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ABSTRACT

Introduction: Most chronic liver diseases lead to cirrhotic cardiomyopathy that occurs as a late complication in 56% of the
hepatic patients. Propolis is considered as a tonic that increases the body resistance to aging. It also decreases the risk of
cardiovascular diseases and atherosclerosis.

Aim of the work: was to study the possible protective role of propolis on the histological changes occurred in cardiac muscle
secondary to liver fibrosis.

Materials and Methods: 40 healthy male albino rats were randomly divided into 4groups including: control group (group
I), propolis treated group (group II) given 20mg propolis once daily orally for 4 weeks, (group III) received 0.2 ml/100 gm
carbon tetrachloride by subcutaneous injection for 4 weeks and (group IV) received both carbon tetrachloride and propolis at
the same dose of group Iland III for the same period. At the end of the experiment, all the rats were sacrificed, and cardiac
muscle was obtained and processed for light and electron microscopic examination.

Results: Group III revealed widely separated cardiomyocytes with excessive connective tissue nuclei between them.
Cytoplasmic vacuolations and marked fibrillolysis were observed. Cellular infiltration and dilated blood vessels were found.
Excessive collagen fibers were detected by Mallory stain. Ultrastructural changes included irregular sarcomeres, interrupted
intercalated disks, degenerated mitochondria and dilated sarcoplasmic reticulum. Group I'V showed partial improvement with
regular arrangement of cardiac fibers and sarcomeres.

Conclusions: Use of propolis partially improved the histological changes that occurred in the cardiac muscle as a result of

liver fibrosis.
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INTRODUCTION

Cirrhotic cardiomyopathy (CCM) is a heart disease
characterized by chronic changes in the structure and
function of the cardiac muscle. It occurs in patients suffering
from liver cirrhosis with no previous cardiac diseases!!.
Liver fibrosis is a common end result of most chronic liver
diseases!?.. It is considered a wound healing like process
in which there is excessive deposition of the extracellular
matrix of the connective tissue. This process occurs over
many years and finally results in hepatic cirrhosis, failure
and even carcinomal®.

Patients with cirrthosis develop a progressive
impairment in their circulatory and cardiac function. Most
common manifestations in cirrhotic cardiomyopathy are
increased baseline cardiac output, abnormal systolic and
diastolic function as well as disturbed electrical response
of the cardiac muscle with prolonged Q-T interval™.

Carbon tetrachloride (CCL4) is one of the hydrocarbons
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that have been introduced into industry as a solvent, fire
extinguisher and dry cleaning agent?!. It is a widely used
model in induction of liver fibrosis®. Chronic CCL4
administration results in a condition of oxidative stress
that leads to induction and progression of liver fibrosis.
Therefore, treatment with antioxidants may be effective in
prevention or regression of the liver fibrosist’..

Propolis (bee glue) is a product synthesized by the
bees from multiple different plants. It consists of resins,
polyphenols, flavonoids, fatty acids, essential oils, wax,
pollen, organic substances and minerals. In addition, it
contains various vitamins (B complex, C and E), many
minerals (Zn, Mg, Cu, Fe, Mn, Ni and Ca) and some
other trace elements. Due to its content of flavonoids and
phenolic acids, propolis has antioxidant, anti-inflammatory,
antibacterial, antiviral, immunomodulatory and
antiproliferative propertiest®. Propolis is also considered
as a tonic, an antiseptic substance and a natural antibiotic.
It naturally strengthens the body immunity and increase
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the body resistance to aging, heart and liver diseases and
also cancer of the skin, stomach and intestine”. Moreover,
it decreases the risk of cardiovascular diseases and
atherosclerosis!l.

Liver diseases are very common problem in Egypt
and its effect on the heart is inevitable result. So, it is very
important to search for a protective substance that may
minimize the damaging effect of liver fibrosis on the heart.
From these data aim of this work was to study the possible
protective role of simultaneous administration of propolis
on the histological changes in the cardiac muscle caused
by liver fibrosis.

