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INTRODUCTION 

Introduction: The experimental oral carcinogen-
esis model, invented by Salley (1954),(1) had gained 
much interest as it mimics biologically the pro-
posed sequence of human oral cancer. It was used 
to study the carcinogenesis process, prevention and 
treatment of oral cancer. (2-4) Dimethylbenza-a-an-
thracene (DMBA) is one of the polycyclic hydro-
carbons (PAHs), which are environmental carcino-
gens as products of incomplete fuel combustion (in 
air), water, soil, food supply, cigarette smoke and  

alcohol. (5,6) When DMBA is painted to the hamster 
buccal pouch (HBP) for 6 weeks (0.5% in mineral 
oil, 3/week) it results in epithelial dysplasia,(3) while 
for 12-14 weeks it results in invasive well differen-
tiated squamous cell carcinoma (SCC). (2) Chemo-
therapy was the classic approach for cancer treat-
ment, while recently phytochemicals are the main 
target for cancer prevention and treatment, as they 
are more safe, efficient and economic.(7) One of 
these phytochemicals is TQ that is currently in use 
for chemoprevention (8)and chemotherapy.  (9-11)
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Thymoquinone (TQ) (2-isopropyl-5-methylben-
zo-1, 4-quinone) is the most abundant constituent 
and biologically active compound of Nigella sativa 
(NS) oil.(12) For years, in vivo and in vitro researches 
proved a promising anticancer effect of TQ, with no 
toxic effect to normal tissues. (10) TQ is a potent anti-
oxidant, due to its scavenging activity against sever-
al reactive oxygen species (ROS).(13)TQ anti-inflam-
matory activity was proved in experimental models 
and considered a clinically-viable agent against a 
variety of inflammatory conditions. The hallmark of 
this carcinogenesis (HBP/DMBA) model depends 
on the chronic inflammation induced by continu-
ous DMBA application.(2) Necrosis and shortening 
of the painted pouches was a constant finding fol-
lowing the early DMBA paintings.(14- 16) Clinical and 
epidemiologic studies had linked chronic inflam-
mation with cancer development, mostly through 
TNF-Nf-κB pathway. Nf-κB chronic activation can 
cause DNA damage and increase cell proliferation, 
as well as increase the probability of cells to fur-
ther acquired oncogenic DNA mutations (through 
ROS and RNS production). (17) On the other hand 
the NF-κB2 gene and its transcription factors have 
an essential role in inflammation, in turn playing a 
critical part in many steps of cancer initiation and 
progression (18). TQ was found to suppress this in-
flammatory state through inhibition of Nf-κB. (4, 14)

It is estimated that approximately 1013 cells within 
the human body incurs tens of thousands of DNA-
damaging events per day, due to both endogenous 
and exogenous factors. (19)  Regardless of the type 
of damage and required mechanism for repair, cells 
initiate a highly coordinated cascade of events-
collectively known as the DNA damage response 
(DDR) that senses the DNA damage, signals its 
presence, and mediates its repair. (20,21) Deficiency 
of DNA repair proteins in normal conditions results 
in cell death, however, accumulated damages in the 
unrepaired cells results in genomic instability that 
ultimately leads to carcinogenesis.  (22)

In human head and neck cancer (HHNC), the 
most prevalent mutations are repaired by XRCC1, 
(23) and ERCC1. (24-26)

A significant correlation was observed between 
excision repair cross-complementing 1 (ERCC1) 
and x-ray repair cross complementing 1 (XRCC1) 
expression in bladder tumors(27) with a significant 
association between ERCC1 expression and the 
prognosis of lung, (28) upper gastrointestinal (29) and 
head and neck cancer patients. (30)

Curioni et al. (2013), linked XRCC1-194Trp 
polymorphism and increased risk of human OSSC. 
They noted that XRCC1 gene polymorphisms have 
been linked to reduced capacity for removal of 
DNA damage. (31)

