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DIMETHOATE-INDUCED CHANGES IN BIOCHEMICAL PARAMETERS
OF EXPERIMENTAL RAT SERUM AND ITS NEUTRALIZATION
BY BLACK SEED (NIGELLA SATIVA L.) OIL

AHMED M. ATTIA*, HODA M. NASR

Alexandria University, Alexandria, Egypt

ABSTRACT

There is a considerable interest in detailed study of free radical-mediated damage to biological systems due to pesticide exposure.
However, there is a lack of consensus as to which determinations are best used to quantify future risk of xenobiotic exposure and
the use of natural plant products as antioxidant interventions. A purpose of this study was to investigate the effect of dimethoate on
oxidative stress, biochemical parameters and enzyme activities in rat males as well as possible role of N. sativa oil (NSO) in attenu-
ation of dimethoate-induced changes. The animals were divided randomly into 4 groups and kept at 10 rats per group. The first group
was served as a control and administered with corn oil per orally; the group 2 was injected with a single dose of dimethoate (75 mg.kg™!
BW, per orally) 24 h prior to decapitation, the group 3 rats were pretreated per orally with NSO (2 mlLkg!' BW, three times a week for
three weeks), the group 4 rats were pretreated per orally with NSO (2 ml.kg' BW, three times a week for three weeks) prior to oral
administration of a single dose of dimethoate (75 mg.kg' BW). Dimethoate induced (P<0.001) increase in serum thiobarbituric
acid-reactive substance (TBARS) levels, superoxide dismutase (SOD) and catalase (CAT) activities and inhibited AChE activity.
Treatment with NSO alone increased the activities of SOD and catalase, while decreased TBARS levels. NSO protected against
dimethoate-induced lipid peroxidation and oxidative stress in these rats. Total lipid (TL), cholesterol, triglyceride (TG), and low
density lipoprotein (LDL), were significantly (P<0.01) increased, while high density lipoprotein (HDL) level was decreased. NSO
alone decreased levels of lipids and lipoproteins, and neutralized harmful effects of dimethoate. Dimethoate increased (P<0.01)
levels of serum aminotransferases, phosphatases, lactate dehydrogenase (LDH) and gamma-glutamyl transferase (y-GT). Urea,
creatinine, uric acid and total bilirubin levels were increased, whilst serum total protein, albumin and globulin were significantly
(P<0.01) decreased. The results show that NSO may neutralize dimethoate-induced changes in biochemical parameters, lipid per-
oxidation by activation of the antioxidant defense system in rats.
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INTRODUCTION

Pesticides are occasionally used indiscriminately
in large amounts causing environmental pollution and
therefore, are a cause of concern. Residual amounts
of organochlorines and organophosphate pesticides
(OPI) have been detected in the soil, water reservoirs,
vegetables, grains and other food products (John et al.,
2001). OPI are primarily recognized for their ability
to induce toxicity in mammals through inhibition of
acetylcholinesterase (AChE) and subsequent activation
of cholinergic receptors (Costa, 2006). Involvement

of oxidative stress following acute exposure to OPI
has been reported recently (Sharma et al., 2005a,b;
Sivapiriya et al., 2006; Kamath et al., 2008) and it has
been demonstrated unequivocally that lipid peroxidation
is one of the molecular mechanisms involved in OPI-
induced toxicity (Akhgari et al., 2003; Abdollahi et al.,
2004; Kamath et al., 2008).

Numerous studies indicate that dimethoate
intoxication can cause oxidative stress by the generation
of free radicals and induce hepatic lipid peroxidation in
mice (Sivapiriya et al., 2006) and rats (John et al., 2001;
Sharma et al., 2005a, b; Kamath et al., 2008). As some
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OP’s may be present in blood of exposed humans and
animals, it may cause oxidative stress in erythrocytes.
The antioxidant enzymes, such as superoxide dismutase
(SOD), catalase (CAT) as well as total-SH content in
erythrocytes, however, many neutralize the oxidative
stress (John et al., 2001).

