
Acta Toxicol. Argent. (2012) 20 (2): 68-81

- 68 -

Abstract. 4-tertiary-octylphenol (4-tert-OP) is an alkylphenol that affects human health by stimulating free radical production. 

Aqueous propolis extract is a natural product rich in flavonoids that have antioxidant activity. This study was designed to investi-

gate the ability of aqueous propolis extract to reduce the hepatotoxicity induced by 4-tert-OP in male rats. Animals were assigned 

to 5 groups and treated for 6 weeks. Group 1: control; group 2: 100 mg 4-tert-OP/kg b.wt./day; group 3: 100 mg aqueous propolis 

extract /kg b.wt./day; group 4: 100mg 4-tert-OP/kg b.wt./day plus 100 mg aqueous propolis extract /kg b.wt./day; group 5: 100 

mg 4-tert-OP/kg b.wt./day for 6 weeks followed by 100 mg aqueous propolis extract /kg b.wt./day for 6 weeks. Group 4-tert-OP 

significantly elevated AST, ALT, ALP, GGT, bilirubin, creatinine, urea, total lipids, total cholesterol, triglycerides, LDL-C and MDA 

with a significant decrease in total proteins, albumin, globulin, HDL-C, total antioxidant capacity, SOD, CAT and GST compared to 

control group. Administration of aqueous propolis extract either alone or combined with 4-tert-OP ameliorated the hepatotoxicity 

induced by 4-tert-OP. DNA fragmentation supported the deleterious effect of 4-tert-OP and the ameliorative effect of propolis on 

liver cellular proteins and enzymes. Histopathological findings revealed the hepatotoxicity induced by 4-tert-OP and the protective 

effect of aqueous propolis extract. In conclusion, aqueous propolis extract could reduce the damage and toxicity effects on liver 

cells induced by 4-tert-OP.
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Resumen. El 4-terc-octilfenol (4-terc-OP) es un alquilfenol que afecta a la salud humana mediante la estimulación de la pro-

ducción de radicales libres. El extracto acuoso de propóleos es un producto natural rico en flavonoides que tienen actividad 

antioxidante. Este estudio fue diseñado para investigar la capacidad del extracto de propóleos de reducir la hepatotoxicidad 

inducida por el 4-terc-OP en ratas macho. Los animales fueron asignados a 5 grupos y tratados durante 6 semanas. Grupo 1: 

control; grupo 2: 100 mg de 4-terc-OP/kg/día; grupo 3: 100 mg de extracto de propóleos/kg/día; grupo 4: 100 mg de 4-terc-OP/

kg/día más 100 mg de extracto de propóleos/kg/día, grupo 5: 100 mg de 4-terc-OP/kg/día durante 6 semanas, seguidos de 100 

mg de extracto de propóleos/kg/día durante 6 semanas. El grupo 4-terc-OP mostró niveles significativamente elevados de AST, 

ALT, ALP, GGT, bilirrubina, creatinina, urea, lípidos totales, colesterol total, triglicéridos, LDL-C y MDA, con una disminución signi-

ficativa de proteínas totales, albúmina, globulina, HDL-C, la capacidad antioxidante total, SOD, CAT y GST, en comparación con 

el grupo control. La administración de extracto de propóleos, ya sea solo o combinado con 4-terc-OP redujo la hepatotoxicidad 

inducida por 4-terc-OP. Los estudios de fragmentación del ADN apoyan el efecto deletéreo observado por el tratamiento con 

4-terc-OP y el efecto protector del extracto de propóleos, sobre las proteínas y las enzimas celulares hepáticas. Los resultados 

histopatológicos revelaron la hepatotoxicidad por 4-terc-OP y efecto protector inducido por el extracto de propóleos. En con-

clusión, el extracto de propóleos podría reducir el daño hepático y los efectos celulares de toxicidad en las células del hígado 

inducidos por 4-terc-OP.
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INTRODUCTION
Many reports suggest that different types of 
man-made chemicals have become wide-
spread as environmental contaminants affect-
ing the health of human and wildlife popula-
tions (Longnecker et al. 2000). Xenosteroids 
are a large and structurally diverse group of 
chemicals that affect human health. The sug-

