"Science Stays True Here"
Biological and Chemical Research (ISSN 2312-0088), Vol.6, 135-149 | Science Signpost Publishing

Glutathione, Antioxidant Enzymes and Oxidative
Stress in Acute and Subacute Exposure of DiazinonMediated Renal Oxidative Injury in Rats
Muhammad Dawood Shah1, Urban J.A.D’Souza2 and Mohammad Iqbal1*
1. Biotechnology Research Institute, Universiti Malaysia Sabah, Jalan UMS, 88400 Kota-Kinabalu, Sabah,
Malaysia.
2. Faculty of Medicine and Health Science, Universiti Malaysia Sabah, Jalan UMS, 88400 Kota-Kinabalu,
Sabah, Malaysia.
Received: May 10, 2019 / Accepted: June 09, 2019 / Published: September 25, 2019
Abstract: This study aimed at investigating the possible nephrotoxic effects of the diazinon induced oxidative
stress in rats following the acute and subacute administration. Oxidative stress markers in renal tissues, as well
as serum biochemical parameters, were evaluated using colorimetric spectrophotometric techniques. Our data
showed that diazinon administration to rats induced oxidative stress in kidney, as evidenced by increasing of
renal lipid peroxidation level which was accompanied by decreased activities of antioxidant enzymes and
depletion in the level of GSH (p<0.05) compared to saline-treated control. The activities of renal ƴ-glutamyl
transpeptidase and quinone reductase were increased (p<0.05) compared to saline-treated control. In addition,
diazinon treatment augments renal injuries as evident by the increase in serum creatinine and blood urea
nitrogen (p<0.05). Histopathological analysis of renal tissues was in concurrence with the biochemical studies.
Overall results suggest that oxidative stress-induced lipid peroxidation and alteration in activities of glutathione
and antioxidant enzymes play roles in diazinon- mediated renal injury and toxicity in rats.
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1. Introduction
Glutathione (GSH), a multifunctional tripeptide (gamma-glutamyl-cysteinyl-glycine) is
the most abundant low-molecular-weight thiol (0.5–10 mmol/L) which is present in almost
all cells in high concentration [1, 2]. It plays an important role in cellular metabolism. These
include maintenance of sulfhydryl dependent enzymes, preservation of the integrity of
biological membranes, protection of cellular components against reactive oxygen species
(ROS) such as free radicals and peroxides [3], reaction with various electrophiles,
physiological metabolites (e.g., estrogen, melanins, prostaglandins, and leukotrienes), and
xenobiotics [4], removal of formaldehyde etc [5]. In addition to this, GSH also conjugates
with NO to form an S-nitroso-glutathione adduct, which is cleaved by the thioredoxin system
to release GSH and NO (both are important for hepatic action of insulin-sensitizing agents) [4,
6].
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Diazinon (O,O-diethyl-O-[2-isopropyl-6-methyl-4-pyrimidinyl] phosphorothioate), is an
organophosphate insecticide with a broad range of activities which inhibit
acetylcholinesterase activity [7]. It has been widely and effectively used throughout
the worlds with applications in agriculture and horticulture for controlling insects in crops,
ornamentals, lawns, fruits, and vegetables and as a pesticide in domestic and agriculture [8].
Diazinon affects mitochondrial membrane transportation in rat liver [9]. Furthermore, it
disturbs the cytochrome P450 system in human liver [10, 11]. Exposure of hepatocytes to
diazinon accelerated cell killing as well as the loss of cellular ATP [9]. Meanwhile, diazinon
causes toxic effects on other organisms [12]. Diazinon is classified as moderately hazardous
class II-organophosphate insecticide. It can be absorbed through the digestive system, the
skin, or via the respiratory tract when inhaled. Although it is mainly eliminated by the kidney,
microsomal enzymes in the liver oxidize diazinon producing more potent acetylcholinesterase
inhibitors, such as diazoxon, and hydroxydiazoxon and hydroxydiazinon [7]. We have shown
that chronic diazinon exposure induced renal oxidative stress in rats [13]. As might be
predicted that diazinon exposure stimulates ROS production, which may be important in
initiating all these effects [9-13]. Because a deficiency of GSH leads to oxidative stress in
many tissues [14], we hypothesized that diazinon-mediated depletion of renal GSH might
contribute to diazinon-mediated renal injury. In this study, we show that acute and subacute
diazinon-mediated exposure deplete renal GSH, causes a decrease in the activities of GSH
metabolizing and antioxidant enzymes, and leads to the excessive generation of lipid
peroxides, events concomitant with the onset of kidney damage. Our data, therefore, suggest
that simultaneous depletion of renal antioxidant enzymes and concomitant generation of
oxidants may be important contributors to diazinon-mediated renal oxidative injury.