The cellular antioxidant status determines
the susceptibility to oxidative damage and is usually
altered in response to oxidative stress. The cellular
antioxidant action is reinforced by the presence of dietary
antioxidants (Kamath et al., 2008). Accordingly, interest
has recently grown in the role and usage of natural
antioxidants as strategy to prevent oxidative damage in
various health disorders with oxidative stress as factor
in their pathophysiology (Kamath et al., 2008). Natural
antioxidants from fruits and vegetables are reported
to provide substantial protection that slows down the
process of oxidative damage caused by reactive oxygen
species (ROS) (Jacob and Burri, 1996). Among the
promising medicinal plants, N. sativa, a dicotyledon
of the Ranunculacease family, is an amazing herb with
rich historical and religious background. The seeds
of N. sativa are the source of the active ingredients of
this plant (Salem, 2005). The seeds of N. sativa known
as black seed, black cumin or ‘“Habatul-Barakah’,
have long been used in folk medicine for a wide range
of illnesses, including bronchial asthma, headache,
dysentery, infections, obesity, back pain, hypertension
and gastrointestinal problems (Al-Rowais, 2002). Of the
studies that have been performed to evaluate different
effects of V. sativa, majority (more than 35) of the studies
have confined to address its antitoxic properties both in
vitro and in vivo (Salem, 2005). For instance, essential oil
obtained from six different extracts of N. sativa seeds and
from a commercial fixed oil showed antioxidant effects
with almost identical quantitative effects (Ramadan et
al., 2003). The crude N. sativa oil (NSO) and its fractions
(neutral lipids, glycolipids, and phospholipids) showed
potent in vitro radical scavenging activity that is correlated
well with their total count of polyunsaturated fatty acids,
unsaponifables, and phospholipids, as well as the initial
peroxide values of crude oils (Ramadan et al., 2003).
Both hepatoxicity and nephrotoxicity are associated with
alteration in the levels and activities of certain mediators
such as L-alanine aminotransderase (ALT), alkaline
phosphatase (AIP), lipid peroxide (LPO), and the oxidant
scavenger enzyme system including glutathione (GSH)
and SOD. The antioxidant effects of N. sativa have been
examined using different hepatic and kidney toxicity in
vivo murine moldels induced by tert-butyl hydroperoxides,
carbon tetrachloride (CCl4), doxorubicin, gentamicin,
methionine, potassium bromate (Salem, 2005).

In view of this, it is much interest and practical
importance to study the influence of plant products on
oxidative stress induced by pesticide exposure. Hence, it

prompted us to investigate the acute dimethoate exposure
on oxidative stress by assessing lipid peroxidation,
antioxidant enzymes as well as other biochemical
parameters. Simultaneously, protective action of N. sativa
oil on dimethoate-intoxicated rats was investigated.

MATERIALS AND METHODS

Chemicals

Dimethoate (98%) was purchased from Chemical
Service (West Chester, PA, USA). The LD, of dimethoate
when given orally to rats was reported to be 300 mg/
kg BW (Gallo and Lawryk, 1991). The tested dose of
dimethoate was 75 mg.kg' (1/4 LD,) (Sharma et al.,
2005a). Use of dimethoate was approved by the Animal
Care Committee and met all guidelines for its use. Nigella
sativa fixed oil was purchased from Asala Chemical
Company, Alexandria, Egypt. Effective dose of Black
seed oil (Nigella sativa fixed oil, NSO) was 2 ml.kg"'.day
' (Ali, 2004), as it was tested against oxidative stress and
toxicity. Thiobarbituric acid and all other chemicals were
purchased from Sigma Chemical Company (St. Louis,
Mo, USA).

