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Abstract: Propolis is a natural product has anti-inflammatory and antioxidant activities. The present
study aimed to investigate the therapeutic and anti-inflammatory effects of both aqueous extract (AEP)
and oil extract of propolis (OEP) against thioacetamide (TAA) induced hepatotoxicity in rats. Seventy
male rats were divided into 7 groups and treated for successive 8 weeks. Group1was kept as control;
Group 2 was ingested orally with sunflower oil; Group 3 was injected intraperitoneally (ip) twice a
week with TAA (200 mg/kg b.wt.); Group 4 was treated orally with AEP (100 mg/kg b.wt./day);
Group 5 was treated orally with OEP (100 mg/kg b.wt./day); Group 6 was injected ip with TAA (200
mg/kg b.wt.) twice a week plus oral ingestion of AEP (100 mg/kg b.wt./day); Group 7 was injected ip
with TAA (200 mg/kg b.wt.) twice a week plus oral ingestion of OEP (100 mg/kg b.wt./day).
Thioacetamide induced liver damage in rats manifested by the significant rise in serum levels of AST,
ALT, ALP, GGT, bilirubin, total cholesterol, triglyceride and LDL with decrease in the levels of total
proteins, albumin and HDL compared with control. Both AEP and OEP reduced the toxic effect of
TAA indicated by a decrease in the levels of previously elevated liver parameters with an increase in
the levels of total proteins, albumin and HDL. On the other hand, TAA significantly decreased the
levels of IL-6 and TNF-α and increased CRP, however, AEP and OEP counteracted this effect of TAA.
These results revealed the anti-inflammatory effects of the different propolis extracts. AEP was more
potent than OEP as an anti-inflammatory and anti-hepatotoxic extract. The histopathologic results
supported the biochemical and immunological results.
Key words: Aqueous extract of propolis (AEP), Oil extract of propolis (OEP), Thioacetamide (TAA),
Hepatotoxicity, IL-6, TNF-α, CRP.
INTRODUCTION
Acute and chronic liver diseases constitute a global concern, medical treatments for these diseases are often
difficult to handle, and have limited efficiency (Lee, et al., 2007). Therefore, there has been considerable
interest in the role of complementary and alternative medicines for the treatment of liver disease. Developing
therapeutically effective agents from natural products may reduce the risk of toxicity when the drug is used
clinically (Shen, et al., 2009). Cirrhosis is defined pathologically by the loss of normal microscopic lobular
architecture with fibrosis and nodular regeneration. Chronic liver disease, including cirrhosis, is currently the
twelfth leading cause of death in the United States (Minino and Smith, 2001). Current treatment for patients
with cirrhosis includes removing the injury-causing stimulus, antiviral therapy, and liver transplantation. For
end-stage cirrhosis, transplantation is a highly successful treatment with a high survival rate. However, due to
the increased demand, limited availability of organs, compatibility issues, as well as other factors, this option is
not available for all patients. The therapeutic effect of folk medicine is greatly considered for the treatment of
liver cirrhosis and alleviation of hepatocellular damage caused by different toxins and inflammatory factors
(Yang, et al., 2008).
As the major site of xenobiotic metabolism, the liver plays a central role in preventing accumulation of a
wide range of compounds by converting them into a form suitable for elimination. As the process of xenobiotic
metabolism requires multiple biochemical transformations, and the fact that some intermediates mediate toxic
responses, the liver is potentially susceptible to injury during the act of performing its function (Merrick, 2006).
Hepatotoxins are widely used in animal models to induce acute liver damage (Bélanger and Butterworth, 2005).
The toxic effects of thioacetamide (TAA) have been attributed to the metabolic products that result from its
bioactivation. TAA undergoes a two-step bioactivation that is mediated by the microsomal cytochrome P450
isozyme (CYP2E1) to thioacetamide sulphoxide, and further, to a reactive metabolite, thioacetamide-S, Sdioxide (Chilakapati, et al., 2005). Liver cirrhosis is commonly studied using animal models, the rat models for
liver cirrhosis are usually generated by bile duct ligation (BDL) (Kountouras, et al., 1984) or administration of
Corresponding Author: Karim M. Ahmed, Eman M. Saleh, Department of Biochemistry, Faculty of Science, Ain Shams
University, Abbassia, Cairo, Egypt 11566
Phone Number: +202 6828641; Mobile: +2 (0100) 1648959; Fax: +202 26853561
E-mail: e_ahmed@sci.asu.edu.eg

29

Aust. J. Basic & Appl. Sci., 6(6): 29-40, 2012

hepatotoxins such as carbon tetrachloride (CCl4) (Weber, et al., 2003) or thioacetamide (TAA) (Li, et al.,
1990).
