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Introduction

luoride (F–) is an essential trace element that, in
low concentrations, has been proven to be
beneficial for teeth and bone development

(Pendrys, 2001).
Fluoride (F–) anions are widely distributed in

the environment in different forms and their
compounds are extensively used. Water consumption is
typically the largest contributor to daily F intake either
due to runoff of F–-containing rocks and soils into
groundwater or artificial fluoridation of drinking water
in some areas (ATSDR, 2003).

Furthermore, F– anions are incorporated in
various insecticides, fluoridated foodstuff, Teflon-lined

cookware (NRC, 2006) and in topical agents
(toothpastes, dental varnishes, gels, rinses, tablets, and
drops) designed to reduce dental decay. As a result, the
consumption of fluoride became uncontrolled and
unpredictable often exceeding its therapeutic window,
particularly among children (Natalia and Gennadii,
2012).

An excessive fluoride consumption has been
linked to development of fluorosis, a slow degenerative
diseases, affecting teeth and bone tissues (Sarkar et al.,
2014), as well as inducing neurological defects (Malin
and Christine, 2015). During recent decades, numerous
investigations have established the toxicity of fluoride
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for cells of different tissues both in vitro and in vivo.
Oxidative stress has been considered an important
mechanism of fluoride intoxication (Barbier et al.,
2010).

Thymoquinone (TQ), the main active
component of the volatile Nigella sativa (black cumin)
seed oil have demonstrated a high antioxidant anti-
inflammatory and hepatoprotective properties
(Mohannad and Peter, 2014).

The goal of present work was to investigate
the possible protective effects of thymoquinone,
against fluoride-induced hematological and
biochemical alterations.

Material and method

1. Chemicals and drugs
Sodium fluoride was purchased from El-Gomhoria Co.
for Chemical and Pharmaceutical Products, El-Amirya,
Cairo, Egypt. It was in the form of white powder freely
soluble in distilled water. Thymoquinone was obtained
from Sigma-Aldrich Chemical Co. (St Louis, MO,
USA) in the form of 100mg capsules freely soluble in
distilled water.

2. Animal group deployment
This study was carried out on 70 adult male albino rats
of approximately 200±50g body weight. Animals were
obtained from the Medical Research Centre of Faculty
of Medicine Ain Shams University. Rats were allowed
free access to rat chow diet and water. They were
handled in accordance with the standard guide for the
use and care of laboratory animals and were divided
into 7 equal groups as follows:
 1st group (negative control group): Rats were

kept without handling to determine basic
parameters for 5 weeks.

 2nd group (positive control group): Rats
received distilled water orally for 5 weeks.

 3rd group (thymoquinone TQ group): Rats
received orally TQ at a dose of 10mg/kg body
weight /day for 5 weeks (After Ali and
Bunden, 2003).

 4th group (1stsodium fluoride group): Rats
were intoxicated with sodium fluoride orally
at a dose of 10mg/kg body weight /day for 4
weeks (Blaszczyk et al., 2011).

 5th group (2nd sodium fluoride group): Rats
were intoxicated with sodium fluoride daily
for a similar duration but at a dose of 20mg/kg
body weight /day (Blaszczyk et al, 2012)

 6th group (1st protection group): TQ was
given at a dose of 10 mg/kg body weight/day

then followed by both TQ and Na F at a dose
of 10mg/kg body weight /day for 4 weeks.

 7th group (2nd protection group): TQ was
given for 1 week then concomitantly with Na
F at a dose of 20mg/kg body weight /day for 4
weeks.

3. Experimental parameters
At the end of the experiment period, animals were
anaesthetized and sacrificed. Abdominal aorta was
exposed. Blood was collected and rapidly divided into
2/3 to be put in a heparinized tube and the other 1/3
was collected in a plain tube.

The heparinized portion was used for the
determination of:

a. Hematological parameters (Hb, RBC,
TLC and platelets count) using
Beckman Coulter.

b. Oxidative indices
i. Superoxide dismutase

(SOD) according to Kakkar
et al. (1984)

ii. Total antioxidant capacity
(TAC) after the method of
Koracevic et al. (2001).

iii. Serum advanced oxidation
protein products (AOPP)
according to Witko-Sarsat et
al. (1996).

iv. Thiobarbituric acid reactive
substances (TBARS): Using
the method of Hartnett et al.
(2000)

The rest was centrifuged at 3000 rpm for 15
min, stored in the deep freeze at-20oC for further
biochemical analysis:

 Total cholesterol and triglycerides
(TG) after the method of Zollner and
Kirsch (1962).

