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Abstract
Background: Aluminum is a widely distributed metal in the environment and is extensively used in daily life that provides easy 
exposure to human. It is known that Aluminum induces toxic effect on the liver. Propolis is a honeybee product with antioxidant 
properties. Hence, aim of the work was to evaluate the possible protective effect of propolis against hepatic toxicity caused by 
Aluminum chloride (AlCl3) in rats.

Material and methods: The present study was carried out on forty adult male albino rats that were divided randomly into four 
equal Groups. Group I served as control. Group II: rats were given propolis (50 mg/kg). Group III: received AlCl3 (34 mg/kg). 
Group IV: received AlCl3 (34 mg/kg) and propolis (50 mg/kg) simultaneously. All medications were given by nasogastric tube 
for four weeks. Specimens of liver were excised and processed for light and electron microscopic studies. Moreover, biochemical 
levels of serum liver enzymes were measured. Morphometric and statistical analysis were also done.

Results: Administration of propolis alone in Group II had no effect on the hepatic architecture. However, AlCl3 administration 
in Group III had led elevation of serum liver enzymes and distortion of liver parenchyma. Vacuolated hepatocytes, mononuclear 
cellular infiltrations and congestion in portal vein branches and blood sinusoids were noticed. Moreover, there was a significant 
increase in area percentage of collagen fibers and a significant decrease in the optical density of PAS stained glycogen granules as 
compared to the control Group. By electron microscope, hepatocytes showed many lipid droplets in their cytoplasm, mitochondria 
with indistinct cristae, and dilated rough endoplasmic reticulum. Hepatic stellate cells associated with collagen fibrils were also 
detected. However, simultaneous administration of propolis with AlCl3 in Group IV attenuated the biochemical and structural 
changes induced by AlCl3.

Conclusion: Propolis could have a beneficial protective effect against AlCl3 hepatic injury.
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Introduction
Aluminum (Al) is one of the most abundant elements in the 

earth’s crust which constitutes 8.13 %. It is used in the manufacture 
of cooking utensils, medicines such as antacids, cosmetics such as 
deodorants and food additives [1]. Moreover, it can be found in 
food especially corn, yellow cheese, salt, herbs, spices and tea. 
In addition, Aluminum salts such as Aluminum Chloride (AlCl3) 
are widely used as flocculants in the treatment of drinking water 
for purification purposes which allowed its easy access into the 
body via gastrointestinal tract and lung tissue [2]. Aluminum 

toxicity causes confusion, muscle weakness, bone deformities 
and fractures, seizures, slow growth in children, difficulty with 
voluntary and involuntary actions, lung problems, anemia, brain 
diseases, and impaired iron absorption [3]. Many studies suggest 
that the major toxic effect of aluminum exposure is on the nervous 
system as it may actively promote the onset and progression of 
Alzheimer’s disease [4]. However, Aluminum is accumulated 
mainly in the liver than in the brain, muscle, heart and lung [5]. 
Furthermore, liver diseases in general are among the most serious 
health problems in the world today, their prevention and treatment 
options remain scarce despite tremendous advances in modern 
medicine.
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Natural products are a promising source for the discovery of 
new pharmaceuticals. Propolis is a glue material that is collected 
by honeybees from the buds and exudates of various plants. It has 
been employed extensively since ancient times as a traditional 
medicine, especially in Asia, Eastern Europe and South America, 
and used for its reported broad-spectrum biological activities [6]. 
Furthermore, propolis contains several bioactive substances such 
as polyphenols, flavonoids, aromatic acids, and diterpenic and 
phenolic acids [7]. Hence, it was used for its immunomodulatory, 
antitumor, anti-inflammatory, antioxidant, antibacterial, antiviral, 
antifungal, antiparasitic activities, among others [8].  Therefore, 
propolis remains an interesting research topic due to its useful 
action and its role in the treatment of various diseases and 
interactions with other elements.

Although the knowledge of Aluminum toxicity and protection 
has noticeably improved in recent years, information concerning the 
role of propolis against Aluminum induced histological alterations 
in the liver has not so far been studied. Therefore, the present study 
aimed to evaluate the possible protective effect of propolis against 
hepatic structural changes caused by Aluminum chloride.

