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ABSTRACT  

Pyrethroids insectecides, permethrin(PM) and cypermethrin (CM) are used on a large  scale in 
many agricultural protection programs and may cause hazards for animal and human health. The 
aim of the present study was to evaluate the hepatotoxicity of  these pyrethroids on male albino 
rats in two foldes ; oxidative stress and antioxidant defence dysfunction. Rats received 1/60 
LD50  of PM (20.83 mg/kg b. wt., orally/ day, for 30 days) and CM (8.33 mg/kg b. wt., orally/ 
day, for 30 days).Our results showed that serum hepatic function biomarkars, alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) enzymes, recorded a highly 
significant (P < 0.001) elevation in both PM and CM treated groups. Various anti-oxidants; 
reduced glutathione, glutathione reductase, glutathione peroxidase, catalase and superoxide 
dismutase enzymes, recorded highly significant (P < 0.001) reductions with both PM and CM 
treatment. On the other hand, oxidative stress markers; xanthine oxidase (XO), lipid 
peroxidation (LPO) and advanced oxidation protein products (AOPPs) elevated in treated 
animals with PM or CM. In general, it is clear from our data that, CM is more effective than 
PM. This may be expected with considering the presence of an alpha-cyno substituent in CM 
structure which can potentaite its toxicity.   
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INTRODUCTION  

The early studies reported that pyrethroids are toxic to the 
central nervous system of both insects and mammals (Husain 
et al., 1996). Synthetic pyrethroid insecticides have been 
widely used in agriculture and domestic homes and account 
for approximately 25% of the worldwide insecticide market. 
They are derivatives of natural pyrethrins (Hossain et al., 
2005). These insecticides have been divided into two types 
based on the absence (type I) or presence (type II) of an alpha-
cyano substituent (Casida and Quistad, 1998; Nasuti et al., 
2008).  

 Permethrin (PM), 3-Phenoxybenzyl-3-(2,2-dichlorovinyl)-
2,2-dimethyl-cyclopropane carboxylic acid, is one of type I 
pyrethroids  used against pests on nuts, vegetables, fruits, 
cereal, cotton and to control termites in greenhouses and home 
gardens (Shafer et al., 2005 ; Kocaman and Topaktas, 2009). 
Recent studies reported that permethrin was highly toxic 
synthetic pyrethroid pesticide widely used in agriculture 
aquatic organisms and vector control programs (Vadhana et 
al., 2010; El-Demerdash, 2011).   

Cypermethrin (CM), alpha-cyano-3-phenoxybenzyl ester of 
2,2-dimethyl-3-(2,2-dichlorovinyl) cyclopropane carboxylic 
acid, is the most widely used Type II pyrethroid pesticide. It is 
used to control many pests and for the control of indoor 
(Carriquiriborde et al., 2007). Although it has low mammalian 
toxicity (Shashikumar and Rajini, 2010) it is highly 
hydrophobic compound and this suggests that its action in 
biological membranes might be related to association with 
integral proteins and with phospholipids (Michelangeli et al., 
1990).   

 Oxidative damage primarily occurs through production of 
reactive oxygen species (ROS) and can damage lipids, 
proteins and DNA. Therefore, oxidative damage may 
contribute to loss of enzymatic activity and structural integrity 
of them and activate inflammatory processes (Ozyurt et al., 
2004). Different studies have shown that many pesticides have 
the capacity to cause DNA damage (Kornuta et al., 1996; 
Shuka and Taneja, 2002; Bolognesi, 2003). 

2. Materials and methods  

2.1. Chemicals  
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Permethrin and Cypermethrin were obtained from EL-Help 
Company for pesticides production (Free Zone, New 
Damietta, Egypt). Reduced glutathione was obtained from 
Sigma Company, Japan. Hypoxanthine, CDNB (1-Chloro2, 4- 
dinitrobenzene) were purchased from Alfa Aesar Company, 
Germany. All other reagents were of the highest purity 
available.   

2.2. Animals 

 Male albino rats weighing 100 – 120 g from the animal house 
of National Research Center (Dokki, Egypt) were used.  The 
animals were kept under standard housing conditions with a 
normal dark/light cycle. They were acclimatized to standard 
laboratory conditions for two weeks before the 
commencement of the experiment. They had free access to a 
rodent lab diet and water ad libitum.  

2.3. Experimental design  

The LD50 of both permethrin and cypermethrin were checked 
in our laboratory. To perform this study, twenty one adult 
male rats were used. Animals were randomly divided into 3 
groups as follows:   

Group (1): 7 rats received corn oil (2ml/kg b. wt., orally/ day, 
for 30 days). They act as normal control. 