2. Materials and methods
Chemicals
Diazinon, tris HCl, flavin adenine dinucleotide (FAD), thiobarbituric acid (TBA),
oxidized and reduced glutathione, β-nicotinamide adenine dinucleotide phosphate reduced
(NADPH), 1-chloro-2,4-dinitrobenzene (CDNB), glutathione reductase, 5,5’-dithio-bis-2nitrobenzoic acid (DTNB), sulfosalicylic acid (SSA), glycylglycine, bovine serum albumin
(BSA), tween 20, hydrogen peroxide (H2O2), 2,6-dichloroindophenol, diacetyl monoxime,
urea, picric acid, sodium tungstate, ethylenediaminetetraacetic acid (EDTA), creatinine and
L-γ-glutamyl-p-nitroaniline were purchased from either Sigma Chemical Company, St Louis,
MO, USA or Aldrich, USA. All other solvents and chemicals used were either of analytical
grade or the highest purity commercially available.
Animals
Adult Sprague Dawley male rats at 4-8 weeks of age, with an average body weight of
150-200 g were used in the study. They were obtained from Tes Jaya Laboratory Services,
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Pulau Pinang, Malaysia. The animals were kept in plastic (polypropylene) cages using paddy
husk bedding at room temperature (25 ± 1°C) and 50 ± 5% humidity with water and chow ad
libitum. The animals were segregated into four groups (6 rats in each group) and acclimatized
to the environment for one week before the commencement of the experiment. All
experiments were conducted in accordance with the guidelines for the care and use of
laboratory animals of the National Institute of Health [15] and were also approved by the
Animal Ethics Committee, Universiti Malaysia Sabah (UMS/IP7.5/M3/4-2012).
Experimental protocol
For acute study, the rats were divided randomly into four groups of six rats per group,
Group I (n=6) normal control treated with saline for seven consecutive days; Group II, III,
and IV (n=18 having 6 rats per group) were treated with diazinon at a dose level of 10 mg/kg
body weight, 15 mg/kg body weight and 30 mg/kg body weight in corn oil via oral (gavage),
respectively, for seven consecutive days. Similarly, for subacute study, dose regimen was the
same as described for acute study, except the animals were treated daily for a period of two
weeks. The selection of dose regimen was based on published data [13, 16, 17]. 24 Hours
after the last dose of diazinon or saline, these animals were sacrificed by cervical decapitation
to excise the kidney which was washed with ice-cold phosphate-buffered saline and it was
stored at a temperature -80°C until further analysis. Blood samples were collected by cardiac
puncture into sterile tubes and was centrifuged at 3,000 x g for 15 min at 15°Cto obtain
serum, which was then used for the determination of blood urea nitrogen and serum
creatinine. Portion of the kidney was fixed in 10℅ neutral formalin for histopathological light
microscopic analysis and rest of the kidneys was homogenized in chilled phosphate buffer
(0.1 M, pH 7.4) containing KCl (1.17% w/v) using homogenizer (Polytron PT 1200E,
Switzerland). The homogenate was centrifuged at 2,000 × g for 15 min at 40C in a
refrigerated centrifuge (model Avanti J-E) to separate the nuclear debris. The aliquot so
obtained was centrifuged at 10,000 × g for 30 min at 40C to obtained post-mitochondrial
supernatant (PMS) which was subjected to biochemical analysis [18].
Biochemical assays
The level of reduced glutathione (GSH) in the kidney was determined through the
measurement of 5-thiol-2-nitrobenzoic acid formation at 412 nm [19]. Lipid peroxidation in
renal tissues was determined spectrophotometrically from the reaction of malondialdehyde
with thiobarbituric acid conjugate formation at 535 nm [20]. Activity of glutathione
peroxidase was estimated spectrophotometrically at 340 nm by measuring the rate of
oxidation of nicotinamide adenine dinucleotide [18]. Glutathione reductase activity was
determined by the reduction of oxidized glutathione using NADPH as a coenzyme at 340 nm
[21]. Catalase activity was determined by monitoring the decomposition of hydrogen
peroxide spectrophotometrically at 240 nm [22]. Glutathione S-transferase activity was
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estimated by the conjugation reaction of 1-chloro 2,4 dinitrobenzene to glutathione reduced
by measuring changes in absorbance at 340 nm [23]. Quinone reductase was determined
by measuring the disappearance of 2,6-dichlorophenolindophenol at 600 nm [24]. The
method of Orlowski and Meister [25] with γ-glutamyl p-nitroanilide as substrate was used for
the determination of γ-glutamyl transpeptidase activity. Blood urea nitrogen was estimated by
diacetyl monoxime method [26] which condenses with urea to form a pink chromogen
measured at 520 nm. Serum creatinine was estimated by the method of Hare [27]. Alkaline
picrate, a color compound was produced by the reaction of creatinine with picric acid in an
alkaline medium, which was measured spectrophotometrically at 546 nm. Method of Aitken
et al. [28] was used for protein determination in each sample using bovine serum albumin as
a standard.
Histopathological assessments
Sections of kidneys were excised for histopathological studies and fixed in 10% neutral
buffered formalin solution for at least 24 h, trimmed, processed, embedded in paraﬃn,
sectioned 5 to 6-μm in thickness and stained with hematoxylin and eosin stain (H&E) for
light microscopic examination. Sections were analyzed by pathologist and photomicrographs
were taken.
Statistical analysis
Statistical analysis was carried out by using SPSS 17.0 windows statistical package
(SPSS Inc, Chicago IL). Differences between groups were analyzed using analysis of
variance (ANOVA) followed by Dunnet’s multiple comparisons test. All data points are
presented as the treatment group means ± standard error of the mean (S.E.). A P values <0.05
were regarded as significant.