ERCC1 has a rate-limiting role in the nucleotide 
excision repair (NER) pathway,(32)and emerged as 
a prognostic marker in lung (28) and head and neck 
cancers.(30)

Patients positive for ERCC1, XRCC1 and 
either ERCC1 or XRCC1, exhibited significantly 
improved disease-specific survival rates.(27 Both 
ERCC1 and XRCC1 expressions were found useful 
as independent prognostic markers for survival 
in bladder cancer patients receiving combined 
trimodality therapy. (27) Although ERCC1 and 
XRCC1 are not involved in the same DNA repair 
pathway, both genes are located in close proximity 
to each other at 19q13.2-13.3, (33) and they may be 
simultaneously activated or altered by deletion and 
other changes as well. This fact (in humans) would 
be expected to work with the present hamster model, 
due to the reported importance of XRCC1 protein 
in rodents. XRCC1-deficient mouse or hamster 
cells were hypersensitive to DNA damaging agents 
generating single strand breaks (SSBs) and display 
genetic instability after such DNA damage. (34)

Because carcinogenesis is a multi-step process, 
Sporn (1976) (35) suggested that the best time to 
control cancer is in its “preneoplastic” phase, before 
it has a chance to develop into “invasive” cancer. 
Therefore, the aim of the present work was to 
evaluate the effect of TQ on the dysplasia induced 
in that model, through IHC expression of both 
enzymes.
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MATERIAL AND METHODS

This work followed the classic hamster buccal 
pouch/ dimethylbenz-[a]-anthracene (HBP/DMBA) 
oral epithelial dysplasia (OED)-induction model, 
followed by few thymoquinone (TQ) i.p. injections 
as a promising therapeutic agent, through expression 
of 2 DNA repair enzymes.  The experiment was 
held at the animal house, Faculty of Dentistry, Suez 
Canal University, Ismailia, Egypt. The study was 
carried out using 24 male golden Syrian hamsters 
(Mesocricetus auratus), weighing 80-100 grams. 
They were kept 6 animals / cage (40 cm x 50 cm), 
divided as follows: Group A: Six animals served as 
the negative control group (untreated group), they 
were euthanized at day zero.  Group B: (positive 
control) six animals were painted with DMBA on 
the left pouches 3 times/ week / 6 weeks, then were 
euthanized after 6 weeks. Group C: 12 animals were 
painted with DMBA as in group B, then sub-divided 
into TQ-treated groups as follows:

C1: 6 animals were intraperitoneally (ip) injected 
four times (day after day) with TQ (0.1mg/kg body 
weight). C2: 6 animals were ip injected 6 times (day 
after day) with TQ as before, then both C1 and C2 
animals were euthanized after 6 weeks. 

*Thymoquinone powder (C10H12O2) [cat# 
490-91-5] was dissolved in propylene glycol 
(C3H8O2) [cat# 57-55-6] to get 0.1 mg/kg body 
weight concentration of thymoquinone solution. 
*The chemical carcinogen 7, 12 Dimethylbenz-
[a]-anthracene (DMBA) powder [cat# D3254], was 
dissolved in heavy mineral oil [cat# M 3516] to get 
a 0.5% DMBA solution.

* All previous chemicals were purchased from 
Sigma Chemicals Company, USA.

** XRCC1 antibody (mouse monoclonal) 
[cat# GTX23133] and ERCC1 antibody (mouse 
monoclonal) [cat# GTX22356] were purchased 
from Genetex Incorporation, California, USA.

Euthanization was done by inhalation of ether 
(soaked cotton piece), in a tightly closed container. 

Both pouches of all groups were excised, and 
processed for both H&E and IHC staining for the 
DNA repair enzymes. Three slides were prepared 
from each pouch, for light microscopic evaluation.

*Grading of epithelial dysplasia was carried 
out according to El-Dakhakhny et al (2009).[3]

*Immuonohistochemical (IHC) evaluation: 
(The steps of IHC followed the manufacturer’s 
instructions). 

