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Abstract---Purpose: The present study aimed to investigate the 

chemopreventive and therapeutic effect of thymoquinone (TQ) on 
experimentally induced hamster buccal pouch carcinogenesis. 

Material: 40 Syrian male hamsters were classified into 4 equal groups 

(G(s)) of 10 each. GI: the animals remained untreated. The pouches of 
animals in GII, GIII, and GIV were painted 3 times a week for 14 weeks 

(ws) with 7,12-dimethylbenz (a) anthracene (DMBA). GII: no additional 

treatment was administered. Those in GIII: oral administration of TQ 
at a dose of 30 mg kg-1, one week before, as well as, during the 

application of DMBA on alternate days for 14 ws, whereas in GIV: the 

animals were injected intraperitoneally (IP) with TQ 50 mg/kg body 

weight thrice a week for 3ws. After the end of the experiment, the 
gross observations were made. Then, the fresh pouch specimens were 

surgically bisected into two pieces, one for hematoxylin and eosin 

(H&E) stain examination, measurement of the depth of invasion (DOI). 
The other piece was used for apoptosis detection through a flow 

cytometry (FCM) test. Results: gross observation showed variation in 

the reduction of the tumor size in GIII and GIV compared to GII. DOI 
revealed extremely significant difference (p value < 0.001) between GII 

either GIII or GIV. Regarding apoptosis results, there was highly 

significant difference (p value < 0.001) between either GI and GII, GII 
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and GIII, or GII and GIV. Conclusion: the TQ has a potential 

chemopreventive efficacy as well as a therapeutic promising outcome 

in regression of HBP carcinoma. Furthermore, TQ enhanced the 

apoptosis via downregulation of the Bcl-2 protein in HBP carcinoma.  
 

Keywords---TQ, apoptosis, Hamster buccal pouch (HBP) carcinoma. 

 
 

Introduction  

 

      Oral squamous cell carcinoma (OSCC) has been responsible for 

more than 800.000 new cases and 450.000 deaths(1, 2). 7,12-

dimethylbenz (a) anthracene (DMBA) induced oral carcinogenesis in 

golden Syrian hamsters has become a well-accepted and well-

characterized experimental paradigm for the investigation of 

biochemical, histological, and molecular alterations(3-15).  

       Regrettably, OSCC is linked with a high rate of morbidity and 

death, and despite significant progress in diagnosis and treatment 

options, the 5-year survival rate has not enhanced significantly, 

owing primarily to drug effectiveness issues, metastatic spread, and 

resistance(16, 17). Nowadays, chemotherapy is still the most common 

treatment for OSCC(18). Induction chemotherapy with cetuximab, 

carboplatin and paclitaxel are often used to treat OSCC(19-21). 

However, these drugs develop acquired resistance and toxicity over 

time, leading to treatment limitations(22). As a result, therapeutic 

approaches to tackle medication resistance and toxicity in OSCC 

patients are urgently required. Natural products, or their active 

constituents, are safe, affordable, and effective in treating various 

diseases, including cancer. Natural compounds are ubiquitously 

distributed throughout plants and marine organisms (23). 

Chemoprevention is a promising approach to control, inhibit or 

suppress the tumor formation by using natural or synthetic 

entities, natural that possess antimutagenic, anticarcinogenic, 

antioxidant, anti-lipid peroxidative and anti-cell proliferating 

properties are considered as good chemopreventive agents in 

carcinogenesis including those of oral and experimental ones  (6, 24-

30). A large number of phytochemicals ingested in human diet 

exhibit anticarcinogenic and antimutagenic effects(30). 

Thymoquinone (TQ) is a bioactive compound obtained from volatile 

oil of nigella sativa (NS). The NS was shown to contain about 24% 

TQ(13, 31-38). Furthermore, several in vivo and in vitro studies have 

revealed the antineoplastic activities of TQ against a broad variety of 
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solid tumors including head and neck cancers, with few side 

effects(30, 39-43). TQ is a pharmacologically active quinone, several 

studies were documented that TQ possess several medicinal 

properties including analgesic, anti-inflammatory, protective effect 

on lipid peroxidation and oxidative damage, anticonvulsant and also 

antioxidant effect(44-49). Growth inhibition of TQ is associated with 

inhibition of DNA synthesis and induction of cell cycle arrest(50-56). 

The present study was therefore designed to examine the effects of 

TQ on DMBA induced hamster buccal pouch (HBP) carcinogenesis. 

