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Abstract

Background: The use of natural products is an essential way to new pharmaceutical leads for the discovery and
development of new drugs to treat diseases. Propolis (Pro) is a natural resinous product produced by honey bees. It
has a strong cytoprotective effect against various exogenous toxic agents. The current study was designed to
evaluate the possible protective effect of propolis against the toxicity of aluminum chloride (AICl5) on hepatorenal
structure and function in male white albino rats.

Methods: Thirty mature males of albino rat, Rattus rattus, weighing about 80-90g were divided into five groups
contained 6 rats each. The first group acts as a control (received only saline solution); the second group (Al) had
given orally 40 mg/kg b.w. of AlC15, the third group (Pro) had administrated orally 150 mg/kg b.w. of propolis and
the fourth group (Al+Pro) had given 40 mg/kg b.w. of AlCl5 in the morning and 150 mg/kg b.w. of propolis in the
evening. These four groups had given the treatments for two months. The fifth group (Al-Pro) had given 40 mg/kg
b.w. of AlC15 chloride for one month then had given 40 mg/kg b.w. of AlCl; combined with 150 mg/kg b.w. of
propolis for another month.

Results: The AlCIs-treated group showed a significant increase in the activities of aspartate transaminase (AST),
alanine transaminase (ALT), alkaline phosphatase (ALP), acid phosphatase (AP), and lactate dehydrogenase (LDH) in
the plasma. Also, glucose, total protein, albumin, creatinine, uric acid, urea, cholesterol, and triglycerides in the
plasma were significantly increased. The histological examination for the liver and kidney sections revealed marked
histopathological alternations. The treatment with propolis combined with AICls improved the previous mentioned
biochemical and histological alterations induced by AICI3.

Conclusion: It can be concluded that the combination of propolis with AlCl5 alleviated the toxic effects of AlCIs.
The propolis has protective influences on the hepatorenal structure and function and could be able to resist AlCl5
intoxication.
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Background
Several environmental elements, industrial chemicals,

cooking utensils, medicines, cosmetics, and food additives.
Besides, it can be found in manufactured food especially

and food additives have been implicated as triggering
adverse effects. Aluminum (Al) is the most abundant
metal in the environment, where it constitutes 8.13% in
earth’s crust. It is used in daily life as constituent of
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tea, salt, spices, herbs, yellow cheese, and corn. In addition,
aluminum salts are used in water purification (Kumar, Bal,
& Gill, 2009). Aluminum has toxic effect for both human
and animals. It enters to the body through respiratory and
gastrointestinal tracts and accumulates in different tissues
such as the liver, kidneys, brain, and heart (Reiter, Tan,
Terron, Flores, & Czarnocki, 2007). However, aluminum
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caused nephrotoxicity (Kutlubay et al., 2007), hepatotox-
icity (Bhasin, Singla, & Dhawan, 2014), hematotoxicity
(Turgut, Bor-Kucukatay, Emmungil, Atsak, & Turgut,
2007), and neurotoxicity (Stevanovi¢ et al., 2009). More-
over, Al compounds may bind to DNA and RNA and
cause inhibition in such enzymes as acid and alkaline phos-
phatases, hexokinase, phosphodiesterase, and phosphooxi-
dase (Ochmanski & Barabasz, 2000). In addition, Al
induced alternation in biochemical parameters, lipid perox-
idation, and reduction of the antioxidant enzymes activities
in plasma and different tissues of male rats and rabbits
(Newairy, Salama, Hussien, & Yousef, 2009; TURKEZ,
GEYIKOGLU, & Colak, 2011; Yousef, 2004). It has been
reported that Al caused lipid peroxidation in the kidney
and liver of male rats (El-Demerdash, 2004).