3. Results
GSH acts as a non-enzymatic antioxidant in the detoxification pathway that reduces the
reactive toxic metabolites of diazinon. The acute and subacute effects of diazinon
administration on GSH levels in the rat kidney are shown in figure 1. The result revealed that
treatment of animals with all doses of a diazinon caused a significant reduction in renal GSH
in the treated groups when compared to the saline-treated control group (p<0.05).
Glutathione reductase, catalase, glutathione peroxidase, glutathione S-transferase, and
quinone reductase were measured in the kidney as an index of antioxidant status of the tissues.
The activities of antioxidative enzymes viz., glutathione reductase, catalase, glutathione
peroxidase, and glutathione S-transferase were decreased as compared to saline-treated
control group (p<0.05) after acute and subacute diazinon treatment (Table 1). This showed
that the renal tissues were undergoing oxidative stress where enzymatic antioxidants were
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consumed largely. On the contrary, the activity of quinone reductase was increased after
diazinon administration at all doses and time studied (Table 1).
Oxidative stress is the formation of oxidized macromolecules such as lipid peroxidation.
Therefore, lipid peroxidation used as a marker of oxidative stress and measured in all groups
in term of MDA formation. As shown in figure 2, MDA formation in the diazinon-treated
group was significantly elevated compared to saline-treated control group (p<0.05), reflecting
the formation of activated species, indicating diazinon induced oxidative renal damage.
The acute and subacute effects of diazinon treatment on renal γ-glutamyl transpeptidase
are shown in figure 3. Diazinon administration showed an increase in renal γ-glutamyl
transpeptidase. At the higher dose of diazinon 30 mg/kg body weight, the induction was
around 109% and 112% of saline-treated control value (p<0.05), whereas at the lower dose of
diazinon 10 mg/kg body weight, it reached a value of 103% and 103% that of saline-treated
control (p<0.05) (Fig 3).
Blood urea nitrogen and serum creatinine is a useful and inexpensive method for
evaluating kidney function. As shown in table 2, one and two weeks after diazinon
administration, an elevation of creatinine and blood urea nitrogen in sera was evidence
indicating the level of kidney damage caused by diazinon as compared to saline-treated
control group (p<0.05).
Renal injuries in rats treated with diazinon at all doses and time was revealed by
histopathological studies as shown in figure 4. Histopathological studies of rats treated with
diazinon following acute and subacute exposure have shown many abnormalities in kidney
glomeruli and convoluted tubules compared with saline-treated control (Fig 4). Histological
changes in kidney were more pronounced at a higher dose of diazinon 30 mg/kg body weight
as compared to lower diazinon dose of diazinon10 mg/kg body weight. The main findings
were the appearance of kidney swelling with obliteration of space in Bowman’s capsule,
glomerular sclerosis, interstitial spaces, necrosis of proximal tubules and congested blood
vessels etc.