 Blood glucose concentration after
Trinder (1969).

 Aspartate aminotransferase (AST)
and alanine aminotransferase (ALT)
according to Henry et al (1974).

 Alkaline phosphatase (ALT)
according to Gowenlock et al.
(1988).

 Total serum bilirubin according to
Walter and Gerade (1970).

 Total serum proteins according to
Lewandrowski and Lewandrowski
(2002).
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4. Statistical analysis
Numerical data were expressed as mean ± standard
deviation. Data were analyzed using Statistical
Package for Social Science (SPSS-Version 17.0)
software. Significance between experimental groups
were determined using one way analysis of variance
(ANOVA) followed by post hoc tests (LSD) for the
comparison between each two groups. P < 0.05 was
considered statistically significant (Snedecor and
Cochran, 1973).

Results

Table (1) shows no significant difference between
group I (negative control group), group II (positive
control group) and group III (thymoquinone TQ group)
as regards the different studied parameters.

Table (2) shows a comparison between group I
(negative control group) and the toxic groups (group IV
and V) as regards the different experimental parameters.
Regarding hematological parameters, a significant
decrease of Hb concentration, RBC, TLC and platelet
count was noticed in the toxic groups (group IV and V)
compared to the negative control group. Significant

increase in serum cholesterol, TG and blood glucose level
in addition to liver enzymes and total bilirubin levels were
observed in the toxic groups (group IV and V) compared
to the negative control group, with significant decrease in
total serum proteins in the same groups. Regarding
oxidative indices, there was significant increase in
TBARS and AOPP in addition to significant decrease in
SOD and TAC among group IV and V when compared to
negative control group.

Table (3) shows comparison between group I
(negative control group) group IV and group VI as
regards the different experimental parameters. It was
observed that fluoride-induced hematological and
biochemical changes were ameliorated in the group
that received TQ (group VI) when compared to the
toxic group (group IV).

Table (4) shows comparison between group I
(negative control group) group V and group VII as
regards the different experimental parameters.
Significant differences were noticed between group VII
and V when compared with GI and it showed that TQ
administration alleviated the toxic effects of NaF but
still not reaching the control level.

Table (1): ANOVA one-way statistical analysis showing comparison between group I (negative control group)
group II (positive control group) group III (thymoquinone TQ group) as regards the different experimental
parameters. Each group consisted of 10 rats

Group

Parameter

Negative control
group (I)

Positive control
group (II)

Thymoquinone TQ
group (III)

Statistical
analysis

Mean ± SD Mean ± SD Mean ± SD Fc LSD
Hb (g/dl) 13.7±1.8 13.5±1.9 13.6±1.7 0.304 ―
RBC count (x106/ mm3) 5.99±1.1 5.97±1.0 5.95±0.9 0.683 ―
Total leucocytic count (x103/mm3) 7.98±1.0 7.95±0.8 7.97±0.91 0.433 ―
Platelet count (x103/ mm3) 758±68.9 762±68.0 757±60.0 1.2 ―
Cholesterol (mg/dl) 114±17.5 116±15.6 115.5±14 2.3 ―
TG (mg/dl) 78.9±3.3 80.1±3.5 79.0±3.2 0.741 ―
Glucose concentration (mg/dl) 86.29±4.5 85.0±4.0 84.0±3.5 1.8 ―
AST (IU/L) 10.52±1.72 11.0±1.5 12.0±1.6 3.11 ―
ALT (IU/L) 35.3±2.7 34.5±2.5 33.9±2.3 31.95 ―
ALP (IU/L) 116.0±3.8 114.0±3.5 115.0±3.4 3.8 ―
Total bilirubin (mg/dl) 1.11±0.04 1.2±0.03 0.9±0.01 1.2 ―
TSP (g/dl) 7.3±1.3 7.2±1.2 7.0±1.1 0.164 ―
SOD (U/mg Hb) 23±2.87 23.2±2.20 2.35±2.10 0.154 ―
TAC (μmol/L) 2.09±0.47 2.088±0.4 2.078±0.3 0.304 ―
AOPP (μmol/L) 0.95±0.02 0.94±0.01 0.96±0.03 0.98 ―
TBARS (nmol/ml) 235±21 234.3±18 235.3±19 0.863 ―
SD= standard deviation; Fc= Variance ratio calculated by ANOVA one–way statistical analysis; Ft (tabulated F) at
level of significance < 0.05=2.24; LSD =Least significant difference; HB=Hemoglobin concentration; TG =
Triglycerides; ALT= alanine aminotransferase; AST= aspartate aminotransferase; ALP = Alkaline phosphatase; TSP
= Total serum protein; SOD =Superoxide dismutase; TAC =Total antioxidant capacity; AOPP =Advanced oxidation
protein products; TBARS=Thiobarbituric acid reactive substances.
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Table (2): ANOVA one-way statistical analysis showing comparison between group I (negative control group)
group IV and group V as regards the different experimental parameters. Each group consisted of 10 rats