gested mechanism of action of xenosteroids 
involves binding to estrogen and androgen re-
ceptors (Bulayeva and Watson 2004) but many 
recent studies explained the effect of these 
chemicals on different organs and systems 
(Karafakioglu and Aslan 2010). Two xenoestro-
gens that are currently produced in large vol-
umes are alkylphenols (APs) and bisphenol A 
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(BPA). Alkylphenols, such as nonylphenol (NP) 
and 4-tertiary-octylphenol (4-tert-OP) have 
been found in sewage effluent, groundwater 
and drinking water (Céspedes et al. 2008). Ex-
posure to 4-tert-OP may occur from contact 
with personal care products, detergents, wa-
ter, and food containing 4-tert-OP (Calafat et 
al. 2008). 
Normal cellular function depends on a bal-
ance between the reactive oxygen species 
(ROS) produced and the antioxidant defense 
mechanisms available for the cell. This equi-
librium is hampered by the ROS upsurge that 
culminates in oxidative stress (Fidan and Dun-
dar 2008). ROS arise as by-products of nor-
mal cellular metabolism or as a consequence 
of exposure to certain chemicals (Krieger and 
Loch-Caruso 2001). These electrophilic me-
tabolites or radicals can readily interact with 
essential biomolecules, including DNA, pro-
teins and lipids, leading to oxidative modifica-
tion, hence, structural and functional altera-
tions (Fernandez et al. 2003). 
Propolis is considered as one of the most 
promising natural products presenting not 
only therapeutic action, but also a preventive 
one (Galvao et al. 2007). It contains more than 
300 compounds from different groups. It con-
tains mostly a mixture of polyphenols, flavo-
noids (major ingredients), phenolic acids and 
their esters, caffeic acid and their esters, phe-
nolic aldehydes and ketones; moreover, pro-
teins, amino acids, vitamins (A, B1, B2, B3 
and biotin), minerals (calcium, phosphorous, 
magnesium, manganese, iron, zinc, silicon, 
potassium, cobalt and copper). Flavonoids 
and esters of phenolic acids in propolis have 
been recognized as antiseptic, cytostatic, 
antimicrobial, antibiotic, antiviral, antifungal, 
antibacterial and hepatoprotective (Najafi et 
al. 2007). General medicinal uses of propolis 
have also been described; they include treat-
ment of cardiovascular, blood system and re-
spiratory disorders, and cancer (Kimoto et al. 
1999), digestive tract disorders and immune 
system support (Ansorge et al. 2003) and der-
matological disorders (Hausen et al. 1992). 
Propolis has been shown to stimulate various 
enzyme systems, cell metabolism, circulation 
and collagen formation (El-Kott and Owayss 
2008). Most of these effects have been related 
to the antioxidant and free radical scavenging 
properties of propolis (Wang et al. 2004). The 
aqueous propolis extract contains about 90% 
of carbohydrates and 80% of total flavonoids 

found in crude propolis. In aqueous propolis 
extract, most of flavonoids, terpenes, vitamins, 
amino acids, caffeic acid phenyl esters and 
other water-soluble compounds were released 
and remain free of wax and resin (Najafi et al. 
2007). Recently, this nontoxic natural product 
was reported to show multiple pharmacologi-
cal effects represented as antiviral, antibacte-
rial, antifungal, anticancer, anti-inflammatory 
and antioxidant properties (Kumazawa et al. 
2004).
Octylphenol has been demonstrated to stimu-
late free radical production, resulting in oxida-
tive deterioration of lipids, proteins and DNA, 
and initiating various pathological conditions 
in humans and animals. Moreover, it has been 
shown that, both in vivo and in cultured hepa-
tocytes, in parallel to liver damage, octylphe-
nol may also determine a recognizable frag-
mentation of nuclear DNA and karyolysis (Kim 
et al. 2006). On the other hand, propolis may 
be useful for ameliorating toxic effects of dif-
ferent substances (Aso et al. 2004).
Therefore, the present study was conducted 
to investigate: (1) the biochemical alterations, 
oxidative stress and DNA fragmentation in-
duced in liver from male albino rats treated 
with 4-tert-OP, (2) the role of propolis as a nat-
ural curative antioxidant product in alleviating 
that negative effect of 4-tert-OP, and (3) the ef-
fect of propolis alone on the tested biochemi-
cal parameters, as a protective supplement.

MATERIALS AND METHODS
Chemicals
Octylphenol was purchased from Sigma-Al-
drich Company (Los Angeles, USA). Crude 
propolis was obtained from honey bee (Apis 
mellifera carnica) colonies situated at the api-
ary of Faculty of Agriculture at Fayoum, Egypt. 
All other chemicals used in the experiment 
were of analytical grade.

Preparation of 4-tert-OP
4-tert-OP was suspended in corn oil, sonicat-
ed for 60 seconds and kept in refrigerator dur-
ing the experiment period. The resulting sus-
pension was administered to animals by ga-
vage at doses of 100 mg/kg b.wt. (Barles and 
Aydogan 2008).

Preparation of aqueous propolis extract
Propolis was kept dry and freezed (-40°C) until 
used. Propolis samples were mixed with dis-
tilled water, heated gently and filtered through 
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Whatman No:1 filter paper. Propolis was fresh-
ly prepared and administered to animals by 
gavage at dose of 100 mg/kg b.wt. (El-Khayat 
et al. 2009).

