
ABSTRACT: Whereas a very small amount of pesticides which are used for elimination of undesirable species 
and for a more fertile agriculture reach the target organism, majority of pesticides reach to nontarget organisms. It is 
foreseen by our team that the pesticides used for various purposes may negatively affect the glutathione mechanism 
of the organisms. However, determination of effective dosage range is the objective of our study subjects. For this 
reason, the in vitro effects of widely used pesticides (lambda-cyhalothrin, cypermethrin, chlorpyrifos, dichlorvos, 
glyphosate isopropylamine) on the activities of glutathione reductase (GR) and glutathione S-transferase 
(GST) which are two important enzymes of the glutathione system have been investigated in this study. It has 
been determined that when lambda-cyhalothrin does not affect the GR enzyme  purified from the turkey liver, 
chlorpyrifos, glyphosate isopropylamine, dichlorvos and cypermethrin cause inhibition. When the effects of 
pesticides on GST enzyme purified from turkey liver were investigated in in vitro conditions, it was determined 
that all examined pesticides had inhibitory effects. In this context, the potential doses which can create a risk for 
live life, of pesticides that are commonly used, have been identified.

Keywords: Glutathione S-transferase; glutathione reductase; pesticides.

ÖZET: İstenmeyen türlerin ortadan kaldırılması ve daha verimli bir tarım için kulanılan pestisitlerin, çok küçük 
bir kısmı hedef organizmaya ulaşırken oldukça büyük bir kısmı da hedef olmayan organizmalara ulaşmaktadır. 
Çeşitli amaçlarla kullanılan pestisitlerin söz konusu organizmaların glutatyon mekanizmasını olumsuz şekilde 
etkileyebileceği ekibimiz tarafından öngörülmüştür. Ancak etkili dozaj aralığının tespit edilmesi çalışma konumuzun 
amacını oluşturmaktadır. Bu nedenle belirtilen çalışmada glutatyon sisteminin iki önemli enzimi olan glutatyon 
redüktaz (GR) ve glutatyon S-transferazın (GST) aktiviteleri üzerine oldukça yaygın kullanılan pestisitlerin 
(lambda-sihalotrin, sipermetrin, klorpirifos, diklorvos, glifosat izopropilamin) in vitro etkileri araştırılmıştır. Hindi 
karaciğerinden saflaştırılan GR enzim aktivitesi üzerine lambda-sihalotrin’nin etki etmediği, klorpirifos, glifosat 
izopropilaminin, diklorvos ve sipermetrinin ise inhibisyona sebep olduğu tespit edilmiştir. Hindi karaciğerinden 
saflaştırılan GST enzim aktivitesi üzerine söz konusu pestisitlerin etkileri in vitro şartlarda araştırıldığında ise 
çalışma kapsamında incelenen tüm pestisitlerin inhibisyon etkisine sahip olduğu belirlenmiştir. Bu kapsamda 
yaygın olarak kullanılan zirai ilaçların canlı yaşam için risk oluşturabilecek potansiyel dozajları tespit edilmiştir.
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INTRODUCTION

