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Abstract: Bisphenol A (BPA) 1s a fairly ubiquitous compound which has a great concern to human health. The
current study was designed to (1) Assess the adverse effect of oral administration of BPA on liver of male rats
and (2) Evaluate the role of thymoquinone (TQ), the major bioactive ingredient in the oil of Nigella sativa seed,
in alleviating the possible detrimental effects of BPA on the liver. Rats were divided into control group
administered olive oil, BPA group administered 10 mg BPA kg'day ', TQ group administered 10 mg
TQ kg™ day™" and BPA-TQ group administered the same previous doses of both BPA and TQ. After 24 h of
the last dose, rats were decapitated and blood and liver were collected to determine some oxidative stress and
biochemical parameters. Bisphenol A elicited a sigmficant elevation in lipid peroxidation concomitant with
depletion of antioxidant defense system in hepatic tissue. It also induced liver dysfunction as indicated by
altered liver function markers and biochemical parameters. The administration of TQ attenuated the
BPA-induced oxidative stress, alleviated the antioxidative system and improved to a large extent the liver
functioning. This data clearly indicates that TQ has the potential to be a protective agent against oxidative

stress and liver injury.
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INTRODUCTION

In the past century, the production of synthetic
chemicals as well as the unexpected by-products has
imposed adverse health consequences on human and
wildlife. Bisphenol A (BPA) is currently the base
compound m the manufacture of polycarbonate plastic
and epoxy resin. Bisphenol A i1s a fairly ubiquitous
compound, found as a commeon component in plastic
baby bottles, as well as food and beverage containers
(Rubin, 2011). Tt is one of the most abundant chemicals in
the environment and can be detected in significant
amounts in different foods, with an estimated mean
dietary daily intake in adult human populations of
0.4-1.4 pg kg™ (FAO/WHO, 2010). Humans are prone to
a direct risk of exposure to BPA as it can leach out from
the polymers to food or water especially upon heating
(Koch and Calafat, 2009). Bisphenol A is a xenoestrogen
which 1mitates estrogen and becomes related to an
array of health adverse effects, including breast cancer
(Pupo et al., 2012), disturbances in reproductive function
(Takeuchi et ai., 2004) mn addition to disturbance in
steroidogenesis (Zhang et al., 2011). Independent of its
estrogenic activity, BPA has been shown to dysregulate
cytokines (Wetherill et al., 2007) and to mduce oxidative
stress in the brain, liver and kidney (Bindhumol et al.,
2003; Kabuto et al., 2004). A close relationship between

BPA and cardiovascular disorders, type 2 diabetes and
liver enzyme abnormalities has also been reported
(Lang ef al., 2008).

Liver plays an astorushing array of vital functions. It
is involved in almost all the biochemical pathways needed
for maintenance and regulation of homeostasis. It is the
major organ for the metabolism and detoxification of
xenobiotics and therefore 1s largely prone to BPA
more than other organs (Knaak and Sullivan, 1966).
Bisphenol A was found to be associated with abnormal
liver function and altered insulin homeostasis (Lang et al.,
2008). Some studies reported that high doses of BPA
decreased the wviability of rat hepatocytes, reduced
mitochondrial function in hepatocytes and caused
formation of multinucleated giant cells in rat
hepatocytes (Nakagawa and Tayama, 2000).

Because of the concerns about the side effects of
conventional medicine, mterests in medicinal plants and
their derived natural products has burgeoned. Among the
promising medicinal plants, Nigella sativa (Family:
Ranunculaceae) 1s an amazing herb with a rich historical
and religious background. Thymoquinone (TQ) 1s the
most potent and pharmacologically active constituent in
the volatile o1l of seeds of this medicinal plant. It has
been reported to have various therapeutic effects such as
anti-inflammatory, antibacterial, antifungal, antiparasitic,
antiasthmatic and antidiabetic (Houghton et al., 1995).
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Thymocuinone also protects against chemical-induced
carcinogenesis (Worthen et al., 1998). Furthermore, TQ
has been reported to possess strong antioxidant
properties (Houghton et al, 1995). Tt prevents oxidative
mjury 1n hepatocytes induced by carbon tetrachloride
or tertbutyl hydroperoxide in vitro (Daba and Abdel-
Rehman, 1998) and ir vive (Nagi et al., 1999).

Most studies on BPA focused on its effect on
reproduction and endocrine disruption and limited
information considering the toxic effect on liver are
available. Consequently, this study aimed to evaluate (1)
The hepatotoxic effect of BPA on liver of male albino rats,
(2) The possible role of thymoquinone in alleviating the
detrimental effects of BPA on the selected organ.

MATERIALS AND METHODS

Chemicals: Bisphenol A (purity: 99%) and thymoquinone
were purchased from Sigma-Aldrich Chemical Co.
(St. Louis, MO, USA). All other chemicals used in the
present study were of analytical grade. Kits were the
products of Biodiagnostic Co. (Egypt), Biosystems Co.
(Spain) and Randox Co (England).

Animals and experimental design: Thirty two male
Sprague-Dawley rats (nitially weighting 180-200 g) were
used in the present study. They were obtained from the
animal house of the Medical Research Institute,
Alexandria Umniversity, Hgypt. Rats were housed in
conventional stainless steel cages at 23£2°C, 60+£10%
humidity and a 12 h light/1 2 h dark photoperiod. Animals
were allowed standard laboratory rat food and water ad
libitum. They were acclimatized to the laboratory
environment for 2 weelks prior to the experiments and then
were divided into 4 groups (n = §). Rats of the first group
were administered 0.3 mL olive oil and served as control.
Bisphenol A at a dose of 10 mgkg™" day™" dissolved
i 0.3 mL olive o1l was given to rats of the second group
for 4 weeks. This dose is higher than the current No
Observed Adverse Effect Level NOAEL). Animals of the
third group received TQ at a dose of 10 mg kg™ day ™'
for 5 weeks. Rats of the fourth group received the same
previous doses of BPA and TQ. Doses were given orally
by gavage once daily. The BPA was given orally because
this route of exposure is more relevant to human exposure.
The TQ continued to be administered for 1 more week
after fimshing the 4 weeks of BPA administration.

