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Lipid peroxidation and oxidative stress in rat erythrocytes induced by
aspirin and diazinon: the protective role of selenium
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ARTICLE INFO ABSTRACT

Objective: To investigate the adverse effect of exposure to acetylsalicylic acid (ASA), diazinon (DIA)
and their combination on oxidant/antioxidant status in rat erythrocytes and the ameliorating role
of selenium (Se).

Methods: Rats were oral administered ASA at the maximum administration dose (1350 mg/
personal/d=2.5 mg/kg body weight/d), DIA at a dose of 20 mg/kg body weight/d and Se at a dose of
200 pg/kg body weight/d and their combinations for 28 consecutive d.

Results: Administration of DIA, ASA and ASA+DIA lead to a significant increment (P<0.05) in
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Keywords: lipid peroxidation as evidenced by the increase in erythrocytes MDA levels by 61.89, 20.79¢, and
Acetylsalicylic acid 105.629, respectively. Co—administration of Se to treated rats modulated the augmentation of
Diazinon MDA levels. Administration of DIA, ASA and ASA;DIA lead to significant decreases (P<0.05) in the
Er}fthr(.)cytes activities of catalase, superoxide dismutase and glutathione peroxidase enzymes when compared
Oxidative stress to the control group. The most influence and decreases in the activities of the aforementioned
Lipid peroxidation enzymes were observed in the treatments of ASA+DIA by 30.53%, 43.42¢, and 48.31¢, respectively.

Rat However, co—administration of Se mitigated the significant decreases of superoxide dismutase,
catalase and glutathione peroxidase activities to by 14.47¢, 15, 369, and 12.29¢.
Conclusions: It can be concluded that DIA and ASA induced oxidative stress and lipid
peroxidation in rat erythrocytes. The results reveal the pronounced ameliorating effect of Se in
DIA and ASA intoxicated rats. It is supposed that antioxidant supplementation may be beneficial
for the people using ASA for longer periods and exposure to pesticides.

1. Introduction

The excessive and unregulated use of pesticides
in agriculture and public health has caused severe
environmental pollution and severity of risks to human
health. There is also a widespread concern about reducing
the pesticides residues in food grains, meat, vegetables
and milkl1]l. Diazinon [DIA: 0,0—diethyl-0—2—isopropyl—
4—methyl-6—pyrimidinyl) phosphorothionate] is one of
the organophosphorus insecticides (0PIs) and widely used
in agriculture and public health throughout the worldi2l.
Previous studies showed that DIA-induced tissues injury
depends on the increase of oxidative stress and cell
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deathi34], which can be directly induced by the parent
pesticide or by toxic oxygenated metabolites. DIA induces
swelling of mitochondria in hepatocyteslsl. This affects
mitochondrial membrane transport in rat liver, and disturbs
cytochrome P, system in human liverl6l. Tt causes toxic
effects on blood cells, spleen, thymus and lymph nodes of
ratsl7l and other organisms(7.81.

Aspirin (acetyl salicylic acid, ASA) represents the prototype
of non—steroidal anti—inflammatory drugs (NSAIDs) and
has been widely used as analgesic, antipyretic, and anti—
inflammatory agent in the world9l. Previous studies reported
that ASA made beneficial effects by making some changes
in the antioxidant system and exerted no harmful effects[10-
12]. In contrast, NSAIDs may exert the therapeutic effects
by chelating various physiologically important metallic
cations in the body e.g. gastrointestinal irritation, untoward
and prolonged bleeding, renal function disturbance, skin
eruptions and otic effectsl13].

Free radicals have become an attractive means to explain
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the toxicity of numerous xenobiotics and some of these
free radicals interact with various tissue components e.g.
DNA, protein, lipids, resulting in dysfunction(14.15]. Lipid
peroxidation (LPO) is one of the molecular mechanisms
of pesticides toxicity; it can disturb the biochemical and
physiological functions of red blood cell (RBC)I51. RBCs are
highly susceptible to oxidative damage due to the high cell
concentration of polyunsaturated fatty acid, hemoglobin and
oxygen, which may produce oxidative changes in RBC. To
protect itself, RBCs possess effective antioxidative enzyme
systems e.g. superoxide dismutase SOD), catalase (CAT) and
glutathione peroxidase (GPx), which neutralize the reactive
oxidants into none or less reactive speciesl15.16]. They give
protection by directly scavenging superoxide radicals
and hydrogen peroxide. SOD catalyzes the dismutation of
superoxide radical (0,7) into hydrogen peroxide (1,0,) and
CAT breaks H,0, to water and molecular oxygen. GPx reduces
H,0, to water by oxidizing two molecules of glutathione (GSH)
into oxidized glutathione (GSSG). It is known that insecticides
and drugs may induce metabolic pathways to generate toxic
metabolites and drug/insecticide interactions can result in
altered response/toxicityl4.17l.