The use of natural products is an important way to new
pharmaceutical leads for the discovery and development of
new drugs for treating diseases (Watanabe, Amarante,
Conti, & Sforcin, 2011). Propolis, bee glue, is a natural res-
inous product produced by honey bees from substances
gathered from exudates and buds of plants. It has a strong
cytoprotective effect against various exogenous harmful
and toxic agents (Rizk, Zaki, & Mina, 2014). The chemical
compositions of propolis are beneficial to bees and also
have an important pharmacological value as a natural mix-
ture (Orsoli¢, 2010). Currently, propolis is used in medical
and dental sciences based on its chemical composition and
its therapeutic properties (Elmenoufy, 2012). Essentially, it
is widely used as a component in cosmetic and pharma-
ceutical products such as facial and body creams, ointments
and lotions, antiacne creams, and several formulations for
oral hygiene (Castaldo & Capasso, 2002).

The general chemical structure of propolis is com-
posed of 50% resin, 30% wax, 10% essential oils, 5%
pollen, and 5% various organic compounds including
flavonoids, minerals, terpenes, and organic compounds
like phenolic acids (caffeic and cinnamic acid) or their
esters, fatty acids, aromatic aldehydes and alcohols,
stilbenes, and  -steroids (Simdes et al., 2004). The bio-
logical properties of propolis have been used in folk
medicine as antiamoebic, antifungal, antibacterial, anti-
pyretic, anti-proliferative and antiinflammatory (Bans-
kota et al., 2002; Farooqui and Farooqui, 2010) and
immuno-modulatory (Ivanovska, Dimov, Pavlova, Bank-
ova, & Popov, 1995); antioxidant, immune-stimulating,
and non- toxic natures (Cole et al, 2010). Many re-
searchers (Andrade, da Silva Filho, Cunha, Nanayakkara,
& Bastos, 2008; Ibrahim, Khalifa, Saleh, & Tammam,
2019; Penia, 2008) illustrated that propolis works as a he-
patoprotective substance. Previous studies also reporting
that propolis have ameliorative role against the hepatic and
renal damage caused by the oxidative stress damage (Wagh,
2013). Recent researchers reported that propolis has a cyto-
protective role due to its antioxidant property, which
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attributed to its ingredients from phenol compounds (EI-
Guendouz et al,, 2017; Machado et al, 2016). Also, many
studies have demonstrated potential positive effects of
propolis on glucose metabolism in human (Afsharpour,
Hashemipour, Khadem-Haghighian, & Koushan, 2017),
and experimental models of diabetic rats ( El Araby,
Ahmed, & Zahkouk, 2017). Therefore, the present study
was aimed to investigate the protective effect of propolis
against AlCl; toxicity on hepatorenal dysfunction and
structure.

Methods

Experimental animals

Males of albino rats, Rattus rattus, were obtained from the
animal house of Assiut University, Egypt. For this study, an-
imals were reserved in cages at room temperature for a
period of 2weeks to reach their optimal conditions of
weight and maturity. All animal experimental protocols
were approved by the Committee of Scientific Ethics at
Sohag University and were carried out in accordance with
its guidelines for animal use.

Drugs

Aluminum chloride (AICl;) (Merk), propolis was ob-
tained as crude from Faculty of Agriculture, Sohag Uni-
versity, Egypt. A water-soluble derivative of propolis
(WSDP) was prepared according to a method described
by Orsolic, Sver, Terzic, and Basic (2005). Briefly, it was
extracted with 96% ethanol, and then, extract was fil-
tered and left to dry. The resultant resinous product was
added to a stirred solution of 8% L-lysine (sigma) and
freeze-dried to yield WSDP (a yellow-brownish powder).
WSDP was stored at — 20 °C until use. The WSDP was
dissolved in distilled water and was given to rat orally at
a dose of 150 mg/kg b.w. (Orsolic et al.,, 2005).