4. Discussion
Glutathione (GSH) is a major cellular antioxidant and is crucial for maintaining the
balance between oxidation and antioxidation [3]. It plays important roles in cellular
detoxification and protecting the cells against oxidative stress [4-6]. Oxidative stress has been
reported to be the chief initiator of most of the kidney disorders. Many studies have
demonstrated that diazinon can induce dysfunction and histopathological changes in kidney
by generating free radicals [7-14]. Moreover, these free radicals also attack on the antioxidant
defense system, leading to loss of antioxidant components [8]. The results of the present
study demonstrated that diazinon administration to rats significantly increased MDA
formation while it depletes enzymatic and non-enzymatic antioxidant armory in the kidney
including catalase, glutathione reductase, glutathione S-transferase, glutathione peroxidase
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and GSH levels, suggesting impairment in the antioxidant defense system of rats. In addition,
it also suppresses the activity of glucose-6-phosphate dehydrogenase. Similar alterations in
activities of antioxidant enzymes including the enzyme involved in glutathione metabolism
and associated oxidative stress have been reported following diazinon administration to rats
[7-14]. The observed elevations in γ-glutamyl transpeptidase may further deplete GSH,
leading to oxidative stress. Finally it is well known that diazinon catalyzes the generation of
highly reactive oxidants [7-14]. Creatinine and blood urea nitrogen are vital indicators of
kidney function [26, 27]. The higher levels of urea and creatinine after acute and chronic
administration of diazinon suggest that it may interfere with renal function. Therefore, the
diazinon-mediated renal damage may be due to the decrease in tissue levels of GSH, a fall in
the activities of antioxidant enzymes including the enzymes involved in glutathione
metabolism and simultaneous generation of various oxidants including lipid peroxide and
other ROS.
Histopathological analysis of renal tissues was in concurrence with the biochemical
studies. In fact, histopathological changes, seen in the kidney of rats treated with diazinon are
characterized by a narrowed Bowman’s space, degeneration of tubular epithelial cells and
widened tubular lumen. Besides these, extensive necrosis in renal proximal tubules was also
observed. Our results confirmed previous findings of others who had found degenerative
changes in the kidney of rats exposed to methidathion and methyl parathion (OPs pesticides)
[29-32].
In summary, our observations clearly indicate that diazinon treatment eventuates in
decreased renal GSH, a fall in the activities of antioxidant enzymes including the enzymes
involved in glutathione metabolism and excessive production of oxidants with concomitant
renal damage, all of which are involved in the cascade of events leading to diazinon-mediated
renal injury.

