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Abstract. – BACKGROUND AND OBJECTIVES,
Organophosphate insecticides (OPIs) are widely
used in agriculture and horticulture for controlling insects in crops, ornamentals, lawns, fruits,
and vegetables. But, there have not yet any study
about effects of sulforophane (SFN) and curcumin (CUR) on the oxidative stress created by acute
toxic effects of malathion (MAL) as an OPI often
causing human and animal poisoning.
AIM, The aim of this study was to investigate
the effects of SFN and CUR on the oxidative
stress created in the lung, liver, and kidney tissues of rats by acute MAL toxicity.
MATERIALS AND METHODS, Thirty-six mature
Sprague Dawley rats weighing 200-250 g were
used. The rats were randomly divided into six
groups: unmedicated control, SFN, CUR, MAL
control, MAL + SFN, and MAL + CUR. Tissue
samples were analyzed for glutathione (GSH),
malondialdehyde (MDA), and nitric oxide (NO)
levels in the lung, liver, and kidney tissues. Biochemical parameters were measured colorimetrically by using a spectrophotometer.
RESULTS, No statistically significantly difference
was found when comparing the unmedicated control, SFN, and CUR groups. MAL significantly increased MDA levels in the liver and kidney tissues,
but SFN and CUR these levels. MAL did significantly reduce the GSH levels, but SFN and CUR increased these levels by blocking the MAL effect in
the liver tissues. Also, MAL significantly increased
the NO levels, depending on the severity of the tissue damage, and SFN and CUR attenuated to NO
levels and remained under the effect of MAL.
CONCLUSIONS, SFN and CUR, which showed
similar effects, could be used to protect against
the oxidative stress caused by acute malathion
intoxication.
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Introduction

Organophosphorus insecticides (OPIs) are primarily recognized for their neurotoxic effects in
mammals through the inhibition of acetylcholinesterase (AChE), which leads to the accumulation of acetylcholine1. Recent evidence suggests that OPIs may exert direct actions on the
muscarinic and nicotinic receptors when their
concentrations in the circulation exceed the micromolar level1,2.
Malathion (MAL), or O-dimethyl-S1-2di(ethoxycarbonyl)-ethylphosphorodithioate, was
selected as the toxic material in this study. This
OPI is widely used in agriculture and houses, as
well as in public health programs for the control of
the vectors of diseases. However, MAL is a major
cause of poisonings and deaths, mainly in developing countries3,4. Recent studies have related the
acute and chronic exposures to malathion and their
effects on the induction of oxidative stress in the
blood and the various tissues of rats5,6.
Although many studies have investigated how
MAL causes oxidative stress, these researches
provide insufficient information on the treatments for the oxidative stress caused by MAL or
on the medications with potentially protective effects. Therefore, this work aimed to examine the
potentially protective effects of sulforophane
(SFN) and curcumin (CUR) against the oxidative
damage created simultaneously in the lung, liver,
and kidney tissues by malathion. CUR has been
shown to have antioxidant activity at a level
comparable to Vitamins C and E. MAL is known
to facilitate the discarding of several reactive
oxygen radicals, particularly superoxide anion
radicals with nitrogen dioxide radicals and hy-
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droxyl radicals7-9. SFN, an isothiocyanate, anticarcinogen, found in cruciferous vegetables such
as broccoli and brussel sprouts, was first identified as a potent inducer of phase 2 detoxification enzymes10,11. One exciting new avenue of
SFN research focuses on the inhibition of histone
deacetylase (HDAC) activity12,13. SFN was first
reported to inhibit HDAC activity in human
colon cancer cells14 and then in various human
prostate lines 15. SFN retarded the growth of
prostate cancer xenografts 16 and suppressed
spontaneous intestinal polyps in mice17.
This research had three basic aims:
1. To research the oxidative stress created by
malathion in rats’ lung, liver, and kidney tissues;
2. To compare the effects of SFN and CUR used
alone on the oxidative mechanism;
3. To define whether SFN and CUR treatment
was beneficial as a new protective medication
for acute MAL toxicity.