From each paraffin block three sections (4 µm 
in thickness) were mounted on positively-charged 
slides. The antibodies used were Anti-XRCC1, 
and Anti-ERCC1. Nuclear staining was considered 
as the expression of activated genes, i.e. immune-
postive.

** Photos: All images were captured using 
digital camera (C5060, Olympus, Japan) mounted 
on a light microscope (BX60, Olympus, Japan).  
Images were then transferred to the computer system, 
for analysis in the Precision Measurement Unit, 
Department of Oral Pathology, Faculty of Dentistry, 
Ain Shams University. The immunohistochemical 
analysis was performed using Image J, 1.41a, (NIH, 
USA) image analysis software. For each case, the 
area fraction of immunopositivity for at least four 
different microscopic fields was measured. The 
mean of area fraction (MAF) for each case was then 
calculated by adding the area fractions of the four 
fields and dividing the result by four. The total of 
MAF was then calculated and used for statistical 
analysis. (57)

Statistical analysis: 

Data was tabulated and displayed as MAF and 
standard deviations then analyzed using SPSS 
version 20. ANOVA test was done to compare 
between the MAF differences of different groups. 
Post hoc LSD test was performed for pairwise 
comparison. The P value was considered significant 
if its value was less than or equal to 0.05.
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RESULTS

Gross examination:

 Group A “Negative control”: the hamsters 
showed no gross changes. After euthanization, the 
buccal pouches’ lengths were about 5 cm for all 
hamsters, as well as the right pouches of all experi-
ment groups (Fig. 1a).

Group B: “Positive control” (DMBA-painted left 
pouches). The animals were debilitated. Necrotic 
whitish debri were coming out with the brush from 
the third painting and disappeared one week later, 
indicating necrosis of the distal end. This was 
followed by marked perioral hair loss, up to the 
abdomen in some animals. Skin ulcers or abscesses 
were seen mainly at areas of hair loss. The excised 
painted pouches were about 2 cm in length, reddish 
in color with areas of ulceration, and exophytic 
lesions (Fig.1b).

Groups C1 and C2 {Hamsters painted and 
injected 4 and 6 times with TQ, then euthanized 
after 6 weeks}, showed much improvement in the 
animals’ general health. All pouches’ lengths were 
approximately 3-4.5 cm and were normal appearing, 
i.e. no redness / ulcerations, and only remains of 
exophytic lesions (Fig.1 c and d).

Histopathological (H&E) & immunohistochemi-
cal (IHC) results: H&E: 

Group A: The pouches of negative control 
group and right (unpainted) pouches of the ex-
perimental groups, showed normal appearing mu-
cosa (except for slight hyperkeratinization). They 
showed thin keratinized stratified squamous epi-
thelium, covering collagenous lamina propria, thin 
muscle fibers layer (Fig.2a).  IHC: group A (and 
unpainted pouches of the experimental groups), re-
vealed diffuse intense expression of XRCC1 and 
ERCC1, in all nucleated layers (Fig. 2b and 2c).

Positive control: 

H&E (6 wks of DMBA only): The painted 
pouches showed large positive control necrotic 
areas at the distal part, and multiple ulcerated 

areas along the pouches’ length. Well differentiated 
carcinomas and superficial invading islands were 
noticed histologically in the focal areas. (Fig 3a). 
The rest of the epithelial lining was disturbed with 
variable degrees of dysplasia (Fig.3b). IHC: group 
B revealed low MAF of XRCC1 and ERCC1 (Fig. 
3c and d). The nuclear reaction was scattered within 
the lesions and along the epithelial lining. 

Group C: C1: DMBA-painted, followed by 4 
i.p TQ injections. H&E examination revealed focal 
areas of mild/ moderate dysplastic areas along 
the rest of epithelial lining (Fig. 4a, and b)IHC: 
revealed scattered cells with positive nuclear stain 
for XRCC1 and ERCC1 along the epithelial lining 
(Fig.4c, and d).