Group

Parameter

Negative control
group (I)

group (IV)
1stNaF group

group (V)
2nd NaF group

Statistical analysis

Mean ± SD Mean ± SD Mean ± SD Fc LSD
Hb (g/dl) 13.7±1.8 10.0±0.9 9.2±0.7 30.4 60.2
RBC count (x106/ mm3) 5.99±1.1 5.0±1.0 4.9±1.2 86.3 160.2
Total leucocytic count (x103/mm3) 7.98±1.0 6. 5±0.02 6.0±0.01 38.65 3.2
Platelet count (x103/ mm3) 758±68.9 402±60.3 375±50.0 99.2 180.7
Cholesterol (mg/dl) 114±17.5 248.5±6.0 282.2±6.3 8.421 16.9
TG (mg/dl) 78.9±3.3 136.7±4.5 238.6±5.8 9.409 18.6
Glucose concentration (mg/dl) 86.29±4.5 240.0±9.1 255±10.3 49.327 88.3
AST (IU/L) 10.52±1.72 78.0±6.0 97.0±9.0 21.8 10.7
ALT (IU/L) 35.3±2.7 120±12.0 150.5±12.8 25.94 57.2
ALP (IU/L) 116.0±3.8 234.0±10.0 270±15.1 10.309 16.5
Total bilirubin (mg/dl) 1.11±0.04 1.93±0.01 1.97±0.02 5.78 3.2
TSP (g/dl) 7.3±1.3 4.34±0.2 4.0±1.16 19.58 21.65
SOD (U/mg Hb) 23±2.87 9,61±1.5 8.0±1.0 177.1 3.2
TAC (μmol/L) 2.09±0.47 1.0±0.01 0.8±0.02 45 0.5
AOPP (μmol/L) 0.95±0.02 1.45±0.07 1.59±0.08 8.9 0.27
TBARS (nmol/ml) 235±21 305±22.5 320±23.0 41.829 5.2
SD= standard deviation; Fc= Variance ratio calculated by ANOVA one –way statistical analysis; Ft (tabulated F) at
level of significance < 0.05= 3.23; LSD= Least significant difference; HB= Hemoglobin concentration; TG=
Triglycerides; ALT= Alanine aminotransferase; AST= Aspartate aminotransferase; ALP= Alkaline phosphatase; TSP=
Total serum protein; SOD= Superoxide dismutase; TAC= Total antioxidant capacity; AOPP= Advanced oxidation
protein products; TBARS= Thiobarbituric acid reactive substances.

