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Abstract. Recent agricultural studies indicate that chlorpyrifos a commonly used organophosphate insecticide causes tissue 
damage. Studies conducted in recent years indicate that chlorpyrifos (cpf) triggered this damage by forming free radicals. Curcumin 
(cur) is a free radical sweeping antioxidant derived from turmeric. In our study, we aimed to investigate, histopathologically, the 
antioxidant and possible protective effects of curcumin against chromosome damage caused by chlorpyrifos. 40 adult male rats 
were divided into two groups, 15 day group and 30 day group. Each group was divided into 4 subgroups: control, chlorpyrifos, 
curcumin and chlorpyrifos+curcumin. chlorpyrifos and curcumin were administered orally to the animals. Chlorpyrifos was given 
orally via gavage daily at a dose of 5 mg/kg and 100 mg/kg curcumin was administered orally every day. In the 
chlorpyrifos+curcumin groups, curcumin was administrated before chlorpyrifos. At the end of 15 and 30 days, the rats were 
sacrified post 2.5 hours colchicine administration. Marrows were taken from the femoral bone. Smear slides of chromosomes were 
stained with Giemsa. The control and curcumin groups had normal chromosomes. Serious chromosomal disorders in chlorpyrifos 
group depending on the time of exposure were detected. As a result of this study, it was concluded that curcumin reduced 
chlorpyrifos induced chromosomal aberrations. 
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Introduction 
 
The pesticide chlorpyrifos is often used in gardening, agri-
culture and forest pest fighting. For this reason people are 
often exposed to this organophosphate insecticide. Chlor-
pyrifos-oxon and 3,5,6-trichloro-2-pyridinol, which are the 
metabolites of chlorpyrifos are more toxic (Aksoy, 1982). Tis-
sues show chlorpyrifos (cpf) sensitivity at different levels 
(Radhey et al. 2007). Turmeric is a plant with a rhizome. The 
upper part of the rhizomes is yellowish and the inner part is 
yellow (Akpolat et al. 2008) The chemically essential compo-
nents that make up the yellow color are curcuminoids 
(Wongcharoen & Phrommintikul 2009). Curcumin has been 
useful in many models as a regulator of uncontrolled angio-
genesis (Akpolat et al. 2010). 

Antioxidants have protective effects. Curcumin (cur) an-
tioxidant properties are stronger than vitamin E and vitamin 
C (Maheshwari et al. 2006). Curcumin has a wide spectrum 
of biological and pharmacological activities. Curcumin has 
antioxidant, antimicrobial, anticarcinogenic and anti-
inflammatory effects. In addition, curcumin has protective 
effects against hypoglycemic, antitumeric, hepatocyte and 
nephron protective, platelet suppression as well as heart at-
tack. Similarly, curcumin has been shown to have therapeu-
tic effects in advanced cancer cases. Pharmacologically effec-
tive, safe and beneficial, curcumin is a potent compound that 
protects and treats a wide range of human diseases. Curcu-
min activity is proved by scientific researches (Anand et al. 
2007). Findings from research by Belviranlı et al. (2012) 
showed that aged female rat’s heart tissue protected by cur-
cumin against oxidative damage and strengthened antioxi-
dant defense systems. Liposomal curcumin inhibits the for-
mation of pancreatic carcinomas during blood vessel forma-
tion in mice (Anand et al. 2007). Epidemiological molecular 
studies showed that an individual’s sensitivity to muJtagens  

changes due to environmental and genetical factors (Kumar 
et al. 2014) 

Our aim in this study was to investigate whether or not 
oral curcumin will reduce the adverse effects of chlorpyrifos-
induced chromosomal aberrations in rats. 
 
 
Material and Methods 
 
In this study, Wistar albino rats grown at the Medical and Surgical 
Research Center of Ondokuz Mayıs University Medical Faculty were 
used. The experimental use of animals has been approved by the 
Ondokuz Mayis University ‘Animal Experiments Local Ethics 
Committee’. Permission to use animals Ondokuz Mayis University 
Animal Experiments Local Ethics Committee: 
B.30.2.O.D.M.0.20.09.00-050.04-116. Rats were fed with standard feed 
produced by Samsun Feed Factory and held in plastic cages. 12 
hours of light/darkness at 18-22oC room temperature were applied. 
Male rats (3-4 months) from the same generation weighing 250-300 g 
were used.  

