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Abstract
Background and Aim: Propolis has a protective effect against cellular damage caused by toxic agents such as drugs, 
metals, xenobiotics, and chemicals. The aim of this study was to investigate the antioxidant activity and the effect of 
ethanolic extract of propolis on carbon tetrachloride (CCl4)-induced oxidative stress on kidney and liver injury in rat.

Materials and Methods: The study quantified phenol, flavone, and flavonol in propolis and assessed antioxidant activity 
using 2, 2-diphenyl-1-picrylhydrazyl, ferric reducing antioxidant power, and molybdate. The investigators used four 
groups of rats to study the effect of propolis on CCl4-induced toxicity. Propolis extract was given orally (500 mg/kg) for 
12 days, and CCl4 (1 mL/kg) was administered intraperitoneally on day 5 of the experiment. Blood and tissue samples of 
the liver and kidney were collected on day 13 to measure biochemical and oxidative parameters. The parameters included 
malondialdehyde (MDA), protein carbonyl formation (PCO), advanced oxidation protein products (AOPP), catalase (CAT), 
glutathione peroxidase (GPx), reduced glutathione (GSH), and ascorbic acid (AA). Biochemical parameters included liver 
enzymes, blood urea (BU), creatinine, and uric acid (UA).

Results: CCl4 decreased antioxidant agents, including CAT, GPx, GSH, and AA in the liver and kidney tissues. The oxidative 
agents’ levels, including MDA, PCO, and AOPP, increased by CCl4 compared to the control group. CCl4 increased liver 
enzymes, UA, BU, and creatinine in the blood samples. Propolis significantly alleviated liver and kidney function, improved 
antioxidant parameters, and decreased levels of oxidative agents.

Conclusion: The data showed for the 1st time that Moroccan propolis has a protective effect against CCl4-induced kidney and 
liver toxicity by maintaining the activity of the antioxidant defense system, which was most likely due to its antioxidant activity.
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Introduction

Carbon tetrachloride (CCl4) is one of the most 
chemical substances widely used in the labora-
tory to induce experimental kidney and liver injury. 
Its toxicity is due to the generation of reactive free 
radicals, particularly trichloromethyl radical and tri-
chloromethyl peroxyl radicals, which interact with 
membrane lipids leading to organ damage [1,2]. 
Accordingly, the neutralization of free radicals gen-
erated by exogenous antioxidants such as Vitamin C, 
flavonoids, and polyphenols prevents liver and kid-
ney damage caused by CCl4 exposure [3,4]. We have 
recently found that propolis has a potent protective 

effect against paracetamol-induced liver and kidney 
damage [5]. Propolis is a sticky substance collected 
by honeybees on the buds of trees. The chemical com-
position of propolis is complex and influenced by the 
botanical origin, the harvest, and geographical ori-
gin  [6,7]. It contains various chemical compounds, 
including flavonoids, phenolic acids, steroids, pro-
teins, amino acids, vitamins, minerals, and inorganic 
compounds [7,8]. It has been shown that propolis 
collected from different areas has antioxidant and 
antimicrobial activities, antitumor, anti-inflamma-
tory, immunosuppressive, immunostimulant, wound 
healing, radioprotective, anti-diabetic, and anti-Alz-
heimer activities [5-7,9-14]. Propolis has a protective 
effect on kidney and liver injury [15,16]. Propolis 
extract decreases urinary protein excretion and alle-
viates liver and kidney function deterioration caused 
by ethylene glycol ingestion in rats [11]. Furthermore, 
another study revealed that propolis contains polyphe-
nols, including flavonoids, and demonstrates higher 
antioxidant activities than honey [13]. Propolis has 
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a protective effect against 2,3,7,8-tetrachlorodiben-
zo-p-dioxin-, acute septic shock, and CCl4-induced 
hepatic toxicity; the result was most likely due to 
anti-inflammatory and antioxidant properties [17-19].

The composition of propolis is mainly dependent 
on its geographical location; therefore, its biological 
characteristics are closely related to a collection site’s 
characteristic vegetation. Although propolis pro-
tects the kidney and liver exposed to various chem-
ical substances, its mechanism of action is not well 
understood. The significance of the study is to explore 
whether propolis collected from Morocco has a protec-
tive activity on liver and kidney injury caused by CCl4 
administration. The study aimed to evaluate the anti-
oxidant activity of the ethanolic extract of Moroccan 
propolis. Furthermore, the study investigated the pro-
tective effect of the propolis extract on CCl4-induced 
liver and kidney injury in rats and the impact of CCl4 
on the generation of oxidative stress.
Materials and Methods
Ethical approval

The Animal Facility and the Laboratory of 
Physiology-Pharmacology & Environmental Health, 
Faculty of Science, Sidi Mohamed Ben Abdallah 
University, Dhar Mahraz, Fez, Morocco provided 
ethical approval (USMBA-PPSE ACU2016-03). 
The study followed the international principles for 
laboratory animals’ use and care, as found in the 
guidelines [20].
Study period and location

The study was conducted in February 2017 
at the Laboratory of Toxicology-Microbiology and 
Environmental Health (UR11ES70), Faculty of 
Sciences of Sfax, Higher Institute of Biotechnology 
of Sfax, University of Sfax, Tunisia.
Hydro-alcoholic extract

The investigators collected propolis samples from 
Sidi Slimane city (West of Morocco). Propolis extract 
was prepared according to the method described by 
Miguel et al. [21]. One gram of the propolis sample 
was chopped into small pieces and extracted with 
30 mL of ethanol (70%), under agitation (200 rpm) 
for 96 h at room temperature (22°C±02), and then fil-
tered and evaporated until a constant volume using a 
rotavapor.
Bioactive compounds quantification

Total phenolic content was determined accord-
ing to the method described by Singleton and Rossi, 
with slight modifications [22]. Briefly, the technique 
included mixing 100 μL of an ethanolic extract of 
propolis or standard with 500 μL of Folin–Ciocalteu 
reagent solution for 6 min, and then 400 μL of 20% 
sodium carbonate solution were added to the mixture. 
The absorbance was measured at 760 nm after 2 h of 
incubation at 22°C±02. The total phenolic content was 
expressed as mg of gallic acid equivalents per 100 g of 
extract (mg GAE/100 g).