In fact, one area of increasing interest is the study of
the ability of essential trace mineral to modulate the
effects of environmental toxicants. In that respect, several
studies have shown that selenium (Se) was of fundamental
importance to human health because it is important in
many biochemicals and physiological processes(18.191. As a
constituent of selenoenzyme-GSH-Px, Se plays an antioxidant
role, it protects cells against damages by free radicals and
permits regeneration of a membrane lipid molecule through
reacylation(19. It plays an important role in antioxidant
defense systems as well as protects the structure and
function of proteins, DNA and chromosomes against oxidation
injuryi2021],

Although many studies have evaluated the therapeutic
effect of ASA and the toxic effect of DIA, there is paucity of
information on the adverse effects of combined exposure to
NSAIDs “ASA” and OPI “DIA” in LPO and oxidative damage in
rat erythrocytes and the antioxidant role of Se. So, this study
amid to investigate the possible effects of ASA and DIA on
cellular oxidant/antioxidant system in rat erythrocytes and to
assess the adverse effects of combined exposure to ASA and
DIA on rat erythrocytes and the antioxidant role of Se.

2. Materials and methods
2.1. Experimental animals

Male Wister rats weighing (97+5) g were obtained from the
Animal Breeding House of the National Research Centre,
Dokki, Cairo, Egypt, and maintained in clean plastic cages
in the laboratory animal room at (23%2) °C. The animals
were fed on a standard laboratory pellet diet and water ad
libitum. Rats were kept at 12 h light 12 h dark cycles at a
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room temperature of 18—22 °C and acclimatized for 1 week
prior to the start of experiments. All animal experiments were
approved by the Animal Care & Experimental Committee,
National Research Centre, Cairo, Egypt, and international
guidelines for care and use of laboratory animals.

2.2. Chemicals

ASA (Aspocid® tablets, The Arab Drug Co., Egypt), each
tablet that contains 75 mg ASA, was purchased from local
pharmacies. DIA (Nasr—Cidol® 609 EC) was obtained from
El-Nasr Mediate Chemical Co., Egypt. Sodium selenite
(Na,Se0,) was purchased from Mallinckrodt. Inc. (Paris,
France). Thiobarbituric acid (2, 6—dihydroxypyrimidine—2—
thiol; TBA) was obtained from Merck (Germany). The assay
kits used for biochemical measurements of CAT (EC 1.11.1.6),
SOD (EC 1.15.1.1) and GPx (EC 1.11.1.9) were purchased from
Biodiagnostic Company, 29 Tahrir Str., Dokki, Giza, Egypt. All
other chemicals were of reagent grades and were obtained
from the local scientific distributors in Egypt.

2.3. Experimental design

2.3.1. Animal treatment schedule

The animals were randomly divided into eight groups and
each consists of six rats. DIA, ASA and selenium (sodium
selenite, Na,Se0,) were prepared in distilled water and given
via oral route for 28 consecutive d. Animals in Group 1 were
served as control and given only distilled water (0.5 mL/rat).
Animals in Group 2 were given Se (Na,Se0,) at a dose of 200
ug/kg body weight/di221. Animals in Group 3 were given DIA at
a dose of 20 mg/kg body weight(23]. Animals in Group 4 were
given ASA at a dose of 22.5 mg/kg body weight. The selected
dose of ASA was corresponded to the maximum administration
dose of 1350 mg/personal/day based on the manufacture
pamphlet. Animals in Group 5 were given simultaneously
DIA 20 mg/kg body weight) and ASA (22.5 mg/kg body weight).
Animals were co—administered Se with DIA, ASA and ASA+DIA
for 5, 6 and 8 Groups, respectively.

2.3.2. Blood collection and erythrocytes preparation

At the end of experimental period, blood samples were
withdrawn from the animals under light ether anaesthesia by
puncturing the retero—orbital venous plexus of the animals
with a fine sterilized glass capillary and collected in EDTA
tubes. Within 10 min of blood collection, the erythrocytes
were sedimented by centrifugation at 3500 r/min for 10 min
at 4 °C, using Hereaeus Labofuge 400R, Kendro Laboratory
Products GmbH, Germany. The erythrocytes were washed
for three times (5 mL, each) with cold isotonic saline and the
buffy coat was discarded. Then, 0.5 mL of the erythrocytes
suspension was destroyed by osmotic pressure, using the
same volume of deionized water and centrifugation at 10000
x g for 10 min at 4 °C. The supernatant was then obtained and
stored at —20 °C until measurements within one week.
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2.4. Oxidative stress biomarkers in rat erythrocytes

The biochemical measurements, except that of LPO,
were performed according to the details given in the kit’s
instructions. The principals below of different methods are
given for each concerned biochemical parameter.

2.4.1. Determination of antioxidant enzymes activities

2.4.1.1. SOD (EC 1.15.1.1)

SOD activity in erythrocyte lysate was determined according
to the method of Nishikimi et all24l. The method is based
on the ability of SOD enzyme to inhibit the phenazine
methosulphate—mediated reduction of nitroblue tetrazolium
dye. Briefly, 0.05 mL erythrocyte lysate was mixed with 1.0 mL
buffer (pH 8.5), 0.1 mL nitroblue tetrazolium and 0.1 mL
NADH. The reaction was initiated by adding 0.01 mL phenazine
methosulphate, and then increased in absorbance was read at
560 nm for five minutes. SOD activity was expressed in pmol/
mg protein.