MATERIALS AND METHODS:

Drugs and chemicals:

Carbon tetrachloride (CCL4) was obtained from
Inter Trade CO., Cairo, Egypt in a solution form. CCL4
was diluted in a ratio of 1:1 of olive oil. It used in a
dose of 0.2 ml/100 g CCl4 in olive oil by subcutaneous
injection"'l. Propolis was obtained in the form of capsules
(400 mg) produced by Sigma Pharmaceutical Industries
for International Business Establishment Company
(IBE Pharma). Each capsule was dissolved in 20 ml
distilled water, so each 1 ml of the resulting solution
contained 20 mg of propolis powder which is equal to 100
mg/kg per day!'2.

Animals

This study was carried out on 40 adult male albino
rats, weighing 180-200 gm each. The rats were housed in
clean properly ventilated cages under similar conditions,
acclimatized to their environment one week before starting
the experiment and allowed free access to water and food
throughout the period of the experiment.

Experimental design:
The rats were randomly divided into 4 groups:

Group (I): included 10 rats divided into subgroup Aand
subgroup B(5rats each). Subgroup A received no treatment
and served as negative control group. Subgroup B received
0.2 ml/100 gm of olive oil once daily subcutaneously for 4
weeks and served as positive control group.

Group (II): included 10 rats that received 1 ml of
propolis solution (20mg) once daily orally for 4 weeks.

Group (III): included 10 rats. The animals of this group
received subcutaneous injection of carbon tetrachloride
once daily in a dose of 0.2 ml/100 gm diluted in olive oil in
aratio of 1:1 for 4 weeks.

Group (IV): included 10 rats. The animals of this group
received subcutaneous injection of carbon tetrachloride
once daily in a dose of 0.2 ml/100 gm diluted in olive oil
in a ratio of 1:1 concomitant with 1 ml of propolis solution
once daily orally for 4 weeks.

At the end of the experiment period, the animals

were sacrificed by cervical dislocation one day after the
last dose and then the heart and the liver of each animal
were dissected. Specimens from the left ventricle of the
heart and the upper part of the right lobe of the liver were
excised. The liver specimen and part of the left ventricle
were fixed in 10% formol saline solution then processed
to obtain paraffin sections of 5-um thickness. The sections
then were stained with HandE and Mallory trichrome and
examined by the light microscope to ensure induction of
liver fibrosis and to assess the degree of cardiac affection.
The second part of the left ventricle was fixed in 2.5%
phosphate buffered glutaraldehyde and processed for
transmission electron microscopic examination to study
the ultrastructural changes in the cardiac muscle!'¥. The
ultrathin sections were examined and photographed with
JEM transmission electron microscope in EM unit, Faculty
of Medicine, Tanta University. The experiment was
approved by the Local Ethics Committee of the Faculty of
Medicine, Tanta University.

Morphometric analysis:

Leica Qwin 500 C Image analyzer computer system
(Leica Imaging System LTD., Cambridge, England) in
(Central Research Lab, Tanta Faculty of Medicine) was
used to obtain the morphometric data in this study. Ten non
overlapping fields in slides of each animal of each group
were examined to measure the mean area percentage (%)
of collagen fiber content (in Mallory’s trichrome-stained
sections). The total area was measured by adjusting the
color threshold while excluding the background and then
the blue stained area was selected and measured to calculate
the area percentage (%)by the following equation:

The mean area percentage (%) = (blue stained area/
total area)X100.

Statistical analysis

The values were represented as mean +SD. The data
were analyzed, calculated and compared between groups
using SPSS software (Chicago, USA). Differences were
regarded significant if P value was less than0.05.

RESULTS

In the present work, no deaths occurred throughout the
experimental period.

Histological Results:

Sections of liver from control group showing normal
histological structure of the liver with central vein and
hepatocytes around it. Also blood sinusoids were found in
between hepatocytes. Few collagen fibers present around
the central vein (Fig. 1). Liver specimens were examined
from group three to ensure induction of liver fibrosis in
the form of distortion of the normal liver architecture. This
finding was confirmed by the Mallory stained sections
which revealed excessive collagen fibers deposition around
the central veins and portal areas as well as in between the
hepatic lobules (Fig. 2).
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Haematoxylin and eosin stains:

Examination of samples obtained from the control
group (group I) and propolis-treated group (group
1) revealed no variation between them. The cardiac
muscle fibers consisted of cylindrical cells with one or
two, large, vesicular, oval, centrally located nuclei and
acidophilic sarcoplasm. The cells showed branching and
re-anatomizing with each other. The muscle fibers were
separated by connective tissue endomesium containing
blood vessels (Fig. 3).