Fig. (1) Showing gross pouches of all groups: (a) a pouch from 
unpainted pouches ‘group, length is about 5-6 cm. (b) 
a pouch from positive control group (DMBA) length is 
about 2-2.5 cm. (c) a pouch from group C1, length is 
about 3-3.5 cm. (d) a pouch from group C2, the length 
is about 4.5 cm.
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Fig. (2): Showing normal appearance of unpainted-DMBA pouches of all groups. (a) H&E section showing thin keratinized 
stratified squamous epithelium covering non inflamed collagenous lamina propria, and a thin layer of striated muscle fibers 
(x 20). (b) XRCC1 stained section of unpainted pouch, showing intense diffuse (nuclear and cytoplasmic) reaction for the 
surface epithelium (XRCC1 IHC stain x20). (c) ERCC 1-stained section for unpainted pouch, showing comparable diffuse 
reaction as XRCC1 reaction, for the surface epithelium (ERCC 1 IHC stain x20).

Fig. (4): Representative histologic sections from pouches of group C1. (a and b): H&E sections showing focal areas of mild/ 
moderate epithelial dysplasia with no inflammatory cells in the lamina propria (H&E x40 and 20, respectively). (c): 
XRCC1-stained section from a pouch in group C1, showing positive immune reaction (XRCC1 IHC x40). (d): ERRC1-
stained section from a pouch in group C1, showing positive immune reaction (ERRC1 IHC x 40).
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C2: DMBA-painted followed by 6 i.p TQ injec-
tions. H&E: revealed hyperplastic and hyperkera-
tinized stratified squamous epithelium with focal 
areas of mild dysplasia. The rest of the epithelial 
lining is normal appearing (Fig. 5a, and b). IHC:  
The reaction was mainly in the lower epithelial lay-
ers, with scattered distribution along the epithelial 
lining (Fig. 5c, and d).

Statistical results of the immune expression of 
both enzymes: (Tables 1-4)

The mean area fraction (MAF) in group C1 
was not statistically significant than the positive 
control group (B). Whereas in group C2, the MAF 
of XRCC1 and ERCC1 was only statistically 
significant as compared to group A, while between 
group B and C1 was not statistically significant. 

Fig. 5: Histopathologic sections from pouches in group C2. (a and b): H&E sections showing focal areas of mild dysplasia (a), and 
the rest of the lining is normal appearing epithelium (b), with no inflammatory cells in the lamina propria (H&E x40). (c): 
XRCC1-stained section from a pouch in group C2, showing positive immune reaction (XRCC1 IHC x40). (d): ERRC1-
stained section from a pouch in group C2, showing positive immune reaction (ERRC1 IHC x 40).
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TABLE (I): Showing the comparison between the 
MAF values of the four groups (XRCC 1):

Group MAF Standard 
deviation

Negative control (A) 115.11 68.09

C1 (4 ip TQ) 73.93 28.64

C2 (6 ip TQ) 35.93 2.21

Positive control (B) (DMBA) 53.69 21.39

F value (P value) 122.31 (0.03)*

TABLE (II): Showing pairwise comparisons between 
groups using LSD post hoc test for  
XRCC 1:

Group Compared to MAF difference Significance

A C1 41.18 0.23

C2 79.18 0.036 (*)

B 61.42 0.086

C1 A -41.18 0.23

C2 38.00 0.26

B 20.24 0.54

C2 A 79.18 0.036 *

C1 -38.00 0.26

B -17.76 0.59

B A -61.42 0.086

C1 -20.24 0.54

C2 17.76 0.59

The MAF difference is significant at p ≤ 0.05.