Animals
Fifty adult male Swiss albino rats of the same 
age (6 weeks) and weighing 120-150 g were 
used throughout this study. Animals were ob-
tained from the Egyptian Holding Company 
for Biological Products and Vaccines, Cairo, 
Egypt. Animals were maintained under stan-
dard conditions of ventilation, temperature 
(25±2°C), humidity (60-70%) and light/dark 
condition (12/12h). The rats were housed in 
stainless steel cages and provided with free 
access to food and drinking water ad libitum. 
After two weeks of acclimatization, animals 
were divided into 5 groups (n=10 each). Rats 
were orally administered their respective dos-
es by gavage every day throughout the study. 
The local committee approved the design of 
the experiments, and the protocol complied 
with the guidelines of the National Institutes of 
Health (NIH, USA).

Experimental design
Animals were divided into 5 groups of 10 ani-
mals each. Group 1 (control group); rats were 
orally administered with corn oil once per 
day for 6 weeks and for 12 weeks. Group 2 
(4-tert-OP group); rats were orally adminis-
tered with 4-tert-OP (100 mg/kg b.wt.) for 6 
weeks. Group 3 (Propolis group); rats were 
daily administered with aqueous propolis ex-
tract (100 mg/kg b.wt.) for 6 weeks. Group 4; 
rats were orally administered with a combina-
tion of 4-tert-OP (100 mg/kg b.wt.) and aque-
ous propolis extract (100 mg/kg b.wt.) for 6 
weeks. Group 5; rats were orally administered 
with 4-tert-OP (100 mg/kg b.wt.) for 6 weeks 
followed by a combination of 4-tert-OP (100 
mg/kg b.wt.) and aqueous propolis extract 
(100 mg/kg b.wt.) for another 6 weeks.

Biochemical analysis
At the end of the experiment, animals were sac-
rificed using ether anesthesia and decapitation 
after a 24 hours fasting period from the final 
administration. Blood samples were collected, 
left to clot and then centrifuged at 3000 rpm 
for 15 minutes. Serum was stored at -80°C for 
evaluating the biochemical parameters. Anoth-
er blood samples were collected immediately 
on heparin to obtain plasma samples. Tubes 

with heparinized blood were centrifuged at 
3000 rpm for 10 minutes and stored at -80°C.
 
Liver tissue
Antioxidant parameters
Liver tissue was minced and homogenized 
(10% w/v) in tris-sucrose buffer (50mM Tris-
HCl, 0.25M sucrose, pH 7.2-7.4) by using a 
tissue homogenizer (Mechanika precyzyjna 
Warszawa MPW-309, Poland). The homoge-
nate was centrifuged at 5000 rpm for 20 min-
utes at 4°C, and the supernatant was used for 
determination of biochemical parameters, as-
say of different antioxidant enzymes and thio-
barbituric acid reactive substances (TBARS).

Histopathological studies
Liver were immediately excised, washed us-
ing chilled saline solution, blotted, weighed 
and processed for biochemical studies. A 
small piece of each was immediately fixed in 
10% formalin. These formalin-fixed tissues 
were embedded in paraffin, sectioned (5mm), 
stained with hematoxylin and eosin (H&E), and 
examined under a light microscope for histo-
pathological assessment.

Blood parameters
Serum was used to estimate the following 
liver enzymes, alanine transaminase (ALT; EC 
2.6.1.2) and aspartate transaminase (AST; EC 
2.6.1.1) (Reitman and Frankel 1957), alka-
line phosphatase (ALP; EC 3.1.3.1) (Bessey 
et al. 1946) and gamma glutamyl transfer-
ase (GGT; EC 2.3.2.2) (Rosalki 1975) using 
BioMed kit (Hannover, Germany). Total and 
direct bilirubin determinations (Pearlman and 
Lee 1974) were performed by using Diamond 
Diagnostics kit (Hannover, Germany). Serum 
and liver total protein contents (Lowry et al. 
1951), albumin concentration (Doumas et al. 
1971), urea and creatinine (Henry 1974; Pat-
ton and Crouch1977), total lipids (Knight et 
al. 1972), total cholesterol (Allain et al. 1974), 
triglycerides (Fossati and Prencipe 1982) 
and HDL-cholesterol (Castelli et al. 1977) 
were quantified using BioMed kit (Hannover, 
Germany). Finally, serum LDL-cholesterol 
was calculated using the equation of [total 
cholesterol-(triglycerides/5)-HDL-cholesterol].
Total antioxidant capacity was measured in 
plasma using the commercial Biodiagnostic 
Company Kit according to the previously de-
scribed method (Koracevic et al. 2001). Hepat-
ic malondialdehyde (MDA) level was estimated 
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(Esterbauer and Cheeseman 1990) in terms of 
thiobarbituric acid reactive substances forma-
tion. The activity of glutathione S-transferase 
(GST; EC 2.5.1.18) was measured according to 
the method of Habig et al. (1974). The activity 
of catalase enzyme (CAT; EC 1.11.1.6) in tissue 
supernatant was measured according to the 
method of Xu et al. (1997). Total (Cu–Zn and 
Mn) superoxide dismutase (SOD; EC 1.15.1.1) 
was assayed according to a previous described 
method (Minami and Yoshikawa 1979).