Propolis is a resinous substance with varying colors and consistencies, collected by Apis mellifera bees
from several vegetal sources. The word propolis comes from the Greek pro meaning ‘in defense of’ and polis
‘city’, i.e. defense of beehives (Almeida and Menezes, 2002). More than 250 individual compounds have been
established as the constituents of propolis. Propolis contains mainly resins, flavonoids and phenolic aldehydes
(polyphenols), waxes and fatty acids, essential oils, pollen, other organics and minerals. It also contains Bcomplex, C and E vitamins, important minerals such as Zn2+, Mg2+, Cu2+, Fe2+, Mn2+, Ni2+ and Ca2+ and trace
elements (Hegazi, et al., 2000). Propolis compounds such as flavonoids, phenolic acids and its esters have antiinflammatory, antibacterial, antiviral, immunomodulatory, antioxidant and antiproliferative effects (Kim, et al.,
2006). At least 38 flavanoids have been found in propolis (Dobrowolski, et al., 1991). Bioflavanoids are
antioxidant molecules that play very important role in the scavenging of free radicals, which are produced in
degenerative heart diseases, atherosclerosis, aging and effects of toxic substances. In particular, caffeic acid
phenethyl ester (CAPE) is also a phenolic antioxidant and an active anti-inflammatory component of propolis
(Michaluart, et al., 1999).
Propolis is a low-cost potential anti-inflammatory agent for both acute and chronic stages (Borrelli, et al.,
2002). Propolis activates immune cells that produce cytokines. Many researches proved its antiviral,
antibacterial, anti-inflammatory and immunostimulating activities (Wang, et al., 2005). Several studies have
demonstrated that propolis exerts have anti-inflammatory effects via inhibiting the release of arachidonic acid
from cell membranes and suppressing cyclooxygenase COX-1 and COX-2 enzyme activities (Michaluart, et al.,
1999).
The aim of the present study was to evaluate the prospective protection and anti-inflammatory effect of
different bee propolis extracts against hepatotoxicity induced by thioacetamide in male rats.
MATERIALS AND METHODS
Chemicals:
Thioacetamide (TAA) was purchased from Sigma-Aldrich Company, Los Angeles, USA. Crude propolis
was obtained from honey bee, Apis mellifera carnica, colonies situated at the apiary of Faculty of Agriculture at
Fayoum, Egypt. All other chemicals used in the experiment were of analytical grade.
Preparation of TAA:
TAA was prepared freshly by dissolving in distilled water. The resultant suspension was administered ip to
animals twice a week at a doses of 200 mg/kg b.wt. (Toyama, et al., 2004).
Preparation Of Propolis Extracts:
Crude propolis was kept dry and cold (-40C) until used. Propolis extracts were freshly prepared and
administered to animals by gavage at a dose of 100 mg/kg b.wt.
A. Aqueous extract of propolis (AEP):
Propolis was dissolved in distilled water, heated gently, shaken at room temperature and filtered through
gauze and then through Whatman No:1 filter paper to obtain final concentration (100mg/kg b.wt.) (El-Khayat,
et al., 2009).
B. Oil extract of propolis (OEP):
Extraction was carried out with moderate shaking for 15min at 85C in sunflower oil. This extract was
filtered through gauze and then through Whatman No:1 filter paper and used for oral administration (Ziaran, et
al., 2005).
Experimental animals:
Seventy adult male Swiss albino rats weighing 120-150 g of the same age (6 weeks) were used throughout
this study. Animals were obtained from El-Nile Company for Pharmaceuticals, Amireya, Cairo, Egypt. Animals
were maintained under standard conditions of ventilation, temperature (252C), 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 7 groups
(n=10). Rats were administered their respective doses throughout the study during successive 8 weeks. The
local committee approved the design of the experiments, and the protocol conforms the guidelines of the
National Institute of Health (NIH).