The flavone and flavonol content was quan-
tified according to the method described by Miguel 
et al.  [21]. Briefly, the technique included mixing 
500 mL of an ethanolic extract of propolis or standard 
with 500 mL 2% aluminum chloride-ethanol solution. 
The absorbance was measured at 420 nm after 1 h of 
incubation at 22±2°C. Quercetin was used as a stan-
dard, and the total content was expressed as mg quer-
cetin equivalents per 100 g of extract (mg QE/100 g).
Antioxidant activity evaluation

The radical scavenging activity of the prop-
olis extract against 2, 2-diphenyl-1-picrylhydrazyl 
(DPPH) free radical was measured using the method 
mentioned by Clarke et al. [23]. The method included 
mixing a 100 μL of ethanolic extract of propolis with 
825 μL of a 100 μM solution of DPPH radical pre-
pared in ethanol (96%). The absorbance of the solution 
was measured at 540 nm after 15 min of incubation 
in the dark at room temperature. The blank solution 
contained water instead of propolis extract was used. 
Several concentrations of samples were made. The 
half-maximal inhibitory concentration (IC50) (concen-
tration of sample able to scavenge 50% of DPPH free 
radical) was determined. The test was performed in 
triplicate.

The FRAP of the ethanolic extract of propo-
lis was determined using the method described by 
Saxena et al. [24]. The technique included mixing a 
100 μL of ethanolic extract of propolis with 250 μL 
of 0.2 M phosphate buffer (pH 6.6) and 250 μL of 1% 
potassium ferricyanide. The mixture was incubated at 
50°C for 20 min. Then, 250 μL of 10% trichloroacetic 
acid was added, and the mixture was centrifuged at 
4000× g for 10 min. The absorbance was measured 
at 700 nm against a blank solution containing water 
instead of propolis extract. The test was performed in 
triplicate.

The total antioxidant capacity of the ethanolic 
extract of propolis was evaluated by the phosphomo-
lybdenum method as described by Prieto et al. [25]. 
Briefly, the technique included mixing 0.2 mL of 
propolis with 2 mL of reagent solution (0.6 M sul-
furic acid, 28 mM sodium phosphate, and four mM 
ammonium molybdate solutions). The absorbance 
was recorded at 695 nm against a blank sample. The 
measurement was expressed as equivalents of ascor-
bic acid/gram of the extract. The test was performed 
in triplicate.
Animals and experimental design

The study included a total of 24 male rats weigh-
ing between 140 and 165 g. The rats were housed in 
cages at 25±1°C on a 12-h dark/light cycle, with free 
access to a diet and water ad libitum at the animal’s 
house, faculty of science of Sfax, Tunisia. The rats 
were divided into four experimental groups, six rats 
each, and treated as follows.
•	 Group 1 (Control); received distilled water 

(10 mL/kg.b.wt)
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•	 Group 2 (Propolis); treated with ethanolic extract 
of propolis at a dose of 500 mg/kg.b.wt/day

•	 Group 3 (CCl4); treated with CCl4 on the 5th day 
by intraperitoneal injection at 1 mL/kg. b.wt

•	 Group 4 (Propolis+ CCl4); treated with ethanolic 
extract of propolis (500 mg/kg.b.wt/day) and then 
received CCl4 on day 5 at 1 mL/kg.b.wt.
The distal water and propolis were used for 

12 days, and gavage was used to deliver the interven-
tions. CCl4 was injected intraperitoneally on day 5 after 
starting propolis or distal water treatment. Other stud-
ies used similar doses of propolis and CCl4  [26-28].
Blood and organ samples

On day 13, the fasted rats for 12 h were sacri-
ficed under ether anesthesia, and blood samples were 
collected from each animal, centrifuged at 3000 rpm 
for 15 min at 4C. The serum was isolated and stored at 
20°C until biochemical analysis. The kidney and liver 
organs were quickly removed, cleaned, and washed in 
ice-cold saline solution. Each organ was finely minced 
and homogenized in phosphate buffer (0.1 M; pH 7.4) 
and centrifuged at 8000 g for 20 min at 4C. The super-
natant was used to assay the oxidant parameters.
Blood and biochemical analyses

Alanine transaminase (ALT), aspartate trans-
aminase (AST), alkaline phosphatase (ALP), creati-
nine, blood urea (BU), and uric acid (UA) levels were 
assessed by enzymatic methods using commercial 
reagent kits from Biomaghreb (Ariana Tunis, Tunisia).
Oxidative stress analysis in kidney and liver

Malondialdehyde (MDA) in the kidney and 
liver tissues was determined according to the method 
of Draper and Hadley [29]. The procedure included 
the spectrophotometric measurement of the color that 
occurred during the thiobarbituric acid reaction with 
MDA. The absorbance of the thiobarbituric acid-
MDA complex was determined at 532 nm, and the 
content of MDA (nmol/g wet tissue) was calculated 
using tetraethoxypropane (standard).

Protein carbonyl formation (PCO) level in the 
kidney and liver tissues was measured according to 
the method of Reznick and Packer [30]. The princi-
ple of the assay involved the reaction between pro-
tein carbonyl and dinitrophenylhydrazine to form a 
2,4-dinitrophenyl hydrazone product, which displays 
a maximum absorbance at around 370 nm. The con-
centration of protein carbonyls (nmol/mg protein) was 
calculated, using the molar extinction coefficient of 
DNPH, e = 22,000 M-1 cm-1.

Advanced oxidation protein products (AOPP) 
level in the kidney and liver tissues was determined 
according to the method of Witko et al. [31]. AOPP 
concentration was expressed as micromoles per liter 
of chloramine-T equivalents.
Measurement of antioxidants in the kidney and liver

Catalase (CAT) activity was estimated accord-
ing to Aebi [32]. A decrease in absorbance due to 

hydrogen peroxide (H2O2) degradation was monitored 
spectrophotometrically at 240 nm for 1 min, and the 
activity was calculated in terms of nmol H2O2 con-
sumed/min/mg of protein.

