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Abstract: Diazinon (DZN) is one of most dangerous hepatotoxic organophosphorous in-
secticides used in veterinary practices which induces oxidative stress. The present study
aimed to evaluate the ameliorative role of thymoquinone (TQ) in diazinon toxicity. Forty
nine male albino rats and were divided into seven groups (n =7 for each). The first group
(c-ve group) orally received saline daily all over the experiment (8 weeks). The second
group (c+vel) orally received DZN (15 mg/kg body weight, b-w) for the first four weeks
and saline for the next four weeks. The third group (c+ve2) orally received saline for the
first four weeks and DZN (15 mg /kg b-w) for the following four weeks. The fourth group
(DZN-TQ 10 mg group) received DZN (15 mg/kg b-w) daily for the first four weeks then
TQ (10 mg/kg b-w) for the next four weeks. The fifth group (TQ 10 mg-DZN) orally treated
with TQ (10 mg/kg b-w) and DZN (15 mg/kg b-w) for the next for weeks. The sixth group
(DZN-TQ 5 mg group) received DZN (15 mg/kg b-w) for first four weeks and TQ (5 mg/kg
b-w) for the following four weeks 5 mg. The seventh group treated by TQ (5 mg/kg b-w)
daily for the first four weeks and DZN (15 mg/kg b-w) for the following four weeks (TQ 5
mg-DZN group). DZN intoxicated groups showed macrocytic hypochromic anemia and
serum biochemical alteration related to liver injury, including elevation of alanine ami-
notransferase (ALT), aspartate aminotransferase (AST) and a significant decrease in total
protein and albumin. Furthermore, these groups also exhibited a significant increase in
liver tissue malondialdehyde (MDA), significant decrease in total antioxidant capacity
(TAC) and catalase (CAT) activities and over-expression of the two apoptotic hepatic
genes Bax and caspase 3. Administration of DZN also resulted in hepatic vacuolation,
necrosis and congestion of hepatic sinusoids. Thymoquinone ameliorated the most dele-
terious effect of diazinon on hematological, biochemical, antioxidant, molecular and his-
topathological parameters in a dose dependent manner and a prophylactic strategy is
better than therapeutic one.
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Organophosphorous are still used as pesti-
cides in agriculture, industry and in animal care
as insecticides to control external parasites on
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animals all over the world. However, they are
the most toxic pesticides to all animal species
and human (1). The improper use of these pes-
ticides is dangerous on human being and envi-
ronment (2, 3). Organophosphorus insecticide
residues are detectable in grains, crops, soil and
some food products. Diazinon (DZN) consid-
ered as one of the most important organophos-
phorous compounds used in agriculture prac-
tices to control external parasites and flying in-
sects of food crops and ornamental plants (4).
It is also used to control the external parasites
in veterinary practices. It was found that the
main mechanism of action of DZN is inhibition
of acetyl choline esterase enzyme (5). Further-
more DZN increased the level of malondialde-
hyde and lipid peroxidation biomarker in male
rat (6).

Nowadays, the interest for using natural
products for pharmacological purposes was in-
creased. As this natural products gaining ac-
ceptance from the public, due to their useful ef-
fect on treatment of many disease without side
effects which caused by many chemical prod-
ucts (7-9). Nigella sativa commonly known as
black seed and black cumin. The essential oil
and fixed oil of Nigella sativa showed powerful
action in treatment of respiratory and gastroin-
testinal diseases (10). Furthermore, N. sativa
has anti-oxidant, anti-inflammatory and hepato-
protective activities (11). Thymoquinone (TQ)
is the most potent active constituent in the vol-
atile oil of seeds of N. sativa. The possible
mechanisms of TQ action including suppres-
sion of protein kinase B activation (Akt/PKB)
by dephosphorylation (12), induction of apop-
tosis in cancerous cells by increasing apoptotic
genes expression and decreasing anti-apoptotic
gene expression (13, 14), induction of cyto-
kines production (15) and activation of anti-ox-
idant enzymes (16). As result of these different
beneficial effects of thymoquinone, TQ has var-
ious therapeutic effects such as anti-inflamma-
tory effect (17), immune modulatory effect
(18), free radical scavenger, antioxidant effect
(19), anti-carcinogenic effect (20), apoptotic
effect (21) and hepatoprotective effect by in-
hibiting lipid peroxidation (22). For this rea-
sons, the present study aimed to assess the role

of thymoquinone in alleviating the harmful ef-
fect of diazinon toxicity in male albino rats.

