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Abstract 
This study was designed to investigate the 

protective effect of CAPE against dichlorvos induced 
hepatotoxicity in rats. 40 rats were used in the study, 
including 10 in each group. Corn oil of 5 mg/kg 
(solvent) was administered intragastrically to rats in the 
group 1, dichlorvos of 5 mg/kg was dissolved in corn oil 
and administered to rats in the group 2 via gavage, 
dichlorvos (5 mg/kg, via gavage route) and CAPE (10 
µM/kg, intraperitoneally) were administered to rats of 
the group 3 with one-hour interval providing that CAPE 
treatment was started three days earlier than dichlorvos 
administration. 

 
 

 
 

 
 
 
 
 

The rats in the group 4 were administered with 10% 
solvent ethanol via intraperitoneally. All administrations 
continued for 15 days and blood of animals was drawn 
via intracardiac route after they were sacrificed by 
cervical dislocation under ketamine/xylazine anesthesia. 
Total antioxidant, total oxidant, and paraoxonase levels 
were measured from the obtained plasma samples.  As a 
result of dichlorvos administration, paraoxonase activity 
and total antioxidant levels decreased; whereas, total 
oxidant levels increased. Histopathological analysis 
revealed that liver tissue appeared normal in control 
groups (1 and 4); on the other hand, there were 
degeneration, congestion, cellular infiltration, and 
necrotic areas in the group administered with 
dichlorvos. Even though frequency of lesions decreased, 
similar lesions were observed in the group with 
Dichlorvos+CAPE. Consequently, it was determined 
that while dichlorvos administration increased oxidative 
stress, CAPE administration had a protective potential 
increasing antioxidant capacity.  

Keywords: Dichlorvos; CAPE; Hepatotoxicity; 
Oxidative stress; Subacute administration. 
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Introduction 
Organophosphorus drugs are the insecticides used 

commonly for agricultural applications, public health, 
workplaces and houses to ensure yield and hygienic 
conditions. Insecticides, which contain organic 
phosphorus and have the structure including one or 
more phosphorus atoms, is the most commonly used 
group among the pesticides. These compounds 
synthesized in 1800s and their cholinergic effects were 
described in 1930s and their insecticide traits were 
discovered and it was revealed after a while that they 
also could be used as an agent of chemical warfare 
(Hirosawa et al., 2011; Kazemi et al., 2012; Bardin et 
al., 1994). 

There is a balance between the rate of formation 
of free radicals and their elimination rate in the 
organism and this is called as oxidative balance. 
Organism is not influenced by free radicals as long as 
oxidative balance is ensured. Increased rate of formation 
of these radicals or a decrease in their elimination rate 
leads this balance to become unbalanced (Uzer et al., 
2014). 

Active forms of oxygen occur during normal 
processes in oxygen consumption of the body and due 
to some chemical factors in the metabolism of living 
organisms. These active oxygen forms cause structural 
deterioration of proteins, carbohydrates, and lipids. This 
leads to numerous disorders by disrupting both structure 
and functions of cell membrane (Güven and Kaya, 
2005). Dichlorvos is one of such chemical toxic 
substances. There are strong evidences indicating that 
oxidative stress arising from metabolic changes 
developing based on Dichlorvos contribute the 
development of complications of metabolic syndrome 
(Eyer et al., 2007; Peter 2006). It is reported that 
decreased Paraoxonase (PON) activity which is an 
antioxidant enzyme associated with high density 
lipoprotein (HDL) likely causes a number of 
degenerative deteriorations in liver (Li et al., 1995; 
Deveci et al., 2015a). 

Caffeic acid phenethyl ester (CAPE) is the active 
component of propolis with strong, nice odor found in 
the extract collected by bees from plants. This 
component is reported to scavenge oxygen radicals 
arising from metabolic activities and reactive oxygen 
species (ROS) generated by xanthine oxidase system 
(Murtaza et al., 2014; Nur et al., 2016).  