In agriculture, several agricultural methods and 
different components used in this field are required in 
order to obtain quality products with high efficiency. 
Pesticide is one of the plant protection products used 
in this field (Tiryaki et al., 2010). When we reviewed 
literatures, pesticides are generally described as 
substances or mixtures which are used in order to prevent 
and control of harmful organisms or decrease harms of 
them. It is frequently preferred because of that it affects 
in a short time and due to ease of use. Whereas pesticide 
production is about 3.2 million tons annually, cost of 
pesticide trade is about 44 billion dolars worldwide 
(Tiryaki et al., 2010; Burçak, 2012). When pesticides are 
not used in accordance with instructions by unconscious 
consumers, it causes negative effects on human health 
and environment (Tiryaki et al., 2010). Whereas 0.015-
6.0% of pesticides that are used as agrochemicals affects 
through reaching the organism, a part of 94-99.9% 
reaches to nontarget organisms in agroecosystem and 
to the soil or mixes with water as a chemical pollutant 
through dragging into natural ecosystems in the 
environment (Yıldız ve ark., 2005; Tiryaki et al., 2010). 
Pesticide which is taken by living creatures other than 
the target organizm via different routes leads to oxidative 
stress (Alaa et al., 2011). Oxidative stress is impairment 
of the balance between reactive oxygen species and 
antioxidants on behalf of reactive oxidants (Halliwell., 
2007; Kovesdy and Kalantar-Zadeh, 2009; Wildburger 
et al., 2009; Sabuncuoğlu ve Özgüneş, 2011). Reactive 
oxygen species affects by causing pathological changes 
in cellular membrane, cellular organelles and DNAs 
through oxidation of proteins, lipids, carbohydrates and 
DNA. As a result of these, functional impairment or cell 
death may develop or tumor may develop by gaining 
them mutant features (Dilek, 2003). It is known that 
oxidative stress triggers many diseases. The leading 
ones are health problems such as cancer, parkinson, 
diabetes and premature aging (Bhuvarahamurthy et al., 
1979; Romero et al., 1998; Halliwell, 2007; Kovesdy 
and Kalantar-Zadeh, 2009; Wildburger et al., 2009). In 
contrary to this, organism has antioxidant mechanisms 
to protect itself against free radicals it produces and 
toxic effects of normal oxygen metabolism (Fridovich, 
1976). As well as antioxidants can be synthesized in 
the body, they can be received from diet. Antioxidant 
defense system in living creatures is divided into two 
main groups as endogenous and exogenous (Keha 

ve Küfrevioglu, 2009). The endogenous antioxidant 
system also includes antioxidant enzymes. In enzymatic 
defense systems, enzymes such as superoxide dismutase 
(SOD), catalase (CAT), glutathione peroxidase (GPx), 
glutathione reductase (GR) and glutathione S-transferase 
(GST) play roles (Keha ve Küfrevioglu, 2009).

GR (E.C.1.8.1.7), one of the enzymes we work 
with, catalyzes electron transfer among low- or 
high-molecular weight disulphide substrates and 
reduced pyrimidine nucleotides (NADPH) (Keha ve 
Küfrevioglu, 2009). The most important targets of the 
reaction catalyzed by GR is to preserve GSH/GSSG 
(reduced glutathione/oxidized glutathione) rate in 
cellular media. –SH groups contained in glutathione 
protects the cell against destructive effects of oxidizing 
agents. Therefore, some metabolic impairments may 
occur in low concentration of glutathione (Keha ve 
Küfrevioglu, 2009).

Glutathione-S transferases, the other enzyme 
we work with, is a multifunctional enzyme family 
involved in detoxification processes via many different 
mechanisms. These enzymes may catalyze conjugation 
of electrophilic xenobiotics with GSH and may keep 
toxic compounds from the cycle via covalent and 
non-covalent bonds (Hayes and Pulford, 1995). In 
addition to detoxification of exogenous chemicals, it 
was observed that they protected the cellular integrity 
against endogenous oxidative stress through expressing 
GPx activity via selenium-dependant organic 
hydroperoxides (Armstrong, 1997).

Agrochemicals which promote development of 
herbal production by taking undesirable species under 
control are known to have harmful effects. In this study, 
we aimed investigation of inhibitory effect of pesticides 
on activities of two important enzymes (GR and GST) 
of antioxidant defense system which are purified from 
turkey liver under in vitro conditions.

MATERIAL AND METHODS

Materials

β-nicotine amide adenine dinükleotide phosphate 
(reduced form) (NADPH), β-nicotine amide adenine 
dinükleotide phosphate (oxidized form) (NADP+), 
oxidized glutathione (GSSG), reduced glutathione 
(GSH), 1-kloro 2,4 dinitrobenzene (CDNB) was 
procured from Sigma Chem. Co., 2’,5’ ADP-Sepharose 
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from 4B Pharmacia, Glutathione Agarose from Sigma-
Aldrich and all other chemicals from Sigma and Fluka.  
Pesticides were procured from the market commercially.