Materials and methods
Chemicals

Ectodat 60 EC, commercial formulation
containing 60% of active ingredient (diazinon),
was purchased from Kemet Company which
imported the product from Jorden Company
ATI. Thymoquinone was obtained from Sigma-
Aldrich Company (product of china origin),
CAS 490-9-5C10H1202 MW 164.201 g/mol.

Animals and treatments

Forty nine male albino rats, purchased from
Animal House Colony of Alexandria Center in-
stitute, weighting average 7045 g/rat. The rats
were kept in well ventilated animal house with
a controlled dark —light cycle (12 h light — 12 h
dark) and constant temperature (26+2 °C) food
and water were provided ad libitum.

Rats were allowed to accommodate two
weeks before the start of the experiment. They
were randomly divided into seven groups (n=7
for each group). The first group (c-ve group)
orally received saline daily all over the experi-
ment (8 weeks). The second group (c+vel)
orally received DZN (15 mg/kg body weight,
b-w) (23) daily for the first four weeks and sa-
line for the next four weeks. The third group
(c+ve2) orally received saline for the first four
weeks and DZN (15 mg/kg b-w) for the follow-
ing four weeks. The fourth group (DZN-TQ 10
mg) received DZN (15 mg/kg b-w) for first four
weeks then TQ (10 mg/kg b-w) (24) for the
next four weeks. The fifth group (TQ 10 mg-
DZN) orally treated by TQ (10 mg/kg b-w)
daily and DZN (15 mg/kg b-w) for the next four
weeks. The sixth group (DZN-TQ 5 mg) re-
ceived DZN (15 mg/kg b-w) daily and TQ (5
mg/kg b-w) (20) for the following four weeks.
The seventh group (TQ 5 mg-DZN) treated by
TQ (5 mg/kg b-w) for first four weeks then
treated daily by DZN (15 mg/kg b-w) for the
next four weeks.

Twenty four hours, after the end of the ex-
periment, the blood samples were taken from
retro-orbital venous plexus under effect of Di
Ethyl Ether anesthesia and taken in aliquots
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with and without anti-coagulant for hematolog-
ical and biochemical analysis, respectively.
Blood samples without anticoagulant were left
at room temperature to clot, then were centri-
fuged at 3000 rpm for 15 min and the obtained
were collected for biochemical analysis. Then
rats were sacrificed by decapitation. The liver
of each animal was rapidly removed, trimmed
from excess tissues and washed by saline and
distilled water. The liver samples divided into
three parts; the first part used to preparation of
tissue homogenate for determination antioxi-
dant activities. The second part was cut into
slices of about 0.1 g and directly put in liquid
nitrogen then stored at -80°C for molecular
analysis. The last part was kept in 10% formalin
to be used for histopathological examination.
Animal rearing, handling and all experimental
designs were approved by the Research Ethical
Committee of faculty of veterinary medicine,
Kafrelsheikh University, Egypt.

Hematological examinations

Aliquot containing EDTA (1mg/ml) were
used for determination of complete blood count
(RBC, WBC, MCH, MCHC, PCV, platelets
count, and differential leukocytic count) by us-
ing Sysmex-Xp 300 automatic hematological
analyzer (25).

Biochemical analysis

Serum levels of liver damage marker (ALT
and AST) were determined as previously de-
scribed (26). Determination of total protein and
albumin were determined according to (27) and
(28) methods respectively using Genway spec-
trophotometer instrument. Determination of
glucose was done by (29) method.