DNA fragmentation
Liver samples were collected immediately af-
ter sacrificing the animals. The damage of 
DNA was tested by using the diphenylamine 
assay according to Gibb et al. (1997).

Statistical analysis
Data were expressed as mean ± standard de-
viation (S.D.) of ten replicate determinations. 
Statistical analysis was performed using one-
way analysis of variance (ANOVA) to assess 
significant differences among different groups 
(Sokal and Rohlf, 1969). The results are consid-
ered to be significant when P<0.05. All statisti-

cal analyses were performed using SPSS soft-
ware program version 16 (SPSS Inc., USA).

RESULTS
No mortality was seen in animals during the 
study. The dose of propolis did not initiate any 
side effects for the animals, whereas many 
side effects were observed in animals treated 
with 4-tert-OP such as yellowish body hair, 
loosing of body weight, general weakness 
(completely loss of activity), abdominal edema 
and enlargement of testes.

Blood parameters
The data summarized in Figure 1 indicates 
that, AST, ALT, ALP and GGT activities were 
significantly increased (P<0.05) in rats receiv-
ing 4-tert-OP either alone (group 2) or in com-
bination with aqueous propolis extract (groups 
4 and 5) when compared with the control 
group (group 1). However, the same param-
eters in rats receiving aqueous propolis ex-
tract alone (group 3) were significantly lower 
(P<0.05) than the control group. Control group 
of 12 weeks presented the same characteris-
tics of the 6 weeks control group.

Figure 1. Changes in the activities of serum ALT (IU/l), AST (IU/l), ALP (IU/l) and GGT (IU/l) of male 
albino rats treated with 4-tert-OP (group 2), aqueous propolis extract (group 3) and combination  

of both (groups 4 and 5).
 Values are expressed as means±SD; n=10 for each treatment group.
 Significant difference from the control group at *P<0.05.
 Significant difference from the octylphenol group at #P<0.05.
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Figure 2 shows the significant increase (P<0.05) 
in total bilirubin level in groups treated with 
4-tert-OP either alone or combined with aque-
ous propolis extract compared to control group. 
Meanwhile, there was a significant decrease 
(P<0.05) in the level of the same parameter in 
propolis group compared to the control group. In 
addition, in Figure 2, it is demonstrated the posi-
tive effect of aqueous propolis extract in groups 
4 and 5, as detected by the significant decrease 
(P<0.05) in the level of bilirubin of those groups 
compared to the 4-tert-OP group. On the other 
hand, no significant changes were detected in 
the level of direct bilirubin of propolis group al-
though there was a significant increase (P<0.05) 
in the same parameter of 4-tert-OP group com-
pared to control group. In groups 4 and 5, a sig-

nificant decrease was detected in direct bilirubin 
level compared to 4-tert-OP group.
Total proteins content and albumin were sig-
nificantly decreased (P<0.05) only in rats re-
ceiving 4-tert-OP alone when compared to 
the control group. However, the same param-
eters were significantly increased (P<0.05) 
and significantly decreased (P<0.001) when 
compared to rats receiving aqueous propo-
lis extract alone (group 3) or rats receiving a 
combination of both 4-tert-OP and aqueous 
propolis extract (groups 4 and 5) in relation to 
control group, respectively. In addition, aque-
ous propolis extract treatment significantly 
attenuated the 4-tert-OP-mediated decrease 
in serum total proteins, albumin and globulin 
concentrations as shown in Figure 3.

Figure 2. Concentration of total and direct  
bilirubin (mg/dl) of male albino rats treated with  
4-tert-OP (group 2), aqueous propolis extract  

(group 3) and combination of both  
(groups 4 and 5).

Values are expressed as means±SD; n=10 for each 
treatment group.
Significant difference from the control group at *P<0.05.
Significant difference from the octylphenol group at #P<0.05.