Paraoxonase (PON1) is an ester hydrolase enzyme 
from aryldialkylphosphatase class with both aryl 
esterase and paraoxonase activity, which can hydrolyze 
paraoxone that is strong inhibitor of cholinesterase and 
inhibit LDL oxidation (Senti et al., 2003). PON proteins 
with a wide distribution among mammal species have 
three different neighboring PON genes on the same 
chromosome in human beings and rats (Hegele, 1999). 
PON1 is a protein responsible for the antioxidant 
properties of HDL. It is reported that PON1 protects 
both low density lipoproteins (LDL) and HDL from 
oxidation, PON1 inhibitors increase oxidation of HDL 
by inducing free radical formation and Cu+2, and also 
elevate release of cholesterol from macrophages 
(Mackness and Mackness, 2015;  Deveci et al., 2017a; 
Litvinov et al., 2012). 

The aim of the present study is to determine the 
effect of subacutely administered dichlorvos, which is 
an organophosphate insecticide, on oxidative stress in 
the organism and the efficacy of CAPE in preventing 
radicals.   

 
Materials and Methods 
Experimental design 
Animals      
Required ethics committee approval was provided 

by Kafkas University Local Ethics Committee for 
Animal Experiments (Decision No: KAÜ-
HADYEK/2017-093) before the study.  Forty Sprague 
Dawley adult male rats were used as the study material. 
The rats were fed ad libitum with standard rat diet in the 
form of pellet and ensured to consume potable water 
freely. The rats were kept in an environment with 12-
hour light/12-hour darkness cycle, 20-22ºC, and an 
average humidity of 45-60%.  

 
Study groups 
Groups were as follows; 
Group I: Corn oil of 5 ml/kg was orally 

administered via gavage to the rats in this group for 15 
days (Control 1). 

Group II: After being dissolved in corn oil, 
dichlorvos of 5 mg/kg was administered to the rats in 
this group via gavage for 15 days.  

Group III: CAPE was started to be administered 3 
days before dichlorvos administration to the rats in this 
group. Afterwards, 10 µM/kg  dose of CAPE (Sigma) 
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dissolved within 10% ethanol was administered 
intraperitoneally (0.5 ml.) for 15 days, then dichlorvos 
(5 mg/kg) was orally administered via gavage 1 hour 
later. 

Group IV: 10% ethanol, which is the solvent of 
CAPE, was administered intraperitoneally to the rats in 
this group (0.5 ml.) (Control 2). 

Blood was taken intracardially when animals were 
under ketamine/xylazine anesthesia and killed with 
cervical dislocation. Blood samples were then 
centrifuged at 3000 rpm for 10 minutes and the resulting 
plasma were stored at -20 °C. The liver tissues were 
examined by light microscopy for histological changes 
by taking thin sections after routine tissue-following 
steps. 

 
Biochemical Analyses 
Paraoxonase (PON1) activity assay:  
PON1 activity assay was carried out according to 

the methods of Eckerson et al., (1983), and Gülcü and 
Gürsu (2003). PON1 activity was determined via 
spectrophotometric measurement of absorbance (at 25 
°C and 412 nanometer) of the colored product, yielded 
from 4-nitrophenol occurring as a result of enzymatic 
hydrolysis of paraoxone (Sigma Co, London, UK) 
which was used as substrate. For paraoxonase activity, 
enzyme activity of enzyme in 1 ml serum transforming 
1 nmol paraoxone into 4- nitrophenol in 1 minute was 
described as unit and the results were given in U/L. 

 
Total antioxidant status (TAS) assay:  
TAS was determined by using automatic 

measurement method based on decolorization of 
characteristic color generated by 2,2’azino-bis (3-
etilbenz-thiazoline-6-sulfonic acid) (ABTS) radical via 
antioxidants in sample that was added into medium 
(Erel, 2004). The results were given in mmol Trolox 
equivalent/L. 

