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Abstract: Organophosphorus compounds induce oxidative stress leading to generation of free radicals and
alterations in antioxidant and scavengers of oxygen free radicals. The present study demonstrates the effect of
chronic exposure of phorate in causation of oxidative stress in male Sprague-Dawley rats. Phorate was
administered orally at doses 0.05, 0.1 and 1 mg/kg of body weight for 60 days. After the administration of
doses, the liver and blood samples were analyzed for various parameters of oxidative stress and liver toxicity
markers. The results indicated an increase in lipid peroxidation , increase in the levels of aminotransferases
(ALT and AST), ALP,ACP, LDH and GGT .Similarly, there was a dose dependent decrease in catalase,
superoxide dismutase and GSH in liver at all doses. The level of cytochrome P450 was also found to be
enhanced. Histopathological changes confirmed that phorate caused significant structural damages to the
liver tissues. These results might perhaps be the first to establish the phorate induced oxidative stress
mediated hepatotoxicity in rats.

l. Introduction

Phorate is an Organophosphorous insecticide and acaricide used to control sucking and chewing
pests in a wide range of crops, among others corn, sugar beets, cotton, brassicas, and coffee. It is also used as
a nematocide (ACG99, Gal91, Tom97). It is also used in pine forests and on root and field crops, including
corn, cotton, coffee, and some ornamental plants and bulbs (Abhilash and Singh, 2009; Gan and Jans, 2007).
Phorate has been classified as a Class I, with an LD50 of 1.1 to 3.7 mg/kg bw for rats
(http://extoxnet.orst.edu/pips/phorate.htm). The United States Environmental Protection Agency (USEPA) has
authorized restrictions on the use of phorate since 1990 (Devine and Furlong, 2007). However, it is
continuously being used in several countries like India Italy, China, Egypt and (Abhilash and Singh, 2009;
Mansour et al., 2009; Pagliuca et al., 2006;Wang et al., 2008). OP pesticides, in addition to their intended
effects like the control of insects or other pests, are sometimes found to affect non target organisms including
humans (Chantelli-Forti et al., 1993; Chaudhuri et al., 1999). It has been reported that OPs may induce
oxidative stress on acute exposure in humans (Banerjee et al., 1999; Almedia et al., 1997) and animals
(Vandana and Poovolla, 1999; Dipanker and Tapas, 2000).

In general, OPIs are neurotoxic in nature by acting as inhibitors of neuronal cholinesterase (ChE)
activity. However, some studies reported that OPIs caused lipid peroxidation (LPO). In these studies, LPO has
been suggested as one of the molecular mechanisms involved in OPI-induced toxicity (Gupta et al., 1992;
Yamano and Morita 1992; Bagchi et al., 1995; Bachowski et al., 1997; Gultekin et al. 2000b, 2001).The
cellular antioxidant pool comprises of integral antioxidants like glutathione and other thiols, and antioxidant
free radical scavenging enzymes like catalase (CAT), superoxide dismutase (SOD), glutathione (GSH). Long-
term oxidative stress is also expressed as changes in extent of lipid peroxidation . The objective of this study
is to evaluate the effect of phorate -induced oxidative injury in liver of rats. We have planned to study the
effects of phorate in the causation of oxidative stress mediated hepatotoxicity following chronic exposure to
phorate in rats and also to investigate the ensuing histopathological changes in liver and brain of these
experimental animals.

1. Materials and methods
2.1. Materials
Phorate (purity 95.8%) supplied by Merck Ltd. was used for the study. Refined groundnut oil was
used for preparing suspensions of phorate. All other chemicals used were of analytical grade.

2.2 Animals

The dose of the pesticide used was calculated from the LD 50 given in the literature and safe dose
was selected after a pilot study. Male Sprague-Dawley rats, aged 20-21 weeks and weighing 160 + 20 g, were
selected from the same inbred colony maintained in the animal house (under the supervision of the Animal
Committee) under controlled conditions of temperature at 25 + 2°C, relative humidity of 50 + 15% and normal
photoperiod (12 h dark:12 h light). The animals were given sterile food pellets and water ad libitum. Animals
were housed throughout the experiment in polypropylene cages (with each cage housing six animals) and
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allowed to acclimatize to the laboratory environment for 7 days. The design of the study was in accordance
with the ethical guidelines prescribed by the University.