Sections from group III (which received CCl4) showed
abnormal arrangement of the cardiac muscle fibers which
appeared widely separated from each other. Multiple fat
cells and homogenous acidophilic substance were seen in
between some cardiomyocytes. Sarcoplasmic vacuolations
of variable size were also observed (Fig. 4).Some cardiac
muscle fibers appeared thin while others were thickened.
Some cardiomyocytes revealed loss of their striations while
many other cells showed areas of discontinuation. Increased
connective tissue nuclei between the cardiomyocytes were
observed. These nuclei appeared thin dark and flattened
on the surface of the cardiomyocytes. Mild cellular
infiltration was also reported (Fig. 5). Other sections
showed marked cellular infiltration with large dilated
blood vessels and extravasated red blood cells between
the cardiomyocytes(Fig. 6).As regards the nuclei, most of
them appeared dark, irregular in shape and peripheral in
position with pale area at one side of them (Fig. 7).

Sections of group IV (CCL4and propolis treated group)
revealed improvement of the histological changes that were
detected in group I1I. Generally, the muscle fibers restored
their normal features, however, few muscle fibers appeared
enlarged in size with deeply acidophilic cytoplasm while
few others revealed areas of discontinuation. Little cellular
infiltration and blood vessels dilatation were still observed
in only few sections (Fig. 8). Most of the nuclei regained
their normal central position and vesicular appearance, but
few were still dark and peripheral (Fig. 9).

Mallory’s trichrome stained sections:

Cardiac muscle sections from both control and propolis
treated groups showed little collagen fibers between the
cardiac muscle fibers (Fig. 10). Sections from the CCL4
treated group (group 3) revealed apparent increase in
collagen fibers deposition, which appeared as wavy
bundles in between the cardiac muscle fibers and at areas
of discontinuation of the cardiomyocytes (Fig. 11).Sections
from rats of group IV (CCL4and propolis treated group)
revealed more or less apparently normal collagen fibers
deposition except for few areas in few sections which
still showed deposition of collagen fibers at areas of lost
cardiomyocytes (Fig. 12).

Morphometric analysis of the mean area percentage
of collagen fiber content in the CCL4-treated group

(group III) (16.6+1.41) revealed a significant increase
(p=0.013) compared to the control group (7.06+0.74)
while group IV (10.54+1.08)showed significant decrease
(p=0.02)when compared to group III (Tablel and
Histogram1).

Electron microscopic results:

Electron microscopic examination of the cardiac
muscle sections obtained from control and propolis-
treated groups (groups I and II respectively) revealed
the same ultrastructural features. The cardiomyocytes
showed regular arrangement of the myofibrils in the
form of alternating dark (A) and light (I) bands forming
sarcomeres. Each sarcomere extended between two
successive dark Z lines which bisected the (I) bands. The
neighboring cardiomyocytes were connected end-to-end
by intercalated disks with their specific step ladder pattern
of distribution. Each cardiomyocyte showed a single
nucleus with extended chromatin and apparent nucleolus.
Numerous mitochondria were observed in rows in between
the myofibrils (Fig. 13).

Electron microscopic examination of the cardiac muscle
sections obtained from group III revealed disorganization
of the normal S$tructure of the cardiomyocytes. The
sarcomeres were disrupted with focal lysis and
fragmentation of the myofibrils. Irregular sarcolemma,
cytoplasmic rarefaction and mitochondria with variable
size and shape were observed. The myofibrils appeared
variable in size; some were very thin while others were
thick. Collagen fibers were also observed in between the
cardiomyocytes (Fig. 14 and 15).

Partially damaged mitochondria, dilated sarcoplasmic
reticulum and interrupted intercalated disk were also
reported (Fig. 16). Some nuclei showed irregular outline
with presence of indentations (Fig. 17).Congested blood
capillaries and inflammatory cells were observed in
between the cardiomyocytes (Fig. 18).