Group (2): 7 rats received 1/60 LD50 of permethrin, dissolved 
in corn oil (20.83 mg/kg b. wt., orally/day, for 30 days).  

Group (3): 7 rats received cypermethrin, dissolved in corn oil 
(8.33 mg/kg b wt., orally/ day, for 30 days) dissolved in corn 
oil (2ml/kg b.w.). 

All animals were anaesthetized, after 24 hours from the last 
day of treatment, and blood samples were collected from the 
hepatic portal vein. Sera were separated by centrifugation of 
the blood samples at 3600 rpm for 15 min. liver samples were 
homogenized in saline solution (1:10 w/v) and centrifuged at 
3600 rpm for 10 min. All samples were kept in -20 oC for 
biochemical analysis.  

2.4. Methods 

The biochemical parameters were determined according to the 
corresponding authors as follows:  

Serum alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) activities (Reitman and Frankel, 
1957) were estimated. Liver reduced glutathione (GSH) level 
(Beutler and  Kelley,  1963), glutathione reductase (GR) 
activity (Carlberg and Manervik, 1975), glutathione 
peroxidase (GPx) activity (Hafeman et al., 1974), catalase 
(CAT) activity (Goth, 1991), Superoxide dismutase (SOD) 
activity (Stewart and Bewley, 1980) and xanthine oxidase 
(XO) activity (Athar et al., 1996) were assayed. Also, serum 
advanced oxidation protein products (AOPP) (Witko-Sarsat et 
al., 1996) and liver lipid peroxidation as malonaldehyde 
(MDA) content, (Ruiz-Larrea et al., 1994) were estimated.  

Results  

Serum ALT and AST are indicators of hepatic function. 

Compared to the control group, PM and CM treated groups 
recorded highly significant elevations (P < 0.001) in serum 
ALT (19.6%), (38.3%) and AST (21.9%), (36.8%)  to both 
pyrethroids respectively, after 30 days of treatment , in 
comparison with their control groups (Table 1).  

 

 

 

 

There was a highly significant diminution (P < 0.001) in GSH 
(16.3 % and 29.1%), GR (10.8 % and 13.7%) and GPx (18.3% 
and 26.7%) levels with PM and CM treatment, respectively, 
compared to their control values (Table 2).  

 

 

On the same manner, CAT and SOD activities showed a 
highly significant decrease in PM and CM treated groups, as 
submitted in (Table 3). 

 The percentage changes for CAT enzyme were 17.5% and 
21.0% for PM and CM treated groups, while for SOD it was 
11.5% for PM and 17.5% for  

CM . On contrary, the oxidative stress enzyme XO showed a 
significant increase (P < 0.05) in its activity in PM and CM 
treated groups with percentages, 17.7% and 26.2% 
respectively, versus control group (Table 3).  
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Changes in AOPP and LPO levels, were recorded in (Table 4). 
There was a marked significant elevation (P < 0.001) in serum  

 

AOPP levels in PM and CM groups with percentage changes  

of 28.7% and 29.4%, over normal values, respectively. On the 
same line, LPO, as malonialdehyde (MDA), level showed a 
highly significant increase (P < 0.001) in PM (26.5%) and CM 
(29.8%) groups when compared to control animals. 

 

Discussion 

Serum ALT and AST enzymes are used as indices of liver 
functions. In the present work, they increased significantly 
with permethrin and cypermethrin treatment.  This elevation 
could be attributed to hepatic cells dysfunction induced as a 
result of oxidative stress and / or the damage in structural 
integrity of the liver, as these compounds are released into the 
circulation after cellular damage (Barzilai and Yamamoto, 
2004). These observations matched with finding of CM 
toxicity in rabbits (Yousef et al., 2003), in poultry birds 
(Kumar et al. 2010), in rats (Sankar et al., 2012), and in albino 
mice (Ince et al., 2012). Similarly, Akbar et al. (2012) found 
that, permethrin and fenvalarate exposure altered the activities 
of anti-oxidant enzymes leading to oxidative stress in cells.  