The evaluation depends on the histological tumor tissue changes 

and flow cytometry (FCM) investigations. 

2. Material and Methods 
 

2.1 Chemicals: 

 
DMBA (0.5%) was gathered from Sigma-Aldrich company, solubilized in paraffin 

oil.  TQ, also purchased from Sigma-Aldrich, and the olive oil was purchased from 

the local market. Stock solution of TQ (200mg/ml) was prepared in olive oil(57). 
 

2.2 Animals: 

 

Forty Syrian male hamsters, weighing between 80 and 120g, and 5 weeks (ws) old. 
The experimental hamsters were kept in standard boxes with sawdust bedding in 

a controlled environment with humidity (30-40%), temperature (20 ±2°C), and 

light (12-hour light/12-hour dark). A healthy hamster walks regularly and 
smoothly, had bright, clear eyes, healthy skin, and a soft, lustrous coat devoid of 

parasites, wounds, dry spots, and swellings. 

 
2.3 Experimental design  

 

The animals were randomly categorized into four group(s) (G(s)) after a week of 

adaptation. Each group had 10 animals. The right pouches of the animals in GII, 
GIII, and GIV were painted 3 times a week for 14 ws with 0.5% DMBA in liquid 

paraffin by a number 4 camel's hairbrush (Fig. 1A). GII: No additional treatment 

was given, while in GIII (chemoprevention G): TQ -DMBA, oral administration of 
TQ (Fig.1B) at a dose of 30 mg /1kg body weight, 1 week before, as well as, during 

the application of DMBA on alternate days for 14 ws(29). Those in GIV (TQ G): The 

animals were injected IP by insulin syringe (Fig.1C) with TQ 50 mg/kg thrice a 

week for 3 ws(58).  
 

2.4 General health examinations  

 
The animal's general health was monitored throughout the experiment. Hamsters 

that demonstrated any of the following signs (crowding in sneezing, anorexia, 

silence, corner, diarrhea, discharge from the nose or eyes, dampness around the 
tail, wheezing, and hair loss) of illness or disease were adapted(4). 
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Fig. 1. Painting the HBP with DMBA (A), oral gavage (B), IP injection (C) 

 
2.5 Gross observations and tumor volume measurement:  

    

After termination of the experiment, gross observations of HBP mucosa were 

recorded (mucosal thickness, exudation, ulcers, and swelling). Then, the animals 

were euthanized, the right cheek pouch was everted, and the diameter of each tumor 

was measured with a Vernier calliper. The tumor volume, where the three diameters 

(mm) of the tumor are D1, D2 and D3, was calculated by the formula, Vmm3 = (4/3) 

π [(D1/2) (D2/2) (D3/2)](59). 

 

2.6 Sample collection and preparation 

 
The pouch on the right cheek was removed and bisected. For histological, one 

piece of fresh tissue was preserved in 10% neutral buffered formalin 24 houres, 

routinely processed, and preserved in paraffin blocks. The other fresh tissue 

sample was mechanically digested, immobilized, and subjected to FCM analysis. 
 

2.7 Histopathological examinations 

 
   Utilizing a rotary microtome, 4 μm thick tissue sections were cut from the 

paraffin blocks, processed, mounted on glass slides, and stained with H&E for 

light microscopic examinations. 
 

2.8 Measurement of the depth of invasion (DOI) 

 
Using the H&E stained tissue sections, the DOI was calculated from the surface 

epithelium's basal layer to the deepest point of tumor infiltration. According to the 

American joint committee of cancer (AJCC), it is further characterized as less 

invasive at ≤5 mm, moderately invasive at 6-10 mm, and highly invasive at ≥10 
mm (25). The DOI was determined by a Leica QWIN V3 image analyzer computer 

system (Switzerland), which was operated via the Leica QWIN V3 software. This 

was done in Oral and Dental Pathology Department, Faculty of Dental Medicine 
(Boys-Cairo), Al-Azhar University, Egypt.  
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2.9. Flow cytometric analysis 

 
2.9.1 Mechanical dissociation of the sample(60):  

   The tumor mass was placed into a 35 mm petri dish with 3 mL of PBS (Fig.2A), 
tumor specimen was extensively washed (2 to 3 times) in PBS to remove blood and 

debris. The specimen was held steady with tissue forceps, and with the back of a no. 