Statistical Analysis
The data for the biochemical parameters were analyzed by ANOVA, followed by the post hoc Tukey
test. All data was presented as mean ± SE using
SPSS Windows 10.0 (Chicago, IL, USA). A value
of p <0.05 was considered statistically significant.

Materials and Methods

Results

Animals, Care, and Nutrition
Thirty-six mature female Sprague Dawley rats
weighing 200-250 g were randomly divided into
six groups of six rats each. The animals were
kept under laboratory conditions with a 12-hour
light/dark cycle and a room temperature of
21±3ºC. The study was approved by the Selcuk
University Experimental Medical Research Center’s Experimental Animals Ethics Committee.
Animals and Treatment
36 rats were randomly divided into six groups:
unmedicated control, SFN control (Sigma S4441
– 0.5 mg/kg via oral [po]), CUR control (Curcuma longa Turmeric/Sigma C1386, 1000 mg/kg
via po), MAL (Fluka-36143) control (200 mg/kg
via po), MAL + SFN, and MAL + CUR. Twentyfour hours after the administration of the medication, the animals were anesthetized with ketamine (50 mg/kg via intra peritoneum [ip]) + xylazine (5 mg/kg dose ip) and then sacrificed.
Measurements were taken of malondialdehyde
(MDA), glutathione (GSH), and nitric oxide
(NO) in the lung, liver, and kidney tissues.
Biochemical Parameters
Tissue samples from the liver, lungs, and kidneys were collected for analysis of GSH, MDA,
and NO concentrations. The tissues were immediately removed and washed with 0.15M KCl (at

4°C). The tissues were then homogenized at icecold temperatures (A: 50 mM, H2PO4 ve B: 50
mM Na2HPO4.2H2O/A:B (v/v) = 1:1.5) by a homogenizator at 290 g for three minutes. The homogenates were centrifuged at 2400 g at 4°C for
15 minutes. The supernatants were stored at
–25°C until they were analyzed. NO was measured colorimetrically using a spectrophotometer
(PowerWave XS, BioTek Instruments, Winooski, VT, USA) by the method of Miranda et al18.
For GSH and MDA concentrations, the UV-1201
(Shimadzu, Kyoto, Japan), the Beutler et al19,
and the Yoshoiko et al20 methods were used.

The results obtained and the statistical analyses of the results are shown in the Tables I, II. No
statistically significant difference was determined between the groups in a comparison of the
effects on MDA, GSH, and NO parameters in the
liver, kidney, and lung tissues in the control,
SFN, and CUR groups. SFN and CUR used
alone did not create a negative effect on MDA,
GSH, and NO levels in the lung, liver, and kidney tissues. Both medications showed similar effects on these enzymes, so their use alone with
respect to an oxidant-antioxidant defense mechanism did not generate any problem (Table I).
In a comparison of the malathion, MAL + SFN,
and MAL+ CUR groups, the MDA levels in the
liver and kidney tissues were significantly high in
the groups that had been given MAL, but by
blocking the toxic effect of malathion, SFN and
CUR significantly reduced the MDA levels. The
GSH levels in liver tissues were significantly reduced by MAL, but SFN and CUR increased the
GSH levels by blocking the toxic effects of
malathion. When the NO levels were examined,
the levels of the groups given malathion were significantly high, and SFN and CUR were determined as having remained under the influence of
MAL. The reason for this originated from the excessive increase in NO expression, depending on
the severity of tissue damage created by malathion
(Table II).
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Table I. The effects on MDA (nmol/g protein), GSH (µg/g protein) and NO (nmol/g protein) in liver kidney and lung tissue in
the control, SFN and CUR groups.