2.4.1.2. CAT (EC 1.11.1.6)

CAT activity in erythrocyte lysate was determined according
to the method of Abeil25l. The method is based on the
decomposition of H,0, by CAT. The sample which contains
CAT is incubated in the presence of a known concentration of
H,0,. After incubation for exactly one minute, the reaction is
quenched with sodium azide. The amount of H,0, remaining
in the reaction mixture is then determined by the oxidative
coupling reaction of 4—aminophenazone (4—aminoantipyrene,
AAP) and 3,5—-dichloro—2-hydroxybenzenesulfonic acid in the
presence of H,0, and catalyzed by horseradish peroxidase.
The resulting quinoneimine dye [N—@—antipyrl)—3—chloro—
5—sulfonate—p—benzoquinonemonoimine| is measured at 510
nm. The CAT activity was expressed in umol/mg protein.

2.4.1.3. GPx (EC 1.11.1.9)

GPx was assayed by the method of Paglia and Valentinel26].
The activity was measured based on the principle that GSSG
produced by GPx is reduced at a constant rate by glutathione
(GSH) reductase with NADPH as a cofactor. The NADPH allows
the maintenance of predictable levels of reduced GsH.
The oxidative rate of NADPH was monitored at 340 nm. The
activity of GPx was measured expressed as nmoles of GSH
(oxidized/miny/mg protein.

2.4.2. Determination of LPO

Malondialdehyde (MDA), as a marker for LPO was
determined in serum by the double heating method of Draper
and Hadley with some modifications|27l. The principle of the
method is based on spectrophotometric measurement of the
color produced during the reaction of TBA with MDA. For this
purpose, 2.5 mL of 100 g/L trichloroacetic acid solution was
added into 0.5 mL serum in a centrifuge tube and placed in a
boiling water bath for 15 min. After cooling under tap water,
the mixture was centrifuged at 600 g for 10 min, and 2 mL of
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the supernatant was transferred into a test tube containing 1
mL of 6.7 g/L. TBA solution and placed again in a boiling water
bath for 15 min. The solution was then cooled under tap water
and its absorbance was measured spectrophotometrically at
532 nm. The concentration of MDA was calculated using the
follow equation MDA (nmoL/mL)=[(Absorbance of sample/
Absorbance of standard)x100].

2.5. Protein concentration

Protein concentrations in the hemolysates were determined
spectrophotometrically based on the colorimetric biuret
method by standard kits according to Bradfordi2s].

2.6. Spectrophotometric measurements

The spectrophotometric measurements were performed by
using a Shimadzu UV-VIS Recording 2401 PC (Japan).

2.7. Statistical analysis

The results were expressed as means#SE. All data were
done with the Statistical package for Social Sciences (SPSS
17.0 for windows). The results were analyzed using One way
analysis of variance (ANOVA) followed by Duncan’s test for
comparison between different treatment groups. Statistical
significance was set at P <0.05.

3. Results

Our results revealed that DIA, ASA and DIA+ASA caused a
statistically significant decrease (P<0.05) in SOD activity
in rat erythrocytes (Figure 1). Compared to the control
value, the change in SOD activity accounted to —29.39%,
—20.61% and —43.42% of DIA, ASA and DIA+ASA—treatment,
respectively. Supplementation of Se modulated SOD
activity and the change accounted to —11.89 %, —3.95% and
—14.479% of DIA, ASA and DIA+ASA—treatment, respectively.
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Figure 1. SOD activity in erythrocytes of male rats exposed to DIA, ASA, Se
and their combination.

Values are expressed as mean+SE (n=6). Values not sharing the same

superscripts letters differ significantly at P<0.05.

Administration of DIA, ASA and ASA+DIA led to
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significant decreases (P<0.05) in the activities of CAT
enzyme when compared to the control group (Figure 2).
The most influence and decreases in the activities of the
aforementioned enzyme was observed in the treatments
of ASA+DIA by —30.53%. Compared to control values, co—
administration of Se mitigated the significant decreases
of CAT activity in DIA (=9.04%), ASA (—4.78%) and DIA+ASA
(—15.36%), respectively.
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Figure 2. CAT activity in erythrocytes of male rats exposed to DIA, ASA, Se
and their combination.
Values are expressed as mean+SE (n=6). Values not sharing the same

superscripts letters differ significantly at P<0.05.

Figure 3 shows that DIA, ASA and DIA+ASA caused
significant decrease in GPx activity in erythrocytes of
rats and the change accounted to —38.35%, —17.37% and
—48.31%, respectively. In contrast, Se with DIA and ASA—
treated animals retained the levels of GPx at the normal
values and the change accounted to —6.99% and 2.33%,
respectively.

