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A
Effect of concurrent exposure of toxic concentrations of
lead and endosulfan on oxidative stress indices in rats
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ABSTRACT

The effect of concurrent exposure of toxic concentrations of lead and endosulfan were evaluated on
oxidative stress parameters in male wistar rats. Group | served as untreated control whereas Group |1
received drinking water containing lead as lead acetate @1000 ppm (Pb1000). Group 11 was exposed to
feed containing technical grade endosulfan @ 100 ppm (E100). Group IV was exposed to Pb (1000) +E
(100). All the treatments were given daily for 28 days. Combination of lead and endosulfan modified the
indices of oxidative stress in the parameters such as lipid peroxidation, reduced glutathione, superoxide
dismutase and catalase in rats as compared to their individual compounds. The results suggest that the
combination of these individual compounds may have the potential to modify oxidative stress produced
by single compounds in male rats.
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INTRODUCTION

Lead is a major human health hazard due to its wide distribution in the environment and in biological
systems [, Several studies have demonstrated that lead exposure tend to increase oxidative stress
parameters 2, NOAEL (No observed adverse effect level) for lead was reported to be 100 ppm [,
Organochlorines are the most commonly found pesticides in the environment . Endosulfan is a member
of the cyclodiene group of organochlorine pesticides used worldwide in agriculture. Endosulfan has been
shown to cause oxidative stress [°I. A dose of 10 ppm of endosulfan has been tested to be NOAEL [,
Higher doses (10x or more of NOAEL dose) of lead and endosulfan have been shown to produce
oxidative stress in various studies. It has been reported that lead acetate induced oxidative stress and
depleted hepatic GSH in rats treated with 2000 ppm for 4 weeks 1. It was also reported that lead acetate
caused significant decreases, both in liver and brain GSH levels and caused significant induction of lipid
peroxidation in rats treated with 2000 ppm for weeks [, It was reported that there were significant
decreases in the levels of GSH in liver, kidney and brain tissues when treated with endosulfan at lower
(11 mg/kg body wt) and higher (22 mg/kg body wt) doses in rats [l It was also reported decrease in
reduced GSH and increase in lipid peroxidation in kidney of rats that received endosulfan @ 10 mg/kg
body wt [1],

Since multiple-chemical exposure is believed to represent a realistic picture of the human and animal
chemical toxic burden, one chemical may modify the effect of the other by altering its kinetics and/or
dynamics in a co-exposure situation [*3, Assessments that take into account of combined actions of
pollutants reflect better the existent impact of environmental exposures than the assessments that
evaluate toxicity of single chemicals [*2. In view of the increased use of endosulfan for agroproduction
and accumulation of lead in the ground water and environment, coexistence of lead and endosulfan
seems to be a reality and simultaneous exposure of human and animals to these chemicals could be
potentially hazardous. Hence the present study was aimed to evaluate whether repeated co-exposure to
lead through drinking water and to dietary endosulfan through feed at higher concentration levels (10x of
NOAEL doses) could modify the effect produced by each compound on oxidative stress parameters in
liver, kidney, brain and in erythrocytes in male wistar rats.

MATERIALS AND METHODS

Colony-bred adult male albino Wistar rats (70-90g; 4-5 weeks age) were procured from Laboratory
Animal Resource Section, Indian Veterinary Research Institute, lzatnagar. As per the Institute Animal
Ethical Committee guidelines they were maintained under standard managemental conditions. Four
groups of six rats were taken for the study. Rats of group | served as untreated control where as Group |1
received drinking water containing lead as lead acetate @1000 ppm (Pb100). Group Il was exposed to
feed containing technical grade endosulfan @ 100 ppm (E10). Group IV was exposed to Pb (1000) +E
(100). All the treatments were given daily for 28 days. Rats were sacrificed on the 29" day after
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recording the final body weight. About 200 mg of liver, kidney and
brain samples were weighed and taken in 2 ml of ice-cold saline. 200
mg of sample was weighed separately and taken in 2 ml of 0.02 M
EDTA for GSH estimation. The homogenates were centrifuged for 10
min at 875 g. The supernatant was used for estimation of following
biochemical parameters.