Table (3): ANOVA one-way statistical analysis showing comparison between group I (negative control group)
group IV and group VI as regards the different experimental parameters. Each group consisted of 10 rats

Group

Parameter

Negative control
group (I)

group (IV) 1st

NaF group
group (VI)

1st protection group
Statistical
analysis

Mean ± SD Mean ± SD Mean ± SD Fc LSD
Hb (g/dl) 13.7±1.8 10.0±0.9 13.0±1.3 149 0.5
RBC count (x106/ mm3) 5.99±1.1 5.0±1.0 5.65±1.0 46.6 0.4
Total leucocytic count (x103/mm3) 7.98±1.0 6. 5±0.02 7.5±0.9 675.9 64.4
Platelet count (x103/ mm3) 758±68.9 402±60.3 699±50.5 134.5 11.0
Cholesterol (mg/dl) 114±17.5 248.5±6.0 199.5±5.9 18.19 9.5
TG (mg/dl) 78.9±3.3 136.7±4.5 102.5±4.5 16.59 8.2
Glucose concentration (mg/dl) 86.29±4.5 240.0±9.1 118.5±10.5 20.715 9.5
AST (IU/L) 10.52±1.72 78.0±6.0 11.86±2.2 39.9 3.7
ALT (IU/L) 35.3±2.7 120±12.0 82.6±9.5 46.09 5.2
ALP (IU/L) 116.0±3.8 234.0±10.0 190±8.8 22.71 3.2
Total bilirubin (mg/dl) 1.11±0.04 1.93±0.01 1.4±0.02 45.0 0.5
TSP (g/dl) 7.3±1.3 4.34±0.2 6.5±1.2 49.0 0.33
SOD (U/mg Hb) 23±2.87 9,61±1.5 18.3±0.83 213.5 5.6
TAC (μmol/L) 2.09±0.47 1.0±0.01 2.0±0.3 35.0 5.05
AOPP (μmol/L) 0.95±0.02 1.45±0.07 1.1±0.03 18.5 2.7
TBARS (nmol/ml) 235±21 305±22.5 299±23.3 55.9 10.5
SD= standard deviation; Fc= Variance ratio calculated by ANOVA one-way statistical analysis; Ft (tabulated F) at
level of significance < 0.05= 3.39; LSD= Least significant difference; HB= Hemoglobin concentration; TG=
Triglycerides; ALT=Alanine aminotransferase; AST= Aspartate aminotransferase; ALP= Alkaline phosphatase; TSP=
Total serum protein; SOD =Superoxide dismutase; TAC= Total antioxidant capacity; AOPP= Advanced oxidation
protein products; TBARS=Thiobarbituric acid reactive substances.
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Table (4): ANOVA one-way statistical analysis showing comparison between group I (negative control group)
group V and group VII as regards the different experimental parameters. Each group consisted of 10 rats

Group

Parameter

Negative control
group (I)

group (V)
2nd NaF group

group (VII) 2nd

protection group
Statistical
analysis

Mean ± SD Mean ± SD Mean ± SD Fc LSD
Hb (g/dl) 13.7±1.8 9.2±0.7 12.0±1.2 129 50.5
RBC count (x106/ mm3) 5.99±1.1 4.9±1.2 5.0±0.3 76.5 40.0
Total leucocytic count (x103/mm3) 7.98±1.0 6.0±0.01 7.0±0.6 575.5 44.8
Platelet count (x103/ mm3) 758±68.9 375±50.0 650±52.3 132.3 9.5
Cholesterol (mg/dl) 114±17.5 282.2±6.3 180±5.3 38.9 19.0
TG (mg/dl) 78.9±3.3 238.6±5.8 135±3.2 65.9 17.3
Glucose concentration (mg/dl) 86.29±4.5 255±10.3 125±4.9 43.5 55.0
AST (IU/L) 10.52±1.72 97.0±9.0 30.5±2.0 29.2 7.3
ALT (IU/L) 35.3±2.7 150.5±12.8 55.6±3.1 14.9 2.5
ALP (IU/L) 116.0±3.8 270±15.1 139±3.0 26.9 3.7
Total bilirubin (mg/dl) 1.11±0.04 1.97±0.02 1.4±0.01 57.0 5.3
TSP (g/dl) 7.3±1.3 4.0±1.16 6.3±0.9 94.0 3.9
SOD (U/mg Hb) 23±2.87 8.0±1.0 20.5±0.9 65.5 12.3
TAC (μmol/L) 2.09±0.47 0.8±0.02 1.9±0.01 76.9 16.9
AOPP (μmol/L) 0.95±0.02 1.59±0.08 1.2±0.13 45.3 2.294
TBARS (nmol/ml) 235±21 320±23.0 261±2.0 12.8 0.11
SD= standard deviation; Fc= Variance ratio calculated by ANOVA one –way statistical analysis; Ft (tabulated F) at
level of significance < 0.05 = 3.23; =٭ statistically significant; LSD= Least significant difference; HB= Hemoglobin
concentration; TG= Triglycerides; ALT=Alanine aminotransferase; AST=Aspartate aminotransferase; ALP= Alkaline
phosphatase; TSP= Total serum protein; SOD =Superoxide dismutase; TAC= Total antioxidant capacity; AOPP=
Advanced oxidation protein products; TBARS=Thiobarbituric acid reactive substances.