Body and liver weight: The initial and final body weights
were recorded at the omset and at the end of the
experiment for the calculation of body weight change (%0).
After the experimental duration, the liver was excised and
its relative weight (%) was determined in different
experimental groups.

Blood sampling and preparation of serum: After 24 h of
the last drugs administration, rats were sacrificed by
cervical decapitation under light anesthesia with diethyl
ether and the blood was collected into non-heparinized
tubes. Serum was separated from blood by centrifugation
at 5000 rpm for 10 min and was stored at -20°C for
analysis.

Tissue sampling and preparation of liver homogenate:
The abdominal cavities of the anesthetized rats were
immediately opened and the livers were excised, perfused
with normal saline to remove blood, blotted between filter
papers and used for the preparation of tissue
homogenate. About 0.5 g of each liver was homogenized
in 4.5 mL of phosphate-buffered saline (PBS, pH 7.0,
containing 1 mM EDTA). The crude tissue homogenate
was then centrifuged at 8000 rpm for 30 min and the
supernatant was collected and stored at 4°C for further
analyses.

Estimation of lipid peroxidation level in liver homogenate:
Lipid peroxidation (LPO) was  determined by
measuring thicbarbituric acid reactive species (TBARS)
according to the method of Ohkawa et al. (1979).
1, 1, 3, 3-+tetracthoxypropane, a precursor of
malonaldehyde (MDA) was used as a standard for this
assay. The amount of TBARS formed was measured
spectrophotometrically at 532 nm and expressed as nmol
of MDA equivalent/mg protein.

Determination of total hepatic antioxidant capacity: Total
Antioxidant Capacity (TAC) was measured in serum
by mean of commercial kit (Randox Co, England)
according to the method of Rice-Evans and Miller
(1994). The assay is based on the incubation of
2, 2-azino-di-(3-ethylbenzthiazoline sulphonate) (ABTS)
with a peroxidase and hydrogen peroxide to produce the
radical cation (ABTS") which has a relatively stable
blue-green color. Tt absorbs at 600 nm. The suppression
of the color is compared with that of the Trolox which is
widely used as a traditional standard for TAC
measurement assays. Results are expressed as mmol
equivalent Trolox/T.

Determination of non-enzymatic and enzymatic
antioxidants in liver homogenate: Reduced glutathione
(GSH) was analyzed spectrophotometrically at 405 nm
using  Elman’s reagent (5', 5'dithiobis 2-mitrobenzoic
acid, DTNB) that becomes converted to 2-nitro-3-
mercaptobenzoic acid per one mole of glutathione (Ellman,
1959). Results are expressed as nmol mg™' protein. The
activity of glutathione peroxidase (GPx) was determined as
described by Paglia and Valentine (1967) where the GPx
catalyzes the oxidation of glutathione. Inthe presence
of glutathione reductase and NADPH the oxidized
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glutathione is immediately converted to the reduced form
with a concomitant oxidation of NADPH to NADP'. The
decrease in the absorbance (A340) is directly proportional
to the GPx activity in the sample. Results were expressed
in T/mg protein. The activity of glutathione S-transferase
(GST) was determined spectrophotometrically at 340 nm
using 1-cholro-2, 4 dinitrobenzene (CDNB) as a substrate
and monitoring the change in absorbance due to
thicester formation (Habig et al, 1974). Results are
expressed as nmol mg™ protein. The superoxide
dismutase (SOD) activity in liver tissue was analyzed
using nitroblue tetrezolium (NBT) as a substrate and
phenazine methosulphate. The color intensity of the
chromogen produced was measured at 560 mm. Results
are expressed as U/mg protein (Kakkar et al, 1984).
Catalase (CAT) activity was assayed according to the
method of Aebi (1984) using H,O, as substrate that
can be decomposed by CAT enzyme. The reaction is
stopped exactly after one min with CAT inhibitor. In the
presence of peroxidase, the remaining H,O, reacts
with 3, 5-dichloro-2-hydroxybenzene sulfonic acid (DHBS)
and 4-aminophenazone (AAP) to form a complex with
color intensity that is inversely proportional to the
amount of CAT in the original sample. Results were
expressed in /mg protein.

Liver function biomarkers in the serum: Transaminases
namely alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were determined depending on
incubation of substrate with the enzyme to produce
phenylhydrazine which absorbs at 546 nm. The amount of
phenylhydrazine formed is directly proportional to the
enzyme quantity (Reitman and Frankel, 1957). Alkaline
phosphatase (ALP) was assayed according to the method
of Belfield and Goldberg (1971 ) where phenyl phosphate
1s transformed into phenol and phosphate m the presence
of the enzyme. The liberated phenol is measured at
520 nm in the presence of 4-aminophenazone and
potassium ferricyanide. Gamma Glutamyl Transferase
(GGT) activity was determined by the method of
Rosalki et al. (1970) using y-glutamyl-p-nitroanilide as
substrate. Total bilirubin was measured according to the
method of Walter and Gerade (1970) depending on the
reaction between bilirubin in the sample and the
diazonium salt of sulphanilic acid to produce azobilirubin
which shows a maximum absorption at 535 nm in an acid
medium.