Animal grouping

Thirty mature males of albino rat, Rattus rattus, weighing
about 80-90 g were divided into five groups contained 6
rats each. The first group acts as a control (received only
saline solution); the second group (Al) had given orally 40
mg/kg b.w. of AIC1; It has been reported that the LDsq of
AlCl; was 400 mg/kgb.w. (Krasovskii, Vasukovich, &
Chariev, 1979; Yousef, 2004). The third group (Pro) had
administrated orally 150 mg/kgb.w. of propolis, and the
fourth group (Al + Pro) had given 40 mg/kgb.w. of AlCl;
in the morning and 150 mg/kgb.w. of propolis in the
evening. These four groups had given the treatments for
2 months. The fifth group (Al — Pro) had given 40 mg/kg
b.w. of AlC1; chloride for 1 month then had given 40 mg/
kg b.w. of AICl; combined with 150 mg/kg b.w. of propolis
for another month.
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Biochemical analysis

After 2 months of treatments, the animals of each group
were scarified, and the collected blood was putted in a
tube containing anticoagulant. It was centrifuged at
3000 rpm for 20 min to obtain plasma. The obtained
plasma was stored frozen at — 20 °C until use.

Alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) were determined as described by Reitman &
Frankel, 1957. Alkaline phosphatase (ALP) activity was
measured by the method of Bablok, Passing, Bender, and
Schneider (1988). Acid phosphatase (AP) activity was mea-
sured spectrophotometry at 405 nm by Moss, 1984. Lactate
dehydrogenase (LDH) was performed as described by Cabaud,
Wréblewski, ok, and Ruggiero (1958). Plasma glucose level
was measured as described by Hyvarinen and Nikkila (1962).
The estimation of total protein was carried out by the method
of Henry (1964). The method of Doumas and Biggs (1976)
was used for the estimation of albumin. Plasma urea, uric
acid, and creatinine concentrations were measured by the
methods of Patton and Crouch (1977), Barham and Trinder
(1972), and Weissman, Pileggi, Henry, Cannon, and Winkel-
man (1974), respectively. The estimation of cholesterol in
plasma was carried out according to the method of Watson
(1960). The estimation of triglycerides was carried out accord-
ing to the method of Bablok et al. (1988).

Histological examination

After 2 months of treatments, the liver and kidney of differ-
ent animal groups were prepared for histological examin-
ation through the routine technique according to the
method of Bancroft and Gamble (2008) and stained with
couple stain haematoxalin (H) and eosin (E). The slides
were examined and photographed as required.
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Statistical analysis

Results were presented as means + SE. The student’s ¢-
test was used for comparison of different experimental
animal groups and control ones, and the results were
considered significant at P < 0.05.

Results

Biochemical results

The influences of AIC1; (40 mg/kgb.w.), propolis (150 mg/
kg b.w.), propolis combined with AIC13, and the administra-
tion of AICI; for 1month followed by administration of
AlIC1; combined with propolis for another month on the
plasma level of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), acid
phosphatase (AP), and lactate dehydrogenase (LDH) in the
albino rats were evaluated. The AICl; treatment led to a
highly significant increase (P < 0.001) in plasma level of ALT,
AST, ALP, AP, and LDH relative to that of control. Propolis
and AICl; combined with propolis groups had non-
significant effect (P > 0.05) on the plasma level of the previ-
ous mention parameters relative to that of the control. The
administration of AICl; for month followed by administra-
tion of AICl; combined with >propolis for another month
led to non-significant effect (P > 0.05) on the plasma level of
AST and LDH, and a significant increase (P > 0.05) on the
plasma level of ALT, ALP, and AP relative to that of control.
In comparison with the effect of AlCl;, the treatments with
propolis, AICl; combined with propolis, and the administra-
tion of AICI; for month and combined with propolis for an-
other month led to highly significant decrease (P < 0.001) in
the levels of ALT, AST, ALP, AP, and LDH in the plasma
(Table 1, Fig. 1).