Determination of oxidative stress/antioxi-
dants

The dissected tissues were washed by so-
dium phosphate buffered saline (50 mmol/l)
with EDTA (0.1 mmol/l) in ice to remove any
RBCs and clots. The tissues were homogenized
in 5 ml cold buffer /g of tissue then were centri-
fuged at 2000 rpm for 20 minutes. The resulting
supernatant was collected and preserved in
80°C for estimation of MDA (30), catalase

(CAT) (31) and total antioxidant capacity TAC
(32).

Histopathological examination

Tissue preparation and histopathological ex-
amination were performed as previously de-
scribed (33).

Molecular investigation

RNA extraction from hepatic tissue was ap-
plied using QlAamp RNeasy Mini kit (Qiagen,
Germany, GmbH) GmbH) following manufac-
ture protocol. A 25 ul mixture containing 12.5
ul of the 2x Quantitect SYBR Green PCR Mas-
ter Mix (Qiagen, Germany, GmbH), 0.25 pl of
Revert Aid Reverse Transcriptase (200 U/uL)
(Thermo Fisher), 0.5 pl of each primer of 20
pmol concentration (Table 1), 8.25 ul of water,
and 3 pl of RNA template was put in a Strata-
gene MX3005P real time PCR machine. Ampli-
fication curves and Ct values were determined
by the Stratagene MX3005P software. To esti-
mate the variation in gene expression, the Ct of
each sample was compared with that of the pos-
itive control group according to the 244
method (34).

Statistical analysis

For data analysis, Graph pad prism statistical
package version 5.0 for windows was used. Dif-
ferences in values were analyzed by one-way
analysis of variance (ANOVA), followed by
Tukey’s multiple range test. All data expressed
as mean +SEM, and the level of significance
were cited at p< 0.05.

Results
Hematological findings

Data explored in table (2) showed a signifi-
cant ()p< 0.05 decrease in hematological pa-
rameters (RBCs, HGB and MCHC) and an in-
significant decrease in (HCT, MCH and PLT)
in DZN treated group (ct+vel). DZN c+ve2
group showed marked but not a significant de-
crease in hematological parameters (RBCs,
HGB and PLT) and a significant decrease in
HCT, MCH and MCHC. Significant (p< 0.05)
increase in MCV and WBCs was noticed in
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DZN treated groups as compared with the non-
treated group (c-ve).

DZN-TQ 10 mg group showed insignificant
decrease in WBCs and a significant (p< 0.05)
increase in hematological parameters (RBCs,
HCT, MCH and MCHC), similarly a marked
increase in PLT but still in significant was also
observed in DZN-TQ 10 mg group as compared
with the DZN treated group (c+vel). TQ
prophylactic group (TQ 10 mg-DZN) showed
marked increase in hematological parameters
(RBCs, HCT, HGB, MCHC and PLT). Mean-
while, insignificant decrease in WBCs count
was observed in this group as compared to the
c+ve2 group. TQ therapeutic group (DZN-TQ
5 mg) showed a significant increase in RBCs
and MCHC and a marked increase but still in-
significant in HCT, HGB, MCH and PLT as
compared with the c+vel group. TQ prophylac-
tic group (TQ 5 mg-DZN) showed a marked in-
crease in hematological parameters (HCT,
HGB, MCH, MCHC and PLT) and a marked
increase but still insignificant in RBCs as com-
pared with the c+ve2 group.

Serum biochemical parameters

The harmful effect of diazinon toxicity and
the useful effect of TQ on some biochemical pa-
rameters illustrated in table (2). Significant in-
crease in serum level of (ALT and AST) in
DZN treated groups (c+vel and c+ve2) as com-
pared with non-treated group (c-ve). In contrast
to this result, there was a significant decrease in
total protein and albumin in DZN treated
groups in comparison with c-ve group. Signifi-
cant increase of glucose level in DZN treated
groups as compared with c-ve group.