Animals

Albino rat males weighting 160 = 20 g were
randomly drawn from the stock colony of National
Research Institute, Cairo, Egypt. The animals were housed
in universal galvanized wire cages at room temperature
(22 £ 2 °C) and in a photoperiod of 12:12 light/dark
cycle, 50% + 5% humidity. The rats were acclimatized
for 2 weeks prior to the start of the experiment. Rats
were maintained on commercial pellet diet (protein
18%, fat 6%, fiber 6%, carbohydrates 56%, calcium
0.6%, moisture 10% and ash 11%) and water ad libitum.
All procedures with animals were conducted strictly in
accordance with guidelines approved by the Institute
Animal Ethical Committee. Permission to handling with
laboratory animals was obtained from the Institute’s
animal committee. During the experiments, maximum
care was taken to minimize animal suffering and, in
addition, the number of rats used was kept at minimum.

Animal treatment and experimental protocol

Adult rat males were grouped randomly into four
groups (n=10). The group I - (control): rats received corn
oil 24h prior to decapitation; the group II - (NSO): rats
received N. sativa seed oil (NSO) per orally (2 ml.kg'.day"
! for 21 days; the group III - dimethoate: rats received
a single dose (75 mg.kg") of dimethoate per orally 24h
prior to decapitation; the group IV - dimethoate + NSO:
rats received NSO at 2 ml.kg'.day" for 21 days and a
single dose (75 mg.kg') of dimethoate per orally 24h
prior to decapitation.

50



SlovakJ. Anim. Sci., 42, 2009 (2): 87-94

Original paper

Sample collection

The animals were starved overnight for 12h
before blood was collected. Rats were anaesthetized with
light ether and venous blood samples were collected by
direct heart puncture into sterilized vials. Blood samples
allowed setting to clot at 4 °C and centrifuged at 1000 g
for 30 min. Then 1000 pl aliquots of serum were placed
in microfuge tubes and frozen on dry ice. Labeled bags
were placed into a -20 °C freezer until the time of the
assay.

Assay systems

Serum thiobarbituric acid reactive substances
(TBARS) were measured at 532 mm by using 2-
thiobarbituric acid (2,6-duhydroxypyrimidine-2-thiol;
TBA). An extinction coefficient of 156,000 cm™ mole
" was used for calculation (Tapel and Zalkin, 1959).
Superoxide dismutase (SOD) (EC. 1.15.1.1) activity
was measured in serum according to Flohe and Otting
(1984). Catalase (EC. 1.11.1.6) activity in serum was
assayed by monitoring the decomposition of H,0O, at
240 nm as described by Aebi (1984). The activity of
acetylcholinesterase (AChE) (EC 3.1.1.7) was measured
according to the method of Blawen et al. (1983) using
commercial kit obtained from Quimica Clinica Aplicada
S.A. Spain. Serum alanine aminotranseferase (ALT;
EC 2.6.1.2) and aspartate aminotranseferase (AST; EC
2.6.1.1) activities were determined using commercial kits
obtained from BioM’erieux, France. Theprinciplereaction
of the colorimetric determination of AST or ALT activity
is based on the reaction of aspartate or alanine with a-
ketoglutarate to form oxaloacetate or pyruvate hydrazone
formed with 2, 4-dinitrophenylhydrazine (Reitman and
Frankel, 1957). Serum alkaline phosphatase (ALP; EC
3.1.3.1) activity was measured at 405 nm by the formation
of para-nitrophenol from para-nitrophenylphosphate as
a substrate (Rosalki and Foo, 1993). Acid phosphatase
activity (ACP; EC 3.1.3.2) was determined according to
Tietz (1986) using commercial kits obtained from Bio
ADWIC, Egypt. Serum lactate dehydrogenase (LDH,;
EC 1.1.1.27) was determined according to the method of
Friedman and Young (1997).