In order to investigate the antioxidant effect of curcumin (cur) on 
chlorpyrifos (cpf) induced chromosomal damage, 40 adult male rats 
were divided into two groups, 15 and 30 days of curcumin admini-
stration. Each group was divided into 4 subgroups: control, chlor-
pyrifos, curcumin and chlorpyrifos+curcumin. Nothing applied to 
the control group. Chlorpyrifos and curcumin were administered 
orally to the animals, calculated according to the weight of each 
animal. Chlorpyrifos was obtained from Sigma-Aldrich. Chlorpyri-
fos was given orally (with gavage) daily at a dose of 5 mg/kg (Farag 
et al. 2010). Curcumin was obtained from Sigma-Aldrich in pure 
form. 100 mg/kg curcumin was administered orally every day (with 
gavage) (Madhavi et al. 2010). Colchicine was supplied in pure form 
from Sigma-Aldrich. Chromosome preparations were obtained from 
the femoral bone marrow cells of colchicine-treated animals (Ford & 
Hamerton 1956). At the end of days 15 and 30 rats were sacrified af-
ter 2.5 hours post colchicine administration. Results are shown as 
Mean ± SD. The significance of the difference between groups was 
evaluated by using ANOVA and post hoc Tukey analysis was per-
formed. P<0.05 statistically significant. 
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Results 
 
Genotoxic effects of chlorpyrifos  
In the chlorpyrifos 15 day group, polyploidy (Fig. 1. a), 
chromatid break (Fig. 1. b) and sister chromatid fusion 
(Fig.1. c) were observed. No chromosomal break or fragment 
formation were found. In the chlorpyrifos 30 day group 
polyploidy, deletion and chromatid break (Fig. 1. d, e) and 
fragment formation were observed more than chlorpyrifos 
15 day group. No chromosomal break was found (The 
genotoxic effects of all groups were given in Table 1 and Fig. 
2). 
 
Genotoxic effects of curcumin 
Curcumin 15 day group polyploidy and chromatid breaks 
were detected. In the curcumin 30 day group polyploidy sis-
ter chromatid fusion and chromatid break (Fig. 1. f) were 
seen 3 times more than curcumin 15 day group and found 
significantly important (Table 1, Fig. 2). 
 
Genotoxic effects of curcumin+clorpyrifos 
In the curcumin and chlorpyrifos 15 day group polyploidy 
and chromatid break were detected. In the 30 day curcu-
min+chlorpyrifos group deletion (Fig. 1. g) polyploidy and 
chromatid break (Fig. 1. h, i) were detected and approxi-
mately 3 times more chromatid breaks were seen than chlor-

pyrifos+curcumin15 day group and found significantly im-
portant (p<0.05) (Table 1, Fig. 2). 
Discussion 
 
The increase in the use of pesticides causes serious harm to 
the environment and human health (Soyöz & Özçelik 2003). 
It has been reported that in studies conducted with agricul-
tural workers, who are exposed to pesticides continuously 
the occurrence of chromosomal abnormalities and sister 
chromatid exchanges are very high (De Ferrari et al. 1991). 
Antioxidants have ameliorating effects (Akefe 2017). Cur-
cumin similar to other antioxidants has a natural protective 
effect on the negative effects of toxic materials (Omur & 
Coyan 2016). Green tea application had caused a decrease in 
the negative effect of 1,4 dioxane, but not as much as the 
control group, a rise in body weight, a decrease in the fre-
quency of micronucleus and chromosomal abnormalities 
were detected (Çavuşoğlu et al 2013). 
In another study conducted by Tian & Yamauchi (2003), 
pregnant female rats were given 40 mg/kg and 80 mg/kg 
chlorpyrifos intraperitoneally. Chlorpyrifos was applied at a 
dose of 80 mg/kg and there was much more cytogenetic tox-
icity when compared to the group treated with chlorpyrifos 
at a dose of 40 mg/kg. Abdelaziz et al (2010) reported that 
post three months of chlorpyrifos treatment of the male mice 
the chromosomal aberrations frequencies in both somatic  

 
 

 
 

Figure 1. Chromosome aberrations: a- cpf 15 day group, polyploidy, b- cpf 15 day group, chromatid break, c- cpf 15 day group, sis-
ter chromatid fusion, d- cpf 30 day group chromatid break, e- cpf 30 day group chromatid break, f- cur 30 day group chromatid 
break, g- 30 day cur+ cpf group deletion, h- 30 day cur+ cpf group chromatid break, i- 30 day cur+ cpf group chromatid break. 
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Table 1. Mean (±SD) of evaluated parameters *: The differences between the groups according to the control P 
0.05 is statistically significant. a, b, c, d, e different superscripts within the same row demonstrate significant 
differences p< 0.05. 