2.3 Experimental design

Rats were randomly divided into four groups each containing six animals. Route of administration
selected for the study was oral (using 22-gauge oral feeding needles). Group P1 animals were fed groundnut
oil by oral gavage treated as control while groups P2, P3, P4 animals were fed phorate in groundnut oil at
doses 0.05,0.1 and 1 mg/kg body weight corresponding to LD50 (Gallo and Lawryk, 1991) in a similar
fashion and sacrificed using light ether anaesthesia after 60 days of treatment.

2.4 Sample collection and Preparation of tissue homogenate

Rats were anaesthetized with light ether and venous blood samples were collected by direct heart
puncture into sterilized vials. Blood samples allowed setting to clot at 4°C and centrifuged at 1000 g for 30
min. Then 1000 pl aliquots of serum were placed in microfuge tubes and frozen on dry ice. Labeled bags were
placed into a -20°C freezer until the time of the assay. Liver tissues were removed and washed with ice-cold
saline. Tissues were separately homogenized for 5 min in four volumes of ice-cold 0.1M phosphate buffer, pH
7.4, containing 0.15M KCI. The homogenate was centrifuged at 9000 x g at 4 -C for 20 min. The supernatant
was pipetted into a clean centrifuge tubes and centrifuged further at 104,000 x g at 4 °C in ultracentrifuge.
Microsomal and cytosolic fractions were used for the study.

2.5 Histopathology
Liver and brain tissues were fixed in 10% formalin, routinely processed, embedded in paraffin and
sections of 5um thick were cut.

2.6 Biochemical assays

Lipid peroxidation (LPO) was measured in hepatic tissue homogenates according to the method
(Ohkawa et al., 1979) based on the of thiobarbituric acid reactive substances (TBARs) and expressed as the
extent of MDA production. Superoxide dismutase (SOD) activity was measured in serum according to Flohe
and Otting (1984). Catalase activity in serum was assayed by monitoring the decomposition of H202 at 240
nm as described by (Claiborne, 1985). Serum alanine aminotranseferase (ALT) and aspartate
aminotranseferase (AST) activities were determined using commercial kits obtained from Bio M’erieux,
France. The principle reaction of the colorimetric determination of AST or ALT activity is based on the
reaction of aspartate or alanine with a-ketoglutarate to form oxaloacetate or pyruvate hydrazone formed with
2, 4-dinitrophenylhydrazine (Reitman and Frankel, 1957). Serum alkaline phosphatase (ALP) activity was
measured at 405 nm by the formation of para-nitrophenol from para-nitrophenylphosphate as a substrate
(King and Armstrong, 1934). Acid phosphatase activity (ACP) was determined according to Tietz (1986)
using commercial kits obtained from Bio ADWIC, Egypt. Serum lactate dehydrogenase (LDH) was
determined according to the method of Bergmeyer et al., 1974. The protein content was estimated by the
method of Lowry et al. with bovine serum albumin as the standard. Serum gamma glutamyl transferase
(y—GT) was measured according to the method of Tietz (1986), using commercial kits obtained from
BioSystems Co., Spain. Cytochrome P450 was assayed in hepatic microsomes according to the method of
(Omura and Sato, 1964) and its activity was expressed as nmol/mg protein.

