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The aim of the current study was to evaluate the protective effect of honey or propolis against carbon
tetrachloride (CCl4) - induced hepatotoxicity in rats. Fifty female Albino Wister rats were divided into five

different groups each of 10 rats. Normal control group, Oil group: rats injected with i.p. 0.5ml/kg olive oil. CCl4 group:
rats i.p. injected with CCl4 0.5 ml/kg body weight dissolved in olive oil (v/v) for three times per week for 6 weeks.
CCl4 &honey group: rats injected with CCl4 and orally administered with 10% honey in drinking water once daily for
6 weeks. CCl4 & propolis group: injected with CCl4 and orally administered with propolis 200 mg/kg body weight
once daily for 6 weeks. At the end of éth week, rats were sacrificed and whole blood, serum samples and liver tissues
were collected. Biomedical and histopathological evaluations were done and CCl4-treated groups were compared with
Normal control group and with CCl4 and honey or propolis groups. The results indicated that i.p. administration of
CCl4 induced severe hepatic injury associated with oxidative stress. The treatment with honey or propolis resulted in a
significant improvement in all evaluated parameters. It could be concluded that honey and propolis protect rats against
the severe CCl4-induced hepatic toxic effects. Our results suggest that the protective activity of honey and propolis

may have been related to their antioxidant properties.

Introduction

Carbon tetrachloride (CCl4) has been used extensively to
study hepatotoxicity in animal models by initiating lipid
peroxidation, thereby causing injuries to kidney, heart,
testis and brain (Preethi and Kaur., 2009; Khan et al.,
2010), in addition to liver pathogenesis (Murugesan et
al., 2009). Liver is particularly susceptible to oxidative
stress due to the direct release of CCl4 metabolites and
cytokines, which propagate inflammatory response (Wer-
ner et al., 1995), CCl4 is one of the xenobiotics that has
been reported to induce acute and chronic tissue injuries
(Ogeturk et al., 2005; Jaramillo-Juarez et al., 2008)
through bioactivation of the phase | cytochrome P450
system to form reactive metabolic trichloromethyl radicals
(¢CCI3) and peroxy trichloromethyl radicals (¢OOCCI3).
These free radicals can covalently bind to macromolecules
such as proteins, lipids and nucleic acids.

Oxidative Stress is a general term used to describe the
effect of oxidation in which an abnormal level of reac-
tive oxygen species (ROS), such as the free radicals (e.g.
hydroxyl, nitric acid, superoxide) or the non-radicals (e.g.
hydrogen peroxide (H,O,), lipid peroxide) lead of damage
called oxidative damage to specific molecules with conse-
quential injury to cells or tissue (Atessahoiu et al., 2005).
Moreover, these radicals can damage cell membranes in-
ducing lipid peroxidation of polyunsaturated fatty acids
in the cell membranes and other complexes (Fang et al.,
2002). Malondialdehyde (MDA) is one of the final products
of lipid peroxidation. The concentration of MDA is the di-
rect evidence of toxic processes caused by free radicals.
Damaged lipids lead to rigid cell membranes; oxidized
cholesterol often leads to hardening of the arteries and
poorly repaired DNA chains lead to cell mutation (future
generation of cells) as implicated in cancer and aging (Ta-
las and Gulhan., 2009; Tatli Seven et al., 2009).

The increase of antioxidant enzyme activities and GSH may
be considered as a protective mechanism against heat-
induced free radical production and lipid peroxidation
(Tatli Seven et al., 2009). Moreover, a similar response
has been reported in many human diseases, in which MDA
concentrations increased concomitantly with an increase in
antioxidant enzyme activities. These increases in antioxi-
dant enzyme activities have been considered as a protec-
tive response against oxidative stress (Altan et al., 2003).