Serum chemistry: Serum biomarkers were determined
using the assay kits and were performed according to the
manufacturers” protocols and instructions. Levels of total
cholesterol and triglycerides were assayed according to
the methods of Richmond (1973), Fossati and Prencipe
(1982), respectively. High Density Lipoproteins (HDL)
were estimated according to Warnick ef al. (1982).

Low-Density Lipoproteins (LDL) and very Low-Density
Lipoprotein (vI1.DL) were calculated mathematically using
the equation of Friedewald et al. (1972). Total protein and
albumin concentrations were assayed according to the
methods of Lowry et al. (1951) and Doumas et al. (1971),
respectively.

Statistical analysis: Data is expressed as MeantSEM.
Data was analyzed using Statistical Package for Social
Science (SPSS/Version 17.0) software. Significance
between experimental groups was determined using
one-way analysis of variance (ANOVA) followed by Least
Signifcant Difference (I.SD) test for comparison between
two groups. The p-values less than 0.05 were considered
statistically signifcant.

RESULTS

Effect of BPA on body and liver weight: Changes in body
weight and relative weight of liver in the control and
treated groups are presented in Fig. 1. No statistically
significant changes in body weight were recorded
between different experimental groups when compared to

)
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Relative weight of liver (%)
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Control BPA TQ

BPA-TQ

Fig. 1(a-b): Effect of oral administration of bisphenol A
(BPA) or thymoquinone (TQ) or both on (a)
Body weight change (%) and (b) Relative
weight of liver in male rats. Each wvalue
represents  the MeantSEM  for  each
experimental group (n = 8), *“Treated groups
vs. the control, 'BPA-TQ versus BPA
group,*p<0.05, **p<0.01
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the control group. Mean values were +22.81, +23.65 and
+23.03% in BPA, TQ and BPA-TQ groups, respectively
compared to +23.29% 1 the control group (Fig. 1a). The
relative weight of liver was found to be 6.82% in
BPA-treated rats which is significantly (p<0.05) higher
compared to 4.10% in the control group. In contrary, a
significant (p<t0.01) decrease by -23.9% was observed in
the relative weight of liver m rats admimstered TQ
together with BPA, compared to BPA-treated rats
although the value did not reach the normal value of the
control group. Daily admimstration of TQ alone induced
non-sigmficant change m liver weight (Fig. 1b).

Effect of BPA and/or TQ on the level of LPO in hepatic
tissue: The effect of BPA on LPO 1 the liver is presented
m Table 1. According to this table, the level of
TBARS (a marker for LPO) in BPA-treated rats was
11.33 nmol mg~' protein which was more than four folds
higher than the control ammals. Admimstration of TQ for
5 weeks to BPA-treated rats resulted in a significant
(p=10.05) decrease in the level of TBARS compared to the
BPA group. The value was found to be 4.10 nmol mg™
proteins compared to 11.33 nmol mg ™' protein in the BPA
group. In contrast, non signifcant change in the level of
TBARS was observed in animals treated with TQ alone
compared to the control group.

Influence of BPA or TQ or both on the antioxidative
status of the liver: According to Table 1, administration
of BPA induced a marked suppression in the antioxidative
status of the liver. Significant (p<0.05) decreases m the
TAC (by -65.5%), the non-enzymatic antioxidant GSH

(by -453%) and the enzymatic antioxidants namely
GPx, GST, SOD and CAT (by -43.8, -28.7, -39.7 and
-42.4%, respectively) were observed in the liver of
BPA-treated rats. Supplementation with TQ at a dose of
10 mg kg™ for 5 weeks significantly (p=<0.05) normalized
the suppressed antioxidants in the BPA-treated rats and
to a large extent restored their values toward that of the
control group (Table 1). Tt is worth to note that
administration of TQ alone has a non-significant effect on
the antioxidative status of the liver compared to the
control group.

Effect of BPA and TQ on serum biomarkers related to
hepatic dysfunction: The activities of liver marker
enzymes and the level of total bilirubin in the serum of
control and treated groups are shown in Table 2. Exposure
to BPA was found to be associated with hepatic
dysfunction as indicated by sigmificant (p<0.05) increase
in the activities of AST, ALT, ALP, GGT and in the level
of total bilirubin. The mean values increased by +83.6%,
+115.8, +45.8, +101.7 and +98.3%, respectively compared
to the control group value. The results also revealed
non-significant changes m these biomarkers in rats
treated with TQ alone for 5 weeks as compared to the
control. Administration of TQ together with BPA
significantly (p<0.05) mproved the liver functioning
although 1t could not bring values of these indices to that
of the control group.

Effect of BPA or TQ or both on serum chemistry: The
changes in lipid profile and protein contents in the serum

Table 1: Effect of BPA or TQ or both on the oxidative/antioxidative status in liver of rats

Experimental groups

Parameters Control BPA TQ BPA-TQ
TBARS (nmol mg™ protein) 2.81=0.10 11.33+0.31* 2.45+0.09 4,10+ 021"
TAC (nmol L1 2.35+0.21 0.81+0.07" 2.54+0.10 2.10+0.17"
GSH (nmol mg™" protein) 37.14%£1.92 20.31£2.37" 40.23£5.03 34.2243.12""
GPx (Umg™' protein) 21.73£1.74 12.20£2.11*" 22.25+0.93 18.29+1.40""
GST (nmol mg™! protein) 277.70£14.2 198.104+10.94%" 284.66+9.35 263.50+13.19"
SOD (U mg™ protein) 70.84+5.51 42,7243, 60" 73.14£3.70 64.33£5.10°
CAT (U me™! protein) 62.40+2.83 35.92+3.10°" 62.00+4.22 58.92:+4. 23"