DZN-TQ 10 mg showed a significant de-
crease in serum level of ALT, AST, glucose and
a significant increase in TP and albumin as
compared with c+vel group. In TQ prophylac-
tic group (TQ 10 mg-DZN) showed marked de-
crease in serum ALT, AST, glucose and a sig-
nificant increase in TP and albumin as com-
pared with c+ve2group. TQ therapeutic group
(DZN-TQ 5 mg) showed a significant decrease
in ALT, AST and glucose. Meanwhile, signifi-
cant increase in TP and albumin as compared

with DZN treated group (c+vel). TQ prophy-
lactic group (TQ 5 mg-DZN), showed a signif-
icant decrease in serum biochemical parameters
(ALT, AST and glucose) as compared with
DZN treated group (ct+ve2).

Antioxidants biomarkers on liver tissues

The antioxidant effect of TQ on DZN tox-
icity was shown in (Fig.2). DZN toxic groups
(c+vel and c+ve2) illustrated significant de-
crease in TAC, Catalase activities and signifi-
cant increase in MDA as compared with c-ve
group. TQ therapeutic group (DZN-TQ 10 mg)
showed a significant increase in TAC, Catalase
activities and significant decrease in MDA as
compared by c+vel. TQ prophylactic group
(TQ 10 mg-DZN) showed a significant increase
in TAC, Catalase activities and a significant de-
crease in tissue MDA as compared with
(ct+ve2). TQ therapeutic group (DZN-TQ 5 mg)
showed marked decrease of MDA but still in-
significant and a significant increase in TAC
and Catalase activities as compared with c+vel
group. TQ prophylactic group (TQ 5 mg-DZN)
showed significant decrease in MDA and a sig-
nificant increase in TAC, Catalase activities
and as compared with c+ve2. Significant in-
crease in TAC and CAT activities in TQ10 mg
groups (prophylactic and therapeutic groups) as
compared with TQ 5 mg groups. TQ prophylac-
tic groups (TQ 10 mg-DZN and TQ 5 mg-DZN)
showed a significant decrease in MDA as com-
pared by TQ therapeutic groups (DZN-TQ 10
mg and DZN-TQ 5 mg).

Role of thymoquinone in ameliorating the
histopathological alteration induced by dia-
zinon

Data explored in (Fig.2) showed the histo-
pathological alteration caused by DZN. Normal
hepatocytes arranged in cords was observed in
non-treated group (Fig.2A). DZN intoxicated
group (c+vel) showed marked congestion of
hepatic sinusoids associated with atrophy of
hepatocytes (Fig.2B), focal hepatic necrosis
(Fig.2Cm D). DZN intoxicated group (c+ve2)
showed marked periportal inflammatory cells
infiltration (Fig.2E), diffuse hepatic vacuola-
tion (Fig.2F) and focal hepatic necrosis
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(Fig.2J). TQ reversed histopathological
changes in liver tissues caused by DZN. (DZN-
TQ 10 mg) showed mild degree of granular he-
patic vacuolation (Fig.2H) as compared with
(c+vel) group. (TQ 10 mg-DZN) group showed
mild degree of centrolobular vacuolation
(Fig.2K) as compared with c+ve2 group. TQ
therapeutic group (DZN-TQ 5 mg) showed
periorbital inflammatory cells infilteration
(Fig.2M), mild to moderate degree of granular
hepatic vacuolation (Fig.2N) as compared with
c+vel. TQ prophylactic group (TQ 5 mg-DZN)
showed mild to moderate degree of granular
vacuolation (Fig.20) as compared with c+ve2.

