Cruz
Biotechnology, USA.

Experimental design

Twenty-four male Wistar albino rats were used in this study.
The animals were randomly divided into four groups, 6 ani-
mals in each. The first group (control) received a single injec-
tion of phosphate-buffered saline via the tail vein. The second
group received a single injection of Con A via the tail vein
(12 mg/kg i.v.) (RaviKumar et al. 2011). The third group was
administered propolis (300 mg/kg/day by oral gavage) (Al-
Hariri et al. 2011) 5 days before and concurrently during
Con A administration. The fourth group received propolis
alone (as previously described in the third group). Twenty-
four hours after treatment, blood samples were collected for
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the determination of serum levels of ALT, AST, albumin, and
bilirubin as well as IL-6, TNF-«, and TGF-f3. After terminal
bleeding, animals were sacrificed and liver tissues were dis-
sected immediately after death, washed with ice-cold phos-
phate-buffered saline (PBS), and kept at —20 °C till used. In
addition, specimens from the three major lobes were fixed in
10% neutral-buffered formal saline for histopathological in-
vestigation as well as immunohistochemical analysis.

Assessment of hepatotoxicity markers:
Assessment of serum ALT and AST levels

The serum levels of ALT and AST were determined by com-
mercial kits according to the manufacturer’s instructions
(Spectrum Diagnostics, Egypt). The colorimetric determina-
tion of ALT activity depending on a chemical reaction, where
the amino group is enzymatically transferred by ALT present
in the sample from alanine to the carbon atom of 2-
oxoglutarate yielding pyruvate and L-glutamate. ALT activity
is measured by monitoring the concentration of pyruvate
hydrazone formed with 2,4-dinitrophenylhydrazine. Also,
the colorimetric determination of AST activity depending on
a chemical reaction, where the amino group is enzymatically
transferred by AST present in the sample from Laspartate to
the carbon atom of 2-oxoglutarate yielding oxaloacetate and
L-glutamate. AST activity is measured by monitoring the con-
centration of oxaloacetate hydrazone formed with 2,4-
dinitrophenylhydrazine.

Assessment of albumin and total bilirubin levels

Albumin and total bilirubin levels in serum were determined
by commercial kits according to the manufacturer’s instruc-
tions (Spectrum Diagnostics, Egypt). Measurement of albu-
min is based on its binding to the indicator dye bromocresol
green (BCG) in pH 4.3 to form a blue-green colored complex.
The intensity of the blue-green color is directly proportional to
the concentration of albumin in the sample. The estimation of
total bilirubin is based on the reaction of the pigment with
diazotized sulfanilic acid to yield colored azobilirubin com-
pounds. Azobilirubin compounds can then be measured spec-
trophotometrically. The intensity of the produced color is di-
rectly proportional to the bilirubin concentration in the
sample.

Assessment of inflammatory cytokines:
Assessment of IL-6
The level of IL-6 in serum was determined by enzyme-linked

immunosorbent assay (ELISA) according to the manufac-
turer’s instructions (Immuno-Biological Laboratories,

Minnesota, USA). The kit is based on standard sandwich
enzyme-linked immune-sorbent assay technology. Rat IL-6-
specific polyclonal antibodies were pre-coated onto 96-well
plates. The rat-specific detection polyclonal antibodies were
biotinylated. The test samples and biotinylated detection anti-
bodies were added to the wells subsequently and then follow-
ed by washing with PBS. Next, Avidin conjugated to horse-
radish peroxidase (HRP) is added to each microplate well and
incubated. After 3,3',5,5'-tetramethylbenzidine (TMB) sub-
strate solution is added, only those wells that contain IL-6,
biotin-conjugated antibody, and enzyme-conjugated Avidin
will exhibit a change in color. The enzyme-substrate reaction
is terminated by the addition of acidic stop solution, and the
color change is measured spectrophotometrically.