Activity Assays

Activity assay of GR was performed as described 
in Carlberg and Mannervik and activity of GST was 
measured as described in Habig et al., 1974 (Habig et 
al., 1974; Carlberg and Mannervik, 1975).

Purification of GR and GST from Turkey Liver

Livers obtained from adult turkeys were washed 
with an isotonic saline solution containing 1 mM EDTA 
(ethylenediaminetetraacetic acid), 1mM DTT (1,4- 
dithiothreitol) and 1mM PMSF before they were used 
and kept at -80°C.

preparation of homogenates

After the liver which would be used for purification 
was chopped into small pieces its cellular membranes 
were decomposed with liquid nitrogen. After that, it 
was suspended in a 50 mM Potassium phosphate (pH 
7.5) buffer of about 3-fold volume containing 1mM 
DTT, 1mM EDTA and 1 mM PMSF. Suspension 
was centrifuged at 13 000xg and the precipitate was 
separated. Thus, homogenate was obtained.

purification of GR from turkey liver affinity 
chromatography

The purification process was performed as 
described in Taşer and Ciftci, 2012 by using 2’,5’-ADP 
Sepharose 4B affinity column (Taşer and Ciftci, 2012).

purification of GST from turkey liver by affinity 
chromatography 

The purification process was performed as 
described in Akkemik et al., 2012 by using  Glutathione 
Agarose affinity column (Akkemik et al., 2012).

In Vitro Inhibition Studies

Inhibitory effects of cypermethrin, chlorpyrifos, 
glyphosate isoproplyamin, dichlorvos and lambda 
cyhalotrin pesticides were examined on both enzymes. 
For this purpose,  firstly,  activity assays in varying 
concentrations of 5 different inhibitors were done and 
half maximal inhibitory concentrations (IC

50
) were 

calculated by drawing [I]-% activity graphs. For each 
pesticide exhibiting inhibitory effect, activity assays 
were made in three different inhibitory concentrations 
at five different substrate concentrations in order 
to determine inhibition types and K

i
 coefficients, 

Lineweaver-Burk graphs were drawn (Lineweaver and 
Burk, 1934). All graphs were created with Microsoft 
Excel program.

RESULTS AND DISCUSSION

In this study inhibitory effects of cypermethrin, 
chlorpyrifos, glyphosate isoproplyamin, dichlorvos and 
lambda-cyhalotrin pesticides on activities of GR and 
GST purified from turkey liver were examined. For this 
propose firstly GR and GST were purified from turkey 
liver (Table 1 and Figure 1).

Figure 1 a) SDS-PAGE photo of GR, Line 1: standart proteins (200 kDa, 97 kDa, 66 kDa, 45 kDa, 29 kDa), line 2: GR from affinity column 
b) SDS-PAGE photo of GST, Line 1 and 2: GST from affinity column, line 3: standart proteins (20 kDa, 25 kDa, 37 kDa, 50 kDa, 75 kDa, 
100 kDa, 150 kDa, and 250 kDa)
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Table 1. Purification steps of glutathione reductase and glutathione S-transferase enzymes from turkey liver

Enzymes Sample 
Type

Total 
Volume

(mL)

Activity
(EU mL-)

Protein
(mg mL-)

Total 
Protein

(mg)

Total 
Activity

(EU)

Specific 
Activity 
(EU mg-)

Yield
%

Purification 
Coefficient

G
R

Homogenates 38 0.680 2.8 106.4 25.84 0.243 100 1

Affinity
Chromatography

16 0.188 0.0003 0.0048 3.008 626.67 11.64 2 167.3

G
ST

Homogenates 21 5.152 10.32 216.72 108.192 0.499 100 1

Affinity
Chromatography

5 5.17 0.111 0.555 25.85 46.57 23.89 93.32

GRs of diff erent origins have similar molecular 
weights as follows; 55 kDa (homodimer) and 66 
kDa (homodimer) from mouse liver and human 

erythrocytes by SDS-PAGE respectively (Douglas, 
1987; Tekman et al., 2008). 