Serum samples were analyzed for total protein (TP)
by the Biuret method according to Armstrong and Carr
(1964). Albumin concentration was determined by the
method of Doumas et al. (1977). Globulin concentration
was determined as the difference between total protein and
albumin. Serum total bilirubin was measured using the
method of Walters and Gerade (1970). Also, low density
lipoprotein (LDL) cholesterol was measured according
to the method of Assmann et al. (1984), high density
lipoprotein (HDL) cholesterol was measured according
to the method of Burstein et al. (1984). Cholesterol and
triglycerides (TG) was measured according to the method

Carr et al. (1993), and serum gamma glutamyl transferase
(y—GT) was measured according to the method of Tietz
(1986), using commercial kits obtained from BioSystems
Co., Spain. Total lipids were measured according to the
method of Knight et al. (1972) using commercial kits
obtained from Bio ADWIC, Egypt. Serum creatinine
was measured according to the method of Henry (1974),
uric acid was estimated according to the method of
Guder et al. (1996), using commercial kits obtained from
Biocon® Diagnostik, Marienhagen, Germany. Urea was
measured according to the method of Patton and Crouch
(1977) using commercial kit obtained from Diamond
Co., Egypt.

Statistical procedures

Data are expressed as the means + S.E.M. The data
were analyzed using a one-way analysis of variance and
the statistical significance between specific means was
determined using the Newman-Keuls multiple range test.

RESULTS

Rats administered with V. sativa oil (NSO) showed
no signs of toxicity and gained body weight compared to
control rats. Dimethoate did not induce any distinctive
clinical signs of toxicity or mortality. NSO per se had no
effect on serum levels of TBARS when it compared with
controls (Table 1). In dimethoate treated rats, a significant
(P<0.001) increase of lipid peroxidation in serum was
observed, as evidenced by the enhanced TBARS levels in
serum (+79.5%) compared with those of controls (Table
1). With NSO pretreatment in dimethoate treated rats,
a dramatic reduction (P<0.001) in TBARS levels was
recorded compared to dimethoate treated group.

SOD activity in NSO treated rats (group 3) was
significantly (P<0.01) increased as compared to control
(Table 1). Treatment with dimethoate (group 2) showed
significant (P<0.001) increase in serum SOD activity as
compared to control. NOS pretreated rats administered
with dimethoate (group 4) showed significant (P<0.01)
decrease in serum SOD activity compared to dimethoate-
treated group (group 2).

NSO-treated rats (group 3) showed serum CAT
activity comparable to control (Table 1). Treatment
with dimethoate (group 2) showed significant (P<0.001)
increase in serum CAT activity as compared to control.
NSO-pretreated rats administered with dimethoate
(group 4) showed decrease in serum CAT compared to
dimethoate-treated group (group 2).

AChE activity in serum was significantly
(P<0.01) inhibited in dimethoate-treated rats (group 2)
as compared to control (Table 1). NSO-pretreated rats
administered with dimethoate showed high recovery rate
compared to NSO-pretreated rats administered with the
pesticide (group 4).
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Data represented in Table 2 show that oral
treatment with dimethoate caused significant (P<0.05)
increase in serum total lipid, cholesterol, triglycerides
and LDL concentrations, whilst HDL levels were

alone caused significant (P<0.05) decrease in lipid profile
compared to control. NSO-pretreated rats administered
with dimethoate showed reduction in the serum lipid
level caused by dimethoate.

decreased compared to control animals (Table 2). NSO

Table 1: Effect of N. sativa seed oil (NSO) on thiobarbituric acid reactive substances (TBARS) levels, and
superoxide dismutase (SOD), catalase (CAT) and acetylcholinesterase (AChE) activities in serum
from dimethoate-treated rats

Parameters Control Dimethoate NSO Dimethoate + NSO
TBARS (nmol/ml) 2.212+0.233 3.970+0.313* 2.070 £ 0.224 *¢ 2.962 +0.095 »©
SOD (U/ml) 1.166 +0.258 3.80 +0.656 * 1.974 +4.52 »* 2.620 £ 0.227 »°
Catalase* 505.8 +38.664 737.0+13.50* 664.6 £23.57 % 634 +70.59 %2
AchE pmol/min/ml 3.449 + 0.264 1.876 + 0.687 ¥ 3.647+0.571" 3.328+0.181°"