The extent of lipid peroxidation (LPO) was evaluated in terms of
MDA (malondialdehyde) production, determined by thiobarbituric
acid (TBA) method 13, Reduced glutathione was determined by
estimating free-SH groups, using DTNB method 14, Superoxide
dismutase was estimated by the method of Madesh and
Balasubramanian [, Catalase was estimated by the method of
Bergmeyer 161 Protein contents were determined by the method of
Lowry 171, Results were analyzed by ANOVA with Duncan’s multiple
comparisons (18],

RESULTS AND DISCUSSION

After 28 days, there were no significant changes in the body weights
of rats given the higher concentrations of lead, endosulfan and lead
plus endosulfan in all groups taken for the study. The results of
oxidative stress parameters are depicted in Tables 1,2,3,4. Groups
treated with lead and endosulfan has shown significantly increased
MDA levels, decreased levels of reduced glutathione, decreased
superoxide dismutase increased catalase activity and decreased levels
of protein content as compared to control group (P < 0.05). There was
an elevation in the levels of lipid peroxidation and reduction in
reduced GSH in liver (61.89 % and 21.69 %), kidney (70.87 % and
28.23 %), brain (209.06 % and 37.33 %) and erythrocytes (145.45%
and 21.56 %) of rats receiving higher concentration of endosulfan
(100 ppm) as compared to control. Significant induction of MDA
levels also observed in liver and kidney of Imidacloprid and
Dichlorvos treated group 9. In another study, MDA concentrations
increased significantly in liver, kidney and brain and GSH levels
decreased in liver and brain significantly in Fischer 344 rats that
received 1100 ppm lead in drinking water for 6 weeks 2%, It was also
observed an increase in MDA levels in erythrocytes and decrease in

GSH levels in blood and brain of rats that received 2000 ppm of lead
[21]

There were significant decreases in the levels of GSH in liver, kidney
and brain tissues when treated with endosulfan at higher doses (33
mg/kg body wt) in rats Pl The results were also consistent with
another study which reported that there was significant increase in the
levels of TBARS with single (30 mg/kg) and repeated doses of
endosulfan (10 or 15 mg/kg/day) for 5 days in liver and brain of rats
122, As compared to control, there was reduction in activities of SOD
and elevation in the levels of catalase in liver (27.95% and 37.89%),
kidney (27.40% and 28.39%), brain (20.22% and 80.83%) and
erythrocytes (33.72% and 54.03%) in animals given higher
concentration of endosulfan (100 ppm). Another study reported
decreased SOD in erythrocytes by 21% and liver SOD by 12% in rats
exposed to 1.9, 3.8, 7.6, 15.2 and 22.8 mg/250g body wt doses of
endosulfan 23],

There was elevation in the levels of MDA and reduction in the levels
of reduced GSH in liver (114% and 28%), kidney (113% and 20%),
brain (344% and 16%) and erythrocytes (165% and 17%) of rats
receiving higher concentration of lead (1000 ppm) as compared to

control. Several studies have pointed to ROS generation, namely
hydrogen peroxide and superoxide anion in lead toxicity 24 21, |ead
is reported to alter antioxidant activities by inhibiting functional SH
groups in several enzymes such as ALAD, SOD and catalase [2°1.

In the present study, as compared to control, there was elevation in the
levels of catalase and reduction in the activities of SOD in liver
(40.27% and 43.75%), kidney (31.04% and 45.37%), brain (52.91%
and 41.38%) and erythrocytes (47.58% and 32.30%) in animals
exposed to higher concentration of lead (1000 ppm). This may be
attributable to the elevation of production of catalase in response to
increase in MDA levels and could play a significant role in protecting
cells. These results were also consistent with the study which also
reported increase in catalase levels in rats received higher
concentration (2000 ppm) of lead as lead acetate [). Reduction in the
activity of SOD may be attributed to the utilization of SOD in
response to increased production of ROS. The findings corroborated
earlier reports of reduced activities of SOD in erythrocytes, liver,
kidney and brain of lead-exposed rats [¢7. 28. 29,

In liver, combination of Pb (1000) +E (100) showed non significant
antagonistic effect on MDA levels as compared to their single
administration. In kidney, combination of Pb (1000) and E (100) also
showed significant antagonistic effect on MDA levels as compared to
Pb (1000) and E (100) when given alone. There was weak
antagonistic effect on SOD activities in liver, kidney, brain and
erythrocytes in animals treated with lead plus endosulfan in higher
doses as compared to their single administration. Another study
suggested that co-exposure of endosulfan and arsenic induced
comparatively less oxidative stress than the expected additive effects
induced by individual chemicals in chickens [%. Higher dose
combination showed synergistic effect in catalase activity in liver,
kidney and brain as compared to their single administration. Most of
the studies indicate that most of the metal mixtures frequently produce
synergistic effects 31,

The results of the study indicate that oxidative stress related
parameters such as lipid peroxidation, reduced glutathione and
superoxide dismutase activity showed weak antagonistic effect and
catalase activity showed synergistic effect in the higher dose
combination as compared to their individual compounds This may be
due to the activity of antioxidants to minimize further damage
developed by individual dose ranges. It is suggested that combination
of higher doses (10x of NOAEL) of lead and endosulfan may modify
the activity of the individual compounds on oxidative parameters in
male rats.