Assessment of TNF-«

The serum level of TNF-a was determined by enzyme-linked
immunosorbent assay (ELISA) according to the manufac-
turer’s instructions (Ray Biotech, Inc., Norcross, Georgia,
USA). This assay employs an antibody specific for rat
TNF-« coated on a 96-well plate. Standards and samples are
pipetted into the wells, and TNF-« present in a sample is
bound to the wells by the immobilized antibody. The wells
are washed and biotinylated anti-rat TNF-« antibody is added.
After washing away unbound biotinylated antibody, HRP-
conjugated streptavidin is pipetted to the wells. The wells
are again washed, a TMB substrate solution is added to the
wells, and color develops in proportion to the amount of
TNF-« bound. The stop solution changes the color from blue
to yellow, and the intensity of the color is measured at 450 nm.

Assessment of profibrotic markers:
Assessment of TGF-[3

The level of TGF-f3 in serum was determined by enzyme-
linked immunosorbent assay (ELISA) according to the man-
ufacturer’s instructions (Kamiya biomedical Co, WA, USA).
The microtiter plate provided in this kit has been pre-coated
with an antibody specific to TGF-{3,. Calibrators and samples
are then added to the appropriate microtiter plate wells with a
biotin-conjugated polyclonal antibody preparation specific for
TGF-f3;. Next, Avidin conjugated to HRP was added to each
microplate well and incubated. Then, the TMB substrate so-
lution was added to each well. Only those wells that contain
TGF-f3,, biotin-conjugated antibody, and enzyme-conjugated
Avidin will exhibit a change in color. The enzyme-substrate
reaction is terminated by the addition of a sulfuric acid solu-
tion, and the color change was measured spectrophotometri-
cally at a wavelength of 450 nm.
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Immunohistochemical detection of p-Smad2/3

Immunohistochemical detection of p-Smad2/3 was per-
formed as described previously (Afify et al. 2016).
Paraffin-embedded tissue sections of 4 pm thickness
were deparaffinized in xylene and rehydrated in graded
ethanol solutions. The slides were then incubated with
5% bovine serum albumin in Tris-buffered saline (TBS)
for 2 h for blocking of nonspecific immunoreactions.
The sections were then incubated with the primary an-
tibody p-Smad-2/3 (Santa Cruz Biotechnology, USA,
Cat No. sc-11769-R) in a dilution of 1:125 at 4 °C
overnight for immunostaining. After washing the slides
with TBS, they were incubated with the secondary an-
tibody (goat anti-rabbit) for 1 h at room temperature.
The slides were then washed and incubated with diami-
nobenzidine (DAB) for 5 min at room temperature. The
counterstaining was performed using hematoxylin. The
slides were visualized under a light microscope for pos-
itive immunoreactions. Negative control slides were
included.

Determination of oxidative stress markers
Determination of lipid peroxides

Malondialdehyde (MDA) level in liver tissues was measured
using a TBARS assay kit according to the manufacturer’s
instructions (Bio-diagnostic, Egypt). Briefly, the colorimetric
determination of TBARS calculated as MDA is based on the
reaction of one molecule of MDA with two molecules of
TBARS at low pH and boiling water temperature for
30 min. The resultant pink color was extracted with n-butanol,
and the absorbance was determined at 534 nm spectrophoto-
metrically. The MDA content in unknown samples was deter-
mined by comparison with the predetermined MDA standard
curve.

Determination of endogenous antioxidants

Determination of GSH content

Hepatic content of GSH was determined using Ellman’s re-
agent (Ellman 1959). The method depends on the reduction of
Ellman’s reagent by the SH group in GSH to form an intense
yellow product which can be measured spectrophotometrical-
ly at 405 nm.

Determination of SOD activity

Superoxide dismutase activity in liver tissues was determined

by assay kit according to the manufacturer’s instructions (Bio-
diagnostic, Egypt). The method depends on the ability of SOD
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enzyme to inhibit the phenazine methosulfate-mediated reduc-
tion of nitroblue tetrazolium dye.