Glutathione peroxidase (GPx) activity was mea-
sured according to the method described by Flohé and 
Günzler [33]. The action was expressed as nmoles of 
reduced glutathione (GSH) oxidized/min/mg protein.

GSH was measured by a spectrophotomet-
ric method using 5,5-dithiobis-2-nitrobenzoic acid, 
according to Ellman [34]. The assay depended on 
developing a yellow color when 5,5-dithiobis-2-ni-
trobenzoic acid was added to the compound contain-
ing sulfhydryl groups. The absorbance was measured 
at 412 nm, and total GSH content was expressed as 
micromoles per gram of tissue.

The ascorbic acid in the liver and kidney homog-
enates was determined by the spectrophotometric 
method of Jacques‐Silva et al. [35] using dinitrophe-
nyl-hydrazine. The absorbance was measured using 
a spectrophotometer at 520 nm, and the results were 
expressed as μmol/g tissue. All experimental investi-
gations followed the BCPT policy for experimental 
and clinical trials [36].
Statistical analysis

Values were expressed as mean±standard devia-
tion. Significant differences between treatment effects 
were determined using a t-test and one-way analysis 
of variance, followed by Tukey’s multiple comparison 
tests.
Results
Total phenol, flavones, and flavanols content and 
antioxidant activity of propolis

The total phenolic content of the ethanolic extract 
of propolis was 1991.6 mg GAE/100 g. Flavones and 
flavanols contents were 328.3 mg QE/100 g of the prop-
olis extract. The total antioxidant activity of propolis 
extract was 243.5±4.7 mg AAE/g. For antiradical power 
assessment, the IC50 was 38.1±23 μg/mL with the FRAP, 
and the IC50 was 33.1±0.9 μg/mL with the DPPH.
The effect of propolis in CCl4 induced hepato-renal 
toxicity

In the CCl4 treated group, CCl4 caused a signifi-
cant elevation of ALT, AST, ALP, creatinine, BU, and 
UA compared to the control group (Table-1). There 
was no significant difference between the propolis 
treated group and the control group, except the con-
siderable lowering of AST caused by propolis com-
pared to the control. Interestingly, CCl4 did not cause 
significant changes in the parameters compared to 
the control group with concomitant administration of 
propolis. Furthermore, propolis caused a considerable 
amelioration of all parameters compared to the CCl4 
treated group.
The effect of propolis and CCl4 on oxidant and antiox-
idant parameters in kidney

In the CCl4 treated group, CCl4 caused a sig-
nificant elevation of kidney MDA, PCO, and AOPP 



Veterinary World, EISSN: 2231-0916 3079

Available at www.veterinaryworld.org/Vol.14/December-2021/1.pdf

compared to the control group (Table-2). There was 
no significant difference in MDA, PCO, and AOPP in 
the kidney tissue between the propolis treated and con-
trol groups. Interestingly, when the rats were treated 
with propolis, CCl4 did not cause significant changes 
in the kidney MDA, PCO, and AOPP compared to 
the control. However, propolis caused a considerable 
amelioration of all the oxidative parameters measured 
in the kidney tissues compared to the CCl4 treated 
group. Regarding antioxidant parameters, propolis 
did not cause significant changes in CAT, GSH, and 
ascorbic acid (AA); however, it caused a statistically 
significant elevation of GPx compared to the control 
group. CCl4 caused a statistically significant lowering 
of CAT, GSH, GPx, and AA (p<0.05). Interestingly, 
propolis caused a considerable amelioration of CCl4-
induced deterioration of antioxidant parameters.
The effect of propolis and CCl4 on oxidant and antiox-
idant parameters in liver

In the CCl4 treated group, CCl4 caused a sig-
nificant elevation of liver MDA, PCO, and AOPP 
compared to the control group (Table-3). There was 
no significant difference between the propolis treated 
group and the control group in MDA, PCO, and AOPP. 
Interestingly, when the rats were treated with propo-
lis, CCl4 did not cause a significant elevation in the 
liver MDA, PCO, and AOPP compared to the control. 
Furthermore, propolis caused a considerable amelio-
ration of all oxidative parameters measured in the liver 
tissues compared to the CCl4 treated group. Regarding 
antioxidant parameters, propolis did not cause statis-
tically significant changes in GSH, but it significantly 

increased CAT, GPX, and AA. CCl4 caused a statisti-
cally significant lowering of CAT, GSH, GPx, and AA 
(p<0.05). Propolis caused a considerable amelioration 
of CCl4-induced deterioration of antioxidant parame-
ters in the liver tissue.
Comparison between liver and kidney oxidant and 
antioxidant parameters

In the control rats, the kidney content of MDA, 
AOPP, and GPX was significantly higher than liver 
(p<0.05) (Table-4). Propolis caused a significant ele-
vation of GPx in the kidney tissue and CAT, AA, and 
GPx in the liver tissue (Tables-2 and 3). CCl4 caused a 
statistically significant lowering of CAT, GSH, GPX, 
and AA in the kidney and liver tissues. However, the 
concomitant administration of the propolis with the 
CCl4 significantly ameliorated the level of CAT, GSH, 
GPX, and AA in both kidney and liver tissues com-
pared to the CCl4 treated groups (p<0.05).
Discussion

The data presented demonstrated for the 1st time 
that Moroccan propolis exhibits a considerable pro-
tective effect against CCl4-induced liver and kidney 
damage and significantly improves the deterioration 
in the antioxidant defense system in the kidney and 
liver caused by CCl4 administration (Figure-1). The 
chemical analysis showed that the ethanolic extract 
of propolis contains a high content of flavones, fla-
vanols, and phenolic compounds and has significant 
antioxidant activity.

The antioxidant content is different in differ-
ent propolis samples. We have found that Moroccan 

Table-1: Effect of propolis on CCl4-induced hepato-renal toxicity.