 
Total oxidant status (TOS) assay:  
TOS was determined via automatic measurement 

method (Erel 2005). Oxidants in sample transform 
ferrous ion complex into ferric ion. Ferric ion (Fe3+) 
occurring by oxidation of iron (Fe2+) into its more 
stabile form (Fe2O3) creates color reaction with xylenol 
orange in acidic medium. Intensity of color measured 
spectrophotometrically is associated with total amount 

of oxidant molecules found in the sample. Measurement 
was calibrated with hydrogen peroxide (H2O2) and the 
results were given in micromolar H2O2 equivalent per 
liter (µmol H2O2 equiv./L). 

 
Histological Analyses 
Liver tissue was fixed within bouin and 10% 

formol solutions. 5 µm thick cross sections were taken 
by microtome embedding the tissues into paraffin after 
routine tissue processing (grade alcohols, methyl 
benzoate, and benzole processing) following the 
fixation. Histopathological changes were examined 
under light microscope by staining cross sections with 
hematoxylin -eosin among histological staining methods 
(Luna, 1968). 

 
Data Analyses  
Statistical analysis of the data obtained from the 

study was carried out using SPSS packaged software 
(IBM SPSS Statistic 22). One way variance analysis 
(ANOVA) was applied to determine whether or not 
there was difference between means of experimental 
groups and if there was difference between means of 
experimental groups, ‘‘Anova-Duncan’’ test was used 
on group means to identify which group or groups 
caused this difference and the value of p<0.05 was 
accepted as statistically significant. 

 
Results 
Biochemical Results  
Blood of animals was drawn as intracardiac after 

they were sacrificed by cervical dislocation under 
ketamine/xylazine anesthesia. Total antioxidant, total 
oxidant, and paraoxonase levels were measured from 
plasma samples.  As a result of statistical comparison of 
biochemical data of the groups; it was found that while 
there was no difference between control 1 (oil) and 
control 2 (ethanol) in terms of paraoxonase activity, 
there was also no difference between the dichlorvos and 
dichlorvos+CAPE groups (p>0.05). The difference 
between control groups (1 and 2) and dichlorvos and 
dichlorvos+CAPE groups was statistically significant 
(p<0.01). In terms of total antioxidant capacity, the 
control 1 (oil), dichlorvos and dichlorvos+CAPE groups 
were different from each other (p<0.01). The difference 
between control 2 (ethanol) and control 1 (oil) groups 
was insignificant. The difference between control 2 
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(ethanol) and dichlorvos+CAPE groups was 
insignificant (p>0.05). There was a statistically 
significant difference between Dichlorvos group and the 
remaining 3 groups (p<0.01). In evaluation of total 
oxidant capacity, there was no difference between 
control 2 (ethanol), control 1 (oil), and   
dichlorvos+CAPE groups, but the difference between 
the dichlorvos group and the remaining 3 groups was 
significant (p<0.01) (Table 1). 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 1. Box plot display of CAPE on TAS, TOS and PON values in rats treated with subacute dichlorvos a. PON1 
activity, b. TAS, c. TOS. 
 

Table 1. Effect of CAPE on TAS, TOS and PON values in rats treated with subacute dichlorvos (mean ± SD 
and n=10). 
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Histopathological Results  
In the present study, histological examinations of 