Values are expressed as Mean + SEM; n= 10 for each treatment group. *p<0.05, ¥ p<0.01, ? p<0.001 compared with control, respectively; * p<0.05,
®p<0.01, ¢ p<0.001 in comparison between dimethoate and dimethoate + NSO respectively. * umoles of H,0, decomposed/min/mg protein

Table 2: Effect of N. sativa seed oil (NSO) on lipid and lipoprotein profiles of serum from dimethoate-treated

rats
Parameters Control Dimethoate NSO Dimethoate + NSO
TL (mg/dl) 279.994 + 7.00 371.426 £53.457 230.376 £ 10.31%° 308.144 £ 26.14
Cho (mg/dl) 80.6 +7.48 107.2 +£8.976Y 63.0 £3.521>¢ 79.8 +12.528¢
TG (mg/dl) 98.6 +2.600 124.3 £ 3.687 7 77.4 +£3.389 =¢ 100.2 + 7.756°
HDL (mg/dl) 50.474 £ 1.195 31.725 + 4.044* 65.537 £2.692%¢ 45.822 £5.160°
LDL (mg/dl) 47.928 +£1.13 62.523 +2.403" 37.068 +£2.30%¢ 54.492 +2.38%

Values are expressed as Mean = SEM; n= 10 for each treatment group. TL, total lipids; Cho, cholesterol; TG, triglycerides; HDL, high density
lipoprotein cholesterol; LDL, low density lipoprotein cholesterol. * p<0.05, ¥ p<0.01, # p<0.001 compared with control respectively; * p<0.05, ®
p<0.01, © p<0.001 in comparison between dimethoate and dimethoate + NSO respectively

Table 3: Effect of N. sativa seed oil (NSO) on serum enzymes of dimethoate-treated rats

Parameters Control Dimethoate NSO Dimethoate + NSO
TP (g/dl) 8.270 £ 0.262 5.576 £ 0.6107 7.426 = 0.509%* 5.524 +0.5527
Albumin (g/dl) 5.465+0.229 3.822+0.365Y 4.872 £0.308*° 4268 +0.201%*
Globulin (g/dl) 2.844 +£0.108 2.184 +0.426Y 2.560 +0.195 2.244 +0.207Y
Bilirubin (mg/dl) 5.10+0.21 6.12+031¥ 5.08 £0.32° 5.26 +£0.29°
AST (U/L) 130.6 £2.154 203.8 +14.918¢ 107.8 +4.749%¢ 152.6 +7.337+°
ALT (U/L) 42.4+1.496 56.2 +2.638 39.4+2.577° 47.6 £ 1.356%¢
ALP (U/L) 74.62 + 11.666 139.6 =28.097¥ 50.60 +2.577%¢ 86.2 +4.069°
ACP (U/L) 37.2+0.632 43.4 +2.245Y 26.4 +0.894~¢ 33.0 +3.286%°
LDH (U/L) 21320+ 35.6 323.1 +£8.73Y 226.5+30.07° 261.4 +353°
v-GT (U/L) 2.664 +0.543 4216 £0.274Y 2.218 £0.609° 2.618 £0.407°