MDA level in DIA, ASA and DIA+ASA treatments were
significantly (P<0.05) higher than that in control group
and the change accounted to 61.80%, 20.79% and 105.62%,
respectively (Figure 4). Co—administration of Se to DIA and
ASA—treated rats retained the levels of MDA at the normal
values and the change accounted to 4.499% and 3.93%,
respectively. Treatment with Se alone did not result in

significant alteration in SOD, CAT and GPx activity and
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Figure 3. GPx activity in erythrocytes of male rats exposed to DIA, ASA, Se
and their combination.
Values are expressed as mean+SE (n=6). Values not sharing the same

superscripts letters differ significantly at P<0.05.
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Figure 4. MDA levels in erythrocytes of male rats exposed to DIA, ASA, Se
and their combination.
Values are expressed as mean+SE (n=6). Values not sharing the same

superscripts letters differ significantly at P<0.05.

4. Discussion

Free radicals and reactive oxygen species are toxic to
biological system, the toxicity is related in particular to
hydroxyl radical, which in turn, can react with the molecular
components of the cell and generates second radicals that
interact with other molecules to continue the radical chain
reaction. Free radicals have become an attractive means to
explain the toxicity of several xenobiotics e.g. pesticides
and drugsl4.15.16]. Previous studies reported that free radicals
interact with various cells components (e.g. DNA, protein,
lipids), resulting in modifications and loss of functionl4.15.29].
It can disturb the biochemical and physiological functions
of RBCII5], cause LPO and result in membrane fluidity[291.
RBCs are highly susceptible to oxidative damage due to
the high cell concentration of polyunsaturated fatty acid,
hemoglobin and oxygen, which may produce oxidative
changes in RBC. To protect itself, RBCs possess effective
antioxidative enzyme systems e.g. SOD, CAT and GPx, which
neutralize the reactive oxidants into none or less reactive
speciesl15.31].

In fact, SOD, CAT and GPx are antioxidant enzymes
that function as blockers of free radical process(32l. SOD
destroys the free radical superoxide (0,7) by converting it
to hydrogen peroxide (H,0,) that can in turn be destroyed
by CAT or GPx reactions to water and molecular oxygen. The
results of the present work have shown that DIA, ASA and
DIA+ASA could decrease SOD activity in rat erythrocytes. The
decrease in SOD activity accounted to —29.39%, —20.61% and
—43.429 and Se restored SOD activity to —11.89 %, —3.95% and
—14.47% of DIA, ASA and DIA+ASA—treatment, respectively.
The decrease in SOD activity in treated rats may be due to
the use of this enzyme in converting the 0, to H,0. Peixoto
et al.[331 showed that xenobiotics (e.g. pesticide) can induce
mitochondria 0,” production and if additionally SOD was
inhibited the amount of O,” formed in cell could make
hazardous levels.

CAT (hydrogen peroxide oxidoreductase, EC 1.11.1.6) is
ubiquitously present in a wide range of aerobic cell types,
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with the highest activities in mammals’s liver, kidney
and RBCI34l. Even though CAT is not essential for some
cells type under normal conditions, it plays an important
role in the acquisition of tolerance to oxidative stress in
the adaptive response of cells[35]. It is found as a soluble
protein in erythrocytes, where it may protect hemoglobin
from peroxidation[29]. In the present study, rats treated
with DIA, ASA and ASA+DIA showed significant decreases
in CAT activity and the most influence and decreases were
observed in ASA+DIA—treatments (—30.53%). Compared to the
controls, co—administration of Se mitigated the significant
decreases of CAT activity in DIA (=9.04%), ASA (—4.78%)
and DIA+ASA (—15.36%), respectively. Some studies have
indicated that superoxide radicals are potent inhibitors
of CAT36l, and the increased H,0, resulting from CAT
inhibition could finally inhibit SOD activity. This indicates
the rate of free radicals formationl37l. The increase of CAT
activity following Se treatment may be due to the decrease
of superoxide radicals as the result of increasing the
selenoenzyme—GPx.

The selenoenzyme—-GSH—Px (e.g., GPx, EC 1.11.1.1.9),
catalyze the reduction of a variety of hydroperoxides
(ROOH and H,0,) using GSH, thus protecting animals cells
against oxidative damagel38]. Although GPx shares the
substrate, H,0,, with CAT, it can react effectively with lipid
and other organic hydroperoxides alonel39l. Results in the
present study showed that DIA, ASA and DIA+ASA caused
significant decrease in GPx activity in rat erythrocytes and
co—administration of Se retained the levels of GPx at the
normal values. The decrease of GPx activity induced by
DIA and/or ASA may be attributable to a direct inhibitory
oxidative effect on the enzyme. The inhibition of GPx by AsA
may result in the accumulation of H,0, with subsequent
oxidation of the lipids. In fact, the GSH redox cycle is a
major source of protection against low levels of oxidant
stress, whereas CAT becomes more significant in protecting
against severe oxidant stress(39l. In animals cells, especially
in human erythrocytes, the principal antioxidant enzyme
for the detoxification of H,0, has been considered to be Gpx
for a long time, as CAT has much lower affinity for H,0, than
GPx[40]l. However, reduction of antioxidant enzyme activity
could be caused by a direct effect on the enzyme by DIA-
induced reactive oxygen species generation, depletion of
the enzyme substrates and down—-regulation of transcription
and translation processesl411.