Each wvalue
TBARS:

represents

Thiobarbituric acid reactive species, TAC: Total antioxidant capacity, GSH: Reduced glutathione,
GST: Glutathione S-transferase, SOD: Superoxide dismutase, CAT: Catalase

the Mean+SEM for each experimental group (n = 8). *“Treated groups vs. the control, *BPA-TQ vs. BPA group, *p=0.05,

GPx: Glutathione peroxidase,

Table 2: Liver function biomarkers in the senun of different experimental groups

Experimental groups

Liver biomarkers Control BPA TQ BPA-TQ

AST(UL™YH 33.50+2.280 61.5245.95 32.71£3.52 40.31+3. 605
ALT{UL™Y 63.11+2.880 136.20+11.28 65.46+4.71 81.10+7. 24"
ALP(UL™Y 245.10+14.14 357344174 236.72+11.9 2042241 9.8
GGT (UL™ 2.79£0.240 5.63£0.30° 2.91+0.17 3,080, 20°"
Bilirubin (g dL™") 0.594+0.020 1.17+0.08" 0.67+0.01 0.78+0.03"

Each value represents the Mean+SEM for each experimental group (n = 8). *Treated groups vs. the control, "(BPA-TQ vs. BPA group, *p<0.05, AST:
Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, GGT: y-glutamyl transferase
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Table 3: Effect of BPA or TQ or both on serum chemistry

Experimental groups

Serum chemistry Control BPA TQ BPA-TQ
Cholesterol (mg dL ™) 119.26+7.69 166.64£12.6° 123.1249.25 139.60+£11 .64
Trigly cerides {mg d.=!) 89.41+5.64 129.71+10.9 86.91+3.98 104.06+7.8%"
HDL (mg dL ™) 37.80+1.80 16.71£2.12¢ 39.21+2.85 27.83+£1.912™
LDL (mg dL.™") 63.37+4.71 122.10+6.8% 64.96+5.36 89.19+2.11%™
vLDL (mg dL™") 17.88+0.78 25.944£2.71% 17.38+0.96 20.81+2.06%™
Total proteins (mg dl.™!) 8.35¢0.50 5.11+0.37" 7.91+0.64 5.29+0.41="
Albumin (mg dL™") 5.13+0.35 3.47£0.26" 4.9240.30 3.7140.41*"

Each value represents the Mean+SEM for each experimental group (n = 8). *Treated groups vs. the control, 'BPA-TQ vs. BPA group, *p<0.05, **p=<0.01.

HD1.: High density lipoproteins, LDL: Low density lipoproteins, vI.DL: Very low density lipoproteins

of the control and experimental groups are illustrated in
Table 3. Significant (p<<0.05) increases in the level of total
cholesterol (+39.7%), triglyceride (+45.1%), LDL (+92.7%)
and vLDL (+45.1%) were recorded while that of HDL was
significantly (p<t0.03) decreased (-55.8%) in BPA-treated
rats compared to the control animals. Administration of
TQ to the BPA-treated rats resulted m a significant
(p<0.01) decrease in the level of total cholesterol,
triglycerides, LDI. and vI.DL compared to the BPA group
while HDL level was significantly (p<t0.01) increased
although not reaching the control group value. On other
hand, rats admimstered TQ alone for 5 weeks showed a
non-significant change in these parameters compared to
the control. Concerning total proteins and albumin, their
values in the serum were sigmficantly (p<0.01) decreased
(by -38.8 and -32.3%, respectively) m response to BPA
administration compared to the control group. TQ
administration along with BPA could not improve the
altered protemn contents as indicated by the significant
(p<0.01) difference between values in this group and that
of the control group. Level of total proteins and albumin
in rats treated with TQ alone showed non-significant
changes when compared to the control animals (Table 3).

DISCUSSION

To date, there 1s a controversy about the toxicity of
BPA. Although FDA has labeled BPA as a safe agent,
newly emerging data has stirred discussion on the need
of more studies about human health risk assessment of
BPA exposure (Hugo et al., 2008). The present study
revealed a disturbance in the oxidative/antioxidative
status in rat liver with a concomitant impairment in its
proper functioning as a result of BPA administration.
Supplementation with TQ, the main bicactive constituent
i the oil of Nigella sativa seed, protected the liver
against BPA-induced hepatotoxicity and improved its
antioxidative status.

Body and organ weights are fundamental benchmarks
for toxicological studies. In the present study, body
welght in BPA-treated rats did not show significant

changes. Similar results were obtained with the
administration of BPA for 30 days (Bindhumol ef af.,
2003). Also, Tyl et al. (2002) did not detect an effect for
BPA on body weight. On the other hand, Yamasaki et al.
(2002) found a statistically sigmficant decrease
in body weight in rats treated with BPA at a dose
>466 mg kg™ day'. The present study revealed a
significant increase in the relative weight of liver. Since
liver is the primary site for getting rid of xenobiotics, the
observed increase in its weight in the present study may
represent a homeostatic mechamsm to deliver more BPA
into the liver for detoxification. Schulte-Hermann (1979)
mentioned that liver enlargement may be due to a
combination of hepatocyte hypertrophy and smooth
endoplasmic reticulum proliferation which is presumed to
stimulate a hepatic physiclogical adaptation to an
inereased workload demand.