Values are expressed as Mean+ SEM; n= 10 for each treatment group. TP, total protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
ALP, alkaline phosphatase; ACP, acid phosphatase; LDH, lactate dehydrogenase; y GT, gamma glutamyl transferase. * p<0.05, ¥ p<0.01, * p<0.001
compared with control respectively; ¢ p<0.05, ® p<0.01, ¢ p<0.001 in comparison between dimethoate and dimethoate + NSO respectively
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Table 4: Effect of N. sativa oil (NSO) on urea, creatinine and uric acid values in serum from dimethoate-

treated rats

Parameters Control Dimethoate NSO Dimethoate + NSO
Urea (mg/dl) 24.86 +2.054 29.37 +1.895" 21.47 +2.558" 20.48 +£2.001%°
Creatinine (g/dl) 0.44+£0.141 2.71+0.183* 0.31+0.110°¢ 1.86 +0.359»*
uric acid (mg/dl) 3.76 £0.229 4.27+0.113Y 3.73+0.163¢ 3.71 +£0.134°

Values are expressed as Mean + SEM; n= 10 for each treatment group. * p<0.05, ¥ p<0.01,  p<0.001 compared with control respectively; * p<0.05,
®p<0.01, ¢ p<0.001 in comparison between dimethoate and dimethoate + NSO respectively.

Treatment with dimethoate significantly (P<0.05)
increased the activities of AST, ALT, AIP, ACP, LDH and
v-GT in serum compared to control animals (Table 3). The
present study demonstrates that treatment with NSO alone
did not cause any significant change in enzyme activities
in serum and alleviated the toxicity of dimethoate. NSO
in combination with dimethoate alleviated its negative
effect on activities of the above measured enzymes.

Data represented in Table 3 showed that treatment
with dimethoate caused significant (P<0.01) decrease in
serum TP, albumin and globulin, and increase (P<0.05)
in total bilirubin compared to control. Treatment with
NSO alone significantly increased serum TP, albumin and
globulin and decreased billirubin content. The presence of
NSO with dimethoate counteracted its harmful effects.

Dimethoate-intoxicated rats showed aconstellation
of disorders in renal function witnessed by increased
urine output and changes in creatinine, urea and uric
acid levels (Table 4). Compared to controls, creatinine
levels in treated rats were six-fold higher in serum of
dimethoate-intoxicated rats. Dimethoate treatment led
to a reduction in creatinine clearance, an indicator of
glomerular dysfunction in adult rats. Pretreatment of rats
with NSO significantly (P<0.001) reduced creatinine
concentration compared to dimethoate-treated animals.
Urea levels in treated rats were higher (+18.14 %) in the
serum and lower (-14%) in antioxidant-challenged groups
compared to controls. Uric acid levels were higher in the
serum of dimethoate-treated rats (+13.56%) and kept at
normal levels in NSO-pretreated intoxicated rats.

DISCUSSION

At present there is a considerable interest in
the investigation of free radical-mediated damages to
biological systems due to pesticide exposure. However,
there is a lack of consensus as to which determinations are
best used to quantify future risk of xenobiotic exposure,
and the use of natural plant products as antioxidant
interventions. A study of some commonly used plant
products as antioxidants against xenobiotic-induced
oxidative stress therefore appeared to be of interest
(Ahmed et al., 2000).

Lipid peroxidation has been suggested as one of
the molecular mechanisms involved in organochlorine,
carbamate or organophosphorous pesticide. Large
numbers of xenobiotics have been identified to have
potential to generate free radicals in biological system
(Ahmed et al., 2000, Kehrer, 1993). Free radicals have
become an attractive means to explain the toxicity of
numerous xenobiotics. Some of these free radicals interact
with various tissue components, resulting in dysfunction
and the question of whether oxidative stress is a major
cause of injury remains equivocal. In this study we have
investigated the effects of administration of N. sativa
oil on LPO induced by dimethoate. To our knowledge
there is no information concerning protective action of N.
Sativa oil on oxidative injury induced by dimethoate.

Lipid peroxidation has been extensively used as
a marker of oxidative stress. The increase in the level of
thiobarbituric acid-reactive substances (the marker of
extent of lipid peroxidation) in serum due to dimethoate
administration to rats is in agreement with the finding of
John et al. (2001). NSO-pretreated rats administered with
dimethoate however, showed decreased LPO in serum as
compared to organophosphate toxicity. The protective
effect of NSO may be in part due to thymoquinone
(TQ), the main constituent of NSO. TQ showed to have
a cytprotective action against oxidative damage in many
tissues (Badary, 1999).