Determination of CAT activity

Catalase activity in liver tissues was determined by as-
say kit according to the manufacturer’s instructions
(Bio-diagnostic, Egypt). Briefly, catalase reacts with a
known quantity of hydrogen peroxide. After 1 min,
the reaction was stopped using CAT inhibitor. The re-
maining hydrogen peroxide reacts with 3,5-dichloro-2-
hydroxybenzene sulfonic acid and 4-aminoantipyrine in
the presence of peroxidases to form a chromophore with
a color intensity inversely proportional to the amount of
CAT in the sample.

Histopathological examination

Histopathological examination was performed as described
previously (Akool 2015).

Statistical analysis

Data are presented as means =+ standard error (SEM).
One-way ANOVA followed by Tukey-Kramer as a
post-hoc test was performed to analyze statistical signif-
icance among groups. P values below 0.05 were con-
sidered as indication for statistically significant differ-
ences between conditions compared.

Results
Propolis reduced ALT and AST levels induced by Con A

As shown in Fig. 1a, b, treatment of rats with Con A resulted in
hepatic damage as indicated by significant increase in ALT and
AST levels by 860 and 850%, respectively, as compared to con-
trol. However, concomitant administration of propolis along with
Con A improved the liver damage as indicated by significant
reduction in ALT and AST levels by 53 and 50%, respectively,
compared with Con A alone treated animals. No significant
changes were observed in animals treated with propolis alone.

Propolis enhances albumin production in Con A-treated
animals

Albumin production was highly reduced in animals
treated with Con A alone by 45% compared with con-
trol indicating hepatic function deterioration. However,
concomitant administration of propolis along with Con
A significantly improved liver function as indicated by
an increase in albumin level by 26% compared with
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Fig. 1 Effects of Con A and/or propolis on serum ALT (a), AST (b), albumin (¢), and bilirubin (d) levels in male Wistar albino rats. Data represent
means + S.D. (n = 6), ***p < 0.001 versus control, ###p < 0.001 versus Con A alone-treated animals

animals treated with Con A alone (Fig. lc¢). The albu-
min level in animals treated with propolis alone was not
changed.

Propolis decreased bilirubin level induced by Con A

As demonstrated in Fig. 1d, administration of Con A
significantly increased bilirubin level by 381% as com-
pared to control indicating liver function deterioration.
On the other hand, concomitant administration of prop-
olis along with Con A significantly reduced bilirubin
level by 39% as compared to Con A alone treated an-
imals indicating hepatic function improvement. No sig-
nificant changes were observed in animals treated with
propolis alone.

Propolis inhibits lipid peroxidation induced by Con A
Administration of Con A significantly induced lipid per-

oxidation as indicated by an increase in MDA content
(by-product of lipid peroxidation) by 558% (Fig. 2a),

indicating that Con A induced oxidative damage in the
liver. However, lipid peroxidation is significantly atten-
uated in animals treated with Con A in combination
with propolis by 40% (Fig. 2a). The basic level of
MDA in animals treated with propolis alone was not
changed.

Propolis increases GSH content in animals treated
with Con A

One of the most important cellular antioxidant defense
systems against free radical overproduction is GSH. The
decrease in cellular concentration of GSH impairs cellu-
lar defense against oxidative stress. As shown in Fig.
2b, administration of Con A significantly reduced GSH
content in liver tissues by 91%. However, GSH level in
rats treated with Con A in combination with propolis
was significantly increased compared with Con A alone
treated animals by 208%. No significant changes were
found in animals treated with propolis alone.
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Fig.2 Effects of Con A and/or propolis on the hepatic content of MDA (a), GSH (b) as well as SOD (c¢) and CAT (d) activities in male Wistar albino rats.