Figure 3. Serum level of total proteins 
(g/dl), albumin (g/dl) and globulin (g/dl) of 

male albino rats treated with 4-tert-OP (group 
2), aqueous propolis extract (group 3) and 

combination of both (groups 4 and 5).
Values are expressed as means±SD; n=10 for each 
treatment group.
Significant difference from the control group at *P<0.05.
Significant difference from the octylphenol group at #P<0.05.
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Further, 4-tert-OP treatment led to a significant 
increase (P<0.05) in the creatinine and urea lev-
els, while aqueous propolis extract showed a 
significant recovery in these parameters (P<0.05) 
by reducing their concentrations in serum. Treat-
ment with 4-tert-OP plus aqueous propolis ex-
tract significantly alleviated the undesirable in-
creased levels of creatinine and urea when com-
pared to with 4-tert-OP-treated animals (Table 1).
Total serum lipids, total cholesterol, triglycer-
ides and LDL-C levels were significantly in-

creased (P<0.05) while HDL-C was significantly 
lowered (P<0.05) in 4-tert-OP group when com-
pared to the normal control rats (Table 2). Aque-
ous propolis extract could significantly (P<0.05) 
modulate the lipid contents in rats by decreas-
ing total lipids, total cholesterol, triglycerides 
and LDL-C levels with significantly favorable 
increase (P<0.05) in HDL-C level. In addition, 
propolis extract reversed the alterations induced 
by 4-tert-OP in all lipid contents as shown from 
the results of groups 4 and 5 (Table 2).

            Group

    Parameter 
Group 1 Group 2 Group 3 Group 4 Group 5

     Creatinine 0.57±0.02 0.81±0.03* 0.54±0.02* 0.69±0.03*# 0.74±0.03*#

      Urea 22.48±0.17 30.18±0.46* 20.94±0.46* 26.64±0.54*# 28.23±0.32*#

Table 1. Serum level of creatinine (mg/dl) and urea (mg/dl) of male albino rats treated with 
4-tert-OP (group 2), aqueous propolis extract (group 3) and combination of both (groups 4 and 5).

Values are expressed as meansSD; n=10 for each treatment group.
Significant difference from the control group at *P<0.05.
Significant difference from the octylphenol group at #P<0.05.

Values are expressed as meansSD; n=10 for each treatment group.
Significant difference from the control group at *P<0.05.
Significant difference from the octylphenol group at #P<0.05.

Table 2. Changes in the concentrations of serum total lipids (mg/dl), total cholesterol 
(mg/dl), triglycerides (mg/dl), HDL (mg/dl) and LDL (mg/dl) of male albino rats treated with 

4-tert-OP (group 2), aqueous propolis extract (group 3) and combination of both (groups 4 and 5).

          Group

   Parameter 
Group 1 Group 2 Group 3 Group 4 Group 5

   Total lipids 436.57±3.03 838.83±6.76* 400.275±10.50* 548.91±12.03*# 514.75±11.42*#

Total cholesterol 119.46±1.69 174.64±0.60* 99.31±1.16* 138.60±1.21*# 121.72±1.65#

 Triglycerides 89.44±1.64 129.42±1.91* 50.20±2.42* 104.06±1.82*# 94.91±1.98*#

      HDL 37.80±0.80 16.71±0.82* 55.34±0.90* 31.60±0.95*# 34.79±0.85*#

      LDL 63.77±1.77 132.10±1.69* 34.00±0.90* 86.19±2.11*# 67.96±1.86*#
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Hepatic oxidative stress
Plasma total antioxidant enzymes concentra-
tion and GST, SOD and CAT activities were sig-
nificantly decreased (P<0.05) in 4-tert-OP group 
compared to control group. However, the con-
centrations and activities of total antioxidant en-
zymes, GST, SOD and CAT were significantly in-
creased (P<0.05) when aqueous propolis extract 
was administered in both, groups 4 and 5, com-
pared to 4-tert-OP group. Administration of aque-
ous propolis extract alone induced a significant 
increase in total antioxidant capacity, GST, SOD 

and CAT compared to control group (Table 3).
Animals treated with 4-tert-OP had a significant 
increase (P<0.05) in the level of MDA concen-
tration compared to control group (Table 3). Si-
multaneous treatment with aqueous propolis 
extract (groups 4 and 5) significantly abolished 
the enhancing effect of 4-tert-OP on hepatic 
lipid peroxidation, fact that was expressed as 
a lower level of MDA in hepatocytes (P<0.05). 
In group 3, treated with aqueous propolis ex-
tract only, no effect on lipid peroxidation in the 
liver was observed (Table 3).

Table 3. Changes in the levels of plasma total antioxidant capacity (mM/L) and liver MDA (n mole/g 
tissue), SOD (units/g tissue), CAT (mole/min/g tissue), and GST (units/g tissue) of male albino rat treated 
with 4-tert-OP (group 2), aqueous propolis extract (group 3) and combination of both (groups 4 and 5).

Values are expressed as meansSD; n=10 for each treatment group.
Significant difference from the control group at *P<0.05.
Significant difference from the octylphenol group at #P<0.05.