Liver

Control
(n = 6)

SFN
(n = 6)

CUR
(n = 6)

P

16.41 ± 1.32
15.53 ± 1.05
275.55 ± 41.40
8.78 ± 0.88
8.35 ± 0.36
271.96 ± 24.0
25.56 ± 2.80
15.44 ± 1.85
862.23±138.8

14.99 ± 2.5
15.36 ± 2.14
257.54 ± 27.95
8.82 ± 0.38
8.31 ± 0.67
279.62 ± 30.68
25.67 ± 3.36
17.31 ± 2.20
851.96 ± 216.53

11.32 ± 0.68
16.29 ± 1.11
212.86 ± 23.48
8.92 ± 2.29
8.29 ± 0.48
276.96 ± 117.43
25.35 ± 2.38
21.07 ± 1.34
861.86 ± 120.22

Ns
Ns
Ns
Ns
Ns
Ns
Ns
Ns
Ns

Parameters
MDA
GSH
NO
MDA
GSH
NO
MDA
GSH
NO

Kidney
Lung

Ns: not statistically significant.

Discussion
Pesticides have been shown to induce oxidative
stress that leads to the generation of free radicals
(FR) and changes in the antioxidant or oxygen-free
radical scavenging systems in cells. Bagchi et al21
showed that different classes of pesticides induce
the production of reactive oxygen species (ROS)
and oxidative tissue damage. Several reports have
indicated that the activities of enzymes associated
with antioxidant defense mechanisms are altered by
insecticides, in vivo and in vitro22-25. However, there
are not yet sufficient studies on the oxidative stress
caused by malathion in kidneys, liver and luıngs tissues at the same time and on the medications with
potential protective effects against the toxic effect
of MAL. Especially, there have not yet studies
about the protective effects of SFN and CUR
against the acute toxic effects of MAL. SFN is an
important isothiocyanate found in cruciferous veg-

etables, such as broccoli and brussel sprouts used
frequentlly by people. For this aim we have investigated the effects of SFN and CUR both used alone
and with MAL on MDA, GSH and NO levels in
lung, liver and kidney tissues at the same time.
Lipid peroxidation (LPO) has been suggested as
one of the mechanisms of pesticide-induced toxicity.
MDA is a major oxidation product of LPO polyunsaturated fatty acids and increased MDA content is
an important indicator of LPO. As has been shown,
pesticides increase MDA levels in tissues22,26-28.
The acute exposure of rats to dimethoate was
found to alter the activity of several antioxidant enzymes in their livers and brains29. Following acute
administration of chlorpyrifos in rats, the levels of
thiobarbituric acid reactive substances (TBARS) increased in the livers25, brains30, and kidneys31. High
doses of diisopropylfluorophosphate were found to
trigger excessive NO production in the brain32. Gültekin et al33 reported that after the application of the

Table II. The effects on MDA, GSH and NO levels in liver kidney and lung tissue in the MAL + SFN, MAL + CUR and MAL
groups.
Parameters

Liver

Kidney
Lung

MDA
GSH
NO
MDA
GSH
NO
MDA
GSH
NO

Control
(n = 6)

MAL
(n = 6)

MAL + SFN
(n = 6)

MAL + CUR
(n = 6)

P

16.41 ± 1.32b
15.53 ± 1.05b
235.55 ± 41.40b
10.78 ± 0.88 b
9.95 ± 0.36
271.96 ± 24.0b
25.56 ± 2.80
15.44 ± 1.85
862.23 ± 138.8

22.82 ± 1.53a
10.05 ± 0.91c
240.77 ± 95.4b
19.64 ± 1.11a
9.70 ± 1.12
574.38 ± 37.5a
25.82 ± 2.4
15.39 ± 0.9
956.34 ± 188

14.50 ± 2.1b
15.22 ± 0.70b
241.20 ± 57.9b
16.45 ± 1.40a
13.62 ± 1.60
551.26 ± 67.4
21.95 ± 1.9
15.46 ± 1.4
923.72 ± 153

13.55 ± .93b
18.33 ± 0.35a
242.57 ± 23b
15.27 ± 3.4a
11.08 ± 2.5
503.6 ± 46.7a
19.51 ± 1.2
15.53 ± 1.18
931.74 ± 51