Dependent variable: total of XRCC1

TABLE (III) Showing comparisons between the 
MAF values of the four groups: total of 
ERCC1:

Group MAF Standard deviation

A 143.06 63.58

C1 91.25 36.32

C2 54.20 6.42

B 77.44 21.82

F value (P value) 136.27 (0.01)*

TABLE (IV): Showing pairwise comparisons 
between groups using LSD post hoc test 
for ERCC1: Dependent variable: total of 
ERCC 1

Group Compared to: MAF difference Significance

A C1 51.81 0.136

C2 88.86 0.022*

B (DMBA) 65.61 0.069

C1 A -51.81 0.136 

C2 37.05 0.271

B 13.80 0.671

C2 A -88.86 0.022*

C1 -37.05 0.271

B -23.24 0.479

B A -65.61 0.069

C1 -13.80 0.671

C2 23.24 0.479

The MAF difference is significant at p≤ 0.05.



(3164) Rania HanafiE.D.J. Vol. 67, No. 4

DISCUSSION

The present work aimed to report the expression 
of DNA repair enzymes (XRCC1 and ERCC1) under 
the influence of early TQ ip injections, for protection 
against the HBP/DMBA dysplasia-induced model. 
In human head and neck cancer (HHNC), the most 
prevalent mutations are repaired by XRCC1 (23) and 
ERCC1. (24, 25) As the HBP / DMBA –induced cancer 
model mimics HHNC biologically, these enzymes 
were the target of this study.

H&E results of the present work revealed normal 
appearing pouch mucosa of the negative control 
group, and the right pouches of all experimental 
groups which showed only hyperkeratinization.

This hyperkeratinization could be due to 
increased use of these pouches when the left painted 
pouches were inflamed and reduced in length. 

Immunohistochemical (IHC) findings showed 
high expression of both enzymes (XRCC1 
and ERCC1), in all layers (both nuclear and 
cytoplasmic). This indicates the effectiveness of 
these enzymes in preserving normal epithelial cells 
from damage-induced by regular activities of the 
pouches, as mastication of rough food and their 
metabolic process. Metabolic reactions release 
different ROS, among others that damage DNA. 
Apart from external factors that induce mutations, 
it was estimated that naturally occurring oxidative 
DNA damages arise at least 10,000 times per cell / 
day in humans and 50,000 times or more per cell / 
day in rats.(36, 55)

The HBP/DMBA carcinoma is induced when 
DMBA, a pro-carcinogen, becomes carcinogenic 
after metabolic conversion by cellular enzymes, 
to electrophilic reactants (diol-epoxides), able to 
covalently interact with cellular macromolecules, 
including DNA, to form adducts. (37)

Some phytochemicals were found to modulate 
these metabolic enzymes resulting in aborting the 
carcinogenesis process, in this model.  (38)Casto et 

el. (2002) found that lyophilized black raspberries 
caused an inhibition of tumors in hamsters’ 
pouches, believed to be due, in part, to reduction 
in the formation of DNA adducts that can initiate 
carcinogenesis.(39)

Group B (DMBA for 6 weeks, then euthanized 
after 6 weeks), showed multiple well differentiated 
carcinomatous lesions with epithelial disturbance 
along the rest of epithelial lining with variable 
dysplastic grades up to carcinoma in situ (CIS). 
In that model, it was reported that after sustained 
DMBA painting for 6 weeks, the carcinogenesis 
process progressed to frank invasive carcinoma. (3)

The ERCC1 and XRCC enzymes showed low 
expression within the scattered cells along the pouch 
epithelial lining of group B which showed severe dy-
aplasia and CIS. This result is consistent with Vaezi 
et al. (2011)(40) who found that both enzymes were 
expressed at lower levels, in human lung cancer and 
HHNC cells. As the function of these enzymes is to 
repair damaged DNA, their lower expression, in the 
present work, indicates either their mutation by the 
carcinogen, or the tumor cells’ mutation does not 
involve the type of mutation where these enzymes 
work upon, or the oxidative stress, associated with 
the carcinogenesis process,(41)was not relieved by the 
endogenous anti-oxidant mechanisms. Moreover, 
this could be due to accumulation of more DNA mu-
tations, i.e. progression from severe dysplasia/ CIS 
to invasive carcinoma.(35)It is known that cells from 
aggressive tumors with extensive genomic instabil-
ity may harbor chromosomal aberrations that result 
in failure of gene transcription, including DNA re-
pair genes, resulting in lower protein expression of 
the gene products. (27)