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Experimental design:
Animals were divided into 7 groups of 10 animals each. Control group (group 1); rats were fed on the
standard synthetic diet with oral administeration of distilled water. Sunflower oil group (group 2); rats were
orally administered with sunflower oil. Thioacetamide group (group 3); rats were injected intraperitoneally (ip)
with TAA at a dose of (200 mg /kg b.wt.) twice a week. AEP group (group 4); rats were daily administered
with AEP (100 mg/kg b.wt./day). OEP group (group 5); animals of this group were orally administered with
OEP at a dose of (100 mg/kg b.wt./day). Prophylactic group of AEP (group 6); rats were orally administered
with TAA at a dose of (200 mg/kg b.wt.) twice a week plus AEP at a dose of (100 mg/kg b.wt./day).
Prophylactic group of OEP (group 7); animals of this group were orally administered with TAA at a dose of
(200 mg/kg b.wt.) twice a week plus OEP at a dose of (100 mg/kg b.wt./day).
Biochemical analysis:
At the end of the experiment period, animals were weighed then anesthetized using anesthetic ether. Then
animals were sacrificed by decapitation after 24 hours fasting period from the final administration. Blood
samples were collected into clean dry centrifuge tubes, left at room temperature for 15 minutes to clot,
centrifuged at 1000g for 10 minutes to separate blood serum. Serum was carefully aspirated and transferred into
dry clean Eppindorf tubes using Pasteur pipette and then kept frozen at - 20° C till analysis. Liver were
removed and weighed for tissue analyses.
Histopathological studies:
Liver were immediately excised, washed using chilled saline solution, blotted, and weighed. A small piece
of each was immediately fixed in 10% formalin. These formalin-fixed tissues were embedded in paraffin,
sectioned (5m), stained with hematoxylin and eosin (H&E), and examined under a light microscope for
histopathological 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), alkaline phosphatase (ALP; EC 3.1.3.1)
(Bessey, et al., 1946) and gamma glutamyl transferase (GGT; EC 2.3.2.2) (Rosalki, 1975) using BioMed kit,
Hannover, Germany. Total and direct bilirubin concentrations (Pearlman and Lee, 1974) using Diamond
Diagnostics kit, Hannover, Germany as per the manufacturer’s instructions. Serum total proteins contents
(Lowry, et al., 1951), albumin concentration (Doumas, et al., 1971), 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].
Anti-inflammatory parameters:
Serum levels of IL-6 and TNF-α were measured using a commercially available enzyme-linked
immunosorbent assay (ELISA) kit supplied by Cortez Diagnostics, USA, as per the manufacturer’s instructions.
CRP was measured using the commercial kit of Biomed Diagnostics according to the method of MacLeod and
Avery (1950).
Statistical analysis:
Data are expressed as mean  standard deviation (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 considered to be significant when p0.05. All statistical
analyses were performed using SPSS software 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 TAA such as yellowish body hair,
loosing of body weight, general weakness (completely loss of activity), abdominal edema and enlargement of
testes.
Total proteins content was significantly decreased (p<0.05) and albumin was decreased in rats received
TAA alone when compared with the control group (Figure 1). However, the same parameters were significantly
increased (p<0.05) in rats received a combination of TAA and AEP or TAA and OEP (prophylactic groups)
compared with rats received TAA alone. Also, treatment with AEP or OEP alone significantly increased
(p<0.05) serum total proteins and albumin concentrations compared with control group as shown in Figure 1.
Serum total cholesterol, triglycerides and LDL-C levels were significantly increased (p<0.05) while HDLC was significantly lowered (p<0.05) in rats treated with TAA compared with control rats (Table 1), in the
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meantime, AEP and OEP when combined with TAA (groups 6 &7) could significantly (p<0.05) modulate the
lipid contents in rats by decreasing total lipids, total cholesterol, triglycerides and LDL-C levels with
significantly favorable increase (p<0.05) in HDL-C level (Table 1). Administration of either AEP or OEP alone
didn’t change the lipid profile compared with control group as shown in Table 1.
Figure 2 demonstrates the significant increase (p<0.05) in total and direct bilirubin levels in animals treated
with TAA compared with control group. Meanwhile, there was a significant decrease (p<0.05) in the levels of
total and direct bilirubin in AEP prophylactic group compared with TAA group, while OEP combined with
TAA significantly reduced (p<0.05) only total bilirubin compared with TAA group. The data summarized in
Figure 3 indicates that, AST, ALT, ALP and GGT levels were significantly increased (p<0.05) in rats received
TAA either alone or in combination with AEP or OEP compared with the control group. However, the same
parameters in rats received AEP or OEP combined with TAA were significantly decreased (p<0.05) compared
with TAA group. Administration of either AEP or OEP alone didn’t induce noticeable change in the levels of
liver enzymes compared with control group as shown in Figure 3.