Data represent means + S.D. (n = 6), ***

Propolis enhances SOD and CAT activities in Con
A-treated rats

Also, SOD and CAT play an important role in cell protection
by scavenging ROS from the cell. As shown in Fig. 2, treat-
ment of animals with Con A significantly reduced SOD and
CAT activities by 91 and 86%, respectively. On the other
hand, SOD and CAT activities were highly increased in ani-
mals treated with Con A in combination with propolis by 242
and 336%, respectively, compared with Con A alone treated
animals (Fig. 2¢, d). SOD and CAT activities were not
changed in propolis alone treated rats.

Propolis reduced the levels of the inflammatory cytokines
IL-6 and TNF-x

Administration of Con A significantly increased serum levels
of the inflammatory cytokines IL-6 and TNF-« by 829 and
1050%, respectively (Fig. 3a, b). However, concomitant ad-
ministration of propolis along with Con A significantly re-
duced IL-6 and TNF-« levels by 36 and 34%, respectively,

@ Springer

‘p < 0.001 versus control, ###p < 0.001 versus Con A alone-treated animals

compared with animals treated with Con A alone (Fig. 3a, b).
The levels of IL-6 and TNF-« were not changed in rats treated
with propolis alone.

Propolis inhibits TGF-f3 activation and subsequent Smad
phosphorylation induced by Con A

Activation of TGF-3 and subsequent Smad phosphory-
lation play an important role in tissue fibrosis. As
shown in Fig. 4, Con A administration significantly in-
duced TGF-f3 activation as indicated by an increase in
serum level of active TGF- by 733%. On the other
hand, concomitant administration of propolis along with
Con-A significantly reduced TGF-3 activation by 33%
as compared to Con A alone treated rats (Fig. 4a).
Furthermore, Smad phosphorylation was observed in
liver sections obtained from rats treated with Con A
as indicted by a marked immunostaining of phosph-
Smad 2/3. However, Smad-2/3 phosphorylation induced
by Con-A was highly reduced in rats pretreated with
propolis (Fig. 4b).
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Fig. 3 Effects of Con A and/or propolis on serum levels of IL-6 (a) and TNF-« (b) in male Wistar albino rats. Data represent means + S.D. (n = 6),
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Propolis attenuates histopathological changes induced
by Con A

Hepatic damage was further assessed by histological analysis
of liver sections. As demonstrated in Fig. 5, histopathological
investigation showed severe dilatation and congestion in the
central veins associated with inflammatory cell infiltration in
the adjacent hepatic parenchyma as well as degeneration in the
hepatocytes surrounding the dilated and congested central
vein in animals treated with Con A alone (Fig. 5b). On the
other hand, liver specimens from rats pretreated with propolis
showed only dilatation in central vein with mild degeneration
in hepatocytes (Fig. 5c). Liver sections of either normal rats or
rats treated with propolis alone revealed normal histological
structure of hepatic lobules (Fig. 5a, d).

Discussion

Acute liver injury is a significant cause of patient morbid-
ity and mortality. The most frequent causes include viral
hepatitis, alcohol metabolites, drugs, and toxins. Hepatitis
C virus (HCV) infection is one of the main causes of
chronic liver disease. Despite the full understanding of
the mechanisms by which HCV causes cellular damage,
several reports confirm that ROS production increases
while antioxidant capacity decreases in all types of liver
damage. Furthermore, it has been reported that the high
amount of HCV-structural or nonstructural proteins in-
duce oxidative stress and disrupt the antioxidant equilib-
rium in hepatocytes. The constant production of ROS is a
challenge that the cell has to overcome to survive
(Lozano-Sepulveda et al. 2015). The Con A model is a
proper animal model to investigate most forms of acute