Table 1 The effect of AlCT5 chloride (40 mg/kg b.w.), propolis (150 mg/kg b.w.), AICT3 combined with propolis and AlC15 choloride
for one month followed by administration of AlCl; combined with propolis for another month on the biochemical parameters in

plasma

Treatment Control Al Pro Al+Pro Al-Pro

ALT (U/)) 1849+1.34 35.80+1.81° 19.61+1.85° 15.77+1.28° 22134169
AST (U/l) 30.10+0.74 77.69+12.23° 3298+1.34° 29.69+3.35° 343042.11°
ALP (U/)) 25.06+1.98 48.1625.94° 19.78+1.80°" 21104223 323241.23°
AP (U/l) 10704027 20.62+1.56° 11.15+0.38% 1347+1.27° 13104061
LDH (U/l) 24424+ 1634 47595+ 24.02* 23881+ 9.38" 24798+ 13.98" 30266+ 2068
Glucose (mg/d) 69.19+ 248 13096+ 1040*" 63.86+ 0696 6461+ 03.10”" 7116+ 059>
Total Protein (g/dl) 4104015 5824041 3.94+0.23° 3.94+021° 4.02+0.24°
Albumin (g/d)) 3.04+ 006 361+ 0.09% 3.18+ 0.07° 3.13+ 0078° 323+ 007°
Creatinine (mg/dl) 0.88+ 0.04 170+ 0.13% 095+ 0.03" 101+ 0.046°" 1.04+ 0.08°"
Urea (mg/dl) 24.95+1.75 50.83+2.29%" 29.57+1.27" 23.75+1.92" 28.26+2.03”"
Uric acid (mg/dl) 1.58+0.16 5.68+0.40° 2164023 1.59+0.10° 1.70+0.28°"
Cholesterol (mg/dl) 39.70+2.36 82.69+344%" 4377147 42774289 5134+043°
Triglycerides (mg/dl) 3849+2.18 90.28+135% 4097+2.70° 41.89+0.85>" 50.65+1.03"

Significance (%): relative to the control group. Significance (°): relative to the AlC15 chloride group Significance: P<0.05, highly significance (*): P<0.001
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Fig. 1 Effect of propolis for two months on the plasma level of alanine aminotransferase (ALT) (A), aspartate aminotransferase (AST) (B), plasma
alkaline phosphatase (ALP) (C), acid phosphatase (AP) (D), and lactate dehydrogenase (LDH) (E) of rats treated with AICI3. Significance (a): relative
to the control group. Significance (b): relative to the AIC13 group. Significance: P < 0.05, highly significance (*): P < 0.001
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Also, the treatment with AICl; led to a highly signifi-
cant increase (P < 0.001) on the plasma level of glucose
and albumin while it led to a significant increase (P <
0.05) on the plasma level of total protein relative to that
of the control. Propolis, AlCl; combined with propolis,
and the administration of AICl; for 1 month followed by
administration of AICl; combined with propolis for an-
other month had non-significant effect (P > 0.05) on the
plasma level of glucose, total proteins, and albumin as
compared to control. In comparison with the effect of

AlCl;, propolis, AICl; combined with propolis, and
administration of AICl; for 1 month followed by admin-
istration of AICl; combined with propolis for another
month led to a highly significant decrease (P < 0.001) in
the plasma level of glucose and a significant decrease (P
< 0.05) in the level of plasma total protein and plasma
albumin (Table 1, Fig. 2).

Table 1 showed that AICI; treatment led to a highly
significant increase (P < 0.001) in the plasma level of
creatinine, urea, and uric acid relative to that of the
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Fig. 2 Effect of propolis for two months on the level of glucose (A),
total protein (B), and albumin (C) in rats treated with AICI3.
Significance (a): relative to the control group. Significance (b):
relative to the AlC13 group. Significance: P < 0.05, highly significance
(*): P < 0.001

Page 5 of 11

control, whereas propolis, AICl; combined with propolis
and the administration of AICl; for one month followed
by administration of AICl; combined with propolis for
another month had non-significant effect (P > 0.05) on
the plasma level of creatinine, urea, and uric acid as
compared to control. In comparison with the effect of
AlC1; on the plasma level of creatinine, urea and uric
acid, the propolis, AlC1; combined with propolis and
administration of AlCl; for one month followed by ad-
ministration of AICl3; combined with propolis for an-
other month led to a highly significant decrease (P <
0.001) in the plasma level of creatinine, urea and uric
acid (Table 1, Fig. 3).