Acknowledgments
Financial support for this research work was provided by the Ministry of Higher Education,
Government of Malaysia (Grant-in-aid No.FRG0166-SP-2008). Authors are also thankful to
Dr. Zarina Amin, Director, Biotechnology Research Institute, University Malaysia Sabah for
support and encouragement. MDS is also grateful to the Ministry of Education Malaysia and
Islamic Development Bank for providing research fellowship (ID No: AF/2008/001).

Conflict of Interest Statement
The authors declare that there are no conflicts of interest.

References
[1]. Dolphin D, Poulson R. Avramovic O. Glutathione, coenzymes, and cofactor. New York:

John Wiley and Sons; 1988.
140

[2]. Lu SC. Regulation of glutathione synthesis. Curr Top Cell Regul 2000; 36:95-116.
[3]. Pompella A, Visvikis A, Paolicchi A, De Tata V, Casini AF. The changing faces of

glutathione, a cellular protagonist. Biochem Pharmacol 2003; 66:1499–503.
[4]. Fang YZ, Yang S, Wu G. Free radicals, antioxidants, and nutrition. Nutrition 2002;
18:872-879.
[5]. Townsend DM, Tew KD, Tapiero H. The importance of glutathione in human disease.
Biomed Pharmacother 2003; 57:145-155.
[6]. Guarino MP, Afonso RA, Raimundo N, Raposo JF, Macedo MP. Hepatic glutathione and
nitric oxide are critical for hepatic insulin-sensitizing substance action. Am. J. Physiol
2003; 284:588-594.
[7]. Davies, DB, Holub, BJ. Toxicological evaluation of dietary diazinon in the rat. Arch.
Environ Contam Toxicol 1980; 9:637–650.
[8]. Garﬁtt SJ, Jones K, Mason HJ, Cocker, J. Exposure to the organophosphate diazinon: data
from a human volunteer study. Toxicol Lett 2002; 134(1-3):105-13
[9]. Nakagawa Y, Moore G. Role of mitochondrial membrane permeability transition in phydroxybenzoate ester-induced cytotoxicity in rat hepatocytes. Biochem Pharmacol 1999;
58:811–816.
[10].
Kappers WA, Edwards RJ, Murray S, Boobis AR. Diazinon is activated by CYP2C19
in human liver. Toxicol Applied Pharmacol 2001; 177: 68–76.
[11].
Sams C, Cocker J, Lennard MS. Metabolism of chlorpyrifos and diazinon by human
liver microsomes. Toxicol Lett 2003; 1:144- 46.
[12].
Toledo Ibarra GA, Diaz Resendiz KJ, Ventura-Ramon GH, Gonzallez-Jaime F, VegaLopez A, Becerril Villanueva E, Pavlon L, Giron-Perez MI. Oxidative damage in gills
and liver in Nile tilapia (Oreochromis niloticus) exposed to diazinon. Comp Biochem
Physiol A Mol Integr Physiol 2016; 200:3-8.
[13].
Shah, MD, Iqbal, M. Diazinon-induced oxidative stress and renal dysfunction in rats.
Food and Chemical Toxicol 2010; 10:1016.
[14].
Ahmad NR, Heidarian E, Ghatreh-Samani K. Evaluation of the effects of the
hydroalcoholic extract of Terminalia chebula fruits on diazinon induced liver toxicity and
oxidative stress in rats. Avicenna J Phytomed 2017; 7(5):454-466.
[15].
Garber J, Barbee R, Bielitzki J, Clayton L, Donovan J. Guide for the care and use of
laboratory animals. 8th ed. The National Academic Press, Washington DC, 2010; pp.220
[16].
Matin, MA, Husain, K. and Khan, SN. Modification of diazinon-induced changes in
carbohydrate metabolism by adrenalectomy in rats. Biochem Pharmacol 1990; 30:17811786.
[17].
Akturk O, Demirin H, Sutch R, Yilmaz N, Koylu H, Altuntas I. The effects of
diazinon on lipid peroxidation and antioxidant enzymes in rat heart and ameliorating role
of vitamins E and C. Cell Biol Toxicol 2006; 22(6):455-461.
141