MDA is a major oxidation product of peroxidized
polyunsaturated fatty acids and increased MDA content is
an important indicator of LPOM2I. It has been suggested as
one of the molecular mechanisms involved in xenobiotics
(e.g. pesticides) that induced toxicityl15.16]. In fact, normal
RBCs function depends on the intactness of the erythrocyte
membrane, which is the target for many toxic, including the
OPIs[1543]. Our results revealed that DIA, ASA and DIA+ASA
treatments induced significantly in increased MDA level
and the change accounted to 61.80%, 20.79% and 105.62%,
respectively. Co—administration of Se retained these levels
of MDA at the normal values and the change accounted to
4.499 and 3.939, respectively.

OPIs induce oxidative stress, which play an essential
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role in its induced toxicity in rats[4.15.16], in micel4l]. in
humanl44l and in vitro studyl45.46l. Previous studies|3.4.47|
reported that DIA—induced tissues injury initially depends
on the development of oxidative stress and cell death,
which can be directly induced by the parent pesticide or
by toxic oxygenated metabolites. Tt has been reported that
DIA induced erythrocyte LPO and changed the activities of
antioxidant enzymes in vitrol4s|.

In a previous study, ASA was reported to cause LPO and
change antioxidant enzyme activities in erythrocytes and
liver samples of ratsl49]. Nair et al.[50] reported that ASA
40 mg/kg) caused significant decrease in the activity of
reduced GSH, SOD, glutathione—s—transferase and CAT
activities in intestine and colon of female rats. Tt impairs
the antioxidant system resulting in worsening the clinic
symptoms and prognosis of the diseasel51.52]. Galunska et
al.1521 showed that administration of ASA (300 mg/kg) to rats
induced gastric mucosal damage, which was accompanied
by the development of oxidative stress, evidenced by the
accumulation of MDA and concomitanted initial activation
of cell antioxidant defenses. GPx and SOD were inhibited
in male C57 BL/6 mice feed with diet contain ASA (1%, w/w)
for two weeksls1l. Tt has been reported that normal dose
ASA [approximately (10 mg/kg per day for 30 d] may cause
peroxidation in the human erythrocytes due to its oxidant
potentiall53l. ASA at concentration of 5.0 mmol/L inhibited
the activity of antioxidant enzymes (e.g. SOD and CAT) in rat
liver homogenate and erythrocytes in vitrol54l. Tt changes
oxygen free—radical metabolism (e.g. SOD, CAT, GPx) in liver
and kidney of rats(55]. The mechanism of how ASA impairs
the antioxidant system is not clear, it may be due to the
decreased levels of trace elements (selenium, zinc, etc.),
which functioning as cofactors of antioxidant enzymes|56.571.
Supporting this hypothesis is the increase in the antioxidant
enzyme levels with trace element supplementation during
long—term treatmentls8]. In addition, co—administration of
free radical scavengers, such as the antioxidants, vitamin
El591 and vitamin Cl60] with ASA results in markedly less
gastric mucosal damage compared with ASA alonel61]. These
results indicated that oxygen radicals are generated in
the development of ASA—induced damage to the mucous,
parietals and endothelial cells.

The mechanisms of protective action of Se against
oxidative damage induced by DIA and/or ASA could
be explained by stimulating free radical scavenging
antioxidant enzymes activities, e.g. SOD, CAT and GPx. This
might be coupled with the ability of antioxidants such as
N-acetyl cysteine and stimulated several antioxidative
enzymes against damages from free radicals insultl62.63]. Se
increased antioxidant capacity in the cells by the increased
activity of GSH reductase which enhances the availability
of GSH “one of the most intrinsic antioxidants that prevents
cell damage”631.

It can be concluded that DIA and ASA induced oxidative
stress and lipid peroxidation in rat erythrocytes. The
results revealed the pronounced ameliorating effect of Se in
DIA and ASA intoxicated rats. We supposed that antioxidant
supplementation may be beneficial for the people using
ASA for longer periods and exposure to pesticides.



5608

Conflict of interest statement

We declare that we have no conflict of interest.

Acknowledgements

The authors thank the Academy of Scientific Research
& Technology (ASRT) and National Research Centre for
supporting this study with the grant No. 109/EGY/FR 8-02 of
IMHOTEP program.

References

[1] Sodhi S, Sharma A, Brar RS. A protective effect of vitamin E and
selenium in ameliorating the immunotoxicity of malathion in
chicks. Vet Res Commun 2006; 30(8): 935—942.

[2] Sudakin DL, Stone DL. Dialkyl phosphates as biomarkers of
organophosphates: the current divide between epidemiology and
clinical toxicology. Clin Toxicol (Phila) 2011; 499): 771-781.