Liver function tests are routinely used as
diagnostic markers for hepatotoxicity. Aminotransfersases
(ALT and AST), alkaline phosphatase (ALP) and
v-glutamyltransferase (GGT) are the major markers in
monitoring the functional status of liver. The ALT activity
is an important index to measure the degree of cell
membrane damage while AST i1s an indicator of
mitochondrial damage. The activity of ALP is often
employed to assess the mtegrity of plasma membrane.
The activity of GGT is a marker of hepatic injury.
Increased levels of hepatic marker enzymes indicate
the permeability and/or necrosis of  hepatocytes
(Goldberg and Watts, 1965). In the current study, daily
administration of BPA for 4 weeks resulted in hepatic
ijury as mndicated by elevation in the activity of ALT,
AST, ALP, GGT and the level of total bilirubin in the
serum. Elevated levels of these markers are familiar
indicators for excess cellular leakage and loss of
membrane integrity of hepatocytes (Dortman and
Lawhorn, 1978). This suggests that BPA may act as a
plasma membrane labilizer. These results are 1 a good
agreement with previous studies with similar increases in
serum indices for liver damage (Yamasaki et al., 2002;
Korkmaz et al., 2010, Hassan et of., 2012). Moon ef al.
(2012) mentioned that BPA can induce hepatic damage
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and mitochondrial dysfunction by increasing oxidative
stress in the liver. Treatment with TQ at a dose of
10 mg kg™ significantly suppressed the BPA-induced
elevation in these hepatic biomarkers. The efficacy of TQ
in protecting hepatic enzyme leakage may be related to its
ability to preserve the structural and functional integrity
of the liver against the adverse effects of BPA as well as
repair of hepatic tissue damage caused by BPA. These
results come in concert with studies which indicated the
heaptoprotective effect of TQ inmodels of liver injury
in vitro (Daba and Abdel-Rehman, 1998) and in vivo
(Alsaif, 2007). Thymoquinone was found to reduce
hepatic  dysfunction  through its membrane
stabilization properties against reactive oxygen species
(ROS)-mediated hepatocellular injury (Basiglio et al.,
2009).

The correlation between oxidative stress, antioxidant
potential and development of chronic diseases has
become evident. Oxidative stress adversely alters many
crucial biclogical molecules leading to loss of form and
function. Tn the present study, BPA elicited a marked
increase in the level of TBARS which indicates enhanced
LPO. Bisphenol A has been proposed to induce hepatic
damage and mitochondrial dysfunction through induction
of oxidative stress (Bindhumol et al., 2003; Moon et al.,
2012). Tt generates ROS and induces cellular apoptosis in
hepatocytes leading to an increase in the level of TBARS
(Korkmaz et al., 2010). Previous studies have also
illustrated elevated levels of TBARS in the brain, testes
and kidneys of male rats exposed to BPA (Aydogan et al.,
2008, 2010). Bisphenol A decomposes into many
metabolites probably including BPA radical by reactions
of radical oxygen (Saki, 2001). Increased LPO can be
counteracted by administrating antioxidant molecules. Tn
the present study, treatment of rats with TQ significantly
reduced the BPA-mduced oxidative stress as mdicated by
the reduction in TBARS production in hepatic tissue. The
protective effect of TQ can be attributed to its strong
scavenging properties and its ability to reduce free
radicals production. The antioxidant activity of TQ has
been previously reported (Houghton et al, 1995,
Nagi and Mansour, 2000). Quinone reductase is an
enzyme that catalyses the reduction of quinones to
hydroquinones  and  prevents  their subsequent
participation in the generation of ROS (Lind et al., 1982).
Thymoquinone, as a substrate for quinone reductase,
showed a significant induction in the activity of this
enzyme in hepatic tissue (Nagi et al., 1999).

Cells are endowed with adequate antioxidants which
represent the cell’s buffering systems to prevent the
propagation of free radical reactions. In the current study,
a reduction in the total antioxidant capacity in the serum
of BPA-treated rats was reported. The GSH which is
considered the most prevalent intracellular non-enzymatic
antioxidant, has a crucial role as a ROS scavenger. In the

current study, GSH content was significantly reduced due
to BPA administration. This could be explained by the
increased consumption of GSH in scavenging the
BPA-generated ROS. This result is consistent with
previous studies which reported similar decrease in
hepatic GSH in rats administered BPA (Korkmaz et al.,
2010, Hassan et al., 2012). The reduction of GSH content
indicates failure of primary antioxidative system to act
against free radicals. GPx, GST, SOD and CAT constitute
a mutually supportive team of antioxidant enzymes which
provide a defense system against ROS. Damage at the
cellular level by oxidants is attenuated by these
antioxidant enzyme. The current study showed that there
was a significant decline in hepatic activity of these
endogenous antioxidant enzymes in BPA-treated rats.
These results are in concordance with Hassan et al. (2012)
and Sangai et al. (2012). These results reflect the inability
of the liver to eliminate free radicals and indicate that BPA
induces oxidative stress by disturbing the balance
between radicals and antioxidant defense system in liver.
Reduction in the activity of these enzymes might be due
to reduced enzyme synthesis by the injured hepatic cells
or depletion of these enzymes by the ROS
overproduction. Upon supplementation with TQ, the
activities of the antioxidant enzymes in rat hepatic tissue
were significantly restored. Tt is therefore suggested that
TQ might increase the bicavailability of these enzymes
possibly by reducing the damage to the hepatic cells as
found in this study. Thymoquinone was found to
upregulate the GST, GPx and CAT genes with the
consequent elevation in their activities to overcome
oxidative stress (Ismail et al., 2010).