Electron microscopic examination of the cardiac
muscle sections obtained from group IV showed partial
improvement of the changes previously observed in the
cardiomyocytes treated with CCL4in the form of regular
arrangement of the sarcomeres and the myofibrils.
Aggregation of the mitochondria under the sarcolemma
and few sarcoplasmic vacuoles were detected. Some nuclei
appeared irregular while others were small (Fig. 19).

Table 1: Morphometric analysis of the mean area percentage of
collagen fiber content in the cardiac muscle. Data is expressed as
mean + standard deviation. *P<0.05 indicates significance versus
the control group. # indicates significance versus group II1.

Control Group 1I Group 111 Group IV Anova P
group value
7.056+0.74  7.22+0.19 16.6+1.41* 10.54+1.08# 0.007
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Histogram1: Mean area percentage (%) of collagen fibers content in the
cardiac muscle.

Fig 1: A photomicrograph of liver section of the control group showing

(a) hepatocytes (arrow) arranged around the central vein (CV) and blood
sinusoid (arrow head) in between. (b) Few collagen fibers around the
central vein (CV) (a, HandE X 400 b, Mallory trichrome X400).
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Fig 2: A photomicrograph of liver section of group III showing (a)

irregularly arranged hepatocytes with loss of the normal architecture of
hepatic lobule. (b) Excessive collagen fibers deposition (arrow head) (a,
HandE X 400 b, Mallory trichrome X400).

Fig 3: A photomicrograph of cardiac muscle of the control group showing

branched cylindrical muscle fibers (curved arrow) (C) with acidophilic
sarcoplasm and large, oval centrally located nuclei (arrow) (aandc).
Connective tissue (arrow head) containing blood capillaries (zigzag

arrow) were observed surrounding the muscle fibers (b) (HandE X a, b
400 and ¢ 1000).
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Fig 4: A photomicrograph of the cardiac muscle of group III showing
(a)Wide spaces between the cardiomyocytes (star) and vacuoles in their
sarcoplasm in (aandb) (arrows).(b)Homogenous acidophilic substance
(arrow head) and fat cells (zigzag arrow) were found between the
cardiomyocytes (HandE X400).

Fig 5: A photomicrograph of the cardiac muscle sections of group III
showing (a)Loss of sarcoplasmic striations of the cardiomyocytes with
areas of discontinuation in (aandb) (arrow head). CT nuclei (arrow) were
observed on the outer surface of the cardiomyocytes. Variable size of the
muscle fibers were observed either thick (K) or thin (T). (b) Cellular
infiltrations (curved arrow) and dilated blood vessels (d)(HandE X400).
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Fig 6: A photomicrograph of the cardiac muscle sections of group III
showing (a)Marked cellular infiltration (curved arrow), with extravasated
blood in (aandb) (bifid arrows) and areas of discontinuation of the
cardiomyocytes in b (arrow head) (b)Dilated blood vessels (d) (HandE
X400).

Fig 7: A photomicrograph of the cardiac muscle sections of group III
showing irregular dark peripherally located nuclei (arrow head) and pale
region at one side of the nuclei(arrow) (HandE X1000).

Wk Al L

Fig 8: A photomicrograph of the cardiac muscle sections of group IV
showing apparently normal cardiac muscle fibers(a)Little cellular
infiltration (arrow), dilated blood vessels (arrow head) and area of muscle
fiber discontinuation (bifid arrow). (b)Few large cardiomyocytes with
deeply acidophilic sarcoplasm (thick arrow) (HandE X400).

Fig 9: A photomicrograph of the cardiac muscle sections of group IV
showing cardiac myocytes with central vesicular nuclei (arrow). Dark
peripheral nuclei were also observed (arrow head) (HandE X1000).

Fig 10: A photomicrograph of the cardiac muscle sections of control
group showing little collagen fibers between the cardiac muscle fibers
(Mallory trichrome X400).