Mohandas J, Marshall JJ, Duggin GG, Horvath, JS, Tiller DJ. Differential distribution
of glutathione and glutathione-related enzymes in rabbit kidney: Possible implications in
analgesic neuropathy. Cancer Res 1984; 44:5086-5091
[19].
Jollow DJ, Mitchell JR, Zampagilone N, Stripp B, Hamrick M, Gillette, JR.
Bromobenzene-induced liver necrosis: protective role of glutathione and evidence for 3,4bromobenzene oxides as a hepatotoxic intermediate. Pharmacol 1974; 11:151-169
[20].
Buege JA, Aust SD (1978) Microsomal lipid peroxidation. Methods in Enzymology.
In: L. Packer, ed, Academic Press 1978; p. 302-310.
[21].
Carlberg I, Mannervik Glutathione reductase levels in rat brain. J Biol Chem 1975;
250:5475–5480.
[22].
Claiborne A. Catalase activity. Handbook of methods for oxygen radical research. In:
CRC ed. R.A.Green Wald. Boca Raton: FL: CRC Press 1985; p.283-284.
[23].
Habiq WH, Pabst MJ, Jokoby WB. Glutathione S-transferase: The first enzymatic
step in mercapturic acid formation. J Biol Chem 1974; 249:7130-7139
[24].
Benson AM, Hunkeler AJ, Talalay P. Increase of NADPH: quinone reductase activity
by dietary antioxidants: possible role in protection against carcinogenesis and toxicity.
Proc Natl Acad Sci USA 1980; 77:5216-5220
[25].
Orlowski M, Meister A. γ-Glutamyl cyclotransfease distribution, isozymic forms, and
specificity. J Biol Chem 1973; 248:2836-2844
[26].
Kanter MW. Clinical Chemistry. The BobbrMerill Company, Inc USA: 1975; 80
[27].
Hare HS. Endogenous creatinine in serum and urine. Proc Soc Exp Biol Med 1950;
74:148.
[28].
Atiken A, Learmonth M. Protein determination by UV absorption. The Protein
Protocols Handbook., Totowa, NJ, USA: JM Humana Press Inc: 1996; p. 3-6.
[29].
Akturk O, Demirin H, Sutcu R, Yilmaz N, Koylu H. The effects of diazinon on lipid
peroxidation and antioxidant enzymes in rat heart and ameliorating role of vitamin E and
vitamin C. Cell Biol Toxicol 2006; 22:455-461.
[30].
Sulak O, Altuntas I, Karahan N, Yildirim B, Akturk O. Nephrotoxicity in rats induced
by organophosphate insecticide methidathion and ameliorating effects of vitamin E and C.
Pest Bio chem Physiol 2005; 83:21-28.
[31].
Kalender S, Kalender Y, Durak D, Ogutcu A, Uzunhisarcikli M, Cevrimli BS. Methyl
parathion induced nephrotoxicity in male rats and protective role of vitamins C and E.
Pest Biochem Physiol 2007; 88:213-218.
[32].
Betrosian A, Balla G, Kawri G, Kownas G, Makri R, Kakouri A. Multiple systems
organ failure from organophosphate poisoning. J Toxicol Clin Toxicol 1995; 33:257-260.
[18].