This hypothesis could be explained by the study 
of Shen et al. (1998).(42) They analyzed four XRCC1 
mutant cell lines and sequence alterations in the 
XRCC1 coding region. Their results indicated that 
each of four mutant lines showed severe reduction 
in the level of XRCC1 protein. (42)
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Another explanation for reduced expression of 
both enzymes is that reported by Ratnasinghe et al 
(2001), where XRCC1 could be subjected to genetic 
polymorphisms at codons 194, 280, and 399. These 
polymorphisms occur at residues that are identical 
in human, hamster, and mouse. (28)

The hallmark of this carcinogenesis (HBP/
DMBA) model depends on the chronic inflammation 
induced by continuous DMBA application, 
mostly through TNF-Nf-kB pathway.Clinical 
and epidemiologic studies had linked chronic 
inflammation with cancer development, mostly 
through TNF-Nf-κB pathway. (18,43)

TQ was found to suppress this inflammatory 
state through inhibition of nuclear factor-κB (Nf-
κB,(4,14] that in turn affects both oncogenes and sup-
pressor genes as p53, i.e. abort the carcinogenesis 
process. In a previous study carried out in our De-
partment of Oral Pathology, Faculty of Dentistry, 
Suez Canal University, TQ alone or in different for-
mulations and concentrations, was found to activate 
p53, with regression of the carcinogenesis process 
from invasive carcinoma to mild/moderate dyspla-
sia. (44) Another study using TQ alone or in differ-
ent formulations and concentrations, during DMBA 
painting, resulted in negative expression of both 
TNF-α and Nf-κB in inflammatory and epithelial 
cells in addition to expulsion of the local inflamma-
tory cells outside the surface epithelium.( 45)  Fur-
thermore, in another study, when one ip injection 
of TQ following induction of dysplasia, a highly 
significant elevation of serum TNF-α was recorded 
from the second day of injection up to two weeks, as 
compared to negative and positive control groups. 
(16) Expulsion of local inflammatory cells was also a 
prominent finding in that work. Both previous stud-
ies strengthen the anti-inflammatory effect of TQ, 
through suppression of the TNF-NF-kB pathway.

In group C1, in the present work, when 4 TQ 
ip injections (0.1mg/kg) followed induction of 
dysplasia, the histologic finding ranged from normal 

appearing to mild/ moderate epithelial dysplasia. 
That regression of the carcinogenesis process can 
be explained due to inactivation of the TNF-NF-ĸB 
pathway by TQ, and activation of p53,(44) to induce 
apoptosis of mutated cells. It can be also due to its 
anti-oxidative effect that aborted progression of 
the carcinogenesis process. In these pouches, the 
subepithelial area was free of inflammatory cells, 
mostly due to their expulsion, as reported by Hassan 
et al.(2017)(45) and Algharyni et al (2019)(16)  In 
that group (G C1), the MAF showed higher staining 
expression of both enzymes, comparable to the 
DMBA-only group, however, was not statistically 
significant. 

The higher expression of both enzymes after TQ 
treatment (group C1), with regression to dysplasia 
rather than carcinomas (group B) could be explained 
on the findings of Santana et al (2017). They 
documented that APE-1 and XRCC-1 are over-
expressed in oral tongue squamous cell carcinoma 
(OTSCC) and that XRCC-1 is associated with better 
clinical staging (early clinical stages I and II, P < 
0.01). (46)

The positive cells were in the lower layers of 
normal-appearing epithelium. This finding indicates 
that these cells still carry mutations induced by 
DMBA, are going to be repaired by both enzymes 
or could be due to the continuous exposure of the 
pouches’ mucosa to the daily masticatory effect. 
The late follow-up timing of euthanization (6 weeks 
post TQ injections), in the present work, would not 
allow close monitoring of TQ effect on activation 
of these repair enzymes that one TQ injection might 
be effective as early as 1-2 days, as reported by 
Algharyni et al (2019).(16)