IL-6 level was significantly decreased (p<0.05) when TAA was administered either alone or combined
with AEP or OEP compared with control group (Figure 4). However, administration of either AEP or OEP in
prophylactic groups significantly increased (p<0.05) IL-6 level compared with TAA group (Figure 4).
Administration of either AEP or OEP alone significantly (p<0.05) decreased IL-6 level compared with control
group (Figure 4). Administration of TAA caused a significant decrease (p<0.05) in the level of TNF-α
compared with control group (Figure 5). On the other hand, administration of AEP or OEP either alone or
combined with TAA showed non-significant increase in TNF-α level compared with TAA group (Figure 5).
However, administration of OEP either alone or combined with TAA showed significant (p<0.05) decrease in
TNF-α level compared with control while AEP either alone or combined with TAA showed non-significant
decrease compared with control group (Figure 5). The level of CRP showed a significant (p<0.05) increase in
all treated groups compared with control group, meanwhile administration of AEP combined with TAA showed
significant (p<0.05) decrease in CRP compared with TAA group (Figure 6).
Histopathology:
Histology of the liver sections of normal animals showed normal hepatic architecture and liver lobular with
well-preserved cytoplasm, prominent nucleus (Figure 7). Liver of animals treated with oil showed vascular
degeneration of hepatocytes (fatty changes) and mild mononuclear cell infiltration of portal triads (Figure 8).
Liver of animals treated with AEP or OEP showed an almost normal architecture of hepatic lobules which are
surrounded by thin fibrous strands (Figures 9 & 10). The liver sections of TAA-treated animals showed hepatic
cells with severe toxicity characterized by centrilobular necrosis, preiportal hepatocyte vacoulation with
clearing of cytoplasm, scattered inflammation and cell transformation (Figure 11). AEP or OEP mixed with
TAA appeared to significantly reduce TAA-induced toxicity as evidenced by less inflammation changes and
necrosis (Figures 12 & 13).
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Fig. 1: Serum levels of total proteins (g/dl) and albumin (g/dl) of male albino rats treated with TAA, AEP, OEP
and combination of them.
Values are expressed as meansSD; n=10 for each treatment group.
Significant difference from the control group at *p0.05
Significant difference from the TAA group at #p0.05
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Table 1: Changes in the concentrations of serum total cholesterol (mg/dl), triglycerides (mg/dl), HDL (mg/dl) and LDL (mg/dl) of male
albino rats treated with TAA, AEP, OEP and combination of them.
Group
Group 6
Group 7
Group 1
Group 2
Group 3
Group 4
Group 5
(AEP
(OEP
(Control)
(Oil)
(TAA)
(AEP)
(OEP)
Parameter
Prophylactic)
Prophylactic)
Total
135.9618.02*
109.3415.9
117.069.3
128.3922.12*
114.747.0
108.66017.3
209.9857.01
#
#
Cholesterol
*
2
0
2
4
Triglyceride
65.968.04
110.6613.51
77.8213.4
88.697.78*#
95.106.15*#
69.936.95
71.8510.60
s
2
*
7
HDL
47.674.59
36.903.47
40.082.16#
32.431.77*#
42.494.77
43.024.42
25.132.15*
LDL
31.130.56*
36.910.28
40.141.04*#
49.250.80*#
33.920.56
35.234.64
63.893.29*
Values are expressed as meansSD; n=10 for each treatment group.
Significant difference from the control group at *p0.05
Significant difference from the TAA group at #p0.05
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Fig. 2: Concentration of total and direct bilirubin (mg/dl) of male albino rats treated with TAA, AEP,
OEP and combination of them.
Values are expressed as meansSD; n=10 for each treatment group.
Significant difference from the control group at *p0.05
Significant difference from the TAA group at #p0.05
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Fig. 3: Changes in the activities of serum AST (IU/L), ALT (IU/L), ALP (IU/L) and GGT (IU/L) of male
albino rats treated with TAA, AEP, OEP and combination of them.
Values are expressed as meansSD; n=10 for each treatment group.
Significant difference from the control group at *p0.05
Significant difference from the TAA group at #p0.05
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Fig. 4: Changes in the level of serum IL-6 of male albino rats treated with TAA, AEP, OEP and
combination of them.
Values are expressed as meansSD; n=10 for each treatment group.