Fig 11: A photomicrograph of the cardiac muscle sections of group III

showing increased collagen fibers deposition (a) In between the cardiac
muscle fibers (arrow). (b) At the site of degenerated cardiac muscle fibers
(arrow head) (Mallory trichrome X400).
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Fig 12: A photomicrograph of the cardiac muscle sections of group IV
showing little collagen fibers (aandb) In between the cardiac muscle fibers
(arrow) (b) At areas of discontinuation of the cardiac muscle fibers (arrow
head) (Mallory trichrome X400).

Fig 13: An electron micrograph of ultrathin section of the cardiac muscle

of the control group showing sarcomeres, each extended between two
successive Z lines (arrow) with apparent dark (A) band and light (I)
bands. Mitochondria (M) arranged in rows in between the myofibrils.
Note (a)Single euchromatic nucleus (N)(b)Intercalated disk (bifid arrow).

Fig 14: An electron micrograph of ultrathin section of the cardiac muscle

of group I1I showing (aandb)disrupted sarcomeres, lysis and fragmentation
of the myofibrils(arrow) as well as areas of cytoplasmic rarefaction (bifid
arrow).Mitochondria of variable size and shape (M) were observed. (b)
Some myofibrils were thin (T) while others were thick (K).

Fig 15: An electron micrograph of ultrathin section of the cardiac muscle
of group III showing irregular sarcolemma (zigzag arrow), interrupted
intercalated disk (ID) and small vacuoles (V). Areas of cytoplasmic
rarefaction (bifid arrow) and variable size and shape of mitochondria
(M) were detected (aandb). Notice (b) Presence of collagen fibers (CO)in
between the cardiomyocytes.

Fig 16: An electron micrograph of ultrathin section of the cardiac muscle

of group IIT showing (a)Dilated sarcoplasmic reticulum (curved arrow),
lysis of the myofibrils (arrow) and partially damaged mitochondria (M) in
(aandb).(b)Complete loss of myofibrils (star) and interrupted intercalated

disk (bifid arrow)were observed.
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Fig 17: An electron micrograph of ultrathin section of the cardiac muscle
of group III showing irregular indented (arrow) nucleus (N) and partially

damaged mitochondria (M).
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Fig 18: An electron micrograph of ultrathin section of the cardiac
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muscle of group III showing (a) Irregular sarcolemma (zigzag arrow),
areas of cytoplasmic rarefaction (bifid arrow) and lysis of the myofibrils
(arrow). Notice presence of mitochondria of variable size and shape
(M) and collagen fibers (CO). Blood capillaries (arrow head) (aandb),
inflammatory cells (IC) and interrupted intercalated disk (ID) were
observed in between cardiac myocytes (b).

Fig 19: An electron micrograph of ultrathin section of the cardiac
muscle of group IV showing apparently normal cardiomyocytes with
regularly arranged sarcomeres(a)Apparently normal intercalated disk
(ID), sarcolemma (arrow) and aggregated mitochondria (M).(b)Variable
shaped mitochondria in between the myofibrils (M), few sarcoplasmic
vacuoles (arrow head) and irregular small nucleus (arrow) were detected.
Notice presence of another euchromatic nucleus (N).(c)Apparently
normal euchromatic nucleus (N) with prominent nucleolus (n).

DISCUSSION

Liver fibrosis is a major medical problem associated
with high morbidity and mortality!'. Advanced fibrosis
can result into development of cirrhosis, liver failure, portal
hypertension and hepatocellular carcinomal'’!. Cirrhotic

cardiomyopathy is a chronic dysfunction associated with
impaired cardiac contractility that occurs in cirrhotic
patients with no history of cardiac diseases!'®.

In this study we used CCL4 for induction of liver
fibrosis, because it is the most commonly used model for
induction of liver fibrosis!®l.