[3] Isik I, Celik I. Acute effects of methyl parathion and diazinon as
inducers for oxidative stress on certain biomarkers in various
tissues of rainbowtrout (Oncorhynchus mykiss). Pestic Biochem
Physiol 2008; 92(1): 38—42.

[4] Mossa ATH, Heikal TM, Omara EAA. Physiological and
histopathological changes in the liver of male rats exposed to
paracetamol and diazinon. Asian Pac J Trop Biomed 2012; 2(3):
S1683—S1690.

[5] Kalender S, Ogutcu A, Uzunhisarcikli M, A¢ikgoz F, Durak
D, Ulusoy Y, et al. Diazinon—induced hepatotoxicity and
protective effect of vitamin E on some biochemical indices and
ultrastructural changes. Toxicology 2005; 211(3): 197—206.

[6] Ellison CA, Tian Y, Knaak JB, Kostyniak PJ, Olson JR.
Human hepatic cytochrome P450-specific metabolism of the
organophosphorus pesticides methyl parathion and diazinon.
Drug Metab Dispos 2012; 40(1): 1-5.

[7] Handy RD, Abd-El Samei HA, Bayomy MF, Mahran AM, Abdeen
AM, El-Elaimy EA. Chronic diazinon exposure: pathologies of
spleen, thymus, blood cells, and lymph nodes are modulated by
dietary protein or lipid in the mouse. Toxicology 2002; 172(1): 13—
34.

[8] Li ZH, Velisek J, Zlabek V, Grabic R, Machova J, Kolarova J, et
al. Hepatic antioxidant status and hematological parameters in
rainbow trout, Oncorhynchus mykiss, after chronic exposure to
carbamazepine. Chem Biol Interact 2010; 183(1): 98—104.

[9] Fuster V, Sweeny JM. Aspirin a historical and contemporary
therapeutic overview. Circ 2011; 123: 768—778.

[10] Salama RH, Nassar AY, Nafady AA, Mohamed HH. A novel
therapeutic drug (copper nicotinic acid complex) for non—
alcoholic fatty liver. Liver Int 2007; 27(4): 454—464.

[11] Kuhn W, Muller T, Buttner T, Gerlach M. Acetylsalicylic acid as
free radical scavenger. An argument for increased dosages in
acute and preventive therapy of vascular diseases. Fortschr Med
1995; 113(33): 483—484.

[12] Christen WG, Glynn RJ, Chew EY, Buring JE. Low—dose
aspirin and medical record-confirmed age-related macular
degeneration in a randomized trial of women. Ophithalmology
2009; 116(12): 2386—2392.

Abdel-Tawab Halim Mossa et al./Asian Pac ] Trop Biomed 2014; 4(Suppl 2): S603-S609

[13] Zhou Y, Boudreau DM, Freedman AN. Trends in the use of
aspirin and nonsteroidal anti—inflammatory drugs in the general
U.S. population. Pharmacoepidemiol Drug Saf 2014; 23(1): 43—50.

[14] Ranjbar A, Pasalar P, Abdollahi M. Induction of oxidative
stress and acetylcholinesterase inhibition in organophosphorus
pesticide manufacturing workers. Hum Exp Toxicol 2002; 21(4):
179—182.

[15] Mansour SA, Mossa ATH. Lipid peroxidation and oxidative stress
in rat erythrocytes induced by chlorpyrifos and the protective
effect of zinc. Pestic Biochem Physiol 2009; 93(1): 34—39.

[16] Kale M, Rathore N, John S, Bhatnagar D. Lipid peroxidative
damage on pyrethroid exposure and alterations in antioxidant
status in rat erythrocyres: a possible involvement of reactive
oxygen species. Toxicol Lett 1999; 105(3): 197—205.

[17] Tang J, Cao Y, Rose RL, Hodgson E. In vitro metabolism of
carbaryl by human cytochrome P450 and its inhibition by
chlorpyrifos. Chem Biol Interact 2002; 141(3): 229—241.

[18] Eltayeb AA, Liu Q, Ganl L, Liu H, Xu H. Antagonistic effect of
scutellarin on the toxicity of selenium in rat livers. Biol Trace
Elem Res 2004; 98(3): 253—264.

[19] McPherson A. Selenium vitamin E and biological oxidation. In:
Cole DJ, Garnsworthy PJ, editors. Recent advances in animal
nutrition. Oxford: Butterworth and Heinemann’s; 1994, p. 3—30.

[20] Adjroud O. The toxic effects of nickel chloride on liver,
erythropoiesis, and development in Wistar albino preimplanted
rats can be reversed with selenium pretreatment. Environ Toxicol
2013; 28(5): 290—298.

[21] Akhtar MS, Farooq AA, Mushtaq M. Serum concentrations of
copper, iron, zinc and selenium in cyclic and anoestrus nili-ravi
buffaloes kept under farm conditions. Pak Vet J 2009; 29(1): 47—
48.