< 0.01
< 0.01
< 0.01
< 0.01
Ns
< 0.01
Ns
Ns
Ns

Ns: not statistically significant. a,b,cMean values with same superscripts (a, b, c) showed similar results.
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OPI, chlorpyrifos, the MDA level increased in erythrocytes and this could be the cause of ROS and
FR. In this study, the acute application of MAL induced oxidative stress and increased MDA levels in
kidney and liver tissues. Also, SFN and CUR, by
blocking the toxic effect of malathion, significantly
decreased the MDA levels.
Nitric oxide (NO) has been implicated in the
mechanisms of cell injury and long-term physiological changes in cellular excitability. Yildirim
et al34 found that the NO level in kidney tissue
was increased by cisplatin management and erdosteine prevented this increment at a statistically significant level. Increasing evidence has suggested that NO has an important role in modulating oxidant stress and tissue damage. Peresleni et
al36 showed that oxidant stress to the epithelial
cells caused an increase in immunodetectable inducible NO synthase (iNOS), which resulted in
an elevation in NO release and nitrite production
and decreased cell viability35. In this study, likewise to Yildirim et al34 and Peresleni et al35, the
NO levels of the groups that had been given
MAL were significantly increased and SFN and
CUR were determined as having remained under
the influence of malathion. Therefore, the reason
for this finding originated from the excessive increase in NO expression depending on the severity of the tissue damage created by malathion.
Reduced glutathione (GSH), which is the
other marker agent of this research, has a major
role in cellular defense and in the detoxification
of reactive intermediates and oxygen radicals.
Increased activity of GSH is known to serve as
protective response to eliminate xenobiotics36.
Elevated GSH activity may reflect the possibility of better protection against pesticide toxicity, and it is used as a biomarker for environmental biomonitoring. When GSH activity is
inhibited, LPO products accumulate. GSH
plays a primary important role in cellular
detoxification of toxic aldehydes37,38. In a study
by Ahmed et al39 on male rats exposed to the
OPI, MAL, while an increase was observed in
serum LPO and full-blood glutathione-S-transferase and glutathione reductase activities, a
decrease in serum GSH content was referred39.
In our study, likewise to Ahmed et al39, GSH
levels of the groups that had been given MAL
had statistically significantly decreased, but in
the groups to which SFN and CUR had been
administered, the process of blocking the MAL
effect had significantly increased the GSH level in the liver tissues.

In this comparison of all the present data to
define the sensitivity of the organs and the effects of medications against malathion, it was
determined that the liver was the most sensitive
organ against the toxic effects of MAL as the
first point of exposure to the drugs. Moreover,
the kidneys were more sensitive than the lungs
to malathion. Finally, when a comparison was
made of the effects of SFN and CUR on GSH,
MDA, and NO parameters, it was observed that
medications used alone and at the same time
against the acute MAL intoxication showed
similar effects on oxidative parameters and had
a protective effect.

Conclusions

The use of SFN and CUR alone did not have
any negative effect or cause oxidative stress in
the lung, liver, and kidney tissues, and they could
be used for protective purposes against oxidative
stress and tissue damage caused by malathion.

References
1) HAZARıKA A, SARKAR SN, HAJARE S, KATARıA M, MALıK
JK. Influence of malathion pretreatment on the
toxicity of anilofos in male rats: a biochemical interaction study. Toxicology 2003; 185: 1-8.
2) SAVOLAıNEN K. Understanding the toxic actions of
organophosphates. In: Krieger RI (ed) Hanboock
of Pesticide Toxicology. Academic Press, New
York 2001; pp. 1013-1041.
3) WHO. Lindane in drinking-water. Background
document for preparation of WHO Guidelines for
drinking-water quality. Geneva, World Health Organization (WHO/SDE/WSH/03.04/102) 2003.
4) K HAN S, K HAN NN. The mobility of some
organophosphorus pesticides in soils as affected by
some soil parameters. Soil Sci 1986; 142: 214-222.
5) ABBDOLLAHı M, MOSTAFALOU S, POURNOURMOHAMMADı
S. Oxidative stress and cholinesterase inhibition
in saliva and plasma of rats following subchronic
exposure to malathion. Comp Biochem Physiol C
Toxicol Pharmacol 2004; 137: 29-34.
6) BANERJEE BD, SETH V, BHARRACHARYA A. Biochemical
effects of some pesticides on lipid peroxidation
and free radical scavengers. Toxicol Lett 1999;
107: 33-47.
7) THıYAGARAJAN M, SHARMA SS. Neuroprotective effect
of Curcumin in middle cerebral artery occlusion
induced focal cerebral ischemia in rats. Life Sci
2004; 74: 969-985.
8) REDDY AC, LOKESH BR. Studies on the inhibitory effects of Curcumin and eugenol on the formation