Effects of thymoquinone on Bax and
caspase3 gene expression in liver of DZN
intoxicated rats

The expression of caspase3 and Bax genes
were significantly increased in liver of DZN in-

Table 1: Primers used in gPCR

toxicated groups (c+vel and ct+ve2) as com-
pared to non-treated group (c-ve) as showed in
Fig.3. TQ therapeutic group (DZN-TQ 10 mg)
illustrated a significant decrease in the levels of
caspase3 and Bax gene expression compared
with DZN intoxicated group (c+vel). The
MRNA levels of caspase3 and Bax were signif-
icantly downregulated in TQ prophylactic
group (TQ 10 mg-DZN) as compared with the
c+ve2 group. The gene expression of caspase3
and Bax were significantly attenuated in TQ
therapeutic group (DZN-TQ 5 mg) as compared
with c+vel one. TQ prophylactic group (TQ 5
mg-DZN) showed a significant decrease of
caspase3 and Bax genes expression as com-
pared with the c+ve2 group. The caspase and
Bax genes expression was significantly de-
crease in (TQ 10 mg) groups as compared by
(TQ 5 mg) groups.

Gene Primer sequence (5'........ 3") references

B-actin F-TCCTCCTGAGCGCAAGTACTCT (Banni et al., 2010)
R:GCTCAGTAACAGTCCGCCTAGAA

BAX F:CACCAGCTCTGAACAGATCATGA  (Kinouchi, 2003)
R:TCAGCCCATCTTCTTCCAGATGGT

Caspase3 F:AGTTGGACCCACCTTGTGAG (Shi et al., 2009)

R:AGTCTGCAGCTCCTCCACAT

Table 2: Hematological and biochemical parameters of control and treated groups

Parameters c-ve ctvel ctve2 DZN- TQ10mg- DZN- TQ5mg-DZN
TQ10mg DZN TQ5mg

RBCs(x10%/uL)  7.6+0.222 5.8+0.16°  6.4+0.5% 6.85+0.32 7.09+0.1*  7.17£0.14®  6.7+0.1%®
HCT (%) 44.2+1.66°  40.5£0.9%  40.1+0.9°  43.3440.39%  452+0.56 41.2+0.84%  43.240.56%
HGB(g/dl) 15.9+0.42 11.8+0.4° 12.8+0.4%®  15.2+0.392 15.1£0.13%  14.420.4% 15.8+0.122
MCV(FL) 57.1+0.4%  71.3£1.32  66.5£1.68  58.1+0.44° 59.3+1.07%  61+0.12% 59.3+1.07%
MCH(pg.) 21+0.482® 20.4+0.3®  19.6+0.3°  22.1+0.12 21+0.12%  20.08+0.14%  23.5+0.122
MCHC(g/dl) 35.940.32 29.7+1.3>  31.9+0.8° 35+0.06° 34.6+0.062  34.9+£0.128  34.6+0.062
PLT(x10%ul) 10801742 741+63.6%  710+£28.4%  1004.3£127%  1133.6£36% 993+54% 10771162
WBCs(x10%ul)  10.5+1.7° 24.7+4.5%8  22.3+4.7° 12.1+0.4%® 12.1£1.3%  11.940.6® 14.5+0.14%®
ALT(U/) 14.6+6.69%¢  92.9+0.978  73+4.6 41+£1.4° 43.03+5.6"  43+]1.6° 39.542.20
AST(U/) 36+8.1%¢ 94+11.24% 1014232 52.542.6° 47.16+1.9  65.7+0.8° 57.8+8P
TP(g/dl) 8.4+0.242 5.7£0.088°  6.12+0.10°  7.32+0.26" 7.3£0.080°  7.38+0.27°  5.9+0.134°
Albumin(g/dl) 4+0.12 3.940.13°  3.3£0.05°  4.1+0.05° 4+0.012 4.15+£0.05%  3.7+0.05%®
Glucose(mg/dl)  102+4.8° 145+7.6° 163+1.52 121+1.3° 116+1.67° 12840.2° 117.6+3.28°