In the present study, we examined effects of
experimentally (CCL4) induced liver fibrosis on the
histological structure of the cardiac muscle of adult male
albino rats and the possible protective effect of propolis.
From our results, it could be demonstrated that liver
fibrosis led to changes in the normal histological structure
of the cardiac muscle. The cardiac muscle obtained from
group III which received CCL4 showed wide separation
of the cardiomyocytes with presence of fat cells and
connective tissue cells as well as homogenous acidophilic
substance in between the myocytes. Cellular infiltration,
blood capillaries dilatation and extravasation of red blood
cells were also observed. Some cardiomyocytes revealed
dark irregular peripherally located nuclei with presence of
pale area at one side of them. Apparent increase in collagen
fibers deposition was also noticed in between the muscle
fibers as well as at areas of damaged fibers. These findings
were also documented with the electron microscope. In
addition, mitochondria appeared variable in size and shape
with partial degeneration. Sarcoplasmic rarefaction dilated
sarcoplasmic reticulum and interrupted intercalated disks
were also reported.

Due to the close relation between the cardiovascular
and autonomic nervous systems (ANS), the abnormal ANS
function in cirrhotic patients could result in several cardiac
and vascular alterations!'”. It was documented that liver
cirrhosis causes hyperdynamic circulation with increased
cardiac output and decreased peripheral vascular resistance.
Theincrease in the cardiac output stimulates the sympathetic
nervous system. This sympathetic hyperactivity causes
direct damage of the cardiomyocytes and also causes an
increase in levels of the inflammatory cytokines such
as interleukins (IL-8, IL-6 and IL-1b), tumor necrosis
factor alpha (TNF-a) and transforming growth factor beta
(TGF-B). Both IL-1b and TNF-a stimulate production
of nitric oxide (NO) which is a strong inflammatory
mediator!'®, The excessive production of nitric oxide and
endothelin may be the cause of cardiomyocyte lesion!'!,
Cellular infiltration and vascular changes in the present
work could also caused by the increased levels of NO.
In addition, the TGF-f stimulates the mitogen-activated
protein kinases (MAPK) that promote cardiomyocytes
apoptotic cell death. Apoptosis of the cardiomyocytes in
cirrhotic patients can also be caused by abnormalities in
the Na+/Ca+2 exchanger which is responsible for keeping
balance between Ca+2 influx and efflux through the cell
membrane and so maintaining the intracellular steady state
free Cat+2 concentration. Abnormalities in the Ca+2level
could also cause disturbance in the cell cytoskeleton and
this could explain the peripheral location of the nuclei
reported in the present study!®
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Our results were in accordance with some authors!'”
who found increased deposition of collagen fibers and
disarrangement of the cardiomyocytes with increased
intercellular spaces. They demonstrated that when the liver
is damaged kupffer cells produce transforming growth
factor (TGF-B) which is a multifunctional cytokines
that secreted by many cells like white blood cells and
macrophage. It affects different types of cells including
endothelial, epithelial, immune cells and stem cells. TGF-B
promotes deposition of extracellular matrix and formation
of interstitial fibrosis through the TGF-B signaling
pathway. TGF-B modulates fibroblast phenotype, increases
fibronectin synthesis and regulates collagen deposition in
the infarction.

As regards the damaged and abnormally shaped
and sized mitochondria detected in this work, other
researchers?” explained it to be due to increased
permeability of the inner and outer mitochondrial
membranes to solutes, protons and metabolites, a process
that could lead to death of the mitochondria. It was also
reported that mitochondrial injury could be due to some
toxins that accumulate in the mitochondria and interfere
with oxidative phosphorylation or electron transport
leading to ATP depletion and mitochondrialswelling!?!.
On the other hand, subsarcolemmal accumulation of the
mitochondria detected in propolis treated group could be
considered as a sign of regeneration and an attempt of the
cell to compensate for the respiratory chain defect!?2.

It was documented that loss of the cardiomyocytes
by either apoptosis or necrosis is a key feature in
cardiomyopathy®]. Damage of the myofibrils could be
explained according to Elwan et al., ?* to be a consequence
of mitochondrial dysfunction that leads to loss of ATP
production as well as imbalance of calcium uptake.
Sarcoplasmic reticulum vacuolation could be explained
according to other researchers to be the result of expansion
of different cytoplasmic membranous organelles secondary
to redistribution of intracellular water and electrolytes??*!.
Moreover, Cotran et al., ? have explained the sarcoplasmic
vacuolation to be due to depletion of ATP and disturbance
of the sodium potassium ion transport system through the
cell membranes.