Table 1: Effect of 28- day treatment with lead, endosulfan and their
combination on LPO (nmoles of MDA formed /g of wet tissue/ml
erythrocytes) in organs and erythrocytes of rats (Mean + S.E.M; n=6;
P<0.05)

Groups Liver Kidney Brain RBC

Control 13.28+1.33*  15.21+0.64* 07.06+1.46* 1.32+0.21°
Pb-1000 28.49+0.89° 32.40+2.93¢ 31.38+0.82° 3.51+0.25°
E-100 21.50+3.84° 25.99+1.18° 21.82+0.89° 3.24+0.21°
Pb-1000+E-100  20.60+1.21° 17.97+1.10° 21.88+1.11° 3.25+0.25"

Different superscripts in a column differ significantly (P < 0.05)
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Table 2: Effect of 28- day treatment with lead, endosulfan and their study and response to hemorrhage study. In Environmental health aspects
combination on reduced glutathione levels (MM of GSH /g of wet of lead: Proceedings International Symposium 1973; pp. 199-210.

tissue/ml erythrocytes) in organs and erythrocytes of rats(Mean + 4. Chopra AK, Sharma MK, Chamoli S. Bioaccumulation of organochlorine
S.E.M; n=6; P<0.05) pesticides in aquatic system—an overview. Environ monit assess. 2011,

173(1-4):905-916.
5. Bayoumi AE, Garcia-Fernandez AJ, Ordonez C., Perez-Pertejo Y.,

Groups Liver Kidney Brain RBC Cubria J.C., Reguera R.M., Balana-Fouce R. Ordonez D. Cyclodiene
Control 0.106+0.001" 0.085+0.004° 0.075+0.006° 0.51+0.04° organochlorine insecticide-induced alterations in the sulfur-redox cycle
Pb-1000 0.076+0.005* 0.068+0.004° 0.063+0.006° 0.42+0.01* in CHO-K1 cells. Comp. Biochem. Physiol. 2001; 130(3):315-323.
6. Banerjee BD, Hussain QZ. Effects of endosulfan on humoral and cell-
E-100 0.083+0.004* 0.061+0.005* 0.047+0.005* 0.40+0.02° - . . . :
mediated immune responses in rats. Bull. Environ. Contam. Toxicol
Pb-1000+E-100 0.080+0.007% 0.065+0.004® 0.053+0.007% 0.46+0.04° 1987; 38:438-441.
Different superscripts in a column differ significantly (P < 0.05) 7. Pande M, Flora SJS. Lead induced oxidative damage and its response to
combined administration of a-lipoic acid and succimers in rats. Toxicol.
Table 3: Effect of 28- day treatment with lead, endosulfan and their 2002; 177(2-3):187-196.

combination on superoxide dismutase (U/mg of protein) in organs and ~ 8- Avkin-Bums N, Laegeler A, Kellogg G. Ercal N. Oxidative effects of
erythrocytes of rats (Mean % S.E.M; n=6; P<0.05) lead in young and adult fisher 344 rats. Arch. Environ. Contam. Toxicol.
2003; 44:417-420.

9. Siddiqui M.K.J, Anjum F, Qadri Syed S.H. Some metabolic changes

Groups Liver Kidne Brain RBC . . . L

P y induced by endosulfan in hepatic and extra hepatic tissues of rat. J.
Control 5.76+0.23¢ 5.51+0.51°¢ 5.34+0.45° 4.21+0.29° Environ. Sci. Health, 1987; B22:553-564.
Pb-1000 3.24+0.412 3.0140.232  3.13+0.412 2.85+0.212 10. Singh SK, Pandey RS. Gonadal toxicity of short term chronic endosulfan

i b b b . exposure to male rats. Indian J. Exp. Biol. 1989; 27(4):341-346.
E-100 4.15+0.23 4.00£0.25 4.26+0.41 2.79x0.27 11.  Andersen ME, Dennison JE. Mechanistic approaches for mixture risk
Pb-1000+E-100  4.94#0.25"  4.66+0.31°  4.73+0.32"  3.46+0.34° assessments—present capabilities with simple mixtures and future
Different superscripts in a column differ significantly (P < 0.05) directions. Environ Toxicol Pharmacol. 2004; 16(1-2):1-11.
12. Schnug L, Leinaas HP, Jensen J. Synergistic sub-lethal effects of a

Table 4: Effect of 28- day treatment with lead, endosulfan and their biocide mixture on the springtail Folsomia fimetaria. Environ Pollut.
combination on catalase levels (mmol/min/ mg of protein) in organs 2014; 186:158-164.