Material and Methods
The present study was carried out on forty adult male 

albino rats, weighing 200-250 grams. All animals had unrestricted 
access to tap water and food and were maintained in an air-
conditioned room on a 12 h light: 12 h dark cycle. Rats were 
housed in the animal house in the Medical Research Center, Ain 
Shams University Hospitals. All animal procedures were carried 
out according to the recommendation of the Animal Care and the 
Scientific Research Ethical Committee of the Faculty of Medicine, 
Ain Shams University. 

Animal Groups: Rats were kept for one week before the beginning 
of the experiment for acclimatization then they were divided 
randomly into four equal Groups, 10 rats each.

Group I: (Control): untreated Group.

Group II: (Propolis): rats received propolis of a dose of 50 mg/kg 
body weight dissolved in 1ml distilled water (Sigma Pharmaceutical 
LLC. Monticello, IA., USA) orally by gastric tube for 4 weeks 
[9].

Group III: (Aluminum chloride (AlCl3)): rats received AlCl3 34 
mg/kg body weight dissolved in 1ml distilled water (Oxford 
Laboratory. Mumbai, India) orally by gastric tube for 4 weeks 
[10].

Group IV:(Aluminum chloride and propolis): rats received 
simultaneously AlCl3 (34 mg/kg body weight) and propolis (50 
mg/kg body weight) orally gastric tube by for 4 weeks.

Sample collection
Animals were weighed daily and the doses of AlCl3 and 

propolis were adjusted accordingly. They were sacrificed at the 
end of the experiment by decapitation. Liver specimens were then 
taken from all animals. Each specimen was divided into two parts. 
One part was fixed in 10% neutral buffered formalin solution for 
5 days, dehydrated in a graded ethanol series, and processed for 
paraffin embedding for light microscopic study. Serial sections 
(5-μm thick) were prepared and stained with H&E, Periodic 
Acid-Schiff (PAS), and Mallory’s trichrome stain [11]. Sections 
were examined and photographed with Olympus BX 40 light 
microscope (Olympus, Hamburg, Germany) connected to a digital 
camera power shot A640 (Canon Inc., Tokyo, Japan). The second 
part (1×1 mm thickness) was fixed in glutaraldehyde for 20 hours, 
and then washed with PBS and fixed in 1% osmium tetroxide. 
Semithin sections of 1 μm were stained with 1% toluidine blue in 
borax and examined under a light microscope. Ultrathin sections 
of 50 nm were cut by an ultramicrotome, stained with uranyl 
acetate and lead citrate, and carried on copper grids [11]. The grids 
were examined and photographed with a transmission electron 
microscope (JEM-1400; Jeol, Akishima-Shi, Tokyo, Japan) at the 
Faculty of Agriculture, Cairo University Research Unit.

Biochemical study
Blood samples were collected from all rats of different Groups 

at the time of scarification to measure Aspartate Aminotransferase 
(AST) and Alanine Aminotransferase (ALT). They were assessed 
in the Biochemistry Department Lab at Faculty of Medicine 
Ain Shams University using universal diagnostic kits (Roche 
Diagnostic Ltd. Germany).

Morphometric and Statistical Studies
Morphometric analysis

Measures were randomly obtained from animals in each 
group. Five specimens from five different rats of each Group were 
examined (n=5). For each specimen, five different captured non-
overlapping high-power fields (×400) were taken. Five different 
readings from every captured photo were counted and the mean was 
calculated for each specimen. Measurements were counted by an 
independent observer blinded to the specimens’ details to perform 
an unbiased assessment. Samples were analyzed by using Leica 
DM2500 microscope with built in camera (Wetzlar, Germany). All 
images were digitally acquired using an image analyzer Leica Q 
win V.3 program (Wetzlar, Germany) installed on a computer in 
the Histology and Cell Biology Department Faculty of Medicine 
Ain Shams University. The following parameters were measured:

Area% for collagen fibers stained by Mallory’s trichrome •	
stain.
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Mean optical density of PAS stained glycogen content.•	

Statistical analysis

The biochemical and morphometric measurements were 
collected, presented and then subjected to statistical analysis 
using one-way ANOVA performed by SPSS.21 program (IBM 
Inc. Chicago, Illinois, USA). The significance of the data was 
determined by (P value) P>0.05 non-significant (NS), P≤0.05 
significant (S). Summary of the data was expressed as mean ± 
standard deviation (SD).