Discussion

Sufficient evidence had demonstrated that fluoride
produced deleterious effects in skeletal, dental and soft
tissues. Numerous studies linked increased oxidative
stress to F exposure (Grucka-Mamczar et al., 2009;
Nabavi et al., 2013).

Natural herbal constituents are extensively
studied for their ability to protect cells from
miscellaneous damages. Currently, the use of
phytochemicals as a therapy in diseases related to
oxidative stress has gained immense interest for their
ability to quench free radicals and their capability to
protect body tissues against oxidative stress (Nabavi et
al., 2012). The present study was an attempt to evaluate
the toxic effect of sodium fluoride and the possible
ameliorative role of thymoquinone, the major bioactive
constituent of N. sativa seed.

Under normal circumstances, the potential
damaging effects of free radicals are limited by the
endogenous antioxidant defenses in body (Gey, 1998).
Several enzymes are important as cellular antioxidative
defense specially superoxide dismutase (SOD) which
serves a key role against superoxide, one of the main
reactive oxygen species in the cell. Protective
antioxidant pathways also include endogenous free
radical scavengers (albumin, urate, and bilirubin) and
metal-preventive antioxidants (caeruloplasmin and
transferrin) (Miller et al., 1993; Jackson et al., 2002).

The measure of TAC generally considers the
cumulative action of all the antioxidants present in
plasma and body fluids, thus provides an integrated
parameter rather than the simple sum of measurable
antioxidants (Ghiselli et al., 2000). In the present study,
exposure to sodium fluoride depleted SOD antioxidant

enzyme and decreased total antioxidant capacity (TAC)
suggesting an impaired function of antioxidant defense
system.

An ability of oxidative stress to provoke cell
death has been associated with oxidative damage to
macromolecules such as DNA and proteins,
peroxidation of membrane phospholipids, and
mitochondrial depolarization, thus initiating apoptosis
and organ lesions (Halliwell and Guttteridge, 2007).

In the present study increased TBARS may
reflect F--induced lipid peroxidation. Lipid
peroxidation is the process of oxidative degradation of
membrane lipids especially polyunsaturated fatty acids,
resulting in their damage and impairment of a variety
of intra- and extramitochondrial membrane transport
systems thus contributing to apoptosis (Agalakova and
Gusev, 2012).

In the current study, AOPP was significantly
increased in NaF treated groups. Advanced oxidation
protein product (AOPP) have been defined as a novel
marker of oxidative stress-mediated protein damage.
Oxidation of amino acid residues such as tyrosine,
which leads to the formation of dityrosine, protein
aggregation, cross-linking, and fragmentation are but a
few examples of ROS-mediated protein damage
(Inkielewicz-Stępniak and Knap, 2012). The increased
AOPP in addition to a concomitant increase in
TBARS, can serve as an indicator for the intensity of
fluoride-associated oxidative stress. This in turn may
suggest another important indirect mechanism of
fluoride-induced cytotoxicity by supporting the
relationship between endogenous antioxidant system
and oxidative stress in the pathogenesis of toxicity.

http://en.wikipedia.org/wiki/Reactive_oxygen_species
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The findings reported here are consistent with
those of others in showing that, in F--treated rats, the
combined effect of reductions in antioxidant enzyme
activity plus high levels of lipid peroxidation is
associated with deleterious oxidative changes due to
the accumulation of toxic products (Inkielewicz-
Stępniak et al., 2012 and Sarkar et al., 2014).

Therefore, enhancing endogenous antioxidant
status by administrating exogenous compounds can
provide an effective strategy to prevent and reverse
NaF-induced toxicity (Wessam, 2013).