Variables Interventions F/p-value

Control CCl4 Propolis Propolis+CCl4

Alanine transaminase (U/L) 30.3±3.8 55.6±6.7* 29.4±3.8# 36.4±4.8# 36.81/0.00
Aspartate transaminase (U/L) 73.1±7.7 126.4±7.3* 55.6±1.9*# 59.9±5.8# 110/0.00
Alkaline phosphatase (U/L) 222.2±19.4 374.7±17.6* 245.2±16.1# 269.5±19.4# 83/0.00
Creatinine (mg/dL) 65.2±6.9 127.5±11.3* 73.1±10.9# 74.7±7.4# 56.42/0.00
Blood urea (mg/dL) 48.8±4.8 78.0±8.8* 54.6±4.4# 55.9±5.1# 26.22/0.00
Uric acid (mg/dL) 2.4±0.3 3.9±0.4* 2.0±0.3# 2.5±0.3# 38.32/0.00

*p<0.05 compared to the control group, #p<0.05 compared to the CCl4 group. CCl4=Carbon tetrachloride

Table-2: Effect of the interventions on the oxidative parameters in the kidney of rats.

Variables in the kidney Interventions F/p-value

Control Propolis CCl4 Propolis+CCl4

Malondialdehyde (nmol/g tissue) 79.39±8.92  88.38±6.89 144.03±12.88* 116.02±13.28*# 45/0.00
Protein carbonyl 
formation (µmol/mg prot)

4.76±0.40 4.40±0.54 7.33±0.53* 5.52±0.68# 37/0.00

Advanced oxidation protein products 
(nmol/mg prot)

0.29±0.05 0.22±0.02* 0.40±0.05* 0.31±0.02# 22/0.00

Catalase (mmol H2O2/mg prot) 8.06±0.56 7.61±0.84 4.95±0.23* 5.80±0.26*# 45/0.000
Glutathione peroxidase (nmol GSH/
min/mg prot)

26.25±3.72 31.70±3.8* 18.67±1.24* 26.13±2.11# 20.28/0.00

GSH (mg/g tissue) 7.80±0.19 8.90±0.86 5.23±0.99* 7.80±0.85# 23.48/0.00
Ascorbic acid (mg/g tissue) 164.83±8.23 162.55±14.82 109.32±8.42* 143.12±8.83*# 35.9/0.00

*p<0.05 compared to the control group, #p<0.05 compared to the CCl4 group. CCl4=Carbon tetrachloride, GSH=Reduced 
glutathione
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propolis collected from another area of Morocco 
(Outat El Haj) contains a lesser quantity of phenols 
(871.4±17.1 mg GAE100/g) and a higher amount of 
flavone and flavonol (378.3±11 mg QE/g) [37]. The 
total phenolic content in Egyptian propolis extracts 
was 137.52±0.003 μg GAE/g, in Chinese propolis 
was 123.08±0.005 μg GAE/g, and in Finnish propolis 
ranges from 79.8 to 156.3 μg/g [38,39]. In Portugal, the 
total phenol content was 329.00 mg GAE/g in Bornes 
and 151.00 mg GAE/g in Fundao [40]. Therefore, 
the total phenolic content in Moroccan propolis was 

higher than Egyptian, Finnish, Chinese, and Thailand 
propolis.

The results showed that CCl4 causes significant 
damage in the liver and kidney, which was evident by 
the elevation of liver enzymes and kidney function 
parameters. These changes are most likely related to 
the deterioration of the antioxidant system observed 
in the CCl4-treated rats. Furthermore, the decrease 
in the antioxidant parameters encountered after CCl4 
administration might be due to the overuse of the anti-
oxidants by liver and kidney cells to eliminate free 
radicals [41]. The pretreatment of rats by propolis 
enhanced antioxidant activity and might make it more 
effective in removing free radicals.

CCl4 is a toxic substance used to induce liver 
and kidney damage in rats using the cytochrome 
P-450 system to produce trichloromethyl free rad-
ical (CCl3)  [42]. The free radical combines with 
cellular lipids and proteins, leading to cellular dam-
age. Although the mechanism of CCl4 renal toxicity 
is almost the same as that of the liver, CCl4 shows a 
higher affinity to the kidney cortex, which is rich in 
cytochrome P-450 [43]. The pathology of liver dam-
age includes inflammation, necrosis, and fibrosis [44]. 
Oxidative stress causes cytokine release, cyclooxy-
genase-2, and interleukin-6, which plays an essential 
role in liver damage [45].

CCl4 caused a significant increase in ALT, AST, 
ALP, creatinine, BU, and UA, and the previous stud-
ies showed a similar effect [46,47]. It is well-known 
that a high plasma level of liver enzymes indicates 

Table-3: Effect of the interventions on the oxidative parameters in the liver of rats.

Variables in the liver Interventions F/p-value

Control Propolis CCl4 Propolis + CCl4

Malondialdehyde (nmol/g tissue) 64.03 ± 6.65 29.23 ± 1.74* 93.04 ± 8.86* 44.50 ± 6.83 108/0.00
Protein carbonyl formation 
(µmol/mg prot)

4.26 ± 0.55 3.44 ± 0.14* 7.14 ± 0.84* 2.75 ± 0.11*# 84.4/0.00

Advanced oxidation protein 
products (nmol/mg prot)

0.05 ± 0.00 0.04 ± 0.01* 0.08 ± 0.02* 0.05 ± 0.01# 12/0.00

Catalase (mmol H2O2/mg prot) 8.17 ± 1.16 12.14 ± 1.50* 3.72 ± 0.61* 10.50 ± 1.16*# 51.7/0.00
Glutathione peroxidase (nmol 
GSH/min/mg prot)

2.48 ± 0.15 3.13 ± 0.35* 1.90 ± 0.10* 2.78 ± 0.17# 33.3/0.00

GSH (mg/g tissue) 7.10 ± 1.59 8.62 ± 1.30 3.90 ± 0.02* 6.56 ± 1.04# 17.5/0.00
Ascorbic acid (mg/g tissue) 165.22 ± 7.41 189.28 ± 9.98* 113.38 ± 11.99* 150.49 ± 6.93*# 71.1/0.00

*p < 0.05 compared to the control group, #p < 0.05 compared to the CCl4 group. CCl4 = Carbon tetrachloride, 
GSH = Reduced glutathione

Table-4: Comparison between liver and kidney content of oxidative stress parameters in the control.

