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Abstract

Carbon tetrachloride (CCl4) is commonly utilized as a solvent, a refrigerant, and a dry-cleaning agent. However, its genotoxic 
effect has been well documented. The present work was designed to assess the genotoxic effect of carbon tetrachloride in the 
bone marrow of rats. The safety and the possible protective effect of protocatechuic acid (PCA) in the genotoxicity induced 
by carbon tetrachloride (CCl4) were evaluated using a micronucleus assay. Rats were divided into six groups where groups I 
and II served as the control. Group III was exposed to CCl4 only at 3mL/kg intraperitoneally. Groups IV and V rats were pre-
treated with PCA at 10mg/kg and 20 mg/kg respectively before administering CCl4. Group VI received PCA only (20mg/kg) 
for 7 consecutive days. At the end of the experiment, a micronucleus assay was carried out. There was a significant MnPCE in 
the bone marrow of CCl4-treated rats as compared with control (p<0.05). The administration of PCA at the doses of 10 and 
20mg/kg significantly reduced the MnPCE when compared with the group treated with CCl4 (3ml/kg) only (p<0.05). The data 
provided in this study considered PCA to be relatively safe, non-genotoxic and can modulate the genetic damage involved in 
CCl4 toxicity by decreasing the frequency of micronucleated cells. 
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Introduction 

Exposure to toxic chemicals and drugs can cause harmful 
effects through the generation of reactive oxygen species 
(ROS). A higher concentration of ROS can react with DNA, cell 
membranes and proteins including other molecules, induce 
cellular damage and release other and more reactive radicals 
[1]. Consequently, the generation of ROS initiates DNA 

strand breaks and oxidative DNA damage that bring about 
alterations in mRNA expression of DNA damage-responsive 
genes [2].

Carbon tetrachloride is a poly-chlorinated hydrocarbon 
that has an ozone-depletion potential. Over the years, it has 
been in use as a liquid solvent Sayed, et al. [3] and can escape 
into the surrounding environment in the form of vapour 
[4]. CCl4 is a known toxicant that is employed in scientific 
experiments for the induction of hepatotoxicity El Rabey, 
et al. [5], neurotoxicity Dong, et al. [6] and genotoxicity 
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Alkreathy, et al, [7] in animals. As a result of its broad usage, 
CCl4 has been gaining the focus of genotoxicity studies both 
in prokaryotic and eukaryotic systems. Biotransformation 
of CCl4 is required for the exertion of its genotoxicity and 
generation of ultimate genotoxic metabolites [8]. It exerts its 
toxicity through bioactivation to the trichloromethyl radical 
form that can covalently block biological macromolecules 
such as DNA and proteins. These reactive oxygen species 
generated modify the structure and function of cellular 
and intracellular membranes causing hepatotoxicity and 
genotoxicity [9]. The concentration used and the route 
of administration of CCl4 influence different degrees of 
genotoxicity in different tissues. 

Therefore to protect the body from the deleterious effects 
of free radicals generated from toxicants like CCl4, several 
endogenous enzymatic and non-enzymatic systems are 
provided in the body system. However, when the formation of 
free radicals is excessive, additional protective mechanisms 
of dietary antioxidants may be of great importance [10]. 

Protocatechuic acid (3, 4-dihydroxy benzoic acid), is a 
natural antioxidant and phenolic acid which is isolated from 
various plants. It has been shown to present a broad variety 
of biological activities such as hepatoprotective, anticancer, 
antioxidant, antihyperglycemic, nephroprotective Adeyanju, 
et al. [11] and neuroprotective effects [12].

Given the inherent antioxidant properties of 
protocatechuic acid, this study explores the protective effect 
of PCA against genotoxicity induced by carbon tetrachloride 
in the bone marrow of rats.

Chemicals and Reagents

Carbon tetrachloride was purchased from Zurius Life 
Sciences Pvt. Ltd. (India). All other chemicals and reagents 
used in this experiment were of analytical grade.

Animals

Thirty male albino Wistar rats weighing 150-200g were 
obtained. The acclimatization of the rats was for two weeks. 
The rats were randomly divided into 6 groups (five rats per 
group). They were placed in a conventional room with a 
12-hour light/12-hour dark cycle. The rats were housed in 
plastic cages, had access to a commercial diet and water was 
given ad libitum.

Animal Ethics 

The animals used received humane care in compliance 
with standard guidelines set up for the Care and Use of 

Laboratory Animals for animal experiments. The ethical 
regulations have been duly observed in line with the 
established national and institutional guidelines for the 
protection of animals’ welfare during experiments. 