Figure 2. Lineweaver-Burk graphs in 5 different substrate (GSSG) concentrations and in 3 different pesticide concentrations [a) Cypermethrin 
b) Chlorpyrifos c) Glyphosate isoproplyamin d) Dichlorvos] for determination of K

i
 for pesticides on turkey liver GR activity 

For turkey liver GR, it was observed that 
lambda-cyhalotrin did not influence the activity. 
When particular concentrations of cypermethrin, 
chlorpyrofos, dichlorvos and glyphosate isoproplyamin 
pesticides were given to the enzyme, half maximal 

inhibitory concentrations  (IC
50

 values),  K
i 
coefficients 

and inhibition types (they were found from Lineweaver 
Burk graphs (Figure 2)) were determined as shown in 
Table 2. 
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Table 2. The inhibitory effects of the pesticides on turkey liver GR and GSTenzyme activity

Enzyme Pesticide IC50 Ki Inhibition Type

G
R

Cypermethrin 1.79 μM 0.022±0.002 μM Competitive

Chlorpyrifos 40.59 μM 52.303±2.95 μM Noncompetitive

Dichlorvos 1.79 mM 2.04±0.338 mM Competitive

Glyphosate isoproplyamin 32.86 mM 27.78±11.5 mM Noncompetitive

G
ST

Lambda-cyhalotrin 0.128 mM 0.122±0.036 mM Noncompetitive

Cypermethrin 0.163 mM 0.22±0.118 mM Noncompetitive

Chlorpyrifos 0.715 mM 0.556±0.11 mM Noncompetitive

Dichlorvos 2.16 mM 2.098±0.073 mM Noncompetitive

Glyphosate isoproplyamin 43.12 mM 15.37±6.88 mM Competitive

For turkey liver GST, it was found that all pesticides 
caused inhibition on the enzyme GST purified from 
turkey liver. IC

50
 values of pesticides, K

i 
coefficients 

and inhibition types (they were found from Lineweaver 
Burk graphs (Figure 3) were determined as shown in 
Table 2. 

Figure 3. Lineweaver-Burk graph in 5 different substrate (GSH) concentrations and in 3 different pesticide concentrations [a) Lambda- 
sihalotrin b) Dichlorvos c) Chlorpyrifos d) Glyphosate isopropylamin e) Cypermethrin] for determination of K

i
 for pesticide on turkey liver 

GST enzyme activity 

While use of agrochemicals increase agricultural 
fertility, its unconscious and misuse causes human and 
environmental health problems. When pesticides are 
used in dosages over the recommended dosages, when 

they are used with mixing it more than one chemical 
unless necessary or when the time between the last 
disinfection and harvest season is not obeyed, it may 
leave remnants in large amounts in food products. In 
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people and other living creatures who are nourished 
with these foods, it may cause acute or chronic 
poisonings, as well as flavour and quality changes 
may occur especially in some products (Henning 
et al., 1954). Additionally, extistence parameters of 
pesticides and total pesticides in waters according 
to “Provisions Concerning Drinking-Tap Water” of 
“Regulation Concerning Water Intended For Human 
Consumption” were determined to be 0.1 µgL-1 and 0.5 
µgL-1, respectively (http://www.resmigazete.gov.tr/).

When the literature was examined, it was observed 
that the inhibition effect of pesticides, metal ions and 
anions as environmental pollutants were investigated 
on some enzymes. Especially, the inhibition effects of 
metal ions have been investigated on GST, an important 
enzyme of detoxification metabolism, after purification 
from various sources (Güller et al., 2014; Özaslan et al., 
2017; Aksoy et al., 2017).