Propolis is a multifunctional material used by honeybees
in construction and maintenance of beehives (Banskota,
2000). Biological activities of propolis mainly depend upon
the presence of more than 300 compounds including fla-
vonoids, phenolics and their esters in particular (Seven et
al., 2010; Sforcin and Bankova, 2011). Chyrisin is one
of the propolis compounds which is has hepatoprotective
and antioxidant activities in rats (Sathiavelu et al., 2009).
Benzoic acid derivate exhibits antioxidant effects using
inhibition assays of luminol luminescence, 2, 2-diphenyl-
1-picrylhydrazyl, and lipoperoxidation. Particularly caffeic
acid, caffeoylquinic acid and cinnamic acid are effective
O2- scavenging activity (Christov et al., 2006; Nakajima
et al., 2007). Ethanolic propolis extract shows free radical
scavenging activity and used as a source of natural anti-
oxidant (Mohammadzaden et al., 2007). Dietary propo-
lis decreased lipid peroxidation and regulated antioxidant
enzymes activities in the broilers exposed to heat stress
(Tatli seven et al., 2009). Researchers suggest that propo-
lis and especially propolis in dose supplemented 3 mg/kg
diet might be considered to prevent oxidative stress in the
broilers exposed to heat stress (Tatli Seven et al., 2009).

Honey is composed of a complex mixture of carbohy-
drates, proteins, enzymes , amino and organic acids lipids,
vitamins, volatile chemicals, phenolic acids, flavonoids,

18 = INDIAN JOURNAL OF APPLIED RESEARCH



RESEARCH PAPER

carotenoid-like substances and minerals) all of which work
together to provide a synergistic antioxidant effect, scav-
enging and eliminating free radicals (Blasa et al., 2006 ;
Johnston et al., 2005). Its protective role against the kid-
ney dysfunctions induced by sodium nitrite, a known food
additives, hepatoprotective, hypoglycemic, reproductive,
antihypertensive, and of course antioxidant effects has
also been reported (Hassan, 2007 ; Erejuwa et al., 2012).

The main goal of the study was to explore the hepatopro-
tective effects of honey and propolis on carbon tetrachlo-
ride (CCl,) hepatptoxic model and understand the mecha-
nism of this protection.

Material and Methods

The present study was conducted on fifty female albino
Wistar rats, obtained from Helwan animal station, Ministry
of Health, Egypt. Animals were allowed to adapt for two
weeks and housed in animal house of Zoology Depart-
ment, Damietta faculty of Science, Damietta University,

Egypt.

Rats were divided into 5 groups each of 10 rats. Control
group: not injected with CCl, and considered normal con-
trol group. Oil group: injected with 0.5 ml/kg olive oil.
CCl, group: rats intraperitoneal injected with CCl, 0.5 ml/
kg body weight (5 mmol/kg body mass) mixed with same
volume of olive oil for three doses per week for 6 weeks.
CCl, &honey: group injected with CCl, and orally admin-
istered with honey 10% in drinking water once daily for 6
weeks. CCl, & propolis: group injected with CCl, and oral-
ly administered with propolis 200 mg/kg body weight once
daily for 6 weeks. At the end of 6" week, rats were sac-
rificed and whole blood, serum samples and liver tissues
were collected.

Biochemical parameters:

Determination of ALT, AST, GGT enzymes, albumin and to-
tal proteins kits were purchased from Diamond Co. (Cairo,
Egypt).Glutathione reduced (GSH), Glutathione peroxidase
(GP,) and malondialdyhide (MDA) kits were purchased
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from Biodiagnostics Co. (Cairo, Egypt).

Histopathological examination:

Liver tissues were collected and passed in ascending se-
rial dilutions of alcohol for dehydration. Specimens were
cleared in xylene and embedded in paraffin at 56 degree
in hot air oven for twenty four hours. Paraffin bees blocks
were prepared for sectioning at 4 microns by microtome.
The obtained tissue sections were collected on glass slides
deparaffinized and stained by hematoxylin and eosin (H&E)
stains for histopathological examination by light micro-
scope (Banchroft et al., 1996).

Statistical analysis:

Student t-test was performed using the statistical program
package, SPSS, version 14. Degrees of significance were as
follow P< 0.05 significant, P< 0.01 highly significant and P
< 0.001 extremely significant.