Significant difference from the control group at *p0.05
Significant difference from the TAA group at #p0.05
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Fig. 5: Changes in the level of serum TNF-α of male albino rats treated with TAA, AEP, OEP and combination
of them.
Values are expressed as meansSD; n=10 for each treatment group.
Significant difference from the control group at *p0.05
Significant difference from the TAA group at #p0.05
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Fig. 6: Changes in the level of serum CRP of male albino rats treated with TAA, AEP, OEP and combination of
them.
Values are expressed as meansSD; n=10 for each treatment group.
Significant difference from the control group at *p0.05
Significant difference from the TAA group at #p0.05
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Fig. 7: Liver of animals of control non-treated group showing normal hepatic architecture, cellular and nuclear
configuration. (x10)

Fig. 8: Liver of animals treated with oil showing vascular degeneration of hepatocytes (fatty changes) and mild
mononuclear cell infiltration of portal triads (x20).

Fig. 9: Liver of animals of treated with AEP showing normal hepatic architecture, cellular and nuclear
configuration. (x20)

Fig. 10: Liver of animals treated with OEP showing an almost normal architecture of hepatic lobules which are
surrounded by thin fibrous strands (x10).
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Fig. 11: Liver of animals treated with TAA showing fibrosis of portal triads and dense collagenous matrix,
fibroblasts and intense mononuclear cell infiltration (x40).

Fig. 12: Liver of animals treated with TAA and AEP showing congestion of portal blood vesselmild
perivascular fibroplasia with formation of thin fibrous strands which extend to encircle the adjacent
lobule for some distance (x20).

Fig. 13: Liver of animals treated with TAA and OEP showing separation of hepatic lobules by loosely arranged
edematous fibrous strands (x10).
Discussion:
Thioacetamide (TAA) was chosen for this experiment because it consistently produces liver cirrhosis in
rats with histological appearance that is more akin to human cirrhosis (Li, et al., 2002). Besides, oral and
intraperitoneal administrations of TAA are both established methods in the generation of fibrosis and cirrhosis
models in rats (Zhao, et al., 2002). TAA is a sulfur containing compound that is necrogenic (Landon, et al.,
1986) and carcinogenic (Kizer, et al., 1985). It is commonly used for inducing fulminant hepatic failure (Bruck,
et al., 1999) and liver cirrhosis in animal models (Li, et al., 2002). During the biotransformation of TAA, both
flavin-containing monooxygenase (FMO) (Malvaldi, et al., 1984) and cytochrome P450 (Lee, et al., 2003)
reduce dioxygen to superoxide anion, which is then catalyzed (Ekström, et al., 1989) to form hydrogen
peroxide (H2O2). Therefore, biotransformation of TAA precedes oxidative damage associated liver injury.
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Nevertheless, the detailed biochemical mechanisms underlying this hepatotoxic process of TAA remain largely
unknown.
In the present study, administration of TAA caused a decrease in total proteins and albumin compared with
control animals, this is in agreement with results of Perez, et al., (2004). However, the damage effect caused by
TAA was ameliorated with the administration of AEP or OEP combined with TAA in prophylactic groups
compared with TAA group, this result is in agreement with previous data by Kolankaya, et al., (2002) who
showed that treatment of animals with propolis significantly enhanced protein towards control, concluded its
hepatoprotective potential. The anabolic effect of propolis was approved by the increased level of serum total
proteins and albumin contents when AEP or OEP administered either alone or combined with TAA compared
with control or TAA group, respectively. This effect of propolis is in agreement with similar study (Nirala, et
al., 2008) which stated that propolis significantly improved the total proteins content of the liver and kidney
and showed more profound therapeutic effects.
TAA is known to cause changes in cell permeability by its metabolite thioacetamide-S-oxide (Neal and
Halpert, 1982). Elevated levels of serum enzymes are indicative of cellular leakage and loss of functional
integrity of the cell membrane in liver (Drotman and Lawhorn, 1978). In the present study, administration of
TAA caused elevation of serum AST, ALT, ALP and GGT activities compared with control group. This is in
agreement with previous data (Abul, et al., 2010), which could be taken as an index of liver damage. In our
study, the rise in AST, ALT, ALP and GGT levels of activities induced by TAA administration was
significantly reduced by administration of AEP or OEP when combined with TAA, suggesting that propolis
protective activity might be due its effect against cellular leakage and loss of functional integrity of the cell
membrane in hepatocytes.