liver injury in humans. It has been reported that ROS play
an important role in Con A-induced acute liver injury
(Shirin et al. 2010). In the present study, we demonstrated
that propolis has the ability to protect rats from Con A-
induced acute liver injury. In the present work, Con A
treatment was found to be associated with structural dam-
age and hepatic dysfunction as indicated by significant
increase in serum levels of ALT, AST, and bilirubin as
well as significant reduction in albumin level and clear
histopathological alterations. These data are in agreement
with previous study (RaviKumar et al. 2011).
Interestingly, the present study demonstrates that propolis
has the ability to antagonize the hepatotoxic effect of Con
A as indicated by significant reduction in the serum levels
of ALT and AST as well as total bilirubin level. In addi-
tion, albumin level was significantly increased. These re-
sults are in accordance with that of Su et al. (2014). In addition,
this is in harmony with the findings of Lin et al. (1997) who
recorded the hepatoprotective effect of propolis on chronic
alcohol-induced liver injuries. Furthermore, histopathological ex-
amination of liver sections revealed that propolis has the ability to
improve histopathological changes induced by Con A. More
evidence links ROS as an important factor in Con A-induced
acute liver injury (Shirin et al. 2010), where SOD, GSH, and
CAT protect against the deleterious effect of ROS (De Andrade
et al. 2015; Genestra 2007). The present work shows that Con A
significantly reduced the liver content of GSH as well as SOD
and CAT activities. Moreover, MDA content was significantly
increased. These results agree with a previous study performed in
mice (Liu et al. 2014). Interestingly, it was found that propolis
has the ability to antagonize oxidative stress induced by Con A as
indicated by an increase in GSH content as well as SOD and
CAT activities. In addition, MDA content was highly reduced in
presence of propolis. These results are in line with El-Khatib
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phosphorylation is abrogated in the presence of propolis. a Plasma
levels of activated TGF-f3 in rats treated with either vehicle or propolis
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means £ S.D. (n = 6), ***p < 0.001 versus control, ###p < 0.001
versus Con A alone-treated animals. b Immunohistochemical staining
of p-Smad-2/3 in liver tissues from rats treated with either vehicle or

etal. (2002) and Al-Amoudi. (2015) who stated that propolis has
the ability to reduce the level of MDA and increase the activity
level of antioxidant enzymes. This reduction in the by-product of
lipid peroxidation (MDA) indicates that propolis attenuated liver
damage that may be attributed to its main components, such as
flavonoids and caffeic acid phenethyl ester (CAPE). Flavonoids
in the cell membrane protect the unsaturated fatty acids against
oxidants (Havsteen, 2002). Also, it was found that CAPE de-
creased MDA levels by blocking ROS production (Hosnuter
et al., 2004). Previously, it has been reported that the imbalance
between ROS production and elimination plays an important role
in cell damage (Li et al. 2015). In addition, it has been shown that
pretreatment of mice with free-radical scavengers prevented Con
A-induced hepatitis, indicating a crucial role for ROS in the
development of immune-mediated experimental liver damage
(Shirin et al. 2010). Concanavalin A has the ability to activate
T-cells and secrete a variety of hepatotoxic cytokines (TNF-cc
and IL-6) (Genestra 2007). These cytokines stimulate and acti-
vate liver cells which contribute to the development of hepato-
cyte damage (Liu et al. 2012; Bozza et al. 1999). TNF-« is a
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Propolis

Con & + Propolis

propolis or Con A alone or in combination with propolis. a Control
group shows negative immunostaining (x600). & Con A group shows
phosphorylated Smad2/3 (p-Smad2/3) as indicated by extensive
immunostaining in the smooth muscle fiber and stellate cells (x600). ¢
Con A + propolis group: p-Smad2/3 immunostaining induced by Con A
was highly attenuated in the presence of propolis (x600). d Propolis group
shows negative immunostaining (x600)