142

FIGURES CAPTIONS 1 to 4
Fig. 1 Dose-dependent acute and sub acute effects of diazinon administration on renal GSH
in rats.
Each value represents mean ± SE of six animals. Saline treated animals served as control.
Dose regimen, treatment protocols and other details are described in text.
Values marked with asterisks differ significantly from the corresponding values for saline
treated control (*p<0.05).
Fig. 2 Dose-dependent acute and sub acute effects of diazinon administration on renal lipid
peroxidation in rats.
Each value represents mean ± SE of six animals. Saline treated animals served as control.
Dose regimen, treatment protocols and other details are described in text.
Values marked with asterisks differ significantly from the corresponding values for saline
treated control (*p<0.05).
Fig.3 Dose-dependent acute and sub acute effects of diazinon administration on renal γglutamyl transpeptidase in rats.
Each value represents mean ± SE of six animals. Saline treated animals served as control.
Dose regimen, treatment protocols and other details are described in text.
Values marked with asterisks differ significantly from the corresponding values for saline
treated control (*p<0.05).
Fig. 4 Dose-dependent acute and sub acute effects of diazinon administration on renal
histopathological alterations in rats.
Saline treated animals served as control. Dose regimen, treatment protocols and other details
are described in text.
(a) Saline treated control (b) Corn oil treated (c) Diazinon treated (10 mg/kg body weight) (d)
Diazinon treated (15 mg/kg body weight) (e) Diazinon treated (30 mg/kg body weight).
Specimens stained with haematoxylin and eosin. (a, b, c, & d) X 20.
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Table 1: Acute and subacute effects of diazinon on renal glutathione metabolizing enzymes in rats.
Treatment groups

Glutathione reductase
(nmol NADPH
oxidized/min/mg protein)
Acute
Subacute
Control saline
48.8 ±0.89
48.7 ±0.60
Diazinon
(10 48.0 ±0.54
47.4 ±1.33
mg/kg
body
weight)
Diazinon
(15 47.3 ±0.45
46.8 ±0.89
mg/kg
body
weight)
Diazinon
(30 45.2 ±0.44* 45.1 ±0.49*
mg/kg
body
weight)

Catalase (nmol H2O2
consumed/min/mg protein)
Acute
73.7 ±1.01
71.5 ±0.81

Subacute
72.5 ± 1.90
70.0 ± 2.89

Glutathione peroxidase
(nmol NADPH
oxidized/min/mg protein)
Acute
Subacute
73.5 ±1.09 83.2 ± 2.77
72.8 ±0.98 81.1 ± 2.96

Glutathione-S-transferase
(nmol CDNB conjugate
formed/min/mg protein)
Acute
Subacute
17.1 ± 0.25 20.2 ± 0.29
16.4 ± 0.20 19.3 ± 0.25

Quinone reductase
(nmoldichloroindophenol
reduced/min/mg protein)
Acute
Subacute
7.4 ± 0.10
4.4 ±0.16
7.7 ± 0.15
4.8 ±0.24

71.4 ±1.28

66.6 ± 2.53

71.7 ±0.80

81.4 ± 1.67

16.3 ± 0.35

19.3 ± 0.20

7.8 ± 0.16

4.8 ±0.18

69.0 ±0.88*

62.4 ± 5.40*

70.5 ±0.69

77.2 ± 1.62

16.3 ± 0.54

18.6 ± 0.35*

8.2 ± 0.14*

5.3 ±0.11*

Each value represents mean ± SE of six animals. Saline treated animals served as control. Dose regimen, treatment protocols and other details
are described in text. Values marked with asterisks differ significantly from the corresponding values for saline treated control (*p<0.05).
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Table 2: Acute and subacute effects of diazinon on blood urea nitrogen and serum creatinine
in rats.
Treatment groups
Control saline

Blood urea nitrogen(mg/dl)
Acute
Subacute
24.6 ± 1.35
24.2 ± 1.78

Diazinon (10 mg/kg 25.6 ±2.18
body weight)
Diazinon (15 mg/kg 27.4 ±1.77
body weight)
Diazinon (30 mg/kg 30.7 ±1.46*
body weight)

Serum creatinine(mg/dl)
Acute
Subacute
0.72 ± 0.01
0.67 ± 0.01

27.1 ± 2.08

0.72± 0.08

0.70 ± 0.02

31.5 ± 1.52*

0.75± 0.09

0.72 ± 0.01*

36.1 ± 2.65*

0.81 ± 0.01 *

0.77 ± 0.01*

Each value represents mean ± SE of six animals. Saline treated animals served as control.
Dose regimen, treatment protocols and other details are described in text. Values marked
with asterisks differ significantly from the corresponding values for saline treated control
(*p<0.05).
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