Liver is the principle organ for maintaining the body’s
internal environment. Tt plays a key role in the control of
lipid metaboelism. Results of the present study revealed a
disturbance 1n lipid profile as reflected by the significant
increase in the level of total cholesterol, triglycerides,
LDL, vLDL with a concomitant decrease in HDL. The liver
has a complex network of nuclear receptors that
coordinately regulates the expression of enzymes
involved in lipid metabolism, from fatty acid oxidation and
uptake to triacylglycerol synthesis, accumulation and/or
secretion (Nguyen et al, 2008). Bisphenol A has the
potential to affect lipid and glucose homeostasis in
various tissues by interfering with different nuclear
receptors involved in regulation of metabolism (Casals-
Casas and Desvergne, 2011). Bisphenol A has also found
to stimulate lipid accumulation and up-regulate genes
involved in lipid metabolism in adipocytes (Masuno et al.,
2002). The present study showed that TQ
supplementation had favorably modified serum lipid
profile in rats with significant decreases in total
cholesterol, triglycerides, LDL, vL.DL and increased HDL..
Thymocquinone was reported to have the ability to
significantly reduce the lipid profile (Bamosa et al., 2002;
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Zaoui et al, 2002). The mechanism underlying this
hypolipidemic effect is not fully understood. The
antilipidemic action of TQ may reside m its ability to
stimulate msulin secretion and action (Fararh et al., 2002).
Tt was also suggested that the hypolipidimic activity of
TQ may be aftributed to inhibition of oxidative stress
(Smnha et al., 2008).

Serum proteins are invariably synthesized by liver. In
the present study, BPA was found to affect the synthetic
function of the liver as indicated by the significant
decrease i the level of total protems and albumin. The
reduction in serum proteins with impaired liver enzymes
are indications of impaired synthetic function of the liver.
The observed decrease in biosynthesis and secretion of
proteins might be due to formation of BPA (or 1ts
metabolites) adducts with DNA or RNA. Izzotti ef al.
(2009) confirmed the ability of BPA to form DNA adducts
both ir vitro and ir vive in rodent liver. Bisphenol A is
converted to bisphenol O-quinone which might be the
ultmate DNA binding metabolite (Atkinson and Roy,
1995). This binding might prevent RNA polymerase from
transcribing the DNA and can inhibit the formation of
mRNA. A failure n mRNA formation results m an
mhibition of protemn synthesis, which may be considered
to be the cause of the liver cell necrosis (Korkmaz et al.,
2010). Supplementation with TQ to BPA-treated rats could
not improve the reduction in the levels of total proteins
and albumin. This can be attributed to inadequate dose or
duration for TQ administration to improve the synthetic
function of the liver.

CONCLUSIONS

Based on the data of the current study, it may be
concluded that BPA has detrimental effect on liver of male
rats. Also it supports the possibility that thymoquinone
plays a notable role in protecting the liver against
BPA-induced toxicity and oxidative stress in male rats.
The strong antioxidative activity could partially be the
mechanism underlying the protective effects of
thymoquinone. The versatility and potency of
thymocuinone male it potential candidates for therapeutic
and preventive drugs for hepatotoxicity resulting from
toxicants, including BPA.

REFERENCES

Aebi, H., 1984, Catalase in vitro. Methods Enzymol.,,
105:121-126.

Alsaif, M.A., 2007, Effect of thymoquinone on ethanol-
induced hepatotoxicity in Wistar rats. J. Med. Seci.,,
7:1164-1170.

Atkinson, A. and D. Roy, 1995. In vitro conversion of
environmental estrogenic chemical bisphenol-A to
DNA binding metabolite(s). Biochem. Biophys. Res.
Commun., 210: 424-433.

Aydogan, M., A. Korkmaz, N. Barlas and D. Kolankaya,
2008. The effect of vitamin C on bisphenol
A, nonylphenol and octylphenol induced brain
damages of male rats. Toxicology, 249: 35-39.

Aydogan, M., A. Korkmaz, N. Barlas and D. Kolankaya,
2010. Pro-oxidant effect of vitamin C coadministration
with bisphenol A, nonylphenol and octylphencl on
the reproductive tract of male rats. Drug Chem.
Toxicol., 33: 193-203.

Bamosa, A.O., BA. Ali and Z.A. Al-Hawsawi, 2002. The
effect of thymoquinone on bloed lipids mn rats. Ind.
J. Physiol. Pharmacol., 46: 195-201.

Basiglio, CL., P.EJ. Sanchez, AD. Mottino and
M.G. Roma, 2009. Differential effects of silymarin and
1ts active component silibimn on plasma membrane
stability and hepatocellular lysis. Chem. Biol
Interact., 179: 297-303.

Belfield, A. and D.M. Goldberg, 1971. Revised assay
for serum phenyl phosphatase activity using
4-amimo-antipyrine. Enzyme, 12: 561-573.

Bindhumol, V., K.C. Chitra and P.P. Mathur, 2003.
Bisphenol A induces reactive oxygen species
generation 1n the liver of male rats. Toxicology,
188:117-124.

Casals-Casas, C. and B. Desvergne, 2011. Endocrine
disruptors: From endocrine to metabolic disruption.
Annu. Rev. Physiol,, 73: 135-162.

Daba, MH and M.S. Abdel-Rahman, 1998.
Hepatoprotective  activity of thymoquinone in
1solated rat hepatocytes. Toxicol. Lett., 95: 23-29.

Dortman, R.B. and G.T. Lawhorn, 1978, Serum enzymes as
indicators of chemical induced liver damage. Drug
Chem. Toxicol., 1: 163-171.

Doumas, B.T., W.A. Watson and H.G. Biggs, 1971.
Albumin standards and the measurement of serum
albumin with bromeresol green. Clin. Chim. Acta,
31: 87-96.

Ellman, G.I., 1959. Tissue sulthydryl groups. Arch.
Biochem. Biophys., 82: 70-77.