Under normal physiological conditions, a delicate
balance exists between the rate of formation of H,O, via
dismutation of O, by SOD activity and the rate of removal
of H,O, by CAT and glutathione peroxidase. Therefore
any impairment in this pathway will affect activities
of other enzymes in the cascade (Kono and Fridovich,
1992). The present study indicates that dimethoate
treatment resulted in increased SOD and CAT activities
what may be assumed to block the excessive free radical
load. Results from this study suggest that pretreatment
with NSO exerts an antioxidative effect by decreasing
lipid peroxidation, and maintaining normal levels of
SOD and CAT activities. Higher levels of antioxidative
enzymes have been well correlated with increased lipid
peroxidation after dimethoate administration. In support
of our finding Salem (2005) reported that when rats were
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subjected to ischaemia/reperfusion, the injection of NSO
or TQ tended to normalize the SOD level.

AChE activity in plasma of dimethoate-treated rats
was significantly reduced compared to control. Moreover,
the activity of y-GT was significantly enhanced. The
inhibition of AChE resulted in the accumulation of
acetylcholine (ACh) which may cause stimulation of
lymphocytes and elevated concentration of cellular
c¢GMP, increased lymphocyte motility and cytotoxicity
(Malik and Summer, 1982). Since AChE and y-GT are
both membrane-bound enzymes, y-GT could interact with
amino acid neurotransmitter Ach, which may be removed
from the binding with AChE and may result in decreased
activity of AChE (Szelenyi et al., 1987). Biological
significance of y-GT-dependent lipid peroxidation in
vivo might be multifold. Varying levels of y-GT activity
can be detected in erythrocytes and lymphocytes. It is
conceivable that the pro-oxidant effects of y-GT activity
are normally balanced by its established role in favoring
the cellular uptake of precursors for GSH re-synthesis,
thus allowing the reconstitution of cellular antioxidant
defense (Banerjee et al, 1999). N. sativa oil reversed the
changes of AChE and y-GT

In the present study, oral administration of
dimethoate to rats caused a significant hepatic damage,
as observed from the elevation of hepatospecific enzyme
activities, as well as severe alterations in different liver
parameters. Activities of AST, ALT, ALP and ACP
in serum were significantly increased in dimethoate-
intoxicated rats. Pre-treatment with NSO affords
significant protection against dimethoate. A significant
rise in ALT and AST might be taken as an indicator of
liver damage. The increased transaminase activity was
reversed to normal level following NSO-supplementation
with healing of hepatic parenchyma and regeneration
of hepatocytes. Supporting our finding, Nigella sativa
seeds protect isolated hepatocytes against tert-butyl
hydroperoxides (TBHP)-induced toxicity evidenced by
decreased leakage of ALT and AST (Daba and Abdel-
Rahman, 1998). The decrease in serum ALP observed in
NSO-pretreated rats has also been reported in rats treated
with NSO together with vitamin E, Crocus sativus and
cysteine (El-Daly, 1998; Zaoui et al., 2002).

Dimethoate  administration resulted in a
significant decrease in serum TP, albumin and globulin.
The reduction in serum protein, particularly albumin,
could be attributed to changes in protein and free amino
acid metabolism and their synthesis in the liver. Also,
the protein level suppression may be due to loss of
protein either by reduce in protein synthesis or increased
proteolytic activity or degradation (Yeragi et al., 2003). In
addition, the observed decrease in serum proteins could
be attributed in part to the damaging effect of dimethoate
on liver cells, as confirmed by the increase in activities of
serum AST and ALT. In support of our finding, Al-Gaby

(1998) found that Nigella sativa seeds increase serum
total protein.