Results
Mortality rate

Two rats had died from the Aluminum treated Group (Group 
III) during the experiment with mortality rate of 20%. No further 
deaths were recorded in the other Groups.

Light microscopic results

Examination of H&E stained liver sections of rats of Group I 
showed liver parenchyma consisted of branching and anastomosing 
cords of hepatocytes radiating from the central veins towards the 
peripheral portal tracts (Figure 1A).

The polygonal hepatocytes exhibited acidophilic granular 
cytoplasm and central rounded vesicular nuclei. Some cells were 
binucleated. Blood sinusoids lined by flat endothelial cells and 
Kupffer cells were seen between the hepatocytes (Figure 2A). 
Branches of portal vein, hepatic artery and bile duct could be seen 
at the portal tract (Figure 2B).

Examination of liver sections of rats of Group II were nearly 
similar to those of Group I (data not shown).

Meanwhile, examination of liver sections of rats of Group 
III which had taken AlCl3 showed distortion of liver parenchyma. 
Extensive connective tissue septa with mononuclear cellular 
infiltration were seen connecting between the portal tracts (Figure 
1B). Some hepatocytes showed small darkly stained nuclei and 
vacuolated cytoplasm. Focal areas of liver parenchyma appeared 
degenerated where the individual hepatocytes cell membrane 
couldn’t be demarcated. Dilated congested portal vein branches 
and blood sinusoids were also seen (Figures 2C & 2D). However, 
examination of liver sections of rats of Group IV which were given 
propolis showed amelioration of hepatic injury induced by AlCl3. 
Restoration of the normal liver architecture was noticed (Figure 
1C). Most of the hepatocytes appeared with acidophilic cytoplasm 
and vesicular nuclei. Few cells appeared with vacuolated cytoplasm 
and small dark nuclei (Figure 2E). Minimal cellular infiltration 
could be seen at the portal tract (Figure 2F). 

Figure 1: photomicrographs of section of rat liver [A] Group I (control) 
showing normal architecture of the hepatic lobule with central vein (CV) 
and peripheral portal tracts (PT). [B] showing extensive connective tissue 
septa in-between portal tracts (↑) with cellular infiltration. Hepatocytes 
appeared with vacuolated cytoplasm (▲) in Group III (AlCl3), [C] Group 
IV (AlCl3 & Propolis) showing branching and anastomosing hepatocytes 
radiating from central vein (CV).  H&E, X100.

Figure 2: photomicrographs of section of rat liver [A-B] Group I 
(control): [A] showing cords of hepatocytes, with acidophilic granular 
cytoplasm around a central vein (CV). Some cells are binucleated (↑). Flat 
endothelial cells (▲) and Kupffer cells (arrowhead) are seen lining the 
blood sinusoids between the cords, [B] showing branches of portal vein 
(V), hepatic artery (A) and bile duct (B) at a portal tract.  [C-D] Group 
III (AlCl3): [C] showing some hepatocytes with dark shrunken nuclei 
and vacuolated cytoplasm (↑). Notice the dilated blood sinusoids (S). 
[D] showing congested portal vein branch (V) and blood sinusoids (S). 
Some hepatocytes appeared with vacuolated cytoplasm (↑). [E-F] Group 
IV (AlCl3 & Propolis): [E] showing most of hepatocytes with acidophilic 
cytoplasm and rounded vesicular nuclei. Few hepatocytes appeared with 
vacuolated cytoplasm (↑). [F] showing branches of portal vein (V), hepatic 
artery (A) and bile duct (B) at a portal tract. H&E, X400. 
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On examination of the liver sections of Group I stained with Mallory’s trichrome, collagen fibers appeared blue in color. Minimal 
collagen fiber content appeared around the central vein (Figure 3A), at the portal tracts and between the hepatocytes (Figure 3B). In 
Group III, the collagen fiber content was significantly increased (P<0.05) (Table 1) around the central vein (Figure 3C) and in the 
portal tracts with appearance of collagen fibers in the septa between the lobules as compared to the control Group (Figure 3D). While, 
significant decrease (P<0.05) (Table 1) in the collagen fiber content around the central vein (Figure 3E) and in the portal tracts was 
noticed in Group IV compared to Group III (Figure 3F).