Experimental Design

Rats were divided into 6 groups of 5 animals. Group 1 
(positive control) was given physiological saline (1ml/kg). 
Group II (negative control) was given olive oil as the vehicle 
(1ml/kg). Group III was administered intraperitoneally 
with a single injection of 3mL/kg CCl4 in a suspension of 
olive oil (1:1 V/V) to induce  genotoxicity on the last day of 
administration. Group IV was given 10mg/kg of PCA for 7 
days and on the 7th day, 3mL/kg of CCl4 was administered. 
Group V received PCA orally for 7 days and then CCl4 (3mg/
kg) on the 7th day. Group VI received 20mg/kg of PCA only 
for 7 days. Rats were sacrificed by cervical dislocation 24 
hours after the CCl4 challenge. Bone marrow was flushed 
from both femurs of each rat and spread onto slides. Slides 
were coded and then air-dried, fixed with methanol and 
stained with maygrunward stain. Bone marrow cells were 
then examined microscopically and scored per animal for the 
frequency of micronucleated polychromatic cells in each of 
the five animals per dose group. 

Data Analysis

 Results were expressed as mean ± standard error of the 
mean. The statistical analysis was evaluated using a one-way 
analysis of variance of Statistical Package for Social Sciences 
software for Windows version 16 (SPSS Inc., Redmond, WA, 
USA). Post-hoc testing was done for intergroup comparisons 
using the least significant difference. The level of statistical 
significance was p<0.05.

Result

The data in Table 1 and figure 1 showed that rats treated 
with CCl4 (3ml/kg) exhibited a significantly (p<0.05) high 
frequency (9.00 ± 0.67) of micronucleated polychromatic 
erythrocytes in bone marrow cells as compared with 
the negative control (2.70 ± 0.32). Administration of 
protocatechuic acid at both doses significantly lowered the 
number of micronucleated cells when compared with the 
group treated with CCl4 only (p<0.001). Treatment of rats 
with protocatechuic acid alone at the highest of (20ml/kg) 
did not significantly change micronucleated polychromatic 
erythrocyte (2.40 ± 0.34) when compared with the positive 
control (2.50 ± 0.42) (p>0.05). 
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Treatment Group Number of micronucleated cells/1000 polychromatic
Group erythrocyte cells

Control (Saline) 2.50 ± 0.42
Olive Oil (1ml/kg) 2.70 ± 0.32

CCl4 (3ml/kg) 9.00* ± 0.67
PCA (10mg/kg) + CCl4 5.30** ± 0.42
PCA (20mg/kg) + CCl4 3.20** ±0.33
PCA only (20mg/kg) 2.40 ± 0.34

Values are expressed as mean ± Standard error of mean (SEM). *Significantly different from control (p<0.05); **Significantly 
different from CCl4-treated rats (p<0.001).
Table 1: Genotoxicity induced by Carbon tetrachloride and effect of protocatechuic acid.

Figure 1: Photomicrograph showing normal and micronucleated polychromatic erythrocytes in rat bone marrow after 
administration of CCl4.

Discussion

Micronucleus assay can identify spindle poisons 
Thomson and Perry [13] that give rise to the manifestation of 
large micronuclei (MN) Yamamoto, et al. [14]. In the present 
study, there is an appearance of MN that ranged from small 
to large size in the rats treated with CCl4. The findings of the 
study revealed that CCl4 had a major impact on the induction 
of MN. The results are in harmony with the findings from 
the studies of Abdou, et al. [15] and El-Shorbagy [16] which 
stated that CCl4 increased the occurrence of MN in the 
bone marrow of male mice. The significant increase in MN 
formation could be ascribed to part of a deletion arising from 
a DNA break or poor repair mechanism of the DNA double-
strand [17,18]. This could have cytotoxic effects and disrupt 

normal bone marrow cell proliferation. A Comet assay carried 
out by Mosallam [18] revealed the genotoxic potential of 
CCl4 in rats. This further strengthens our finding about the 
genotoxic tendency of CCl4. Administration of protocatechuic 
acid was able to decrease the frequency of micronucleated 
cells observed in CCl4-treated rats. This shows the significant 
influence of protocatechuic acid in reducing the cytogenetic 
effects of CCl4 on bone marrow cells. Its antigenotoxic 
effect has also been demonstrated by Anter, et al. [19,20]. 
The mechanism by which protocatechuic acid exerts this 
antigenotoxic effect may be by antioxidant properties and its 
ability to scavenge ROS as a polyphenolic compound.

Further studies still need to be done to determine the 
signalling pathways activated by protocatechuic acid in 
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response to the genotoxic response induced by carbon 
tetrachloride in this study.
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