          Group

   Parameter 
Group 1 Group 2 Group 3 Group 4 Group 5

   Total antioxidant  
1.09±0.06 0.59±0.03* 1.19±0..02* 0.83±0.01*# 0.76±0.02*#

         capacity 

 MDA 158.81±11.23 658.96±20.46* 138.56±7.92 227.86±8.56*# 352.24±7.89*#

 SOD 59.43±1.30 23.77±2.39* 65.70±3.19* 40.23±1.75*# 31.91±1.62*#

 CAT 0.77±0.02 0.41±0.01* 0.91±0.01* 0.61±0.01*# 0.51±0.01*#

 GST 2.04±0.11 1.06±0.06* 2.44±0.10* 1.80±0.08*# 1.49±0.11*#

DNA fragmentation
The results of the diphenylamine assay (Figure 
4) showed that DNA of liver cells from 4-tert-
OP treated animals was significantly degraded 
(P<0.05), compared to control group. Groups 

4 and 5 showed a significant improvement 
(P<0.05)  in the level of DNA fragmentation 
of liver cells, compared to 4-tert-OP treated 
group.

Figure 4. DNA fragmentation as a measure of soluble DNA released from apoptotic nuclei into the 
cytoplasm of male albino rat treated with 4-tert-OP, aqueous propolis extract and combination of both.

 Values are expressed as means±SD; n=10 for each treatment group.
 Significant difference from the control group at *p<0.05.
 Significant difference from the octylphenol group at #p<0.05.
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Histopathology
Histopathological examination of liver of 
control group revealed normal hepatic archi-
tecture, cellular and nuclear configurations 
(Figure 5). Histopathological alterations ob-
served in 4-tert-OP treated group were vari-
able. Liver section of rats treated with 4-tert-
OP showed sinusoidal dilatation and atrophy 
of hepatocytes (Figure 6A) and multifocal ar-
eas of coagulative necrosis (Figure 6B). Sec-
tions of liver from rats treated with aqueous 
propolis extract alone, showed to be similar 

to the control group sections (Figure 7). Livers 
from rats treated with 4-tert-OP plus aque-
ous propolis extract did not reveal any necro-
sis area and regained their normal structure 
(Figure 8A&B). Liver section from rats treated 
with 4-tert-OP followed by aqueous propolis 
extract showed moderate dilatation of portal 
blood vessels and vacuolar degeneration of  
hepatocytes (Figure 9A) and multifocal areas 
of minute aggregations of lymphocytes scat-
tered here and there in the hepatic parenchy-
ma (Figure 9B).

Figure 5. Photomicrograph of control 
liver section showing normal hepatic 

architecture. H&E stain (400x).

Figure 7. Photomicrograph of liver section of rats 
treated with aqueous propolis extract showing 

almost normal hepatic structure. H&E stain (400x).

Figure 6. Photomicrograph of liver section 
of rats treated with 4-tert-OP showing 

sinusoidal dilatation and atrophy of 
hepatocytes (A) and multifocal areas of 

coagulative necrosis (B). H&E stain (400x).

A A

B B

Figure  8. Photomicrograph of liver section of rats 
treated with 4-tert-OP plus aqueous propolis extract 
showing central veins were mildly dilated with mild 

peripheral vacuolar degeneration of  hepatocytesand 
Kupffer cell activation (A) and minute foci of 

mononuclear cell infiltrate were found scattered in the 
hepatic parenchyma (B).  No areas of necrosis were 

observed in the livers of such group. H&E stain (400x).
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DISCUSSION
The multi-generation studies in rats showed 
toxic effects of xenoestrogens not only on re-
productive organs but also on non-reproduc-
tive targets such as kidney and liver (Nagao 
et al. 2001). The present study was performed 
to investigate the toxic effects of 4-tert-OP 
on liver and the ameliorating effect of aque-
ous propolis extract as a natural product able 
to reduce the induced oxidative damage in 
hepatocytes of male albino rats. Although 
few compounds have been tested for the de-
toxification of 4-tert-OP, there is no previous 
study carried out with propolis (Korkmaz et al. 
2010). The adverse effects of a large number 
of xenoestrogens depend on their production 
of free radicals which initiate the process of 
lipid peroxidation in the cell membrane. It has 
been suggested that therapeutic activities of 
propolis depend mainly on the presence of fla-
vonoids. These flavonoids are known for their 
strong scavenging effect on free radicals and 
may also be able to suppress the formation of 
free radicals by binding to heavy metal ions 
which are known to catalyze many processes 
leading to the generation of free radicals (Ca-
vallini et al. 1978). The aqueous propolis ex-
tract was shown to have a protective effect 
on hepatocytes against carbon tetrachloride 
(CCl4)-induced injury in vitro (Mahran et al. 
1996) and in vivo (El-Khatib et al. 2002). 
The current results showed a pronounced de-
crease in the activities of serum ALT, AST, ALP 
and GGT after oral treatment with aqueous 
propolis extract in both group 4 and 5 com-
pared to 4-tert-OP group. These results indi-
cate hepato-protection induced by propolis. 
This protective effect may be due to the an-
tioxidant effect of propolis which was previ-
ously confirmed (Almaraz-Abarca et al. 2007). 