In the present work, supplementation of NaF
intoxicated groups with TQ, restored antioxidative
homeostasis. This was evidenced by increased assayed
markers of endogenous antioxidant system (SOD and
TAC) with concomitant decrease of markers of
oxidative stress mediated damage (TBARS and
AOPP).

The beneficial protective antioxidant activity
of TQ in vivo, has been previously reported and may
be attributed to the ability of TQ to act as a free radical
and superoxide radical scavenger, as well as preserving
the activity of various anti-oxidant enzymes (Woo et
al., 2012 and Hamid and Hossein, 2014).

Studies have also shown that TQ could up
regulate the glutathione-S-transferase(GST),
glutathione peroxidase (GPx) and catalase (CAT)
genes with the consequent elevation of hepatic GST,
GPx and CAT levels to overcome oxidative stress
(Nagi and Almakki, 2009; Ismail et al., 2010). The
strong antioxidant properties of TQ may be related to
the redox properties of the quinine structure of the TQ
molecule, and its unrestricted crossing of
morphological barriers, thus gaining easy access to sub
cellular compartments and facilitating the ROS
scavenging effect (Badary et al., 2003; Alenzi et al.,
2013).

Regarding the effect of sodium fluoride on the
measured hematological parameters, a significant
decrease of Hb concentration, RBC, TLC and platelet
count was noticed in the toxic groups compared with
controls. Similar results have been reported by Vijaya
Bhaskara Rao and Vidyunmala (2009) and Sharma et
al (2013).

Various authors suggested that fluoride
toxicity has potential harming effects on bone marrow,
hematopoietic organs and hematopoietic progenitor
cells (Machalinski et al., 2000). Deng et al (2013) also
concluded that dietary F- could significantly cause
anemia and impair the integrity of erythrocyte
membrane, the transport capacity of oxygen and carbon
dioxide, and erythrocyte immune adherence function.
This was linked to the ability of F- to trigger
irreversible damage to erythrocytes leading to
apoptosis or necrosis. Underlying mechanisms in the
development of F-induced apoptosis include
accumulation of free cytosolic Ca 2+ as a major
pathophysiological process, in addition to ATP
depletion, and oxidative stress (Agalakova and Gusev,
2011). Moreover, the noted decrease in TLC can be
attributed to destruction of the ultrastructure of the
thymus in addition to DNA damage in the thymus,

bone marrow, and blood lymphocytes (Zhao et al.,
2014)

In the present study, it was observed that
fluoride-induced hematological changes were
ameliorated in the groups that received TQ compared
to toxic groups. These results suggest a beneficial
effect of TQ against fluoride-induced changes in bone
marrow and hematopoietic progenitor cells.

Similar results were observed by Toghyani et
al. (2010) who noted significant increase in RBC
count, hemoglobin concentration and hematocrite value
in addition to increased weight of lymphoid organs. On
the other hand Asgary et al. (2012) denied any direct
effect of nigella sativa on blood cells.

In the current study, the administration of
sodium fluoride led to significant increases in serum
cholesterol, and triglycerides when compared with the
control groups. NaF -induced changes in lipid profile
are in accordance with the obtained results by Al-Harbi
(2014) and Khudair and Aldabaj (2014). Conflicting
results were also obtained by Kanbur et al. (2009) who
reported lowering in plasma cholesterol and TG levels
following the administration of sodium fluoride.

It was suggested that the abnormal enzyme
activities seem to be one of the chief factors
responsible for the rise in serum triglycerides and
cholesterol. Enzymes inhibited by fluoride, such as
triglyceride lipase, unspecific esterase and
pyrophosphates may be involved, causing inhibition of
fatty acids oxidation. Besides, fluoride was found to
cause hypercholesterolemia due to lowering of insulin
level (Garcia-Montalvo et al., 2009).

Moreover, oxidative stress induced by NaF
could be claimed. It was suggested that NaF
intoxication causes increased lipid peroxidation and
loss of membrane integrity which might be important
in altered lipid metabolism and closely associated with
the observed hyperlipidemia (Abdel-Wahab, 2013).

Thymoquinone supplementation alleviated the
previously mentioned alteration in the lipid profile.
There is some scientific evidence of a hypolipidemic
effect of TQ; however, the mechanism of this
hypolipidemic action is not fully understood (Badary et
al., 2000; Bamosa et al., 2002). Decreased cholesterol
synthesis by TQ, and more importantly, its antioxidant
role have been proposed (Pourghassem-Gargari et al.,
2009).