Figure 3: photomicrographs of section of rat liver [A-B] Group I (control): [A] showing minimal collagen fibers around the central vein (↑) and in 
between hepatocytes (arrowhead), [B] showing minimal collagen fibers at the portal tract (↑). [C-D] Group III (AlCl3): [C] showing extensive collagen 
fibers content around the congested central vein (↑), [D] showing extensive collagen fibers content in the portal tract (↑) and in the connective tissue 
septa (▲). [E-F] Group IV (AlCl3 & Propolis): [E] showing few collagen fibers around the central vein (↑), [F] showing moderate amount of collagen 
fibers at the portal tract (↑). Mallory’s trichrome stain, X400.

Liver sections stained with PAS revealed that most of the hepatocytes of Group I had PAS positive granules in their cytoplasm 
(Figure 4A). While, in Group III, a significant decrease (P<0.05) (Table 1) in the PAS positive glycogen granules was noticed compared 
to that of the control Group (Figure 4B). Most of the hepatocytes have PAS positive granules in their cytoplasm in Group IV (Figure 4C) 
and there was significant increase (P<0.05) (Table 1) in the PAS positive glycogen granules compared to Group III.

Figure 4: Photomicrographs of section of rat liver [A] Group I (control) showing most of the hepatocytes studded with PAS positive granules scattered 
in their cytoplasm (↑). [B] Minimal amount of PAS positive granules in the cytoplasm of hepatocytes (↑) are noticed in Group III. [C] Group IV showing 
moderate amount of PAS positive granules (↑) scattered within the cytoplasm of most of the hepatocytes. PAS stain, X400.
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Electron microscopic results

Electron microscopic examination of the control Group I 
revealed that hepatocytes have central rounded euchromatic nuclei 
surrounded by nuclear membrane. The cytoplasm showed numerous 
mitochondria variable in size and shape. The mitochondria appeared 
associated with rough endoplasmic reticulum (rER). Rosettes of 
glycogen granules scattered in cytoplasm were also seen (Figure 
5A). Von Kupffer cells were seen with eccentric large irregular 
euchromatic nuclei and variable-sized electron dense lysosomes 
in the cytoplasm (Figure 5B). Ito cells or hepatic stellate cells 
(HSCs) appeared spindle in shape with multiple lipid droplets in 
their cytoplasm (Figure 5C).  

Figure 5: Electron micrographs [A-C] of section of rat liver 
Group I (control) showing [A] hepatocyte with central rounded 
euchromatic nucleus (N) and apparent nucleolus (*). Mitochondria 
of different size and shape (m), rough endoplasmic reticulum 
(▲) and glycogen rosettes (G) are also evident. [B] Von Kupffer 
cell with eccentric large irregular euchromatic nucleus (N) and 
variable size lysosomes (↑) in the cytoplasm. [C] Hepatic stellate 
cell with multiple lipid droplets (↑) in the cytoplasm. TEM A, B, 
C (X8000).

Ultrastructure examination of the liver sections in Group 
III showed some of the hepatocytes with small, irregular electron 
dense nuclei. Many lipid droplets of variable size with well-defined 
edges were seen in the cytoplasm. Moreover, Kupffer cell was 
seen lining a blood sinusoid (Figure 6A). Mitochondriae appeared 
with indistinct outer membrane and few cristae in some focal 
areas. Also, some (rER) appeared dilated (Figure 6B). Kupffer 
cells were seen with irregular electron dense nucleus and multiple 
micro vesicles and vacuoles in the cytoplasm (Figure 6C). Hepatic 
stellate cells (HSCs) in association with collagen fibrils were 
frequently seen in between vacuolated hepatocytes. The (HSCs) 
appeared elongated and their cytoplasm was nearly devoid of lipid 
droplets as compared to that of the control Group (Figure 6D). 