147

H. Alp, I. Aytekin, N.K. Hatipoglu, A. Alp, M. Ogun

9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)

22)

23)
24)

of reactive oxygen species and the oxidation of
ferrous iron. Mol Cell Biochem 1994; 137: 1-8.
SREEJAYAN AND RAO MN. Nitric oxide scavenging by
Curcumin. J Pharmacy Pharmacol 1997; 49: 105107.
JUGE N, MITHEN RF, TRAKA M. Molecular basis for
chemoprevention by sulforophane: a comprehensive review. Cell Mol Life Sci 2007; 64: 1105-1127.
MYZAK M, DASHWOOD RH. Chemoprotection by sulforophane: keep one eye beyond Keap1. Cancer
Lett 2006; 233: 208-218.
X U WS, P A R M ı G ı A N ı WB, M A R K S PA. Histone
deacetylase inhibitors: molecular mechanisms of
action. Oncogene 2007; 26: 5541-5552.
DASHWOOD RH, MYZAK MC, HO E. Dietary HDAC inhibitors: time to rethinkweak ligands in cancer chemoprevention. Carcinogenesis 2006; 27: 344-349.
MYZAK MC, KARPLUS PA, CHUNG FL, DASHWOOD RH.
A novel mechanism of chemoprotection by sulforophane: inhibition of histone deacetylase. Cancer Res 2004; 64: 5767-5774
MYZAK MC, HARDıN K, WANG R, DASHWOOD RH, HO
E. Sulforophane inhibits histone deacetylase activity in BPH-1, LnCaP and PC-3 prostate epithelial cells. Carcinogenesis 2006; 27: 811-819.
MYZAK MC, TONG P, DASHWOOD WM, DASHWOOD RH,
HO E. Sulforophane retards the growth of human
PC-3 xenografts and inhibits HDAC activity in human subjects. Exp Biol Med 2007; 232: 227-234.
M YZAK MC, D ASHWOOD WM, O RNER GA, HO E,
D ASHWOOD RH. Sulforophane inhibits histone
deacetylase in vivo and suppresses tumorigenesis in Apcmin mice. FASEB J 2006; 20: 506-508.
MıRANDA KM, ESPEY MG, WıNK DA. A rapid, simple
spectrophotometric method for simultaneous detectionof nitrate and nitrite. Nitric Oxide 2001; 5: 62-71.
BEUTLER E, DURAN O, KELLEY BM. Improved method
for determination of blood glutathion. J Lab Clin
Med 1963; 28: 882-888.
YOSHOıKO T, KAWADA K, SHıMADA T. Lipid peroxidation in maternal and cord blood and protective
mechanism against actived-oxygen toxicity in the
blood. Am J Obstet Gynecol 1979; 135: 372-376.
B AGCH ı D, B AGCH ı M, H ASSOUN EA, S TOHS SJ. In
vitro and in vivo generation of reactive oxygen
species. DNA damage and lactate dehydrogenase leakage by selected pesticides. Toxicology
1995; 104: 129-140.
DURAK D, UZUN FG, KALENDER S, OGUTCU A, UZUNHıSARCıKLı M, KALENDER Y. Malathion-ınduced oxidative stress in human erythrocytes and the protective effect of vitamins C and E in vitro. Environ
Toxicol 2009; 24: 235-242.
ALMEıDA MG, FANıNı F, DAVıNO SC, AZNAR AE, KOCH OR,
BARROS SBM. Pro- and anti-oxidant parameters in rat
liver after short-term exposure to hexachlorobenzene. Hum Exp Toxicol 1997; 16: 257-261.
PATEL PG, CHAKRABARTı CH. Changes in the activity
of some hepatic enzymes during organophosphorus insecticide-acephate (orthene) treatment