Variables Organs p-value

Kidney Liver

Malondialdehyde (nmol/g tissue) 79.39±8.92 64.03±6.65* 0.007
Protein carbonyl formation (µmol/mg prot) 4.76±0.40 4.26±0.55 0.101
Advanced oxidation protein products (nmol/mg prot) 0.29±0.05 0.05±0.00* 0.0001
Catalase (µmol H2O2/mg prot) 8.06±0.56 8.17±1.16 0.853
Glutathione peroxidase (nmol GSH/min/mg prot) 26.25±3.72 2.48±0.15* 0.001
GSH (µg/g tissue) 7.80±0.19 7.10±1.59 0.283
Ascorbic acid (µg/g tissue) 164.83±8.23 165.22±7.41 0.769

*p<0.05 compared to the kidney content of oxidative stress parameters in the control. GSH=Reduced glutathione

Figure-1: The main effect of propolis in carbon tetrachlo-
ride toxicity [Figure prepared by Ahmed Al-Waili].
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cellular liver damage [48]. Inflammation and cyto-
kines, TNF-α and IL-1β, play a role in CCl4-induced 
hepatic injury [49,50]. The use of anti-TNF-α anti-
bodies attenuates hepatic damage [51]. Furthermore, 
CCl4 increased the infiltration of macrophages and 
neutrophils during hepatocyte injury [52]. These stud-
ies showed the importance of the inflammatory pro-
cess in liver damage caused by CCl4.

CCl4 increased oxidative stress and caused cellu-
lar death in vitro [53]. Elevation of oxidative param-
eters such as MDA (lipid peroxidation marker) and 
lowering of SOD and CAT cause kidney and liver 
injury [54,55]. Furthermore, the impairment of the 
antioxidative defense system by CCl4 causes liver 
injury by oxidizing the cell’s membrane [56,57]. 
SOD is an enzyme that catalyzes the superoxide rad-
ical to oxygen and H2O2, and scavenges superoxide 
anion free radicals, and protects cells. Another study 
found that CCl4 diminished the activity of SOD [55]. 
Myeloperoxidase, which represents the function of 
polymorphonuclear neutrophils, induces the gener-
ation of free radicals by producing hypochlorite by 
H2O2 and chloride ion causing cellular damage [58]. 
CCl4 increases myeloperoxidase [55]. Increased GSH/
GSSG ratio maintains immune function and detox-
ification [59]. The present data demonstrate that 
Moroccan propolis significantly ameliorates the ele-
vation of the antioxidant parameters and shows the 
beneficial effect of propolis in the prevention of hepa-
to-renal damage.

The administration of CCl4 increased MDA, PCO, 
and AOPP levels in the liver and kidney tissues, which 
agrees with the previous studies [5,60]. MDA eleva-
tion in the kidney and liver tissues indicated an eleva-
tion of lipid peroxidation, which lowered the activity 
of antioxidant enzymes [61]. However, treatment by 
propolis significantly decreased the MDA concentra-
tion in the kidney and liver tissues. Furthermore, prop-
olis restoring the antioxidant parameters in the renal 
and hepatic tissues might prevent CCl4 tissue from 
being damaged by its antioxidative capacity.

CCl4 significantly lowered antioxidant parame-
ters, including CAT, GPx, AA, and GSH in the kid-
ney and liver tissues. These findings are in agreement 
with the other studies [42,62]. The use of propolis 
alleviated the deterioration of antioxidant parame-
ters caused by CCl4. Flavonoids might cause direct 
capture of reactive oxygen species, chelate transition 
metals such as iron and copper, or inhibit the activity 
of enzymes responsible for the production of reactive 
oxygen species [63].

The mechanism of action of propolis is most 
likely due to antioxidant capacity and anti-inflamma-
tory activity. It decreased oxidative stress markers as 
well as enhanced antioxidant enzymatic and nonenzy-
matic parameters. These effects might be due to a large 
amount of flavonoid and phenol compounds present 
in propolis. The antioxidant enzymes, CAT and PGx, 
scavenge the free radicals, and propolis enhances the 

activity. Chrysin, a flavonoid that presents in propo-
lis, inhibits TNF-α-converting enzyme activity and 
the inflammation in CCl4-induced liver toxicity [64]. 
Pinocembrin, a flavanol found in propolis, has anti-in-
flammatory and antioxidant effects, enhances the 
antioxidant defense system, modulates NF-κB and 
TGF-β1/Smad signaling pathway, and activates Nrf2-
mediated HO-1 expression [65].
Conclusion

Moroccan propolis is a promising source of bio-
active compounds such as phenolic acid and flavo-
noids. It has a high antioxidant activity and a signifi-
cant protective effect against liver and kidney damage 
caused by the CCl4. Although the exact mechanism 
of its impact is not fully understood, the mechanism 
could involve reinforcing the enzymatic and nonenzy-
matic antioxidant defense system.
Authors’ Contributions

RE, ZK, MM, and BL: Designed the experi-
mental protocols and participated in the experimental 
work and writing of the manuscript. NA: Analyzed the 
data and results and wrote the manuscript. AA: Did 
the statistical analysis. All authors read and approved 
the final manuscript.
Acknowledgments

New York Medical Care for Nephrology, 
New York, USA, provided financial support for the 
cost of the publication (Grant NYMCN-2-20-21).
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Zangar, R.C., Benson, J.M., Burnett, V.L. and Springer, D.L. 

(2000) Cytochrome P450 2E1 is the primary enzyme 
responsible for low-dose carbon tetrachloride metabolism 
in human liver microsomes. Chem. Biol. Interact., 125(3): 
233-243.