FAO/WHO, 2010. JToit FAO/WHO expert meeting to
review toxicological and health aspects of Bisphenol
A, Summary Report, Food and Agriculture
Orgamzation (FAO)World Health Orgamzation
(WHO), Geneva, Switzerland, pp: 1-48.

Fararh, KM., Y. Atoji, Y. Shimizuand T. Takewali, 2002.
Tsulinotropic properties of Nigella sativa oil in
streptozotocin plus Nicotinamide diabetic hamster.
Res. Vet. Sci., 73: 279-282-282.

1138



Pak. J. Biol. Sci., 17 (11): 1152-1160, 2014

Fossati, P. and L. Prencipe, 1982. Serum triglycerides
determined colorimetrically with an enzyme
that produces hydrogen peroxide. Clin. Chem.,
28: 2077-2080.

Friedewald, W.T., R1 Levy and D.S. Fredricksor, 1972.
Estimation of plasma low-density lipoprotein
cholesterol concentration without use of the
preparative ultracentrifuge. Clin. Chem., 18: 499-512.

Goldberg, D.M. and C.Watts, 1965, Serum enzyme
changes as evidence of liver reaction to oral alcohol.
Gastroenterology, 49: 256-261.

Habig, W.H., M.J. Pabst and W.B. Jakoby, 1974
Glutathione S-transferases. The first enzymatic step
in mercapturic acid formation. J. Biol. Chem.,
249: 7130-7139.

Hassan, 7. K., M.A. Elobeid, P. Virk, S.A. Omer, M. ElAmin
and M H. Daghestani, 2012. Bisphenol A induces
hepatotoxicity through oxidative stress in rat model.
Oxidative Med. Cell. Longevity. 10.1155/2012/194829

Houghton, P.J., R. Zarka, B. de las Heras and J.R.S. Hoult,
1995, Fixed oil of Nigella sativa and derived
thymoquinone inhibit eicosanoid generation in
leukocytes and membrane lipid peroxidation Planta
Med., 61: 33-36.

Hugo, ER., T.D. Brandebourg, 1.G. Woo, I. Loftus,
W. Alexander and N. Belonathan, 2008. Bisphenol A
at  environmentally relevant doses  inhibits
adiponectin release from human adipose tissue
explants and adipocytes. Environ. Health Perspect.,
116: 1642-1647.

Tsmail, M., G. AlNageep and K.W. Chan, 2010.
Nigella sativa thymoquinone-rich fraction greatly
improves plasma antioxidant capacity and expression
of antioxidant genes in hypercholesterolemic rats.
Free Rad. Biol. Med., 48: 664-672.

Tzzotti, A., 8. Kanitz, F. D'Agostini, A. Camoirano and
S. De Flora, 2009. Formation of adducts by bisphenol
A, an endocrine disruptor, in DNA in vitre and mn
liver and mammary tissue of mice. Mutation Res.,
679: 28-32.

Kabuto, H.,, M. Amakawa and T. Shishibori, 2004.
Exposure to bisphenol A during embryonic/fetal life
and infancy increases oxidative injury and causes
underdevelopment of the brain and testis in mice. Life
Sci., 74: 2931-2940.

Kakkar, P., B. Das and P. Viswanathan 1984. A modified
method for assay of superoxide dismutase. Indian J.
Biochem. Biophys., 21: 131-132.

Knaak, JB. and L.J. Sullivan, 1996. Metabolism of
bisphenol A in the rat. Toxicol. Applied Pharmacol.,
8:175-184.

Koch, HM. and A M. Calafat, 2009. Human body burdens
of chemicals used in plastic manufacture. Philos.
Trans. R. Soc. London (Biol.), 364: 2063-2078.

Korkmaz A., M.A. Ahbab, D. Kolankaya and N. Barlas,
2010. bisphenol
A, nonylphenol and octylphenol induced oxidative
damages in liver of male rats. Food Chem. Toxicol.,
48: 2865-2871.

Lang, T.A., T.S. Galloway, A. Scarlett, W.E. Henley,
M. Depledge and R.B. Wallace, 2008. Association of
urinary bisphenol a concentration with medical
disorders and laboratory abnormalities in adults.
T. Am. Med. Assoc., 300: 1303-1313.

Lind, C., P. Hochstein and L. Emster, 1982. DT-diaphorase
as a quinone reductase: A cellular control device
agamnst semiquinone and superoxide radical
formation. Arch. Biochem. Biophys., 216: 178-185.

Lowry, O.H., N.I. Rosebrough, A L. Farr and R.J. Randall,
1951, Protein measurement with the Folin phenol
reagent. J. Biol. Chem., 193: 265-275.

Masuno, H., T. Kidani, K. Sekiya, K. Sakayama,
T. Shiocsaka, H. Yamamoto and K. Honda, 2002.
Bisphenol A i combination with msulin can
accelerate the conversion of 3T3-L1 fibroblasts to
adipocytes. I. Lipid Res., 43: 676-684.

Moon, MK, M.J. Kim, LK. Iung, Y.D. Keo, HY. Ann and
K.J. Lee, 2012. Bisphenol A mmpairs mitochondrial
function in the liver at doses below the no observed
adverse effect level. . Korean Med. Sci., 27: 644-652.

Nagi, M.N., K. Alam, O.A. Badary, O.A. Al-Shabanah,
HA. Al-Sawaf and AM. Al-Bekairi, 1999
Thymoquinone protects against carbon tetrachloride
hepatotoxicity in mice via an antioxidant mechanism.
Biochem. Mol. Biol. Int., 47: 153-159.