The AICl; administration led to a highly significant in-
crease (P < 0.001) in the plasma level of cholesterol and
triglycerides, relative to that of control. Propolis and
AlCI; combined with propolis led to a non-significant ef-
fect (P > 0.05) on the plasma level of cholesterol and tri-
glycerides as compared with that of control, while the
administration of AICl; for 1 month followed by admin-
istration of AICl; combined with propolis for another
month had a highly significant increase (P < 0.001) on
the plasma level of cholesterol and triglycerides as com-
pared with that of control (Table 1, Fig. 3). In compari-
son with the effect of AICl; on the level of plasma
cholesterol and triglycerides, propolis, AlCl3; combined
with propolis, and administration of AICl; for 1 month
followed by administration of AICl; combined with
propolis for another month led to a highly significant
decrease (P < 0.001) in the plasma level of cholesterol
and triglycerides as compared to control (Table 1, Fig.
3).

Histological results

Liver

Histological examination of the liver sections of differ-
ent animal groups obtained after 2months of treat-
ments is given in Fig. 4. The control liver tissue is
shown in Fig. 4a. It consists of liver cells arranged in
cords that interspersed with sinusoids. In the AICI;3-
treated group, the liver tissue shows severe vacuolation
with increased inflammatory infiltrated cells among
the sinusoids and necrosis of cells with cell nuclei
pyknosis (Fig. 4b), as compared to that of the control
tissue. No such vacuolation or massive inflammatory
cells were detected in either the propolis-treated group
(Fig. 4c) or those received AlICl; combined with prop-
olis (Fig. 4d). The role of propolis in AlCl; detoxicating
efficiency is obvious on comparing the tissue of the
liver in the AlCl;-treated group for 1 month followed
by AICl; combined with propolis for another month
with that of AICl; combined with propolis (Fig. 4€). How-
ever, in both groups nuclear pyknosis is obvious regardless
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Fig. 3 Effect of propolis for two months on the plasma level of creatinine (A), uric acid (B), urea (C), cholesterol (D), and triglycerides (E) in rats
treated with AICI3. Significance (a): relative to the control group. Significance (b): relative to the AIC13 group. Significance: P < 0.05, highly
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the recovered cell degeneration and inflammatory infiltra-
tion observed in AlCl;-treated group only.

Kidney

Histological examination of the kidney sections of differ-
ent animal groups obtained after 2 months of treatments
is given in Fig. 5. The control kidney tissue is shown in
Fig. 5a. It consists of well-developed glomeruli and tu-
bules. Examination of the kidney sections from rats
treated with AICl; revealed a severe histological damage
(Fig. 5b), as compared to that of the control. These

changes were mainly confined to shrinkage in glomeruli
and infiltration with intensive inflammatory cells. No
such shrinkage of glomeruli or intensive inflammatory
cells was detected in either the propolis-treated animals
(Fig. 5¢) or those received aluminum chloride combined
with propolis (Fig. 5d). The group of the animals which
was treated with AICl; for 1 month followed by adminis-
tration of AICl; combined with propolis for another
month indicates the protective role of propolis; there are
no pathological changes were detected (Fig. 5e), as com-
pared to that of AlCI;-treated group.
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degeneration with marked nuclear pyknosis (P) (e)

Fig. 4 Photomicrographs of liver sections from control and treated groups, stained with hematoxylin and eosin H&E (10X). Liver section of
control group showing, the hepatic cords (HC), sinusoids (S) that radically arranged around central vein (C\V.) (a). Liver section of AlCI3-treated
group showing, massive infiltration (M.F.), cell degeneration (arrow) and nuclear pyknosis (P) (b). Liver section of propolis- treated group showing,
normal hepatic cords (HC), sinusoids (S), central vein (CV.) and normal nuclei (N) (c). Liver section of AICI3 + propolis treated group showing
disappearance of inflammatory infiltration, recovered cell degeneration and little abundance of nuclear pyknosis (P) (d). Liver section of the AICI3
treatment for one month followed by administration of AICI3 combined with propolis for another month group showing improvement of cell