Notes; the data are expressed as +SE (n=7). Different upper case letters within a row indicate different mean value
(p<0.05). TQ, thymoquinone; DZN, diazinon; RBCs, red blood cells; HCT, hematocrit; HGB, hemoglobin; MCH,
mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; PLT, platelets; WBCs, white
blood cells, ALT, alanine aminotransferase; AST, aspartate aminotransferase; TP, total protein.
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Figure 2: A; Liver of rat of non-treated group showing normal hepatocytes arranged in cords (arrow). B; Liver of
animal from (c+vel) showing marked congestion of the hepatic sinusoids (arrow). C; Liver of animal from (c+vel)
showing focal hepatic necrosis (arrowhead). D; Liver of animal from (c+vel) showing focal hepatic necrosis (arrow).
E; Liver of animal from (c+ve2) group showing marked periportal inflammatory cells infiltration with presence of
few eosinophils (arrow). F; Liver of animal from (c+ve2) group showing diffuse vacuolation of hepatocytes (arrow).
J; Liver of normal animal (c+ve2) showing focal hepatic necrosis (arrow). K; Liver of normal animal (DZN-TQ 10
mg) group showing mild degree of granular hepatic vacuolation (arrow). L; Liver of normal animal (TQ 10 mg-DZN)
group showing mild degree of centrolobular vacuolation (arrow). M; Liver of normal animal (DZN-TQ 5 mg) group
showing periportal inflammatory cells infiltration (arrow). N; Liver of normal animal (DZN-TQ 5 mg) group showing
mild to moderate degree of granular vacuolation (arrow). O; Liver of normal animal (TQ 5 mg-DZN) group showing
mild to moderate degree of granular hepatic vacuolation (arrow). H&E, bar= 100 um



The role of thymoquinone in ameliorating the hepatoxic effect of diazinon in male rats

741

—
g

EZ3 ctvel

B ct+ve2

@ DZN-TQ 10 mg
TQ 10 mg-DZN
DZN-TQ 5 mg
B3 TQ5mg-DZN

=
2

Relative expression
<

of casp3 gene/Bactin gene

o
I

=

£33 c+vel

8 ctve2

0 DZN-TQ 10 mg
TQ 10 mg-DZN
DZN-TQ 5 mg
@ TQ 5 mg-DZN

=
ol
1

Relative expression
Bax gene/Bactin gene
o 5

o
i

Figure 3: Caspase 3 and Bax gene expresion in treated and non-treated groups. Data are presented as mean
(fold change) = SEM (n =5). Column carrying different superscript letters are sigbificantly different at P<

0.05

Discussion

The present study investigated the effect of
two different doses of TQ as prophylactic and
therapeutic on the toxic effects of DZN
organophosphorous insecticide through
investigation of hematological, biochemical,
lipid peroxidation, antioxidant biomarker,
molecular and histopathological alterations.
The results of the present study revealed a
significant reduction in hemogram (RBCs,
HGB, MCH, MCHC and PLT) and increase in
MCYV and total leucocytic count (TLC) in DZN
intoxicated group. These data agree with (35,
36) and indicate the presence of macrocytic
hypochromic anemia. DZN can cause
destruction of RBCs (37) as it increase
production reactive oxgen species (ROS) which
have adverse effect on membrane and
macromolucules of erthrocytes as it induces
osmotic  fragility, decreases  cellular
deformability and damage cell membrane (38).
The development of macrocytic hypochromic
anemia may be due to either interference of
DZN with HGB biosynthesies or decrease life
span of erthrocytes (39). (40) reported that the
decrease in RBCs count and HGB
biosynthesies due to effect of DZN on bone
marrow tissues. The increase in MCV and
decrease in MCHC suggested that hemolytic or
haemorragic anemia. The increase in WBCs
count in DZN intoxicated group aggree with
(36). As a result of tissue injury caused by
DZN, increase level of tissue malondiadehyde
consequently activation of immune system (41)

and calling the inflamatory cells and this
resulted in an increasing in total leucocytic
count. The reduction of PLT may be due to the
effect of free radicals on bone marrow which
decreased PLT production or depressed
thrombopoiesis (42).