1. Results

The effect of oral administration of phorate on Cytochrome P450 in liver of rats is depicted in Fig. 1.
Cytochrome P450 was found to be significantly raised (P <s0.05) in animals treated with phorate when
compared to controls. As shown in Fig 2, rats fed with an oral dose of phorate developed severe liver damage
as indicated by the increased serum levels of the liver damage marker enzymes ALP, ACP, AST and ALT
with respect to control. Superoxide dismutase activity was recorded to be decreased in treated groups when
compared to control group (Fig3). Similarly, the catalase activity was also found to be reduced in a dose
dependent manner in liver as depicted in Fig.3B . Phorate treatment also induced lipid peroxidation. The
results are presented in Fig.4A. Phorate significantly increased LPO in liver at all doses as compared to
control values. Glutathione content was decreased by phorate in a dose dependent manner (Fig.4B).
The histopathological changes of liver of experimental animals were compared to those of controls and
illustrated in Fig.5. In treated animals, pyknotic nuclei (PN), fatty infiltrations (FD), inflammatory leukocyte
infiltrations (LI) and activated Kupffer cells (KC), dilatation in blood sinusoids (DBS) and cytoplasmic
vacuoles (VC) were found which indicate hepatocellular damage.
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Fig. 1. Effect of phorate treatment on Cytochrome P450 of rat liver. Values are expressed as mean + S.E. of six animals in
each group.
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Fig.2 Liver damage following pesticide exposure as shown by marker enzymes.
Values are mean = S.D. from 6 rats.
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Fig. 3. Effect of phorate on liver SOD and catalase of the control and experimental rats.
Values are mean * S.D. from 6 rats .
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Fig. 4. Effect of phorate treatment on lipid peroxidation and GSH of the control and experimental rats.
Values are mean + S.D. from 6 rats .
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Figure 5. Photomicrograph of rat liver after consecutive daily oral administration of phorate at different doses for 60 days
A: liver sections of control animals showing normal histological appearance of the liver, including central vein (CV),
blood sinusoids (BS), hepatic cells (HC), Kupffer cell (KC) and centrally located nuclei (N). (H&E, 100x) B-D: liver
sections of phorate treated animals (P1-0.5, P2-1.0 and P3-1.5mg/Kg) exhibiting appearance of pyknotic nuclei (PN), fatty
infiltrations (FD), inflammatory leukocyte infiltrations (LI) and activated Kupffer cells (KC), dilatation in blood sinusoids
(DBS) and cytoplasmic vacuoles (VC).

V. Discussion

Our results have shown that following oral administration of phorate, there was a significant induction of
hepatic P450 and lipid peroxidation. These results indicate that phorate probably acts as inducer of P450
isoenzyme. The augmented levels of cytochrome P450 would lead to high rates of radicals production, which,
in turn, would favour increased rates of lipid peroxidation evidenced by the elevated MDA level. The
increased activity of SOD and catalase may be due to the adaptive response to the generated free radicals
(Koner et al., 1998) indicating the failure of the total antioxidant defence mechanism to protect the tissues
from oxidative damage caused by pesticide, through free radicals . Bagchi et al. (1995) have shown that
different classes of pesticides induce the production of reactive oxygen species (ROS) and oxidative tissue
damage. Other reports indicate that the enzyme activities associated with antioxidant defence mechanisms are
altered by insecticides both in vivo and in vitro (Patel and Chakrabarti 1982; Gultekin et al., 2000b, 2001;
Oncu et al., 2002). The decreased activities of CAT, SOD and GSH level and increased MDA level in liver as
well as increased serum AST, ALT, ALP activities suggest that phorate could causes hepatic damage.

Phorate could also cause a significant decrease in GSH activity. Blum and Fridovich (1985) showed that
superoxide radicals could inhibit the activity of GSH. Increased ROS might be the reason for the inhibition of
GSH activity. It has also been reported that various OPIs caused a decrease in GSH activity (Nagvi and
Hasan, 1992; Yamano and Morita, 1992). Also it was shown that the administration of a pesticide mixture
reduced the activities of GSH-Px in rat liver; the reduced enzyme activity was highly dependent on the
increased dose of pesticide mixture (Lodowici et al., 1994). Finally, apart from biochemical alterations, there
were clear ballooning of hepatocytes with focal inflammation. The histological changes suggest increasing
frequency of hepatocellular damage with increasing dose of phorate in the animals.

V. Conclusion
In conclusion, the present findings indicate that the toxicity of phorate proceeds via derangement of
the cellular oxidative status as evidenced by increased levels of lipid peroxidation, activity of transaminases
and an altered antioxidant status, i.e., decreased GSH and lowered activities of CAT and SOD.
Histopathological studies also confirm the hepatocellular damage. It could be concluded that phorate
treatment induces oxidative stress mediated hepatotoxicity.
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