Nagi, M.N. and M.A. Mansour, 2000. Protective effect of
thymoquinone
cardiotoxicity in rats: A possible mechanism of
protection. Pharmacol. Res., 41: 283-289.

Nakagawa, Y. and S. Tayama, 2000. Metabolism and
cytotoxicity of bisphenol A and other bisphenols in
isolated rat hepatocytes. Arch. Toxicol., 74: 99-105.

Nguyen, P., V. Leray, M. Diez, S. Serisier, I. LeBloch and
B. Siliart, 2008. Liver lipid metabolism. J. Anim.
Physiol. Anim. Nutr., 92: 272-283.

Ohkawa, H., N. Olishi and K. Yagi, 1979. Assay for lipid
peroxides in ammal tissues by thiobarbituric acid
reaction. Anal. Biochem., 95: 351-358.

Paglia, D.E. and W.V. Valentine, 1967. Determination of
glutathione peroxidase. J. Clin. Med., 70: 158-167.

Pupo, M., A. Pisano, R. Lappano, M.F. Santolla,
E.M DeFrancesco and 3. Abonante, 2012. Bisphenol
A induces gene expression changes and proliferative
effects through GPER in breast cancer cells and

Health

Influence of vitamin C on

against doxorubicin-induced

cancer-associated fibroblasts. Environ.
Perspect, 120: 1177-1182.

1139



Pak. J. Biol. Sci., 17 (11): 1152-1160, 2014

Reitman, S. and S. Frankel, 1957. A colorimetric method for
the determination of serum glutamic oxalacetic and
glutamic pyruvic transaminases. Am. J. Clin. Pathol,,
28: 56-63.

Rice-Evans, C. and N.J. Miller, 1994. Total antioxidant
status in plasma and body fluids. Methods Enzymol.,
234: 279-293.

Richmond, W., 1973. Cholesterol enzymatic colorimetric
test chop-PAP method of estimation of total
cholesterol in serum. Clin. Chem., 191: 1350-1356.

Rosalky, S.B., D. Rav, D. Lehman and M. Prentice, 1970.
Determination  of  serum  gamma-glutamyl
transpeptidase activity and its clinical applications.
Amn. Clin. Biochem., 7: 143-147.

Rubin, B.S., 2011. Bisphenol A: an endocrine disruptor
with widespread exposure and multiple effects.
T. Steroid Biochem. Moel. Biol,, 127: 27-34.

Saki, T., 2001. Decomposition of bisphenol-A (BPA) by
radical oxygen. Environ. Int., 27: 315-320.

Sangai, N.P., R.J. Verma and M.H. Triveds, 2012. Testing
the efficacy of quercetin in mitigating bisphenol A
toxicity in liver and kidney of mice. Toxicol. Ind.
Health, (In Press). 10.1177/0748233712457438

Schulte-Hermann, R., 1979. Adaptive liver growth induced
by xenobiotic compounds: Tts nature and mechanism.
Arch. Toxicol., 2: 113-124.

Sinha, M., P. Manna and P.C. Sil, 2008. Terminalia arjuna

protects  mouse  hearts agamst  sodium
fluoride-induced oxidative stress. J. Med. Food.,
11: 733-740.

Takeuchi, T., ©. Tsutsumi, Y. Ikezuki, Y. Takar and
Y. Taketam, 2004. Positive relationship between
androgen and the endocrine disruptor, bisphenol A,
in normal women and women with ovarian

dysfunction. Endocr. T., 51: 165-165.

Tyl, RW., CB. Myers, M.C. Marr, BE. Thomas and
AR. Keimowitz et al, 2002. Three-generation
reproductive toxicity study of dietary bisphenol A in
CD Sprague-Dawley rats. Toxicol. Sci., 68: 121-146.

Walter, M. and H. Grade, 1970. Bilirubin assay.
Microchem. T., 15: 231-231.

Warnick, G.R., I. Benderson and I.J. Albers, 1982. Dextran
sulfate-Mg™ precipitation procedure for quantitation
of high-density lipoprotein cholesterol. Clin. Chem.,
28: 1379-1388.

Wetherill, Y B., B.T. Akingbemi, J. Karmo, J.A. McLachlan
and A. Nadal et al, 2007. In vitro molecular
mechanisms of bisphenol A action. Reprod. Toxicol.,
24: 178-198.

Worthen, D.R., ©.A. Ghoshen and P.A. Crooks, 1998. The
in vitro anti-tumor activity of some crude and
purified components of black seed, Nigella sativa.
Anticancer Res., 18: 1527-1532.

Yamasaki, K., M. Takeyoshi, 5. Noda and M. Takatsuki,
2002. Changes of serum alphaZu-globulin in the
subacute oral toxicity study of ethynyl estradiol and
bisphenol A based on the draft protocol for the
enhanced OECD test guideline No. 407. Toxicology,
176:101-112.

Zaouwi, A., Y. Cherrah, K. Alacui, N. Mahassine,
H. Amarouch and M. Hassar, 2002. Effects of
Nigella sativa fixed o1l on blood homeostasis in rats.
. Ethnopharmacol., 79: 23-26.

Zhang, ¥, H. Chang, S. Wiseman, Y. He, E. Higley and
P. Jones, 201 1. Bisphenol A disrupts steroidogenesis
in human H295R cells. Toxicel. Sei., 121: 320-327.

1160



	1152-1160_Page_1
	1152-1160_Page_2
	1152-1160_Page_3
	1152-1160_Page_4
	1152-1160_Page_5
	1152-1160_Page_6
	1152-1160_Page_7
	1152-1160_Page_8
	1152-1160_Page_9
	PJBS.pdf
	Page 1