Another study (Kolankaya et al. 2002) reported 
that the treatment with propolis significantly 
prevented the release of transaminases and 
significantly enhanced protein towards control, 
suggesting its hepatoprotective potential. The 
induction of AST, ALT and ALP reflects liver in-
jury associated with necrosis, whereas GGT 
points to hepatic cholestasis (Rodriguez-Ga-
ray 2003). As shown from the present results, 
elevated levels of these liver enzymes plus 
total and direct bilirubin in blood circulation 
were observed in 4-tert-OP group compared 
to control group indicating hepatic injury. This 
is in agreement to previous results, showing 
that increased bilirubin levels indicated dif-
fused harm to the liver (El-Kott and Owayss 
2008). The rise in both AST and ALT levels is 
one of the most familiar indicators of hepato-
cellular damage. These observations are simi-
lar to the previously reported data (Barles and 
Aydogan 2008) which indicated that the expo-
sure of male and female rats to 4-tert-OP in-
duced potential toxic effects on liver, kidney 
and spleen tissues. The present data also in-
dicated that treatment with aqueous propolis 
extract alone decreased the activities of AST, 
ALT, ALP and GGT enzymes and total bilirubin 
in serum compared to control group. 
The present study indicated hepatocellular 
toxicity in 4-tert-OP treated rats as evidenced 
by decreased levels of protein content com-
pared to control animals. These results are in 
agreement with other studies (Lotfy 2006). The 
anabolic effect of propolis was suggested by 
the increased level of serum total proteins and 
globulin contents in propolis treated group 
compared to control. This effect of propolis 
is in agreement with other study (Nirala et al. 
2008) which stated that propolis significant-
ly improved the total proteins content of the 

Figure 9. Photomicrograph of liver section of rats treated with 4-tert-OP followed by 
aqueous propolis extract showing moderate dilatation of portal blood vessels and vacuolar 

degeneration of  hepatocytes (A) and multifocal areas of minute aggregations of lymphocytes 
scattered here and there in the hepatic parenchyma (B).  H&E stain (400x).
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liver and kidney and showed more profound 
therapeutic effects. Cellular recovery was also 
evident through the improvement in total pro-
teins, albumin and globulin contents in both 
group 4 and 5 compared to 4-tert-OP group. 
This is in agreement to previous results that 
showed intracellular glutathione regulated 
protein turnover after treatment with propolis 
(Demasi and Davies 2003).
In this study, nephrotoxicity was manifested 
by inhibition of kidney function as indicated by 
increased serum creatinine and urea levels in 
4-tert-OP group compared to control group. 
These results are supported by similar find-
ings (Ferreira-Leach and Hill 2001). 4-tert-OP 
acts essentially in the proximal renal tubules, 
inhibiting the enzyme phosphoenol-pyruvate 
carboxylase, and it alters the structural and 
functional renal ability to metabolize calcium 
(Betina 1989). Significant reduction of serum 
urea and creatinine levels was noticed after 
administration of aqueous propolis extract in 
both group 4 and 5 compared to 4-tert-OP 
group. These results may indicate that propo-
lis can attenuate renal damage by decreasing 
the concentrations of urea and creatinine as 
previously reported (Abo-salem et al. 2009) on 
STZ-induced diabetic rats. This effect is prob-
ably due to the antioxidant protective effect of 
propolis which could have accumulated in the 
cells of the proximal convoluted tubule of the 
kidney where propolis was reported to be col-
lected and secreted (Sun et al. 2000). Caffeic 
acid phenethyl ester (CAPE), a biological ac-
tive component of propolis was found to im-
prove renal function tests in a rat model with 
lithium-induced renal tubular damage and oxi-
dative stress (Oktem et al. 2005). 
In the current study, a marked increase in the 
concentrations of serum total lipids, total cho-
lesterol, triglycerides, LDL-C with a decrease in 
the level of HDL-C was found in the 4-tert-OP 
treated group compared with control group, 
which may reflect the impairment of liver func-
tion, particularly on lipid metabolism. Different 
studies indicated that propolis alleviated too 
high blood lipids, high total cholesterol and ar-
teriosclerosis (Castaldo and Capasso 2002). 
This result is in agreement to the present data 
in both group 4 and 5 compared to 4-tert-OP 
group and represents the powerful influence of 
propolis to reduce the risk of hyperlipidemia as 
a result of some toxicant. Several studies are 
in agreement with the present study (Nirala et 
al. 2008) which proved the modulating effect 