148

25)

26)

27)

28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)

in albino rats. Indian J Physiol Pharm 1982; 26:
311-316.
G ULTEK ı N F, D EL ı BAS N, YASAR S, Kı L ı NC I. In vivo
changes in antioxidant systems and protective
role of melatonin and a combination of vitamin C
and vitamin E on oxidative damage in erythrocytes induced by chlorpyrifos-ethyl in rats. Arch
Toxicol 2001; 75: 88-96.
KEHRER JP. Free radical as mediator of tissue injury
and disease. Crit Rev Toxicol 1993; 23: 21-48.
B ANERJEE BD, S ETH V, B HATTACHARYA A, PAHSA ST,
CHAKRABORTY AK. Biochemical effects of some pesticides on lipid peroxidation and free-radical scavengers. Toxicol Lett 1999; 107: 33-47.
HAZARıKA A, SARKAR SN, HAJARE S, KATARıA M. Influence of malathion pretreatment on the toxicity
of anilofos in male rats: A biochemical interaction
study. Toxicology 2003; 185: 1-8.
SHARMA Y, BASHıR S, IRSHAD M, GUPTA SD, DOGRA TD.
Effect of acute dimethoate administration on antioxidant status of liver and brain of experimental
rats. Toxicology 2005; 206: 49-57
VERMA RS, SRıVASTAVA N. Chlorpyrifos induced alterations in levels of thiobarbituric acid reactive substances and glutathione in rat brain. Indian J Exp
Biol 2001; 39: 174-177.
ONCU M, GULTEKıN F, KACOOZ E, ALTUNTAS I, DELıBAS
N. Nephrotoxicity in rats induced by chlorpyrifosethyl and ameliorating effects of antioxidants. Human Exp Toxicol 2002; 21: 223-230.
GUPTA RC, MıLATOVıC D, DETTBARN WD. Depletion of
energy metabolites following acetylcholinesterase
inhibitor-induced status epilepticus: protection by
antioxidants. Neurotoxicology 2001; 22: 271-282.
GULTEKıN F, OZTURK M, AKDOĞAN M. The effect of
organophosfhate insecticide chlorpyrifos-ethyl on
lipid peroxidation and antioxidant enzymes (in vitro). Arch Toxicol 2000; 74: 533-538.
YıLDıRıM Z, SOGUT S, ODACı E. Oral erdosteine administration attenuates cisplatin-induced renal tubular
damage in rats. Pharmacol Res 2003; 47: 149-156.
PERESLENı T, NOıRı E, BAHOU WF, GOLıGORSKY MS. Antisense oligodeoxynucleotides to inducible NO
synthase rescue epithelial cells from oxidative
stress injury. Am J Physiol 1996; 270: F971-977.
SMıTH GJ, LıTWACK G. Roles of ligandin and the glutathione S-transferases in binding steroid metabolites, carcinogens and other compounds. Rev
Biochem Toxicol 1980; 2: 1-47.
ORUC E. Effects of diazinon on antioxidant defense system and lipid peroxidation in the liver of
Cyprinus carpio (L.). Environ Toxicol Mar 1 (Epub
aheah of print).
ORUC E, UNER N, SEVGıLER Y, USTA D, DURMAZ H.
Sublethal effects of organophosphate diazinon on
the brain of Cyprinus Carpio. Drug Chem Toxicol
2006; 29: 57-67.
AHMED RS, SETH VS, PASHA T, BANERJEE BD. Influence
of dietary ginger (Zingiber officinales Rosc) on oxidative stres ınduced by malathion in rats. Food
Chem Toxicol 2000; 38: 443-450.