A significant increase in serum blood glucose
level was found in F- exposed rats. Results of the
current study coincide with results from other studies
by Chehoud et al. (2008) Inhibition of enzymes in
glycolytic pathway (hexokinase, enolase, pyruvate
kinase) by fluoride was proposed as one of the reasons
for increased glucose in blood by fluoride (Bergandi et
al., 2010). However, the primary mechanism appears to
involve decreased insulin secretion and transcription in
pancreatic beta cells (Garcia-Montalvo et al, 2009)

The current results showed that TQ
administration blunted the hyperglycemia induced by
NaF. Interesting studies have confirmed that treatment
with TQ have an antidiabetic action through
extrapancreatic activities with activation of cell
signaling molecules and not through affecting insulin
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release. The hypoglycemic effect of TQ has been also
suggested to be due to its ability to decrease hepatic
gluconeogenesis, to preserve pancreatic beta-cell
integrity, and to increase antioxidant defense system
activity (Fararh et al., 2002 and Rchid et al., 2004).
Abdullah (2015) stated that the mechanism of N. sativa
hypoglycemic effect is multifactorial including
increasing insulin release, decreasing insulin
resistance, stimulating -cell activity and decreasing
intestinal glucose absorption.

Findings of the present study showed that oral
administration of NaF induced a significant increase in
serum liver enzymes namely AST, ALT, and ALP and
total bilirubin. These indices usually reflect hepatocyte
integrity and cholestasis and their elevation indicates
hepatocellular damage (Pratt and Kaplan, 2005)

Additionally, a significant decrease in total
serum proteins was noted in NaF intoxicated groups.
The change in serum protein may reflect a decrease in
the liver functioning mass and can be employed for
monitoring liver synthetic activity, since all blood
proteins are synthesized in the liver except for gamma
globulins (Dabrowska et al., 2006).

The significant alteration of liver function
indices in the present study is in accordance with
studies demonstrating the induction of both patho-
morphological and metabolic changes in the liver by
exposure to fluoride (AL-Harbi et al., 2014; Atmaca et
al., 2014).

As a site of active metabolism, the liver can
be especially susceptible to fluoride toxicity (Shashi
and Thapar, 2001). NaF-induced cytotoxicity and
necrotic death of hepatocytes can be related to toxic
fluoride effects ultimately leading to cell death. These
cellular events include an induction of inflammatory
reactions, inhibition of protein synthesis and cell cycle
progression, oxidative stress, and DNA damage. The
molecular mechanisms underlying fluoride-induced
apoptosis include the stimulation of G protein-
dependent signaling systems, oxidative stress, ATP
depletion, activation of the cell surface death receptors,
disruption of outer mitochondria membrane, alterations
in the ratio of anti-apoptotic-apoptotic Bcl-2 proteins,
upregulation of p53 expression, expression of
apoptosis-related genes, endoplasmic reticulum stress
and disturbances in protein synthesis (Ghosh et al.,
2008; Agalakova and Gusev, 2013).

Compared to fluoride alone -treated groups,
TQ co-administered groups showed statistically
significant difference in the level of serum biomarkers
related to hepatic dysfunction (including AST ,ALT,
ALP, total bilirubin and total protein) suggesting a
potential protective role of TQ against NaF-induced
hepatic damage.

Results of our study are in agreement with
earlier studies by Daba and Abdel-Rahman (1998) and
Yong et al. (2015) suggesting that TQ supplementation
could alleviate hepatic toxicity. This protective effect
may be due to the ability of TQ to antagonize the
enhanced LPO and in turn stabilize the integrity of the
cellular membranes leading to preventing or at least
decreasing the leakage of liver enzymes.

Farag et al. (2015) concluded that kidney and
liver injury due to cyclosporine can be significantly
decreased by thymoquinone which resets oxidant /
antioxidant balance of the affected organ through
scavenging the free radicals.

Conclusion

Administration of NaF caused haematological and
biochemical alternations. Oxidative stress is considered
one of the main contributors to these changes.
Supplementation of NaF intoxicated rats with TQ
ameliorated these effects.