 Induction of oxidative stress is one of the main mechanisms 
of action of many insecticides. In most cases, the abnormal 
generation of reactive oxygen species (ROS), which can result 
in significant damage to cell structure, is considered an 
important signal of oxidative damage (Barzilai and 
Yamamoto, 2004). GSH plays a crucial role in both 
scavenging ROS and the detoxification of xenobiotics (Haque 
et al., 2003). In addition, it is known to act as a substrate for 
glutathione peroxidase and glutathione-S-transferase enzymes 
(Lin et al., 2008). In the current study, there was a significant 
reduction in GSH level with both PM and CM treatment. It 
was suggested that significant decreases in GSH levels may be 
due to either inhibition of GSH synthesis and / or increased 
utilization of it for detoxification of toxicants or their free 
radicals (Singh et al., 2001; Raina et al., 2009; Ince et al., 
2012). El-Demerdash (2011) reported a reduction in GSH 

content of rats exposed to a mixture of synthetic pyrethroids 
and organophosphate insecticides. Moreover, the decreased 
GSH level may be as a result of its consumption for 
detoxification of the products resulted from the metabolism of 
both used pyrethroids.  

 In general, GPx is involved in protection of cytosol and 
plasma membrane from lipid peroxidation, whereas this 
enzyme transforms hydroperoxides, produced at the 
membrane level as a result of oxidative damage, into less 
reactive species (Gabbianelli et al., 2004).  

Our data showed that GPx exhibited a significant diminution 
with PM and CM treatment. Similar results have been 
recorded in rats treated with permethrin (Gabbianelli et al., 
2004) and others exposed to CM (Hussien et al., 2011).  Those 
authors suggested that this reduction in GPx may be due to 
reduced level of GSH, which acts as a substrate for this 
enzyme and / or as a result of its consumption for reduction of 
pesticide-induced lipid peroxidation. On the other hand, GR 
which is an important enzyme for maintaining the intracellular 
level of GSH. Kumaran et al.  (2004) showed a significant 
reduction in PM and CM treated animals. Olgun and Misra 
(2006) found that the pesticides malathion or 
(lindane+permethrin) mixture inhibited GSH-peroxidase and 
GSH-reductase activities. They noted that mixture of these 
pesticides have oxidative responses greater than those of 
single ones. This reduction may be contributed to the direct 
effect of the pyrethroids and their metabolites on this enzyme 
synthesis or due to its exhausting to compensate the reduction 
of intracellular GSH (El-Demerdash, 2011; Akbar et al., 
2012).  

superoxide radical (O2∙-) the parental form of intracellular 
ROS, is a very reactive molecule, but it can be converted to 
H2O2 by superoxide dismutase (SOD), and then to water by 
catalase (CAT) enzyme (Pi et al., 2010).  In the present study, 
a significant reduction of SOD and CAT activities in PM and 
CM treated animals was produced. The decline of SOD 
activity was supported by decrease in brain SOD activity in 
rats exposed to pyrethroids (Sinha et al., 2006). On the level of 
erythrocytes, lambada-cyhalothrin, recorded a similar 
observation for SOD (El-Demerdash, 2007) whereas activities 
of anti-oxidant enzymes were decreased in rats. These results 
were in agreement with Raina et al. (2009) who reported 
significant decreases in SOD activities in rats treated with 
CM. Tisch et al. (2002) reported that the treatment with a high 
dose of PM induced a decrease of erythrocyte CAT activity. 
The association of these findings has been also reported 
(Akbar et al., 2012; Sankar et al., 2012).  

  In earlier study, it is well documented that pyrethroids 
indirectly generates various radicals as superoxide radical, 
nitrogen species, such as nitric oxide and hydroxyl radical thus 
causing damage consistent with oxidative stress (Kale et al., 
1999). These radicals may attack the cell membrane leading to 
oxidation of lipids of cellular membrane. One of the primary 
events in oxidative cellular damage can be assessed by 
measurement of malondialdehyde (MDA), a breakdown 
product of lipid peroxides (Hu et al., 2009). Its concentration 
in the liver tissues was used as an indicator of lipid 
peroxidation and oxidative stress (Taha et al. 2010). Our 
results showed a significant elevation in MDA with PM and 
CM treated groups. The results were in agreement with   the 
findings of Prasanthi et al. (2005) and El-Demerdash (2007); 
Akbar et al. (2012) who reported that oxidative damage 
induced by pyrethroids may be due to their lipophilicity, 
whereby they could penetrate the cell membrane easily and 
lead to destabilization and disintegration of it by induced lipid 
peroxidation.  
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 Advanced oxidation protein products (AOPPs) assay is 
considered as a marker that provides information on the 
degree of oxidative damage to proteins (Kayali et al., 2007). 
The accumulation of oxidized protein reflects not only the rate 
of protein oxidation but also the rate of oxidized protein 
degradation (Beal, 2002; Stadtman, 2004). The Present work 
showed significant elevated AOPPs in PM and CM treated 
animals. This elevation of AOPPs is due to protein damaged 
by pyrethroids-induced oxidative stress reactions. The 
conformational changes that result from these complex 
reactions lead to the decrease or loss of protein biological 
function as well as its AOPPs accumulation (Khan and 
Sultana, 2004). In the other side, this induced oxidative stress 
is correlated with elevated xanthine oxidase activity, which is 
an oxidized enzyme for purines, protein and amino acid 
catabolism.  Xanthine  oxidase enzyme plays an important role 
in oxidative stress whereas it reduces molecular oxygen, 
leading to the formation of both superoxide and hydrogen 
peroxide (Wassmann et al., 2004).  