 

Groups Poliploidy Chromatin break Fragment Sister chromatid fusion Deletion 

Control 0,00±0,00d 0,00±0,00e 0,00±0,00b 0,00±0,00d* 0,00±0,00c 

Cpf 15 day 5,00±0,7b* 4,00±1,225c* 0,00±0,00b 2,00±0,70c* 2,00±0,70a* 
Cpf 30 day 8,00±0,7a* 12,00±1,00a* 0,00±0,00b 5,00±0,70a* 1,00±0,00b* 

Cur 15 day 1,00±0,00d 2,00±0,00d* 0,00±0,00b 2,4±1,34c* 0,00±0,00c 

Cur 30 day 3,00±0,7c* 6,00±0,70b* 0,00±0,00b 3,00±0,70bc* 0,00±0,00c 
Cur+Cpf 15 day 1,00±0,00d 1,00±0,00de 0,00±0,00b 0,00±0,00d 0,00±0,00c 

Cur+Cpf 30 day 4,00±0,7bc* 6,00±0,70b* 2,00±0,70a* 4,00±0,70ab* 1,00±0,00b* 
 
 

 
 

Figure 2. Genotoxic effects of all groups (%). 
 
 
and germ cells increased according to the control groups. In 
our study, chromosomal abnormalities were detected in the 
chlorpyrifos 15 day and 30 day groups. Chromatid breaks, 
polyploidy and fragment formation were frequently encoun-
tered. The chlorpyrifos 30 day group had more chromoso-
mal damage compared to the chlorpyrifos 15 day group. 
Significant differences observed when the chromosomes of 
the rats exposed to chlorpyrifos at the same dose for a long 
time (30 days) compared with the control group (p<0.05).  

Curcumin has antimutagenic potential against sodium 
azide-induced clastogenic damage in Allium cepa in a dose-
dependent manner, but it is effective at a low dose (5 
µg/ml). At the same time, it exhibits a mild cytotoxic action; 
similar to the earlier reports (Ragunathan & Panneerselvam 
2007). Long-term use of curcumin has time-dependent 
chromosomal damage (Palanikumar et al. 2011). In our 
study chromatid breaks in the curcumin 30 day group sug-
gested that prolonged use of curcumin may cause genotoxic 
effects (p<0.05). 

Kumar et al (2014) studied curcumin and carvacrol 
against parathion induced genotoxicity. Parathion 2.5-5 
mg/ml, carvacrol 2.5 mg/ml and curcumin 10-15 mg/ml 
applied and sister chromatid exchanges decreased in cul-
tured lymphocytes. They suggested that curcumin and car-
vacrol reduce chromosomal aberrations and curcumin 
added diets may have a preventive effect on carcinogens. In 
our study when the 15 day group of curcumin+chlorpyrifos 
is compared with the 15 day chlorpyrifos group chromoso-

mal damage had decreased. The same curative effect also de-
tected between curcumin+chlorpyrifos 30 day and chlorpyri-
fos 30 day groups (p<0.05). 

El-Bendary et al (2010) applied pesticides lambda-
cyhalothrin, profenofos and chlorpyrifos and detected in-
creased chromosomal aberrations in all doses compared 
with the control group. After the examination of the pesti-
cides applied to the bone marrow cells results showed there 
is a significant increase in the number of the chromosomal 
aberrations such as chromatid breaks when compared with 
the control group. Pesticides were administered for 30, 60, 
and 90 days. They conclude that the tests for detecting ge-
netic damage such as chromosomal aberrations test could 
also be used for testing the toxic effect of organophosphorus 
and pyrethroid pesticides. All the findings of that study 
support our chromosomal aberrations findings. 

Although curcumin alone may cause mild chromosomal 
aberrations when used in long periods of time, it has been 
shown that curcumin has a protective and curing effect 
when given in combinations with damaging agents. We con-
clude that future molecular studies about the ameliorative 
and protective effects of antioxidants may provide addi-
tional interesting results.  
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