2. Xie., Y., Hao, H., Wang, H., Guo, C., Kang, A. and Wang, G. 
(2014) Reversing effects of lignans on CCl4-induced hepatic 
CYP450 downregulation by attenuating oxidative stress. J. 
Ethnopharmacol., 155(1): 213-221.

3. Wu, Y., Wang, F., Zheng, Q., Lu, L., Yao, H., Zhou, C., 
Wu, X. and Zhao, Y. (2006) Hepatoprotective effect of 
total flavonoids from Laggera alata against carbon tetra-
chloride-induced injury in primary cultured neonatal rat 
hepatocytes and in rats with hepatic damage. J. Biomed. 
Sci., 13(4): 569-578.

4. Pavanato, A., Tuñón, M.J., Sánchez-Campos, S., 
Marroni, C.A., Llesuy, S., González-Gallego, J. and 
Marroni, N. (2003) Effects of quercetin on liver damage in 
rats with carbon tetrachloride-induced cirrhosis. Dig. Dis. 
Sci., 48(4): 824-829.

5. El-Haskoury, R., Al-Waili, N., Kamoun, Z., Makni, M., 
Al-Waili, H. and Lyoussi, B. (2018) Antioxidant activity 



Veterinary World, EISSN: 2231-0916 3082

Available at www.veterinaryworld.org/Vol.14/December-2021/1.pdf

and protective effect of carob honey in CCL4-induced kid-
ney and liver injury. Arch. Med. Res., 49(5): 306-313.

6. Seidel, V., Peyfoon, E., Watson, D.G. and Fearnley, J. (2008) 
Comparative study of the antibacterial activity of propolis 
from different geographical and climatic zones. Phytother. 
Res., 22(9): 1256-1263.

7. Touzani, S., Al-Waili, N., El Menyiy, N., Filipic, B., 
Pereyra, A., El Arabi, I., Al-Waili, W. and Lyoussi, B. 
(2018) Chemical analysis and antioxidant content of vari-
ous propolis samples collected from different regions and 
their impact on antimicrobial activities. Asian Pac. J. Trop. 
Med., 11(5): 436-442.

8. El-Guendouz, S., Lyoussi, B., Miguel, M.G. and 
Figueiredo, A.C. (2018) Characterization of volatiles from 
Moroccan propolis samples. J. Essential Oil Res., 31(1): 
27-33.

9. Ishida, Y., Gao, R., Shah, N., Bhargava, P., Furune, T., 
Kaul, S.C., Terao, K. and Wadhwa, R. (2018) Anticancer 
activity in honeybee propolis: Functional insights to the role 
of caffeic acid phenethyl ester and its complex with γ-cyclo-
dextrin. Integr. Cancer Ther., 17(3): 867-873.

10. Al-Waili, N. (2018) Mixing two different propolis samples 
potentiates their antimicrobial activity and wound healing 
property: A novel approach in wound healing and infection. 
Vet. World, 11(8): 1188-1195.

11. El Menyiy, N., Al Waili, N., Bakour, M., Al-Waili, H. and 
Lyoussi, B. (2016) Protective effect of propolis in protein-
uria, crystaluria, nephrotoxicity and hepatotoxicity induced 
by ethylene glycol ingestion. Arch. Med. Res., 47(7): 
526-534.

12. Al-Waili, N., Al-Ghamdi, A., Ansari, M.J., Al-Attal, Y. and 
Salom, K. (2012) Synergistic effects of honey and prop-
olis toward drug multi-resistant Staphylococcus aureus, 
Escherichia coli and Candida albicans isolates in single 
and polymicrobial cultures. Int. J. Med. Sci., 9(9): 793-800.

13. El-Guendouz, S., Al-Waili, N., Aazza, S., Elamine, Y., 
Zizi, S. and Al-Waili, T. (2017) Antioxidant and diuretic 
activity of co-administration of Capparis spinosa honey 
and propolis in comparison to furosemide. Asian Pac. J. 
Trop. Med., 10(10): 974-980.

14. Aldahmash, B.A., El-Nagar, D.M. and Ibrahim, K.E. (2016) 
Reno-protective effects of propolis on gentamicin-induced 
acute renal toxicity in Swiss albino mice. Nefrologia, 36(6): 
643-652.

15. da Costa, M.F., Libório, A.B., Teles, F., Martins, Cda. S., 
Soares, P.M. and Meneses, G.C. (2015) Red propolis 
ameliorates ischemic-reperfusion acute kidney injury. 
Phytomedicine, 22(9): 787-795.

16. Singla, S., Kumar, N.R. and Kaur, J. (2014) In vivo studies 
on the protective effect of propolis on doxorubicin-induced 
toxicity in liver of male rats. Toxicol. Int., 21(2): 191-195.

17. Türkez, H., Yousef, M.I. and Geyikoglu, F. (2012) Propolis 
protects against 2,3,7,8-tetrachlorodibenzo-p-dioxin-in-
duced toxicity in rat hepatocytes. Food. Chem. Toxicol., 
50(6): 2142-2148.

18. Korish, A. and Arafa, M. (2011) Propolis derivatives inhibit 
the systemic inflammatory response and protect hepatic and 
neuronal cells in acute septic shock. Braz. J. Infect. Dis., 
15(4): 332-338.

19. Bhadauria, M. (012) Propolis prevents hepatorenal injury 
induced by chronic exposure to carbon tetrachloride. Evid. 
Based. Complement. Alternat. Med., 2012 : 235358.

20. Close, B., Banister, K., Baumans, V., Bernoth, E.M., 
Bromage, N., Bunyan, J., Erhardt, W., Flecknell, P., 
Gregory, N. and Hackbarth, H. (1996) Recommendations 
for euthanasia of experimental animals: Part 1. Laborat. 
Animals, 30(4): 293-316.

21. Miguel, M.G., Nunes, S., Dandlen, S.A., Cavaco, A.M. and 
Antunes, M.D. (2010) Phenols and antioxidant activity of 
hydro-alcoholic extracts of propolis from Algarve, South of 
Portugal. Food. Chem. Toxicol., 48(12): 3418-3423.