As shown from the present results, elevated levels of total and direct bilirubin in blood circulation were
observed in TAA group compared with control group indicating hepatic injury, this is in agreement with
previous results which showed that increasing bilirubin levels indicated diffused harm to the liver (El-Kott and
Owayss, 2008). The present data also indicated that treatment with AEP or OEP combined with TAA decreased
the levels of total and direct bilirubin in serum compared with TAA group, supporting the protective effect of
different propolis extracts on hepatocytes.
In the current study marked increase in the concentrations of serum total cholesterol, triglycerides and
LDL-C with a decrease in the level of HDL-C was detected in the TAA treated group compared with control
group which may reflect the impairment of liver function, particularly on lipid metabolism. Different studies
indicated that propolis alleviated too high total cholesterol and arteriosclerosis (Castaldo and Capasso, 2002).
This result is in agreement to the present data in both prophylactic groups compared with TAA group and
represents the powerful influence of different propolis extracts to reduce the risk of hyperlipidemia as a result
of liver cirrhosis induced by TAA. Other study (Nirala, et al., 2008) is in agreement with the present results
which proved the modulating effect of propolis on total cholesterol and triglycerides levels after beryllium
toxicity and the improvement of serum level of HDL-C by propolis in a dose-dependent manner.
TAA toxicity leads to prominent changes in the liver tissue and inflammatory cells (Neal and Halpert,
1982). The production of pro-inflammatory cytokines such as IL-6 and TNF-α is increased in acute
inflammatory responses associated with infection, injury, trauma or stress (Avitsur, et al., 2006). However, in
the present study, TAA administration to animals caused a decrease in the levels of IL-6 and TNF-α compared
with control group. Propolis contains a number of natural active constituents that have been shown to exert a
variety of medical properties including anti-inflammatory activity (Khayyal, et al., 1993; Ozturk, et al., 2000).
In this study, administration of AEP or OEP combined with TAA increased the levels of both IL-6 and TNF-α
compared with TAA alone, this result is in agreement with previous work by Missima, et al., (2009) who
mentioned that propolis administration to melanoma-bearing mice submitted to chronic stress stimulated proinflammatory cytokines including IL-6 and TNF-α. In our study, administration of either aqueous or oil extracts
of propolis to animals caused a decrease in the levels of both IL-6 and TNF-α compared with control group, this
result is in agreement with previous work by Khayyal, et al., (2003) who mentioned that daily administration of
aqueous extract of propolis for two months to asthma patients decreased pro-inflammatory cytokines
production suggesting the anti-inflammatory effect of propolis.
Certain pro-inflammatory indices serum levels, such as CRP appear to be significant and simple tools in
prediction of unfavorable course of liver cirrhosis, in the present study, the level of CRP was significantly
increased after treatment with TAA compared with control animals indicating liver cirrhosis and inflammation.
Liu, et al., (2011) showed that serum CRP can be used as a biomarker of alcoholic fatty liver (AFL) in a rodent
model. Administration of AEP or OEP combined with TAA decreased the level of CRP compared with TAA
group confirming the anti-inflammatory effect of propolis.
Histologically, TAA administration leads to prominent changes in the liver tissue architecture and produces
centrilobular necrosis (Neal and Halpert, 1982). In our study, TAA administration produced severe periportal
inflammation and mononuclear cell infiltration, supporting the data obtained from biochemical parameters that
TAA induced hepatotoxicity in rats. Treatment of animals with AEP or OEP combined with TAA, reversed
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TAA-induced pathogenic changes in liver. All over the study, AEP showed better results than OEP in
improving the functions of hepatocytes and as an anti-inflammatory agent, this may be attributed to its high
content of caffeic acid and its esters, which are known for their antioxidant properties (Chopra, et al., 1995).
Conclusion:
The results of tested biochemical and immunological parameters in this study concluded hepatotoxicity and
inflammation induced by TAA administration. Aqueous and oil extracts of propolis (AEP and OEP) could
ameliorate the damage effect of TAA on hepatocytes as evidenced by the improvement of the activities of liver
enzymes and the levels of lipid profile parameters, protein content and bilirubin. Both AEP and OEP showed
anti-inflammatory effect as proved by the levels of IL-6, TNF-α and CRP compared with control or TAA
treated animals. The histopathological results revealed the hepatotoxicity and inflammation induced by TAA
and the ameliorative effect of both AEP and OEP, supporting the biochemical parameters. AEP was more
efficient than OEP as an anti-inflammatory and could restore the different liver functions and normal histology
better than OEP.
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