Discussion

The present study was carried out to evaluate the pro-
tective role of propolis against aluminum toxicity in-
duced biochemical and histological alterations in the
liver and kidney of rats. However, it is well known that
the plasma enzymes are hepatic health markers, and the
alteration in their levels is an indicator of the distur-
bances in the histological structure of hepatocytes. In
the present study, the AlCl;-treated group showed a
highly significant increase in the plasma level of

enzymes, ALT, AST, ALP, AP, and LDH with marked
detectable histopathological alternations in the liver
tissues including severe vacuolation with increased in-
flammatory infiltrated cells among the sinusoids and ne-
crosis of cells with cell nuclei pyknosis. These results are
in accordance with other findings showing that the in-
creases in the levels of plasma enzymes are accompanied
with histopathological changes in the liver tissue in
AlCI;-treated animals (Al-Qayim & Saadoon, 2013;
Bhasin et al., 2014; Bouasla et al., 2014; Cheraghi &
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shrinkage or inflammatory cells were detected (e)

Fig. 5 Photomicrographs of kidney sections from control and treated groups, stained with hematoxylin and eosin H&E (10X). Kidney section of
control group showing normal architecture of kidney tubule (T) and glomerulus (G) (a). Kidney section of AICI3- treated group showing intensive
inflammatory infiltration (arrow) and shrinkage of glomerulus (G) (b). Kidney section of propolis treated group showing normal architecture of
kidney tubule (T) and glomerulus (G) (c). Kidney section of AICI3 combined with propolis treated group showing recovered glomerulus (G) and
no inflammatory cells were detected as compared to aluminum treated group (d). Kidney section of the AICI3 treatment for one month followed
by administration of AIC13 combined with propolis for another month group showing the protective role of propolis since no glomerular

Roshanaei, 2019; Geyikoglu, Tirkez, Bakir, & Cicek,
2013; Imam, Khalifa, Hussein, & Ali, 2016). However,
the elevated liver enzymes in the plasma after adminis-
tration of AIC13; might be due to cellular degeneration
and changes in permeability of hepatic cell membranes
(Abdel-Wahab, 2012; Hassoun & Stohs, 1995; Yeh, Lee,
Hsieh, & Hwang, 2009). It had been reported that the
accumulation of AIC1; in the liver tissue is associated
with necrosis and degeneration of hepatic tissue to es-
cape of liver enzymes from the injured cells to the

plasma (Imam et al., 2016; Yousef, 2004). In addition,
histological changes in the liver and the increase of
plasma enzyme activities may be due to free radicals
production and oxidative stress after AIC1; administra-
tion in the liver tissue (Abdel-Wahab, 2012; Cheraghi &
Roshanaei, 2019).

On the other hand, the administration of propolis,
AlICl; combined with propolis and administration of
AlCl; for 1 month, and administration of AlCl; com-
bined with propolis for another month showed non-
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significant change on the plasma level of enzymes, ALT,
AST, ALP, AP, and LDH with normal liver histological
structure, indicating that propolis tended to prevent
damage and blocked the enzymes leakage through cellu-
lar membranes. These results are in agreements with
findings of many studies (Yeh et al., 2009;Wen, Zhao,
Nirala, & Bhadauria, 2012; Al-Qayim & Saadoon, 2013)
who concluded that propolis mostly recovered the action
of AICI; on the function and structure of the liver.
Moreover, the hepatoprotective effect of propolis may be
attributed directly to stabilization of redox state in the
cells (ElI-Guendouz et al., 2017; Ibrahim et al., 2019).

The present study revealed that AICI; treatment in-
duced a significant increase in the plasma glucose which
may indicate disruption in carbohydrate metabolism
(Geyikoglu et al., 2013). The hyperglycemia observed in
the present study is in accordance with the results of El-
Demerdash (2004), Shati and Alamri (2010), and Wen
et al. (2012). It was suggested that increase in the plasma
glucose level observed in AlC1;-treated group may be
due to the inhibition of pancreatic B-cell activity and in-
sufficient insulin secretion (Ibrahim et al., 2019; Yousef,
2004). In contrary, the administration of propolis, AlCl3
combined with propolis, and administration of AICl; for
1 month and the administration of AICl; combined with
propolis for another month showed non-significant
change on the level of plasma glucose. These results are
in agreements with findings of Wen et al. (2012). In
addition, Fuliang et al. (2004) suggested that propolis
can control the metabolism of glucose. It has been re-
ported that the potential positive effects of propolis on
glucose metabolism in experimental models of diabetic
rats (El Araby et al., 2017).