RESULTS

Serum activities of liver enzymes:

Table (1), showed that, the level of ALT and AST enzyme in
rats injected with CCl4 and treated with Honey and prop-
olis. The levels were increased significantly after injection
of rats with CCl,. After treatment with honey and propolis,
the levels were decreased significantly (p<0.05). The level
of GGT enzyme activity was increased in rats injected with
CCl, in comparing with normal rats. On the other hand,
the activity of GGT enzyme was decreased in rats injected
with CCl, and treated with Honey and propolis compared
with rats injected CCl, (P< 0.0001).

Serum levels of bilirubin, albumin and total proteins:
Table (1), showed Serum levels of bilirubin, albumin and
total proteins in rats injected with CCl, and treated with
honey and propolis compared with normal control (P<
0.0001). The level of bilirubin was increase while, albumin
and total proteins were decreased significantly after injec-
tion with CCl, but after treatment with honey and propolis,
the level increased again significantly (P< 0.0001).

Table (1): Effects of honey and propolis on biochemical indicators of some liver functions (Mean = SD).

Groups CCl,& P value
Control group  |Qil group CCl, group CCl,& propolis

Parameters honey
ALT(U/1) 43.7+10.5 43.3+14.3 72.5+13.7 68.5+15.0 53.3+15.3 < 0.0001
AST(U/1) 234.3+82.8 214.3+68.8 350.5+74.7 304.0£60 234.3+63.3 0.033
GGT(U/I) 10.6%2.0 10.8+0.8 33.0+4.0 22.4+55 24.0+7.8 <0.0001
T.Blirubin(mg/d) 0.64+0.10 0.67+0.14 0.93+0.7 0.71+0.1 0.69+0.12 < 0.0001
Albumin(g/dl) 7.0£1.6 7.4+1.0 4.1£0.3 4.7+0.4 4.5+0.1 < 0.0001
T.Protein(g/l) 8.6x1.2 9.1+0.8 6.6+1.0 7.0+0.7 7.3+0.5 < 0.0001

P< 0.05 significant, P< 0.01 highly significant and P < 0.001 extremely significant.

Serum levels of MDA and GSH

Table (2) showed Malondialdhyde level was increased sig-
nificantly in rats injected with CCl4 (P<0.05). After treat-
ment with Honey and Propolis, the level was decreased
compared with those rats injected with CCl4 (P<0.05).
ANOVA test showed extremely significant difference be-
tween groups under study (P< 0.0001). On the other
hand, the concentration of glutathione reduced (GSH)
was reduced significatly after injection of rats with CCl,
compared with that of the normal rats. The level was in-
ceased after treatment of honey and propolis. ANOVA test

showed extremely significant difference between groups
under study (P< 0.0001).

Serum level of GSH-P,

Table (2) showed Serum levels of glutathione peroxidase in
rats injected with CCl, and treated with honey and propo-
lis compared with normal control. The level of glutathione
peroxidase was decreased significantly after injection with
CCl,. However, no significant difference was observed after
treatment with honey and propolis (P= 0.130).

INDIAN JOURNAL OF APPLIED RESEARCH = 19



RESEARCH PAPER

Table (2): Effects of honey and propolis on blood MDA, GPx and GSH levels (Mean=SD).
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Groups . CCl,& . P value
Control group  |Oil group CCl, Group CCl,& propolis
Parameters Honey
GP, (mU/ml) 248.5x70.1 251.5%71.2 194.5+26.5 207.5%26.0 194.5+23.0 N.S.
GSH (mg/dl) 18.6+6.0 24.7+7.3 11.0+1.7 13.8x1.4 14.0+2.2 < 0.0001
MDA(nmol/ml) 22.0+4.3 24.8+4.4 41.8+2.9 31.8+4.0 29.1%2.2 < 0.0001

P< 0.05 significant, P< 0.01 highly significant and P < 0.001 extremely significant.