[22] ElI-Demerdash FM. Antioxidant effect of vitamin E and selenium
on lipid peroxidation, enzyme activities and biochemical
parameters in rats exposed to aluminum. J Trace Elem Med Biol
2004; 18(1): 113—121.

[23] Hariri AT, Moallemb SA, Mahmoudic M, Memar B, Hosseinzadehd
H. Sub-acute effects of diazinon on biochemical indices and
specific biomarkers in rats: protective effects of crocin and
safranal. Food Chem Toxicol 2010; 48(10): 2803—2808.

[24] Nishikimi M, Appaji N, Yogi K. The occurrence of superoxide
anion in the reaction of reduced phenazine methosulfate and
molecular oxygen. Biochem Biophs Res Common 1972; 46(2): 849—
854.

[25] Aebi H. Catalase in vitro. Methods Enzymol 1984; 105: 121—126.

[26] Paglia DE, Valentine WN. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione
peroxidase. J Lab Clin Med 1967; 70(1): 158—169.

[27] Draper HH, Hadley M. Malondialdehyde determination as index
of lipid peroxidation. Methods Enzymol 1990; 186: 421-431.

[28] Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein—dye binding. Anal Biochem 1976; 72: 248—254.

[29] Banerjee BD, Seth V, Bhattacharya A, Pasha ST, Chakraborty AK.
Biochemical effects of some pesticides on lipid peroxidation and
free—radical scavengers. Toxicol Lett 1999; 107(1-3): 33—47.

[30] Halliwell B, Gutteridge JMC. Free radicals in biology and
medicine. 2nd ed. Oxford: Oxford University Press; 1989.

[31] Kyle ME, Miccadei S, Nakae D, Farber JL. Superoxide dismutase
and catalase protect cultured hepatocytes from the cytotoxicity



Abdel-Tawab Halim Mossa et al./Asian Pac ] Trop Biomed 2014; 4(Suppl 2): S603-S609

of acetaminophen. Biochem Biophys Res Commun 1987; 149(3):
889—896.

[32] Dormandy L. Free-radical oxidation and antioxidants. Lancet
1978; 1: 647—650.

[33] Peixoto F, Vicente J, Madeira VM. A comparative study of plant
and animal mitochondria exposed to paraquat reveals that
hydrogen peroxide is not related to the observed toxicity. Toxicol
In Vitro 2004; 18(6): 733—739.

[34] Deisseroth A, Dounce AL. Catalase: physical and chemical
properties, mechanism of catalase, and physiological role. Phsiol
Rev 1970; 50(3): 319-375.

[35] Hunt CR, Sim JE, Sullivan SJ, Featherstone T, Golden W,
Von Kappherr C, et al. Genomic instability and catalase gene
amplification induced by chronic exposure to oxidative stress.
Cancer Res 1998; 58(17): 3986—3992.

[36] Kono Y, Fridovich 1. Superoxide radical inhibits catalase. J Biol
Chem 1982; 257(10): 5751-5754.

[37] Yu BP. Cellular defenses against damage from reactive oxygen
species. Physiol Rev 1994; 74(1): 139—162.

[38] Mate JM. Effects of antioxidant enzymes in the molecular control
of reactive oxygen species toxicology. Toxicology 2000; 153(1-3):
83—104.

[39] Yan H, Harding JJ. Glycation—induced inactivation and loss of
antigenicity of catalase and superoxide dismutase. Biochem J
1997; 328(Pt 2): 599—605.

[40] Tzawa S, Inoue Y, Kimura A. Importance of catalase in
the adaptive response to hydrogen peroxide: analysis of
acatalasaemic Saccharomyces cerevisiae. Biochem J 1996; 320(Pt
1): 61—67.

[41] EI-Shenawy NS, El-Salmy F, Al-Eisa RA, ElI-Ahmary B.
Amelioratory effect of vitamin E on organophosphorus insecticide
diazinon—induced oxidative stress in mice liver. Pestic Biochem
Physiol 2010; 96(2): 101-107.

[42] Mach W], Thimmesch AR, Pierce TJ, Pierce JD. Consequences of
hyperoxia and the toxicity of oxygen in the lung. Nurs Res Pract
2011; doi: 10.1155/2011/260482.

[43] Gargouri B, Mansour RB, Abdallah FB, Elfekih A, Lassoued S,
Khaled H. Protective effect of quercetin against oxidative stress
caused by dimethoate in human peripheral blood lymphocytes.
Lipids Health Dis 2011; 10: 149.

[44] Zhou JF, Xu GB, Fang WJ. Relationship between acute
organophosphorus pesticide poisoning and damages induced by
free radicals. Biomed Environ Sci 2002; 15(2): 177—186.

[45] Gultekin F, Ozturk M, Akdogan M. The effect of organophosphate
insecticide chlorpyrifos—ethyl on lipid peroxidation and
antioxidant enzymes (in vitro). Arch Toxicol 2000; 74(9): 533—538.

[46] Mansour SA, Mossa AT, Heikal TM. Effects of methomyl on lipid
peroxidation and antioxidant enzymes in rat erythrocytes: in vitro
studies. Toxicol Ind Health 2009; 25(8): 557—563.