central mediator in inflammation-induced hepatocytes apoptosis
(Gantner et al. 1995). Also, it has been shown that the continued
production of IL-6 results in more extensive damage to hepato-
cytes (Tagawa et al. 2000). Previous studies revealed that TNF-«
and IL-6 contributed to the development of hepatocyte damage
through Toll-like receptors (TLRs) signal pathway which are
involved in innate immunity and inflammation (Zhou et al.
2013; Xu et al. 2013). The present study demonstrates that Con
A administration significantly increases the pro-inflammatory
cytokines TNF-o and IL-6. These results are in accordance with
those of other investigators (Gantner et al. 1995; Bruck et al.
1997; Klein et al. 2003; Liang et al. 2013; Xia et al. 2014).
Interestingly, pretreatment with propolis significantly attenuated
the serum level of TNF-oc and IL-6 induced by Con A. The anti-
inflammatory activity of propolis was supported by a previous
study on arthritis in rats (DU Toit et al. 2009). Furthermore,
propolis has been shown to have hepatoprotective effects against
TNF-a-induced cell death (Alencar et al. 2007). Previously, it
has been demonstrated that the ongoing inflammation in the liver
is associated with formation of TGF-[3 (Schierwagen et al. 2013),
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Fig. 5 Photomicrographs of liver sections stained by hematoxylin and
eosin (x200). a Section taken from control group showing normal
histological structure of the central vein (CV) and surrounding
hepatocytes (h). b Section taken from Con A-intoxicated rat showing
severe dilatation of CV with inflammatory cells (m) in the surrounding
adjacent hepatic parenchyma and degeneration in the hepatocytes
surrounding the congested CV. ¢ Section taken from a rat treated with
propolis + Con A showing only dilatation in CV with mild degeneration
in hepatocytes. d Sections taken from propolis group showing normal
histological structure of the CV and surrounding hepatocytes (h)

which is a profibrogenic cytokine that has been shown to regulate
multiple fundamental cellular processes, including cell growth,
differentiation, migration, adhesion, and ECM deposition. It is
secreted by all immune cell lineages, including B, T, and dendrit-
ic cells as well as macrophages (Moustakas et al. 2002).
Oxidative stress has been shown to be one of the major factors
involved in TGF-[3 activation via oxidation of the latency-
associated peptide, resulting in conformational change that re-
leases TGF-f3 (Barcellos-Hoff and Dix 1996). In the present
work, administration of Con A significantly increased TGF-3
activation. These results resemble those obtained from previous
studies on mice (Kimura et al. 1999) and rats (Liang et al. 2013).
Furthermore, it was found that the increase in TGF-[3 activation
by Con A is accompanied by a marked increase in Smad2/3
phosphorylation. These results are in agreement with the previ-
ous study of Qin et al. (2014). Most interestingly, propolis was
found to interfere with TGF-3 activation induced by Con A.
Furthermore, this reduction in TGF-{3 activation is accompanied
by a strong reduction of Con A-induced Smad2/3 phosphoryla-
tion in the presence of propolis. Propolis was previously shown
to reduce TGF-f level (Kao et al., 2013 and Lima et al., 2014).
Also, it has been reported that propolis has the ability to inhibit
TGF-B-induced epithelial-mesenchymal transition (EMT) and
lung fibrosis (Kao et al., 2013). The inhibitory effect of propolis
on TGF-f3-induced EMT may be due to its suppressive effect on
TGF-f/Smad signaling pathway. Moreover, propolis prevents

the TGF-3-induced downregulation of peroxisome proliferator-
activated receptor gamma (PPAR-y) that inhibits hepatic fibrosis,
suggesting that the anti-fibrotic effect of propolis may partly
function through PPAR-~y activation (Wang et al., 2011; Kao
etal., 2013).

In conclusion, our findings demonstrate that propolis has
the ability to protect rats from Con A-induced liver injury.
This significant protection against Con A-induced hepatitis
by propolis can be attributed to its ability to restore the balance
between oxygen radical production and the endogenous anti-
oxidant defense system which was disturbed by Con A in the
liver tissue. It may also be attributed to its ability to inhibit the
inflammatory cytokines TNF-« and IL-6 as well as the
profibrotic cytokine TGF-{3 and subsequent smad phosphor-
ylation. Finally, since Con A-induced hepatitis is an experi-
mental model that causes an immune-mediated hepatitis in a
similar pattern to the one induced by viral infections, the use
of propolis might be useful in reducing liver injury induced by
viral infections. Additional clinical studies are warranted to
investigate such an effect in human subjects.
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