liver tissues in control groups (control 1 and 2), which 
were administered with solvents of chemicals used for 
liver tissue samples (control 1 and 2) in histological 
examinations based on oxidative stress factors in rats 
administered with subacute dichlorvos, revealed that 
Vena centralis and portal region (Vena interlobularis, 
Arteria hepatica, Ductus biliferus) had normal 
appearance and hepatocyte arrangement was regular 
(Figure 2 a, ı). There were a few number of 
mononuclear cell infiltrations around central and portal 
region (kiernan’s space) and mild congestion which was 
more intense for vena in portal region in the group 
administered with ethanol.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Liver tissue obtained from the group administered with 
dichlorvos was found to have degeneration, congestion 
in central vena, mononuclear cell infiltrations around 
vena, irregularity in remark cell cords between central 
and portal region, and areas of focal necrosis. 
Congestion was observed in interlobular vein and 
intense mononuclear and polymorphonuclear cell 
infiltrations were observed around portal region (Figure 
2 b, c, d). Congestion and cell infiltration were 
determined in central and interlobular vein in liver cross 
sections obtained from the dichlorvos+CAPE groups. 
Compared to the dichlorvos group, severity and 
frequency of histological changes decreased  (Figure 2 
e, f, g, h). 
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Discussion 
Even though acute toxicity of organophosphates is 

higher (Costa et al., 1990), their breakdown by 
photolysis and hydrolysis has provided these 
compounds to become alternatives to persistent 
Organochloride  pesticides  such as DDT, aldrin, and 
dieldrin; their use  has become much wider after 
prohibition of organ-chloride pesticides in several 
countries in 1970s. Action mechanisms of all 
organophosphate compounds work with inhibition of 
acetylcholinesterase (AChE) enzyme, in other words 
they all display neurotoxic effect. Therefore, AChE 
activity and lipid peroxidation are used as biomarker for 
determination of organophosphate pesticide pollution 
(Vasseur and Cossu-Leguille, 2003). It is known that 
while AChE inhibition varied based on dose and time, 
inhibition rate is also differed in terms of the species 
and tissue. 50% or higher inhibition in AChE activity 
may lead to death (Day and Scott, 1990); an inhibition 
of 20% is the indicator for exposure (Dembélé et al.,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2000). 
There was an interaction between CAPE treatment 

and PON1 activity, total antioxidant status  (TAS), and 
total oxidant status (TOS) for poisoning of dichlorvos 
which is an organo-phosphate compound. A great 
majority of the related studies involve animal researches 
(Alp et al., 2016; Celik et al., 2015; Kaur et al., 2007; 
Mutlu et al., 2011; El-Raof Mohammad et al., 2014).  

While PON1 and TAS levels decreased and TOS 
level increased in rats in dichlorvos group in the present 
study, PON1 and TAS levels increased and TOS level 
decreased in the Dichlorvos+CAPE group based on 
oxidative stress reduced by CAPE. This supports the 
idea; administration of CAPE and dichlorvos decreased 
the stress to be caused by dichlorvos in the organism by 
contributing to enzymatic and non-enzymatic 
antioxidants and increasing TAS level. In their study, 
Ozkan et al., (2014) reported that CAPE had a 
protective characteristic as antioxidant, caused an 
increase in declined TAS levels in toxic substance 

Figure 2. The effect of CAPE (10 µM/kg), corn oil (5 mg/kg) and dichlorvos (5 mg/kg) either separately or 1 h 
after dichlorvos group’s histology of liver section by using hematoxylin and eosin staining (H&E): (a) control 1, 
(ı) control 2; hepatocytes (arrows), s: sinusoid, cv: central veins, vp: portal veins (b, c, d) dichlorvos; severe 
central and portal congestion (asterisks), cell infiltrations (split arrows), focal necrosis and degenerative areas 
(arrows), db: ductus biliferus, (e, f, g, h) dichlorvos+CAPE; severe central and portal congestion (asterisks). 
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administrations, and a decrease in elevated TOS levels. 
PON1 enzyme purified from serum of rabbits and 
injected intravenously to rats was stated to increase 
PON1 activity of the rats by 9 times compared to 
paraoxone (Costa et al., 1990). Related studies have 
showed that there was a negative correlation between 
organophosphate poisoning and PON1 levels (Akgür et 
al., 2003; Costa et al., 1990).  