Figure 6: Electron micrographs [A-D] of section of rat liver Group III 
(AlCl3) showing [A] hepatocyte with small electron dense nucleus (N) 
and lipid droplets (↑) in the cytoplasm. Kupffer cell (▲) is seen lining a 
blood sinusoid (*). [B] mitochondria (m) that partially lost their cristae 
and have indistinct outer membrane. Notice the dilated rough endoplasmic 
reticulum (▲). [C] Kupffer cell with irregular electron dense nucleus (N). 
Notice the multiple microvesicles (↑) and vacuoles (arrowhead) in the 
cytoplasm. [D] Hepatic stellate cell with nearby collagen fibrils (↑). TEM 
A,C,D (X8000), B (X15000).

Electron microscopic examination of the liver sections in 
Group IV showed hepatocytes containing euchromatic nuclei. Their 
cytoplasm contained many mitochondria. Rough endoplasmic 
reticulum and glycogen granules were also seen (Figure 7A). 
Also, Kupffer cells with euchromatic nuclei and many lysosomes 
in the cytoplasm were evident (Figure 7B). The (HSCs) with lipid 
droplets in their cytoplasm were seen (Figure 7C).

Figure 7: Electron micrographs [A-C] of section of rat liver Group IV 
(AlCl3 & Propolis) showing [A] hepatocyte with euchromatic nucleus (N). 
Mitochondria (m) are seen variable in size and shape. Rough endoplasmic 
reticulum (▲) and glycogen rosettes (G) are seen in the cytoplasm. 
[B] Kupffer cell with euchromatic nucleus and many lysosomes in the 
cytoplasm (↑). [C] Hepatic stellate cell with lipid droplets (↑) in the 
cytoplasm. TEM A (X15000) B (X8000) C (X10000).
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Biochemical, morphometric and statistical results (Table 1)

Non-significant changes (P>0.05) were detected between 
Group I (control) and Group II (propolis) in all the statistical 
parameters measured in this study.

Serum (AST) and (ALT) showed significant increase (P≤0.05) •	
in Group III compared with the other Groups. Meanwhile, 
there was a significant decrease (P≤0.05) in Group IV 
compared with Group III. However, there was significant 
increase (P≤0.05) in Group IV compared with Groups I & II.

The mean area percentage of collagen fibers stained by Mallory’s •	

trichrome stain showed significant increase (P≤0.05) in Group 
III compared with the other Groups. Meanwhile, there was 
a significant decrease (P≤0.05) in Group IV compared with 
Group III. However, there was significant increase (P≤0.05) 
in Group IV compared with Groups I & II.

The mean optical density of glycogen contents stained by PAS •	
showed significant decrease (P≤0.05) in Group III compared 
with the other Groups. However, there was a significant 
increase (P≤0.05) in Group IV compared with Group III. 
However, there was significant decrease (P≤0.05) in Group 
IV compared with Groups I & II.

GROUPS AST (IU/L) ALT (IU/L)
AREA % OF 
COLLAGEN 

FIBERS

OPTICAL DENSITY 
OF GLYCOGEN

CONTROL GROUP I 41.4±0.92 29.61±0.57 2.07±0.17 81.01±0.65

GROUP II 40.17±0.82 28.49±0.53 1.97±0.51 82.12±1.37

GROUP III 72.38±1.27▲ 63.31±1.15▲ 22.66±1.48▲ 51.73±1.29∆

GROUP IV 52±1.25♦○ 37.72±1.08♦○ 11.1±1.29♦○ 69.46±1.86♠■

▲Significant increase compared with all other Groups, ∆ Significant decrease compared with all other Groups, ♦ Significant decrease compared 
with Group III, ♠ Significant increase compared with Group III, ○ Significant increase compared with Group I & II, ■ Significant decrease 

compared with Group I & Group II.

Table 1: Showing mean ± SD of biochemical measurements of serum (AST & ALT), area % of collagen fibers and optical density of 
glycogen in different Groups.