of propolis on total cholesterol and triglycer-
ides levels with a significant increase in total 
proteins content after beryllium toxicity and 
the improvement of serum level of HDL-C by 
propolis in a dose-dependent manner.
Malondialdehyde (MDA), the stable end prod-
uct of lipid peroxidation, was elevated sug-
gesting the generation of free radicals in the 
metabolism of 4-tert-OP. Since, membrane 
phospholipids are major targets of oxidative 
damage, lipid peroxidation is often the first pa-
rameter analyzed for proving the involvement 
of free radical damage. Lipid peroxidation pro-
duces a progressive loss of cell membrane 
integrity, impairment in membrane transport 
function and disruption of cellular ion homeo-
stasis (Bano and Bhatt 2007). Previous stud-
ies suggested that the toxicity of 4-tert-OP 
may be the result of three major effects: in-
hibition of ATP synthesis, inhibition of protein 
synthesis and enhanced lipid peroxidation 
(Marquardt and Frohlich 1992). In the present 
study, aqueous propolis extract attenuated 
the 4-tert-OP induced MDA formation possi-
bly due to its intrinsic antioxidant properties, 
thus aqueous propolis extract may prevent 
peroxidative changes in liver tissue. This ob-
servation demonstrates the scavenging effect 
of propolis on free radicals produced by liver 
in response to 4-tert-OP toxicity. These results 
are in agreement with another study (Abdel-
Wahhab et al. 2005), in which the protecting 
effect of propolis on ochratoxin A toxicity was 
demonstrated. 
Improvement of lipid profile, MDA and SOD 
activity in mice by propolis treatment was 
demonstrated (Luan et al. 2000). Furthermore, 
propolis was found to modulate antioxidant 
enzymes and decrease lipid peroxidation pro-
cesses in plasma, liver, lungs, and brain of 
mice in a dose- and tissue-dependent man-
ner (Shinohara et al. 2002). Propolis is a rich 
source of essential elements, including Zn2+, 
Mg2+, Cu2+, Fe2+, Mn2+, Ni2+ and Ca2+ (Haro et 
al. 2002), that might also be responsible for 
reactivating antioxidant enzymes by providing 
optimum trace elements. 
The present study showed significant im-
provement in SOD activity after treatment 
with aqueous propolis extract. This improve-
ment can play an important role in the cellular 
defense against the oxidative stress induced 
by 4-tert-OP. Previous study (Benguedouar 
et al. 2008) proved the decreasing of super-
oxide anion radicals and inhibition of the lipid 
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peroxidation in animals receiving 100 mg/kg 
propolis extract. In the present study, the in-
crease of antioxidant enzyme activities such 
as SOD, CAT and GST may be considered as 
a protective mechanism against free radical 
production and lipid peroxidation. The results 
also showed that SOD, CAT and GST activities 
significantly decreased in rat blood by 4-tert-
OP intoxication compared to control animals. 
It is possible that the observed insufficiency 
in antioxidant power could be due to direct 
modification of the antioxidant defenses by 
4-tert-OP.
The dramatic effects of 4-tert-OP on protein 
level and the activity of liver enzymes and anti-
oxidant enzymes are supported by the results 
on DNA fragmentation. The liver DNA in 4-tert-
OP treated animals was found to be greatly 
degraded compared to control animals, which 
may explain the deleterious effect of 4-tert-OP 
on the level of cellular proteins and enzymes. 
This result is in agreement with previous re-
sults of Kim et al. (2006). The ameliorative ef-
fect of aqueous propolis extract on DNA frag-
mentation and cell apoptosis was confirmed 
by the results of group 4 and 5 compared to 
4-tert-OP group, and this result is supported 
by similar findings of Aso et al. (2004).

CONCLUSION
The present study demonstrates that 4-tert-
OP induced oxidative stress in rat blood by de-
creasing the activities of antioxidant enzymes 
and protein content with an increase in liver 
enzymes activities. Propolis could improve liv-
er function and serum lipid profile, and dimin-
ish the generation of free radicals by inducing 
antioxidant defense mechanism, hence, mini-
mizing the damage of cell membranes. In ad-
dition, it had an anabolic effect. These results 
are confirmed by measuring the level of DNA 
fragmentation. These results were observed 
when aqueous propolis extract was admin-
istered alone compared to control group and 
also in combination with 4-tert-OP compared 
to 4-tert-OP group either in group 4 and 5. 
Based on these promising findings, it might 
be anticipated that propolis treatment may be 
beneficial in the severely hepatotoxic ailments. 
Consequently, propolis could be used as a po-
tential antioxidant against 4-tert-OP intoxica-
tion as it restore the normal liver functions.
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