The significant MAF difference of expression 
of XRCC1 and ERCC1 enzymes was achieved in 
group Cb, (6 ip TQ injections followed induction of 
dysplasia, and checked after 6 weeks).  Numerically, 
with 6 weeks of DMBA painting, their expression 
was significantly reduced than their full expression 
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in the untreated pouches. With 4 TQ injections the 
enzymes’ expression was elevated above the DMBA-
only treated pouches.  The significant reduction of 
their expression after 6 TQ injections indicates that 
either most mutated cells were repaired by the 4 
injections, or TQ had activated p53(44) that in turn 
resulted in apoptosis of most mutated cells. 

Another explanation could be due to the 
hypothesis that XRCC1 is required for at least 
two types of SSBR (single-strand break repair) 
processes, a rapid pathway that occurs throughout 
the cell cycle and a second pathway that is specific 
for S/G2. (47)So these +ve cells could be in the S/G2 
stage of the cell cycle. That group’s result (G C2) 
was on line with results of Amer, (48)where longer 
time of TQ-treatment showed the least significant 
result for both enzymes, in that model. His results 
were evaluated by IHC and PCR techniques. The 
author induced squamous cell carcinoma in hamster 
pouches (12 weeks), followed by topical and ip 
injections of TQ (o.1 mg/kg body wt.), or TQ 
loaded on gold nano particles (0.01 mg/kg of GNps/
TQ), or (0.001 mg/kg of GNps/TQ) or GNps alone. 
All groups were treated for 6 and 12 weeks. The 
pouches painted with DMBA for 12 weeks showed 
significant reduction of both enzymes’ expression 
as compared to the negative control group, except 
the group treated with 0.001 mg/kg GNps/TQ 
for 12 weeks. The histologic changes showed 
regression from invasive carcinoma (DMBA-only) 
to moderate dysplasia. In that study, gold nano-
particles were used as drug carrier (49) that facilitated 
TQ internalization to cells, as well as the combined 
topical and systemic routes of administration had 
accentuated TQ function.

Regarding the proposed anticancer effect of 
TQ, in the present model, other phytochemicals 
as coumarin, black raspberry, green tea extract, 
and the whole Nigella sativa oil showed promising 
therapeutic effect against cancer induction. (50-53)For 
example, oral coumarin had resulted in regression 

of tumor induction, as reported by Baskaran et 
al (2012). They induced oral carcinomas in the 
buccal pouch of Syrian golden hamsters, and noted 
100% tumor formation with marked abnormalities 
in the biomarkers status in hamsters treated with 
DMBA alone. Oral administration of coumarin at a 
dose of 100 mg/kg body weight to DMBA-treated 
hamsters completely prevented tumor formation as 
well as restored the status of biochemical variables. 
The results suggest that the chemo-preventive 
effect of coumarin is probably due to its anti-lipid 
peroxidative potential and modulating effect on 
carcinogen detoxification agents in favor of the 
excretion of ultimate carcinogenic metabolites of 
DMBA. (50)

In conclusion, 6 weeks of DMBA painting 
resulted in irreversible genetic changes that did not 
resolve by the studied repair enzymes. So it can 
be proposed that TQ had resulted in regression of 
the carcinogenesis process through the following 
mechanisms. First: TQ as a potent antioxidant, (54) 
that antagonizes the adverse effect resulting from 
elevated ROS levels due to carcinogenesis i.e. 
reduction of the intracellular ROS allowed the repair 
enzymes to fulfill their main target. Second: TQ 
through inactivation of the TNF-Nf-κB pathway, 
and in turn induced p53 activation, i.e. stimulated 
apoptosis of malignant cells. Third: TQ has the 
ability to arrest cells at different phases of the cell 
cycle leading to growth inhibition, so allowing 
repair of mutated cells.(56)
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