22. Singleton, V.L. and Rossi, J.A. (1965) Colorimetry of total 

phenolics with phosphomolybdic-phosphotungstic acid 
reagents. Am. Enol. Viticult., 16(3): 144-158.

23. Clarke, G., Ting, K.N., Wiart, C. and Fry, J. (2013) High 
correlation of 2, 2-diphenyl-1-picrylhydrazyl (DPPH) rad-
ical scavenging, ferric reducing activity potential and total 
phenolics content indicates redundancy in use of all three 
assays to screen for antioxidant activity of extracts of plants 
from the Malaysian rainforest. Antioxidants, 2(1): 1-10.

24. Saxena, S., Gautam, S. and Sharma, A. (2010) Physical, 
biochemical and antioxidant properties of some Indian hon-
eys. Food. Chem., 118(2): 391-397.

25. Prieto, P., Pineda, M. and Aguilar, M. (1999) 
Spectrophotometric quantitation of antioxidant capacity 
through the formation of a phosphomolybdenum complex: 
Specific application to the determination of Vitamin E. 
Anal. Biochem., 269(2): 337-341.

26. Tanaka, M., Kanazashi, M., Maeshige, N., Kondo, H., 
Ishihara, A. and Fujino, H. (2019) Protective effects of 
Brazilian propolis supplementation on capillary regression 
in the soleus muscle of hindlimb-unloaded rats. J. Physiol. 
Sci., 69(2): 223-233.

27. de Barros, M.P., Sousa, J.P., Bastos, J.K. and de Andrade, S.F. 
(2007) Effect of Brazilian green propolis on experimental 
gastric ulcers in rats. J. Ethnopharmacol., 110(3): 567-571.

28. Alayunt, N., Aksoy, L., Karafakioğlu, S. and Sevimli, S. 
(2019) Assessment of anti-inflammatory and antioxidant 
properties of safranal on CCI4-induced oxidative stress 
and inflammation in rats. An. Acad. Bras. Cienc., 91(2): 
e20181235.

29. Draper, H.H. and Hadley, M. (1990) Malondialdehyde 
determination as index of lipid peroxidation. Methods 
Enzymol., 186: 421-431.

30. Reznick, A.Z. and Packer, L. (1994) Oxidative damage to 
proteins: Spectrophotometric method for carbonyl assay. 
Methods Enzymol., 233: 357-363.

31. Witko, V., Nguyen, A.T. and Descamps‐Latscha, B. (1992) 
Microtiter plate assay for phagocyte‐derived Taurine‐chlo-
ramines. J. Clin. Lab. Anal., 6(1): 47-53.

32. Aebi, H. (1984) Catalase in vitro. Methods Enzymol., 
105: 121-126.

33. Flohé, L. and Günzler, W.A. (1984) Assays of glutathione 
peroxidase. Methods Enzymol., 105: 114-120.

34. Ellman, G.L. (1959) Tissue sulfhydryl groups. Arch. 
Biochem. Biophys., 82(1): 70-77.

35. Jacques‐Silva, M.C., Nogueira, C.W., Broch, L.C., 
Flores, É.M. and Rocha, J.B.T. (2001) Diphenyl disele-
nide and ascorbic acid changes deposition of selenium 
and ascorbic acid in liver and brain of mice. Pharmacol. 
Toxicol., 88(3): 119-125.

36. Tveden‐Nyborg, P., Bergmann, T.K. and Lykkesfeldt, J. 
(2018) Policy for experimental and clinical studies. Basic 
Clin. Pharmacol. Toxicol., 123(3): 233‐235.

37. El Menyiy, N., Al-Wali, N., El Ghouizi, A., El-Guendouz, S., 
Salom, K. and Lyoussi, B. (2019) Potential therapeutic 
effect of Moroccan propolis in hyperglycemia, dyslipid-
emia, and hepatorenal dysfunction in diabetic rats. Iran. J. 
Basic. Med. Sci., 22(11): 1331-1339.

38. El Sohaimy, S. and Masry, S. (2014) Phenolic content, 
antioxidant and antimicrobial activities of Egyptian and 
Chinese Propolis. Am. Eur. J. Agric. Environ. Sci., 14(10): 
1116-1124.

39. Ahn, M., Kumazawa, S., Usui, Y., Nakamura, J., 
Matsuka, M., Zhu, F. and Nakayama, T. (2007) Antioxidant 
activity and constituents of propolis collected in various 
areas of China. Food. Chem., 10(14): 1383-1392.

40. Moreira, L., Dias, L.G., Pereira, A.J. and Estevinho, L. 
(2008) Antioxidant properties, total phenols and pollen 
analysis of propolis samples from Portugal. Food. Chem. 
Toxicol., 46(11): 3482-3485.

41. Shukla, S. (2005) Evaluation of hepatoprotective potential 
of propolis extract in carbon tetrachloride-induced liver 
injury in rats. Ind. J. Biochem. Biophys., 42(5): 321-325.



Veterinary World, EISSN: 2231-0916 3083

Available at www.veterinaryworld.org/Vol.14/December-2021/1.pdf

42. Khan, R.A., Khan, M.R. and Sahreen, S. (2013) Attenuation 
of CCl4-induced hepatic oxidative stress in rat by Launaea 
procumbens. Exp. Toxicol. Pathol., 65(3): 319-326.

43. Jaramillo-Juárez, F., Rodríguez-Vázquez, M.L., Rincón-
Sánchez, A.R., Martínez, M.C., Ortiz, G.G., Llamas, J., 
Posadas, F.A. and Reyes, J.L. (2008) Acute renal failure 
induced by carbon tetrachloride in rats with hepatic cirrho-
sis. Ann. Hepatol., 7(4): 331-338.

44. Manibusan, M., Odin, M. and Eastmon, D. (2007) Postulated 
carbon tetrachloride mode of action: A review. J. Environ. 
Sci. Health C Environ. Carcinog. Ecotoxicol. Rev., 25(2): 
185-209.