Therefore, from the present study we can conclude that the 
oxidative stress is the possible mechanism of permethrin and 
cypermethrin intoxication. On the other hand, cypermethrin 
was stronger as an inducer for oxidative stress and antioxidant 
defence dysfunction than permethrin. It has been suggested 
that cypermethrin is highly hydrophobic and this suggests that 
its action on biological membranes might be more effective 
with integral proteins and phospholipids. Moreover, this may 
be expected with considering the presence of an alpha-cyano 
substiteunt in cypermethrin structure which can potentiate its 
toxicity.  
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 الملخص العربي

يثرين التسمم الكبدي,الخلل فى الدفاع ضد الأكسدة والضغط التأكسدي للبيرم
المهقاءوالسيبرميثرين في ذكور الجرذان   

     

 *فاتن رشدي عبد الغفار    ** عزة مصطفى محمد     * إبراهيم عبد الحميد 
 العليمي      *منى على عصر  

مصر  - جامعة المنوفية- كلية العلوم - * قسم علم الحيوان    

مصر- المركز القومي للبحوث - **قسم الكيمياء الحيوية    

) والسيبرميثرين PMبالبيرميثرين (البيروثرويدات , مبيدات حشرية , مثل 
)CM تستخدم على نطاق واسع فى العديد من برامج الوقاية الزراعيةالتى قد (

  تسبب مخاطرلصحة كل من الحيوان   والانسان. 

لقد كان الهدف من الدراسة الحالية هو تقييم مدى سمية تلك البيروثرويدات غلى  
ين هما : كمحفزات للضغط ذكور الجرذان البيضاء  وذلك من خلال محور

لمضادات الأكسدة. لذلك أعطيت الجرذان جرعة  التأكسدي , والخلل الدفاعى 
مجم/كجم من  20.83من الجرعة المميتة للنصف للبيرميثرين (  60/1تساوى 

مجم/كجم  8.33يوم) والسيبرميثرين ( 30وزن الجسم. بالتناول الفمي . يوميا لمدة 
  يوم) للجرذان. 30لفمي. يوميا لمدة من وزن الجسم. بالتناول ا

وقد أوضحت النتائج أن دلالات وظائف الكبد المصلية الآلانين أمينو ترانسفيريز 
)ALT) و أسبرتيت أمينو ترانسفيريز (AST سجلوا ارتفاعا ذو دلالة ، (

) في كل من المجموعتين المعالجتين بكل من P< 0.001احصائية عالية (
  السيبرميثرين .البيرميثرين أو 

)،  GSH) , (GR ) ،(GPxمثل: الجلوتاثيون( ولقد سجلت مضادات الأكسدة
)CATٍ) ,     (SOD  انخفاضات ذو دلالة احصائية عالية مع المعالجة بكل من (

  البيرميثرين أو السيبرميثرين 

) التسمم XO( :وعلى الجانب الآخر، أظهرت نتائج دلالات الضغط التأكسدي 
) AOPPs) و نواتج أكسدة البروتين (LPO، أكسدة الدهون ( لل فىالكبدي,الخ

  ارتفاعا ملحوظا في الحيوانات المعالجة بـكل من المبيدين المستخدمين. 

. وهذا PMذو تأثير أقوى عن  CMوعلى وجعه العموم، لقد اتضح من النتائج أن 
  α-cyano)    (الالفا سيانو  قد يكون متوقعا مع الأخذ في الاعتبار وجود مجموعة

في تركيب السيبرميثرين الذي يمكن أن تمنحه قدرة أعلى كمسمم كبدي ومحفز 
 للضغط التأكسدي .   

 