The present study demonstrated that AIC1; administra-
tion induced a significant increase in the plasma level of
total protein and albumin. This finding is not in agree-
ment with El-Demerdash (2004) who reported that the de-
crease of plasma total protein and albumin in AICl;-
treated animals might be related to alterations in synthesis
and/or metabolism of protein (Chinoy & Memon, 2001).
On the other hand, the present findings revealed that the
propolis and the combined treated groups were similar to
that of control in the plasma level of total protein indicat-
ing that propolis contains a great amount of flavonoids
and proteins, and the propolis interaction with plasma
proteins caused conformational changes in the protein
(Olinescu, Gidoiu, Safta, & Popescu, 1982).

The present results showed that the administration of
AICI; led to a significant increase in the level of plasma
creatinine, urea, and uric acid, relative to that of the con-
trol group. These biochemical changes were in confirma-
tions with extensive histolopathogica changes including
shrinkage in glomeruli and intensive inflammatory cells
infiltration in the kidney. Our results are in agreement
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with Abdel-Wahab (2012) and Imam et al. (2016). They
reported that the elevated plasma urea and creatinine
levels in AlCl;-treated rats are considered as a substantial
marker of renal dysfunction. In addition, Szilagyi et al.
(1994) and Geyikoglu et al. (2013) reported that changes
in serum urea level may be related to metabolic distur-
bances. Also, the increase in urea levels in plasma of
AlCl;-treated animals may be due to the liver dysfunction
as proved by the increase in serum AST, ALT, and ALP
activities (Yousef, 2004).

Regarding to the results of cholesterol and triglycer-
ides, the increase in plasma cholesterol and triglycerides
is due to loss of membranes integrity (Abdel-Wahab,
2012; Sarin, Gupta, & Gill, 1997). Also, the increase in
plasma triglycerides may be due to hypoactivity of
lipoprotein lipase in the blood vessels which break up
the triglycerides (Wen et al., 2012). Similarly, Whihelm,
Jaeger, Schill-Cablitz, Hafner, and Idel (1996) reported
that AICl; exposure can cause Al accumulation in the
liver leading to disturbance of lipid metabolism and an
elevation of serum cholesterol.

On the other hand, the effect of propolis or AICl; treated
with propolis did not show any significant increase in
plasma creatinine, urea, and uric acid with normal kidney
histological structure in propolis-treated group, while the
AlCl; combined with propolis induced an improvement of
the previous histological alternations caused by AICl; treat-
ment. With regard to lipid metabolism, plasma concentra-
tions of triglycerides and cholesterol showed no alteration
after propolis treatment. Our results are in agreement with
Jasprica et al. (2007) who reported normal levels of choles-
terol, triglycerides, and uric acid after the propolis supple-
mentation and also are in agreement with Wen et al. (2012)
who observed normal levels of urea, uric acid, cholesterol,
and triglycerides in combined treatment of HEDTA +
propolis-treated animals (Mani, Damasceno, Novelli, Mar-
tins, & Sforcin, 2006).

Conclusion

The present results demonstrated that the exposure of
animals to aluminum is able to induce marked detectable
alterations in histological and biochemical characteristics
and enzymatic activities. Also, our study demonstrated
that the propolis minimized the toxic effects of AICl; by
reducing the degenerative changes in the liver and kidney
tissues and alleviated of biochemical parameters. Conse-
quently, it can be recommended that the exposure to
aluminum in our daily life should be reduced, and the
intake of diets rich with propolis might be a beneficial
method to avoid the aluminum toxicity.
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