45. Kamel, R. and El Morsy, E. (2013) Hepatoprotective effect 
of methylsulfonylmethane against carbon tetrachloride-in-
duced acute liver injury in rats. Arch. Pharmacol. Res., 
36(10): 1140-1148.

46. Makni, M., Chtourou, Y., Garoui, E., Boudawara, T. and 
Fetoui, H. (2012) Carbon tetrachloride-induced nephrotox-
icity and DNA damage in rats: Protective role of vanillin. 
Hum. Exp. Toxicol., 31(8): 844-852.

47. Shittu, O.K., Lawal, B., Haruna, G.M, Berinyuy, E.B., 
Yusuf, A.A. and Ibrahim, A.M. (2015) Hepato-curative 
effects of methanol extract from Nigeria bee propolis in car-
bon tetrachloride (CCL4) Intoxicated rat. Eur. J. Biotechnol. 
Biosci., 3(1): 12-16.

48. Rong, S., Zhao, Y., Bao, W., Xiao, X., Wang, D. and 
Nussler, A.K. (2012) Curcumin prevents chronic alco-
hol-induced liver disease involving decreasing ROS gener-
ation and enhancing antioxidative capacity. Phytomedicine, 
19(6): 545-550.

49. Yu, H., Zheng L., Yin, L., Xu, L., Qi, Y. and Han, X. (2014) 
Protective effects of the total saponins from Dioscorea nip-
ponica Makino against carbon tetrachloride-induced liver 
injury in mice through suppression of apoptosis and inflam-
mation. Int. Immunopharmacol., 19(2): 233-244.

50. Shin, D.S., Kim, K.W., Chung, H.Y., Yoon S. and Moon J.O. 
(2013) Effect of sinapic acid against carbon tetrachlo-
ride-induced acute hepatic injury in rats. Arch. Pharm. Res., 
36(5): 626-633.

51. Sato, A., Nakashima, H., Nakashima, M., Ikarashi, M., 
Nishiyama, K. and Kinoshita M. (2014) Involvement of 
the TNF and FasL produced by CD11b kupffer cells/mac-
rophages in CCl4-induced acute hepatic injury. PLoS One, 
9(3): e92515.

52. Antoniades, C.G., Berry, P.A., Wendon, J.A. and Vergani, D. 
(2008) The importance of immune dysfunction in deter-
mining outcome in acute liver failure. J. Hepatol., 49(5): 
845-861.

53. Hamza, A.A., Lashin, F.M., Gamel, M., Hassanin, S.O., 
Abdalla, Y. and Amin, A. (2020) Hawthorn herbal preparation 

from Crataegus oxyacantha attenuates in vivo carbon tetra-
chloride-induced hepatic fibrosis via modulating oxidative 
stress and inflammation. Antioxidants, 9(12): 1173.

54. Hu, T.M., Lee, R.P., Lee, C.J., Subeq, Y.M., Lin, N.T. 
and Hsu, B.G. (203) Heavy EtOH intoxication increases 
proinflammatory cytokines and aggravates hemorrhagic 
shock-induced organ damage in rats. Mediators Inflamm., 
2013: 121786.

55. Li, R., Yang, W., Yin, Y., Ma, X., Zhang, P. and Tao, K. 
(2021) Attenuates carbon tetrachloride-induced hepatic 
injury via regulating oxidative stress and the inflammatory 
response. Front. Pharmacol., 12: 651444.

56. Ramos-Tovar, E., Hernández-Aquino, E., Casas-
Grajales, S., Buendia-Montaño, L.D., Galindo-Gómez, S. 
and Camacho, J. (2018) Stevia prevents acute and chronic 
liver injury induced by carbon tetrachloride by blocking 
oxidative stress through Nrf2 upregulation. Oxid. Med. 
Cell. Longev., 2018: 3823426.

57. Li, R., Zhang, P., Li, C., Yang, W., Yin, Y. and Tao, K. 
(2020) Tert-butylhydroquinone mitigates carbon tetra-
chloride-induced hepatic injury in mice. Int. J. Med. Sci., 
17(14): 2095-2103.

58. Li, R., Wang, Y., Zhao, E., Wu, K., Li, W. and Shi, L. (2016) 
Maresin 1, a pro-resolving lipid mediator, mitigates carbon 
tetrachloride-induced liver injury in mice. Oxid. Med. Cell 
Longev., 2016: 9203716.

59. Muri, J. and Kopf, M. (2020) Redox regulation of immu-
nometabolism. Nat. Rev. Immunol., 21(6): 363-381.

60. Ravan, A.P., Bahmani, M., Basir, H.R.G., Salehi, I. and 
Oshaghi, E.A. (2017) Hepatoprotective effects of Vaccinium 
arctostaphylos against CCl4-induced acute liver injury in 
rats. J. Basic. Clin. Physiol. Pharmacol., 28(5): 463-471.

61. Soni, B., Visavadiya, N. and Madamwar, D. (2008) 
Ameliorative action of cyanobacterial phycoerythrin on 
CCl4-induced toxicity in rats. Toxicology, 248(1): 59-65.

62. Khan, R., Khan, M. and Sahreen, S. (2010) Prevention of 
CCl4-induced nephrotoxicity with Sonchus asper in rat. 
Food. Chem. Toxicol., 48(8-9): 2469-2476.

63. Akhlaghi, M. and Bandy, B. (2009) Mechanisms of flavo-
noid protection against myocardial ischemia-reperfusion 
injury. J. Mol. Cell. Cardiol., 46(3): 309-317.

64. Hermenean, A., Mariasiu, T. and Navarro-González, I. 
(2017) Hepatoprotective activity of chrysin is mediated 
through TNF-α in chemically-induced acute liver damage: 
An in vivo study and molecular modeling. Exp. Ther. Med., 
13(5): 1671-1680.

65. Said, M.M., Azab, S.S. and Saeed, N.M. (2018) Antifibrotic 
mechanism of pinocembrin: Impact on oxidative stress, 
inflammation and TGF-β/smad inhibition in rats. Ann. 
Hepatol., 17(2): 307-317.

********