Discussion
The present study was carried out to evaluate the possible 

ameliorative effects of propolis on aluminum-induced structural 
alterations in the liver. Aluminum is present in many manufactured 
foods and medicines and is also added to water during purification 
[5]. Moreover, the liver has been recognized as a critical organ 
which contains most of the accumulated metals including 
aluminium and where toxic effects would be expected [12]. In 
the present work, the biochemical measurements of serum liver 
enzymes (AST & ALT) showed a significant increase in Group 
III (AlCl3 treated) compared to all other Groups. Moreover, light 
microscopic examination of H&E stained liver sections of rats of 
the same Group showed distortion of the liver parenchyma and the 
appearance of thickened connective tissue septae connecting the 
portal tracts. Many hepatocytes revealed vacuolated cytoplasm, 
and some showed affected nuclei. In focal areas the hepatocytes’ 
cell membranes could not be identified. Dilated congested portal 
vein branches and blood sinusoids were also seen. Moreover, 
by electron microscopic examination, hepatocytes of the same 

Group revealed mitochondria with indistinct cristae, dilated 
rough endoplasmic reticulum and lipid droplets scattered in the 
cytoplasm. These findings were in agreement with the results of 
other researchers [13,14] who postulated that injured hepatocytes 
and the subsequent increase in liver enzymes (AST, ALT and 
ALP) could be due to the ability of AlCl3 to increase vascular 
dysfunction (sinusoidal dilatation and central venous congestion), 
lipid peroxidation, inflammatory cells infiltration, and free radical 
formation in rat liver.

Regarding nuclear changes, the present work revealed 
pyknosis in some hepatocytes in Group III. Pyknosis has been 
closely correlated to apoptosis [15] and according to [16] She et 
al. AlCl3 induced substantial hepatocyte apoptosis. They indicated 
that AlCl3 increased the Total Bile Acid (TBA) concentration in 
rats which has many toxic effects on hepatocytes such as cell 
energy failure and oxygen radical induced apoptosis. They also 
stated that Bcl2 and Bax which are located on mitochondrial 
cell membrane, are the most important members of the anti-
apoptotic and pro-apoptotic Groups, respectively.   AlCl3 resulted 
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in down regulation of Bcl2 protein expression and up regulation 
of Bax protein expression, so hepatocyte apoptosis was enhanced. 
Furthermore, some researchers hypothesized that AlCl3 exposure 
inhibited ATP generation, as well as disturbed mitochondrial 
DNA transcription that would lead to cellular energy depletion 
and decreased cell membrane integrity. They displayed that 
mitochondria are the potential target of liver damage induced by 
AlCl3. This could explain the structural mitochondrial changes 
detected in our work. Additionally, they found that reactive 
oxygen species accumulation and decreased superoxide dismutase 
activity in mitochondriae promoted mitochondrial oxidative stress, 
which could be a contributing factor to mitochondrial energy 
disorder and liver dysfunction [17]. Recently, other investigators 
mentioned that the primary effects of Aluminum on the liver could 
be mediated via damage to the cell membrane. They explained 
that Lipid peroxidation of biological membranes results in loss 
of membrane fluidity, changes in membrane potential, increase in 
membrane permeability and alterations in receptor functions [5].  
Moreover, Glutathione (GSH) is the most abundant antioxidant 
in aerobic cells and the ratio of reduced GSH to oxidized GSH 
(GSSG) is an indicator of cellular health. Aluminum ions impaired 
integrity of liver cells due to decreased GSH/GSSG ratio to 50% 
indicating increase of oxidation state in hepatocytes [18].  

As regards, rough endoplasmic reticulum (rER) dilatation 
in the hepatocytes in Group III in this current study, it was 
well-documented by Schönthal [19] that rER response to stress 
(e.g., hypoglycemia, hypoxia, and acidosis) is displayed by the 
pronounced dilatation of its lumen. He explained that the cell 
reacts to stress by initiating a defensive process, called the unfolded 
protein response, which is comprised of cellular mechanisms 
aimed at adaptation and safeguarding cellular survival or, in 
cases of excessively severe stress, at initiation of apoptosis and 
elimination of the defective cell. In this study, examination of liver 
specimens in Group III stained by Mallory’s trichrome showed a 
significant increase in collagen fibers deposition around the central 
veins and in the portal areas. Also, by the electron microscope, 
hepatic stellate cells (HSCs) were frequently seen in association 
with collagen fibrils. Kupffer cells (KCs) appeared with irregular 
electron dense nuclei and multiple micro vesicles and vacuoles in 
the cytoplasm. In view of this point, Senoo et al. [20] explained 
that hepatic fibrosis is usually initiated by hepatocytes damage 
leading to activation of Kupffer cells and subsequent release of 
cytokines and growth factors. 