Detoxification of organophosphate compounds in 
living organisms; is carried out by enzymes such as 
acetylcholinesterase, carboxylesterase, and paraoxonase. 
The enzyme is found in other tissues, although it is 
found mostly in the liver. These enzymes hydrolyzing 
organophosphates are found to be associated with HDL 
in liver, kidney, intestines, and serum and also directly 
affect these organs (Litvinov et al., 2012; Watson et al., 
1995; Deveci et al., 2017a, Deveci et al., 2017b). A 
study investigating efficacy of CAPE against dichlorvos 
administration revealed that dichlorvos decreased 
antioxidant level while increasing total oxidant status. In 
the same study, dichlorvos increased the number of 
mitotic cell and apoptotic cell in liver tissue, but CAPE 
decreased the number of these cell due to its protective 
traits  (Alp et al., 2016). Dichlorvos, applied in both 
studies, increased antioxidant capacity while increasing 
total oxidant level. The data obtained by Alp in his 
study, support the results of our study.  Dichlorvos 
applied in both studies decreased the antioxidant 
capacity while increasing total oxidant level. As cells 
are exposed to apoptosis and necrosis, degenerative 
areas have formed in the liver tissue. In both studies, the 
use of CAPE increased the antioxidant capacity and 
therefore the severity and frequency of lesions in the 
liver tissue decreased. Both studies are different in 
dichlorvos doses and duration of implementation. The 
duration of acute implementation (dose 4 mg/kg) was in 
Alp’s study whereas in our study the duration of 
subacute implementation (15 days, dose 5 mg/kg) was 
applied.  

While PON activity and TAS levels decreased 
significantly in the group administered with dichlorvos 
(p<0.01), TOS levels increased significantly. This 
makes us think that it occurred by production of ROS 
associated with dichlorvos toxicity in blood and liver. 
Observation of an opposite situation in CAPE group 
confirms that CAPE has a healing/ therapeutic effect 
against oxidative damage.  In a study on dichlorvos-

induced nephrotoxicity; it was found that while total 
antioxidant status decreased significantly in the 
dichlorvos group, it increased in dichlorvos+CAPE 
group compared to the dichlorvos group. Likewise, 
dichlorvos increased oxidant level; whereas, oxidant 
status decreased in dichlorvos+CAPE group compared 
to dichlorvos group. The number of mitotic cell and 
apoptotic cell in kidney tissue increased based on 
oxidative stress elevated by dichlorvos. On the other 
hand, the number of mitotic cell and apoptotic cell was 
determined to decrease in CAPE group immediately 
after dichlorvos treatment. This result indicated that 
CAPE reduced oxidative stress (Celik et al., 2015).  

There are numerous studies reporting that low 
PON activity triggers several disorders and causes 
increased oxidative stress, and this lead to various 
pathological changes on liver. It is reported that PON1 
is not only based on blood or tissue levels but also its 
isomers and also it shows different variances in every 
organism. PON1 contributes to the antioxidant functions 
of HDL and a decrease in HDL-PON1 activity may 
trigger inflammation. This protective effect of HDL on 
LDL oxidation is thought to be associated with PON1 
(Litvinov et al., 2012; Mackness and Mackness, 2015; 
Deveci et al., 2015b, Deveci et al., 2017a, Deveci et al., 
2017c). When considering the data obtained from the 
present study, TAC and PON levels decreased and TOS 
level increased based on oxidative stress factors in rats 
administered with subacute dichlorvos. Free radicals 
occurring based on oxidative stress in the organism 
when metabolizing dichlorvos decreased TAS levels, 
administration of CAPE and dichlorvos increased 
plasma TAS levels by contributing enzymatic and non-
enzymatic antioxidants. 

In conclusion, results obtained from the present 
study revealed that CAPE was antioxidant and had traits 
of decreasing or eliminating free radicals. It was 
indicated in the present study that dichlorvos, which is 
an organophosphorus pesticide, generated oxidative 
stress on liver and blood by producing free radicals and 
negatively influenced cellular antioxidant defense 
system. 
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