Recommendations

Further studies to investigate the effect of other F- salts
on other body organs and to explore the role of other
compounds having free radical scavenging capabilities
are recommended.
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الملخص العربي

التخفيف من سمية الفلوريد عن طريق استخدام الثيموكوينون في ذكور الفئران البيضاء البالغة

١ھدى محمد صلاح الدینوالحسینيرشا 

الأنسجةعلىللفلورينالسامةالآثارأنويعتقد.واسعنطاقعلىتستخدممركباتهأنكمامتعددة،أشكالفيالطبيعةفيالفلورينيوجد
منالمستخلصالنشطالرئيسيالمكون"للثيموكوينونللأكسدةالمضادةالخصائصدراسةتمتقدنهأوحيث.الأكسدةزيادةبواسطةتحدثالرخوة
فيالصوديوملفلوريدالكيميائية الحيويةوالدمويةةالسميضدللثيموكوينونالمحتملةالواقيةالآثارلبحثالعملهذاإجراءتمفقد"البركةحبةبذور
.البالغةالبيضاءالفئرانذكور

الثانيةوتلقتالسالبةالضابطةبمثابةالأولىكانتمتساويةمجموعاتسبعإلىحيواناً سبعينتقسيمتم
وأعطيت. أسابيعخمسةلمدةكج/ملليجرام١٠بجرعةبالفمالثيموكوينونتلقتفقدالثالثةاأما.بالفمالمقطرالماء)الموجبةالضابطة(

كما.أسابيعأربعةلمدةالتواليعلىكج/ملليجرام٢٠وكج/ملليجرام١٠: مختلفتينجرعتينفيبالفمالصوديومفلوريدالخامسةوالرابعة
.  أسابيعأربعةلمدةكج/ملليجرام١٠بجرعةفلورايدالصوديوممعثمواحدأسبوعلمدةكج/ملليجرام١٠بجرعةوكوينونالثيمالخامسةأعطيت
أربعةلمدةكج/ملليجرام٢٠بجرعةفلورايدالصوديوممعثمواحدأسبوعلمدةكج/ملليجرام١٠بجرعةالثيموكوينونالسابعةتلقتوبالمثل
. أسابيع

البيضاء والدمخلاياعددوالحمراءالخلاياعددوالهيموجلوبينتركيزلتقييمالدمعيناتعلىوالحصولالفئرانذبحتمالتجربةايةوفي
الصفراءمستوىوالكبدإنزيماتإلىبالإضافةالدمفيالسكرتركيزوالثلاثيةالدهونوالدمفيالكوليسترولمستوى والدمويةالصفائحعدد

المضادةالكليةالقدرةوللأكسدةالمضادديسميوتيزوكسيدأسوبرإنزيمذلكفيبماالأكسدةمؤشراتتقييمتمكما.الكليةالدمبروتيناتوالكلي
. المتقدمالبروتينأكسدةومنتجالثيوباربيتيوريكبحمضالمتفاعلةالموادوللأكسدة

:النتائج
وكسيدأسوبرإنزيمنضوبمعالكيميائية الحيويةوالدمويةالمؤشراتفيكبيرةتغيراتالصوديومبفلوريدةالمتسمماموعاتأظهرت

بحمضالمتفاعلةالموادمنكلٍ فيزيادةذلكوصاحبللأكسدةالمضادةالكليةالقدرةانخفاضوكبير،بشكلللأكسدةالمضادديسميوتيز
. المتقدمتينالبرو أكسدةومنتجالثيوباربيتيوريك
بسببربماالصوديومفلوريدعنالناجمةالحيويةالكيميائيةوالدمويةالتغيراتمنكلٍ تخفيفإلىبالثيموكوينونالمسبقةالمعالجةأدتكما

.للأكسدةالمضادالقوىنشاطه
: الاستنتاجات

مركباتسميةضدللثيموكوينونالوقائيالتأثيرإلىوتشيرديومالصو فلوريدسميةفيالأكسدةدورإلىتشيرعليهاالحصولتمالتيالنتائج
.الفلورايد

عین شمسجامعة –كلیة الطب –الإكلینیكیة قسم الطب الشرعي والسموم١
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