Some authors?” have illustrated that chronic stress
caused dilatation and congestion of the myocardial blood
vessels through enhancing the sympathetic activity. They
have also reported that in cardiomyopathy, mononuclear
cellular infiltration occurred close to areas of degenerated
cardiac muscle cells. Later, these degenerated cells became
replaced by fibrous and adipose tissue cells. The cellular
infiltration could also be explained according to Stevens
et al., M to be due to release of certain mediators after
degeneration of the myocytes that attract the inflammatory
cells. The extravasated red blood cells observed in the
current study could be explained according to Durmus
Altun et al., ! to be secondary to tissue hypoxia which
causes an increase in the capillary permeability.

One common finding in this work was interrupted
intercalated disc (ICD) that have been documented in
other researches®” and was explained by mitochondrial
damage that caused depletion of ATP production and
activation of phospholipase enzyme leading to breakdown
of the phospholipids. This resulted in abnormality of lipid
peroxidation of the sarcolemma and internal membranes
leading to loss of the control of ions permeability and a
subsequent abnormality in the membrane structure which
could explain the irregular sarcolemma found in the
present study®!. Koeppen et al., B2 have proposed another
possible explanation of ICD abnormality to be due to
changes in the molecular proteins of the junctions present
within the ICD as N-cadherin, vinculin and desmosomal
protein desmoglein 2 as well as abnormal distribution of
the connexin 43 protein within the gap junction. These
changes may be a result of autoantibody attacks these
molecular proteins. These molecular deviations might
play a rule in ICD changesP*.

Treatment with propolis in group IV attenuated the
cardiomyopathy and improved the previously mentioned
histopathological changes observed in the cardiac muscle
of group III signifying its cardio-protective effect in the
current study. These results were in accordance with
the results of other researchers who proved the cardio-
protective effect of propolis against doxorubicin and
aluminum chloride respectively?®**l. It was documented
that the anti-inflammatory activity of propolis is mediated
by inhibiting phospholipase A2, lipoxygenase (5,12,and15),
cyclooxygenase (COX-2) and nitric oxide synthase (NOS).
This decreases production of prostaglandin E2 (PGE2),
thromboxane A2, leukotriene B4 and nitric oxide (NO)
which all have a role in development of inflammatory
reactions?®. In addition, propolis inhibits mRNA IL 1B
expression thus decreasing IL 1B synthesis. In their study
on diabetic rats, Fuliang et al., 7 have proved that propolis
has anti-inflammatory properties by decreasing nitric oxide
(NO) levels through decreasing levels and activity of nitric
oxide synthase enzyme(NOS).

Other authors have related the antioxidant capacity of
propolis to be due to its content of flavonoids which are
powerful antioxidants through scavenging the free radicals.
In addition, propolis was reported to be capable of reducing
cellular H,0, and NO levels which play a role in cellular
death in certain conditions such as cardiovascular diseases.
They have also added that propolis antioxidant activity
may be contributed to other components such as caffeic
acid phenethyl ester (CAPE) which blocks production
of reactive oxygen species (ROS) in many systems?. In
addition, it has been documented that CAPE protected
the cardiac muscle against oxidative stress in a model of
hyperthyroidism®!. CAPE also showed a cardio-protective
effect against myocardial ischemia via its antioxidant effect
and via decreasing activity of both xanthine oxidase (XO)
and adenosine deaminase (ADA)“!,

To our knowledge, this is the first study investigating the
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effect of propolis on the cardiac muscle in a liver fibrosis
model. In our study, propolis administration significantly
decreased the cardiac muscle histological changes that
occurred secondary to the liver fibrosis. Therefore, we
suggest that propolis may have a possible cardioprotective
effect in cirrhotic cardiomyopathy.

CONCLUSION

In the current study, we demonstrated the protective
effect of propolis on the cardiac muscle against the changes
caused secondary to liver fibrosis. So, we may suggest that
propolis could be a potential promising agent for treatment
of cirrhotic cardiomyopathy.

RECOMMENDATIONS

We recommend prescription of propolis for patient
suffering from chronic liver disease to protect their hearts.
We also recommend further experimental studies with the
use of different doses of propolis for different periods.
Clinical trials should be considered.
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