[47] Uner N, Orug EO, Sevgiler Y, Sahin N, Durmaz H, Usta D.
Effects of diazinon on acetylcholinesterase activity and lipid
peroxidation in the brain of Oreochromis niloticus. Environ
Toxicol Pharmacol 2006; 21(3): 241—245.

[48] Altuntas 1, Kiline I, Orhan H, Demirel R, Koylu H, Delibas N. The
effects of diazinon on lipid peroxidation and antioxidant enzymes

in erythrocytes in vitro. Hum Exp Toxicol 2004; 23(1): 9—13.

5609

[49] Kirkova M, Ivancheva E, Russanov E. In vitro effects of aspirin
on malondialdehyde formation and on activity of antioxidant
and some metal containing enzymes. Comp Biochem Physiol
Pharmacol Toxicol Endocrinol 1994; 108(2): 145—152.

[50] Nair P, Kanwar SS, Sanyal SN. Effects of non steroidal anti—
inflammatory drugs on the antioxidant defense system and the
membrane functions in the rat intestine. Nutr Hosp 2006; 21(6):
638—649.

[51] Cai Y, Appelkvist EL, DePierre JW. Hepatic oxidative stress and
related defenses during treatment of mice with acetylsalicylic
acid and other peroxisome proliferators. J Biochem Toxicol 1995;
10(2): 87-94.

[52] Galunska B, Marazova K, Tankova T, Popov A, Frangov P,
Krushkov I, et al. Effects of paracetamol and propacetamol on
gastric mucosal damage and gastric lipid peroxidation caused by
acetylsalicylic acid (ASA) in rats. Pharmacol Res 2002; 46(2): 141—
147.

[53] Durak I, Karaayvaz M, Cimen MY, Avei A, Cimen OB,
Buyukkocak S, et al. Aspirin impairs antioxidant system and
causes peroxidation in human erythrocytes and guinea pig
myocardial tissue. Hum Exp Toxicol 2011; 20(1): 34—37.

[54] Kirkova M, Ivancheva E, Russanov E. Lipid peroxidation
and antioxidant enzyme activity in aspirin—treated rats. Gen
Pharmacol 1995; 26(3): 613—617.

[55] Weglarz L, Dréozdz M, Goss M. Effect of anti—inflammatory drugs
on the activity of antioxidant enzymes and in vivo peroxidation
products in the liver and kidney of rat. Comp Biochem Physiol C
1990; 96(1): 83—85.

[56] Ambanelli U, Ferraccioli GF, Serventi G, Vaona GL. Changes
in serum and urinary zinc induced by ASA and indomethacin.
Scand J Rheumatol 1982; 11(1): 63—64.

[57] Kishore V. Effects of copper aspirinate and aspirin on tissue
copper, zine, and iron concentrations following chronic oral
treatment in the adjuvant arthritic rat. Biol Trace Elem Res 1990;
25(2): 123—135.

[58] McGahan MC. Copper and aspirin treatment increase the
antioxidant activity of plasma. Agents Actions 1990; 31(1-2): 59—
64.

[59] Sugimoto N, Yoshida N, Yoshikawa T, Nakamuara Y, Ithikawa
H, Naito T, et al. Effect of vitamin E on aspirin—induced gastric
mucosal injury in rats. Dig Dis Sci 2000; 45(3): 599—605.

[60] Phole T, Brzozowski T, Becker JC, Van der Voort IR, Markmann
A, Konturek SJ, et al. Role of reactive oxygen metabolites in
aspirin—induced gastric. Aliment Pharmacol Ther 2001; 15(5):
677—-687.

[61] Rainsford KD. Prostaglandins and the development of gastric
mucosal damage by antiinflammatory drugs. In: Rainsford KD,
Ford—Hutchinson AW, editors. Prostaglandins and inflammation.
Basel: Birkhauser; 1979, p. 193-210.

[62] Suramana T, Sindhuphak R, Dusitsin N, Posayanonda T,
Sinhaseni P. Shift in FTIR spectrum patterns in methomyl—
exposed rat spleen cells. Sci Total Environ 2001; 270(1-3): 103—
108.

[63] ElI-Khawaga OA. Role of selenium on antioxidant capacity in
methomyl—treated mice. J Physiol Biochem 2005; 61(4): 501—506.



	Lipid peroxidation and oxidative stress in rat erythrocytes induced by aspirin and diazinon: the protective role of selenium
	1. Introduction
	2. Materials and methods
	2.1. Experimental animals
	2.2. Chemicals
	2.3. Experimental design
	2.3.1. Animal treatment schedule
	2.3.2. Blood collection and erythrocytes preparation

	2.4. Oxidative stress biomarkers in rat erythrocytes
	2.4.1. Determination of antioxidant enzymes activities
	2.4.2. Determination of LPO

	2.5. Protein concentration
	2.6. Spectrophotometric measurements
	2.7. Statistical analysis

	3. Results
	4. Discussion
	Acknowledgements
	References