N.S.: Non-significant.
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Figure (1): (a) a patic tissues without treatment
and treated with olive oil respectively: Normal hepatic
with no histopathological changes. (c) Hepatic tissues
treated with CCIl, highly degree of coagulative necrosis
(N) with vacuolization (V). (d) Hepatic tissue of rats
treated with honey showing less necrosis and vacuoliza-
tion compared to (c). (e) Hepatic tissues of rats treated
with propolis show marked improvement than (d) x200
(H&E stains).

Discussion

The human body is exposed nowadays to increasing at-
tacks by toxic compounds in polluted air, industrially pro-
cessed foods, alcohol and drug consumption that increase
liver toxicity, leading to more and more severe cases of he-
patic disorders (Andritoin et al., 2014).

The focus of our interest was to assess the potential role
of honey and propolis in amelioration of CCl,-induced
hepatotoxicity in rat model. In the present study, there is
a significant increase in serum ALT, AST, total blirubin and
MDA levels accompanied with a significant decrease in
total protein, GSH and GSH-P, blood were found in rats
treated with CCl,. These results may indicate degenera-
tive changes and hypo function of liver (Abdel-Wahhab
and Aly., 2005; Adebajo et al., 2009) as well as hepatic
cell necrosis (Singh et al., 2005; Song et al., 2007) which
increase the release of ALT and AST in the blood stream
(Jaramillo-Juarez et al., 2008).

Furthermore, GSH-P, converts hydrogen peroxide or other
lipid hydroperoxides to water or hydroxyl lipids, and in this
process, GSH is converted to GSSG. To recycle GSSG, the

cell utilizes the enzyme GSH-Rd (Mate’s, 2000). Our re-
sults confirm this hypothesis through consumption of GSH-
P, after CCl, injection and re increased after administration
of honey and propolis.

In the present study, injection of CCl, significantly in-
creased MDA, product of lipid peroxidation, injection that
CCl, preferentially affects cell membrane (Abdel-Wahhab
et al., 2006). These results clearly showed that CCl, has a
harmful and stressful influence on the hepatic tissues con-
sistent with those reported in the previous literature (Chan-
dan et al.,, 2007; Song et al., 2007; Bhattacharjee and
Sil, 2007).

A previous study of Okutan et al., (2005), investigated
the effects of caffeic acid phenethyl ester (CAPE) which is
a component of propolis on lipid peroxidation and anti-
oxidant enzymes in diabetic rat heart. It's founded that in
untreated diabetic group, the SOD activities and CAT lev-
els have significantly decreased, while GSH-P, and GSH
activities was increased in the CAPE-treated diabetic rats
compared to those observed in untreated diabetic rats.
Moreover, The GSH-P, activities in blood, liver and kidneys
of heat stressed birds were significantly reduced, while
SOD, CAT and GSH were increased in blood. Also, this is
confirmed by Nakazawa et al., (1996) who postulate that
propolis supports liver metabolism under oxidative stress.
This may be explained by GSH-P, inhibition at increased
free radical levels in tissues causing liver damage. Also, on
the level liver tissues our results show marked regression
of coagulative necrosis and vacuolization after propolis ad-
ministrations more than after honey treatment.

It is well documented that honey contains a variety of phe-
nolics and represents a good source of antioxidants, which
makes it a good antioxidant additive and increases its us-
ability potential in ethno medicine (Beretta et al., 2005).
However, the phenolic contents of honey are well known
to be affected by the botanical origin (Martos et al.,
2000; Almaraz-Abarca and Campos, 2004, 2007). The
antioxidant activities of phenolics are related to a number
of different mechanisms, such as free radical-scavenging,
hydrogen-donation, singlet oxygen quenching, metal ion
chelation, and acting as a substrate for radicals such as
superoxide and hydroxyl. A direct relationship has been
found between the phenolic content and antioxidant ca-
pacity of plants (Robards et al., 1999; Al-Mamary et al.,
2002).

Conclusion

It could be concluded from the present results that honey
and propolis had a protective effects against hepatotoxic-
ity. These protective effects may have been related to their
antioxidant properties.
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