Gultekin et al. have shown the in vitro inhibition 
effect of chlorpyrifos-ethyl on the antioxidant enzymes; 
catalase (CAT), glutathione peroxidase (GPx) and 
superoxide dismutase (SOD) and they observed 
that the activity of all three enzymes was affected 
significantly (Gultekin et al., 2000). The inhibitory 
effects of organotin compounds; tributyltin (TBT), 
triphenyltin (TPT) and dibutyltin (DBT) on tropical 
marine fish tissues GST activity were investigated in 
a study conducted by Al-Ghais and Ali 1999 and they 
found that the enzyme inhibitory potency of organotins 
was in the order of TBT > TPT > DBT (Al-Ghais and 
Ali 1999). In another study conducted by Sentürk 
et al., 2009, the inhibitory effects of deltamethrin, 
cypermethrin and propoxur pesticides on glucose-6-
phosphate dehydrogenase enzyme were investigated  
and Ki constants were found to be 1.84±0.33, 
2.63±0.18 and 16.55±0.35 mM, respectively, while 
the inhibition types were found to be noncompetitive 
and uncompetitive (Şentürk et al., 2009). In another 
study, the effects of deltamethrin, diazinon, propoxur 
and cypermethrin pesticides on human erythrocyte 
carbonic anhydrase activity were investigated and IC50 
values were found to be 0.137, 0.267, 0.420 and 0.460 
µM, respectively. Cypermethrin has been found to have 
the least effect (Ceyhun et al., 2010). In another in vitro 
study, the effects of ethidium, chlorpyrifos, dimethoate 
and monocrotophos pesticides were studied, and it was 
observed that GR and GST activities were increased but 

G6PD activity was decreased (Singh et al., 2006). As in 
previous studies, pesticides in our study inhibited two 
important enzymes in question. However, there was 
shown significant differences in dosage. The reason for 
this is thought to be due to differences in amino acid 
structure between species in enzyme.

Inhibition occuring in GR activity means that 
transformation of GSSG into GSH will be interrupted. 
This situation also affects GPx and GST activities 
which use GSH. As a result of being unable to 
inactivate free radicals and xenobiotics, structures of 
cellular membrane and organelles may be damaged due 
to structures of proteins, lipids and carbohydrates. As a 
result of this, cell death or development of tumor may 
arise. Additionally, GSSG not to be able to be reduced 
also leads to hemolysis of erythrocytes. In our country, 
some studies have been focused especially on foods 
intended for consumption. In researches conducted in 
regions in which pesticide use is extensive, pesticide 
remnants were encountered in majority of obtained 
milk samples, the obtained amounts were determined 
to be obviously over the tolerance margins. Worse is 
that it has been thought that these pesticide remnants in 
the milk may lead to more serious dangers in terms of 
human health by being condensated during processing 
of milk to concentrated products such as cream, cheese 
and butter (Ceylan, 1977). Similarly, in researches in 
which pesticide remnants in fruits and vegetables were 
examined, it was determined that some fungisides 
had negative effects on flavour of the product and 
fermantation and hence lactic acid formation was 
prevented in pickles to which pesticide was applied. 
In bread obtained from wheat to which pesticide was 
applied, it was observed that pesticide remnant did not 
completely removed (Durmusoglu, 2003). 

CONCLUSION

In this study GR enzyme was purified having a 
specific activity of 626.67 EU mg-1 proteins, with a 
yield  of 11.64% and 2 167.3 fold and GST enzyme was 
purified having a specific activity of 46.57 EU mg-1 
proteins, with a yield  of 23.89% and 93.32 fold. While 
cypermethrin was the most effective inhibitor for GR, 
GST was inhibited strongly by lambda-cyhalotrin. This 
study showed that dichlorvos, chlorpyrifos, glyphosate 
isopropylamin, cypermethrin pesticides are potent 
inhibitors for turkey liver GR and GST enzymes.
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