The enhancement in hepatocellular injuries
could be refered to the production of ROS
which accelerate lipid peroxidation and
increase production of toxic aldyhde. The
exhaustion of antioxidant defense mechanism
may led to damage of hepatocytes and release
of interacellular enzymes like ALT and AST
enzymes. These results run parellel with (36).
These suggestion is supported by liver
histopathological finding which include diffuse
hepatic  vacuolation,  mononucler  cell
infilteration and hepatic necrosis. As a result of
toxic damage of DZN on liver tissues, the liver
can not perform the function of synthesis of
different types of protiens, this finding was
confirmed by decrease serum level of total
protien and albumin (43).

(44) approved that DZN led to increase in
serum glucose level as illustrated in this study.
The increment in serum glucose could be
attributed to oxidative stress caused by DZN
which  stimulate  gluconeogenesis  and
glycogenolysis (45).

Diazinon enhances MDA production which
is considered as one of most critical indicator of
oxidative stress and lipid peroxidation (46). (6)
reported that diazinon enhances oxidative stress
leads to production of free radicals and
alteration of free radical scavengers enzymes
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(antioxidants enzymes) in different tissues. In
the present study there was an increase in the
level of MDA, a decrease in TAC and catalase
activities in DZN treated group. These data
agree with (47, 48).

DZN causes toxic injury to hepatocytes and
increase number of apopototic cells within
hepatic tissues (6). The current study showed
DZN increased expression of Bax and caspase
3 genes. The harmful effect of DZN on
mitochondria through increase its membrane
permeability and ROS production. Bax is a
proapoptotic gene which has an important role
in release of cytochrome ¢ which subsequently
activates procaspase 9 and activation of
intrinsic apopototic pathway. Procaspase 9 (the
intiator) activates streams of caspases including
caspase 3 (49). caspase 3 responsible for
cleavation of specific target protien which lead
to apoptosis (increase number of apopoyotic
cells).

The current study demonstrated that TQ by
different doses (5 mg and 10 mg) and as either
prophylactic or therapeutic ameloriated the
toxic effect of DZN. This may be due to TQ
antioxidants activities and free radical
scavanging properities that protect against
oxidative damage (50). TQ alleviated the toxic
effect of DZN on hemogram. These results run
parallel with those obtained by (51). TQ
counteract the increase in TLC caused by DZN
may be due to either supression of cell mediated
immune response (52) or its anti inflamatory
properties (11). Administration of TQ
alleviated the toxic effect of diazinon on liver
tissues. TQ reduced serum ALT, AST and
increased TP and albumin because of its
hepatoprotective properities (22, 53) as
thymoquinone stimulate the antioxidant
scavenging enzymes system (i.e catalase,
glutathione, superoxide dismutase). This effect
is supported by histopathological changes
caused by TQ as mild to moderate degree of
hepatic vacuolation. In this study TQ make
reduction in glucose level and this reduction
may be due to inhibition of hepatic
gluconeogenesis (54). (55) reported that TQ
reduced hepatic antioxidants enzymes activities
(i.e TAC and catalase) and this agree with this

study. The stimulatory effect of TQ on hepatic
antioxidant enzymes activities with hepatic
lipid peroxidation reduction could be attributed
to its free radical scavenging abilities and its
ability to compansate the depleted antioxidant
enzymes (56). Our study showed that TQ
significantly attenuated hepatic apopotosis. As
TQ supresses the release of cytochrome ¢ which
is a key of intrinsic apoptotic pathway,
subsequently TQ reduced apoptosis and this
indicated by molecular investigation which
illusterated significant decrease in Caspase 3
and Bax gene expression (57) and
histopathological finding which confirmed by
marked decrease in apoptotic cells. These
results showed a significant decrease in Bax
and caspase 3 gene expression ina prophylactic
and therapeutic (TQ 10 mg) groups as
compared with (TQ 5 mg) groups (58)

Conclusion

TQ has prophylactic and therapeutic abilities
to countract the deterious effects of DZN due to
free radical scavenging and antioxidant
properities of TQ. The degree of development
is dose dependant and aprophylactic
supplementation is better than therapeutic one.
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