13. Shafig U.R. Lead induced regional lipid peroxidation in brain. Toxicol
Lett. 1984; 21:333-337.
14. Sedlak J, Lindsay RH. Estimation of total, protein-bound, and nonprotein

and erythrocytes of rats (Mean + S.E.M; n=6; P<0.05)

Groups Liver Kidney Brain RBC o . .
sulfhydryl groups in tissue with Ellman's reagent. Anal biochem.

Control 211.12+415.1* 186.33+14.5* 113.20+12.3* 124+15.0* 1968: 25:192-205.

Pb-1000 206.15+15.1 244.18+12.5P 173.10+13.5° 183+25.5° 15. Madesh M, Balasubramanian KA. Microtiter plate assay for superoxide

E-100 291 12+12.1° 2392342515 204.704214° 191+20.5° dismutase using MTT reduction by superoxide. Indian J biochem

biophys. 1998; 35(3):184-188.
Pb-1000+E-100 346.30:14.1° 293.08+12.6° 264.00+11.5" 188+17.6" 16. Bergmayer, HU. UV method of catalase assay. Methods of enzymatic

Different superscripts in a column differ significantly (P < 0.05) analysis. 1983; 3:273.
17. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement
Table 5: Effect of 28- day treatment with lead, endosulfan and their with Folin —Phenol reagent, J Biol Chem. 1951; 193:265-275.
combination on protein levels (mg/g of tissue) in organs of rats (Mean 18- Snedecor GW, Cochran WG. Statistical methods. lowa State College
+ S.E.M; n=6; P<0.05) Press Ames, 1989.
19. Shukla S, Jhamtani RC, Dahiya MS, Agarwal R. Oxidative injury caused
Groups Liver Kidney Brain by indivi_dl_JaI gnd comt_)ined ex_posure of neonicotinoid, organophosphate
and herbicide in zebrafish. Toxicol Rep. 2017; 4:240-244.
Control 143.20+3.19° 89.12+3.10° 63.25+1.25° 20. Gurer H, Ozgunes H, Oztezcan S, Ercal N. Antioxidant role of alpha-
Pb-1000 081.45+3.17° 66.20+2.552 45.12+3.10° lipoic acid in lead toxicity. Free Radic Biol Med. 1999; 27(1-2):75-81.
E-100 084.00+5.10° 69.15+3.10° 43,4443 41 21. Tandon_S.K, Singh_ S, _Prasad S, Srivastav.a S, Siddiqui_M._K.J. Revers§l
of lead-induced oxidative stress by chelating agent, antioxidant, or their
Pb-1000+E-100 084.12+3.25° 64.71+4.12° 40.84+2.15° combination in the rat. Environ Res. 2002; 90(1):61-66.
Different superscripts in a column differ significantly (P < 0.05) 22. Hincal F, Gurbay A, Giray B. Induction of lipid peroxidation and
alteration of glutathione redox status by endosulfan. Biol Trace Elem
Acknowledgement Res. 1995; 47(1-3):321-326.
23. Bebe FN, Panemangalore M. Exposure to low doses of endosulfan and
The authors express their gratitude to the Director, Indian Veterinary chlorpyrifos modifies endogenous antioxidants in tissues of rats. J.
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24. Monteiro HP, Abdulla DSP, Arun AS, Bechara EJH. Oxygen toxicity
related to exposure to lead. Clin Chem. 1985; 31(10):1673-1676.

25. Monteiro HP, Abdulla DSP, Faljoni-Alario A, Bechara EJH. Generation
of active oxygen species during coupled autoxidation of oxyhemoglobin
and d-aminolevulinic acid. Biochimica et Biophysica Acta. 1986;
881(1):100-106.

26. Hsu PC, Guo YL. Antioxidant nutrients and lead toxicity. Toxicol. 2002;
180:33-44.

27. Adonaylo VN, Oteiza Pl. Lead intoxication: antioxidant defenses and
oxidative damage in rat brain. Toxicol. 1999; 135(2-3):77-85.

28. Patra RC, Swarup D. Effect of lead on erythrocytic antioxidant defence,
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