Nigella sativa oil in the present study had a
marked protective action against dimethoate-induced
hepatic injury, an effect that was associated with
suppression in levels of lipid peroxidation and LDH. The
anti-ulcerogenic effect of NSO could be attributed to the
improvement of the antioxidant status of the animals due
to the presence of free radical scavenging substances, such
as thymoquinone (Saleh et al., 2000). Thymoquinone is
the main active component in the volatile oil of Nigella
sativa seeds (Houghton et al., 1995), and is able to inhibit
lipid peroxidation (Mansour, 2000). Moreover, its ability
to preserve the cell membrane integrity could be proven
by the restoration of LDH (Salem, 2005).

The biochemical marker employed in this study
to evaluate kidney function was uric acid level in serum.
Many drugs could affect plasma and/or serum uric acid
levels by influencing the net reabsorption of uric acid in
the proximal tubule of the nephron (Reyes, 2003). Under
our experimental conditions, dimethoate had a poison
effect on adult rats increasing serum uric acid levels.
Impairment in kidney function could probably occur as
a result of kidney oxidative damage. In fact, uric acid
in blood is the most important antioxidant (Ames et
al., 1981). This compound is the end product of purine
catabolism and can reduce oxidative stress by scavenging
various ROS (Mahjoubi-Samet et al., 2008).

Urea and creatinine are waste products of protein
metabolism that need to be excreted by the kidney,
therefore marked increase in serum urea and creatinine,
as noticed in this study, confirms an indication of
functional damage to the kidney (Garba et al., 2007).
Urea level can be increased by many other factors such as
dehydration, antidiuretic drugs and diet, whilst creatinine
is, therefore, more specific to the kidney, since kidney
damage is the only significant factor that increases
serum creatinine level (Nwanjo et al., 2005). Therefore,
significant increases in urea and creatinine levels noticed
in this study are a classical sign that the kidney was
adversely affected by dimethoate administration. Kidney
dysfunction and nephrotoxicity induced by dimethoate in
present investigation are consequences of oxidative stress.
In fact, it has been reported that several OPI compounds
caused oxidative stress in different tissues through the
formation of ROS (Mahjoubi-Samet, 2008). Pretreatment
of dimethoate- intoxicated rats with NSO normalized the
levels of urea and creatinine. TQ, the main constituent
of NSO, ameliorated the severity of ifosfamide-induced
renal damage (Badary, 1999).

Results also showed significant increase in serum
HDL of animals pretreated with NSO prior to dimethoate
administration compared to dimethoate-treated group.
HDL may hasten the removal of cholesterol from
peripheral tissue to the liver for catabolism and excretion.
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Also, high level of HDL may compete with LDL receptor
sites on arterial smooth muscle cells and thus partially
inhibit uptake and degradation of LDL. Also, HDL
could protect LDL against oxidation in vivo, because the
lipids in HDL are preferentially oxidized before those in
LDL (Bowry et al., 1992). Supporting our observation,
Nigella sativa fixed oil, like the fibrates, decreases serum
cholesterol and triglycerides, and ameliorates serum
HDL. The fibrates act through PPARa (Peroxisome
Proliferator-Activited Receptor o) activation (Zoaui et
al., 2002).

We have now demonstrated that administration of
N. sativa oil to rats modulates the antioxidant enzymes in
a manner that favors the lowering of lipid peroxidation
and suggests a possible adaptive mechanism to
counteract oxidative stress. Hence, results of such studies
on oxidative/antioxidant status during a free radical
challenge can be used as an indicator of protection
against the lipid peroxidation in experimental animals for
assessing dietary and therapeutic measures. In our study
N. sativa oil, given to rats, prevented the formation of
unwanted free radicals and protected them against acute
dimethoate exposure.

In conclusion, the low toxicity of Nigella sativa
fixed oil, evidenced by high LD, values, key hepatic
enzyme stability, and organ integrity, suggests a wide
range of safety for therapeutic use.
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