These factors would activate HSCs to proliferate and 
transform into myofibroblasts-like cells (MFBs) that deposit large 
amounts of connective tissue components.  In their quiescent state, 
HSCs store vitamin A and retinoids, but upon tissue damage a 
trans differentiation process occurs as they undergo a transition 
to MFBs [21]. The activated MFBs are highly proliferative and 
they could migrate and synthesize components of the extracellular 

matrix including collagen type I and type III, the latter being 
central to hepatic fibrogenesis [22].  In this damaging process, the 
altered non-functional connective tissue replaces functional liver 
tissue. In addition to their activation by cytokines, HSCs maintain 
and even potentiate liver fibrosis through the effect of numerous 
autocrine feedback loops, thereby substantially contributing to the 
progression of the disease [23]. In the current work, PAS stained 
liver sections of Group III AlCl3 treated rats showed decreased 
glycogen content in hepatocytes. This was in agreement with the 
findings of previous researchers [24] who reported an increase 
in glucose production and disrupted carbohydrates metabolism 
after Aluminum administration to rats. They suggested that this 
could be due to enhanced breakdown of liver glycogen possibly 
mediated by an increase in ACTH and glucagon and reduced 
insulin activity. Furthermore, other investigators [25] explained 
that the oxidative stress caused by Aluminum would prevent the 
release of insulin into the circulation and would destroy the insulin 
secreting beta cells. Simultaneous treatment of rats with propolis in 
Group IV in the current study brought significant decrease in liver 
enzymes (AST & ALT) levels compared to Group III. In addition, 
light microscopic examination of Group IV showed significant 
amelioration of hepatic structure. Most of the hepatocytes appeared 
with acidophilic cytoplasm and vesicular nuclei. Significant 
decrease in collagen fibers was noticed in Mallory stained sections 
and significant increase in the glycogen content was also seen in 
PAS stained sections. This was in accordance with a previous study 
which showed that propolis and bee pollen protect liver tissue 
from various forms of degenerating liver lesions, such as vacuolar 
degeneration, steatosis, and necrosis of the liver parenchyma [26]. 
Moreover, some researchers [27] stated that propolis contains 
flavonoids (flavones, flavonols, and flavanones) and various 
phenolic compounds that have a powerful antioxidant activity. 
Propolis and associated flavonoids increase the antioxidant effects 
through DNA repair enzymes (such as DNA polymerase beta), 
heme oxygenase-1, and mitochondrial superoxide dismutase 
compounds [28]. Furthermore, other scientists [29] stated that 
propolis inhibited xanthine oxidase enzyme which increased 
production of free radicals. They added that propolis also acted by 
scavenging free radicals which induced lipid peroxidation which 
in turn protect the liver against oxidative stress. 

Recently, some investigators [30] postulated that concomitant 
administration of propolis with AlCl3 led to reduced levels of 
cholesterol, triglyceride, and LDL parameters. They found that 
propolis maintained the level of cholesterol, triglyceride, LDL, 
HDL near to control Group in mice. Also, other authors [8] found 
that propolis could decrease serum ALT &AST in mice. They 
stated that animals receiving propolis showed induction in the 
anti-apoptotic protein via inhibition in p53 protein. They added 
that propolis stimulated hepatic antioxidant defense, reduced pro-
apoptotic p53 and increased anti-apoptotic bcl2 expression, so it 
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modulates the apoptotic pathway that is dependent on p53.   

Conclusion and Recommendation
In the current study, we demonstrated the protective effect 

of propolis against the hepatic structural changes induced by 
Aluminum chloride. So, we may recommend prescription of 
propolis as a potential promising nutritional supplement or a 
functional food component for treatment of liver dysfunction. 
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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