22 scalpel blade, the specimen was scraped descending, and away, such that cells 

are go through the tumor mass into the dish (Fig.2B,2C). As cells were broken from 

the tumor mass, threads of connective tissue (C.T) were isolated, and were removed 

from the collection. The scrapping was continued until the tumor mass is too small 

to catch to have a large population in the dish. The tumor solution became pipetted 

up and down 3 to 5 min with a 5-ml disposable pipet. Then, the solution was placed 

into a 15-ml conical tube (Fig.2D). The remaining sample was centrifuged at 2500 

rpm for 2 minutes at 4°C (Fig.2E). The media was aspirated off and the cellular 

pellet was resuspended in PBS in an appropriate volume needed for FCM analysis 

(Fig.2F). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Mechanical dissociation steps. Tumour mass in 35 mm petri dish (A), the 

specimen was held steady with tissue forceps (B), the specimen was scraped using 

the back of a no. 22 scalpel blade (C), the tumour solution was pipetted with a 5-ml 

disposable pipet (D), centrifuge machine (E) and the cellular pellet was resuspended 

in PBS (F). 
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2.10.2 Apoptosis assay of all specimen cells: 

Annexin V/ Propidium iodide (PI) apoptosis detection kit was used. The cells were 

washed and placed in 100 μL of the annexin V-conjugate binding buffer to which 10 

μL of FITC-conjugated Annexin and 10 µl of PI were added. After incubation for 

15 min, 400 μL of the binding buffer was added. Cells were analysed by the usage of 

a flow cytometer (BD FACSCalibur, San Jose, CA, USA) with BD FACSDiva 7.0 

software (Fig.3A). This was done by finical support in the FCM Unit, Clinical 

Pathology Department, South Egypt Cancer Institute, Assiut University, Egypt. Many 

thanks to Dr. Asmaa Mohamed Zahran Omar Professor, Department of Clinical 

pathology South Egypt Cancer Institute Assiut University for her efforts to performed 

various procedures. 

The profile graph, presented the Annexin V FITC parameter along the X-axis 

and the PI parameter along the Y-axis. Four different populations of cells were 

distinguished, in a clockwise direction starting from the upper left quadrant: cells 

that were stained with PI (necrotic), those that have both bound to annexin-V FITC 

and been labelled with PI (late apoptotic), and those that have bound to annexin-V 

FITC only (early apoptotic), those that have been unlabelled (viable cells). Of these 

four kinds of cell modes, early and late apoptosis were calculated among the cell 

population (Fig.3B). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3): FACS Calibur flow cytometer (BD Biosciences) with Cell Quest software (A), 

apoptosis assay profile graph (B). 

 

 2.10 Statistical analysis 

The data were statistically examined, and the mean and standard deviation 

(SD) were calculated. A one-way analysis of variance was performed using SPSS 

version 17.0 for Windows (ANOVA). With quantitative data and parametric 

distribution, ANOVA was utilized to differentiate between more than two separate 

groups, accompanied by post hoc analysis with the least significant difference LSD 

test. To establish significance, the relevant p-values were used: p 0.05: significant, p 

> 0.05: non-significant, and p< 0.001: highly significant. 
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3. Results 

 

3.1.Gross observations 

  GI examination revealed no obvious alterations, neither hair loss or skin 

ulcerations. The HBP was normal pale pink with no pathological or inflammatory 

signs (Fig. 4A), the hamasters buccal pouch length was (5-5.5) cm. Those in GII 

demonstrated debilitation and observable hair loss with para-oral skin ulcerations. 

Large exophytic growths with prominent vascularity in the animals' pouches, in 

addition to eroded, and ulcerative areas with spontaneous bleeding were seen (Fig. 

4B). The mean tumors volume measurement of tumor-bearing animals in ten 

hamesters in GII was 814.6 mm3 (620 – 1005 mm3), and the pouch length in GII 

recorded (1.5-2 cm). GIII revealed no observable abnormalities except redness at the 

painting site (Fig. 4C), while GIV showed slight improvement in the general health 

compared to the animals in GII, Perioral skin ulcers and hair loss were seen, other 

areas showed small exophytic nodule with an absence of ulceration and bleeding 

(Fig. 4D). The pouch length in GIII recorded from 4- 4.5 cm and in GIV was 3-3.5cm. 

There was high significant difference (p value <0.001) in pouch length between GI 

and either GII or GIV, while GI and GIII recorded significant difference (p value = 

0.036). The mean tumors volume measurement in those of GIII and GIV was 22.15 

mm3 (17.5 – 28.1mm3) and 269.13 mm3 (230.4 – 310.2 mm3), respectively. There 

was highly significant difference (p value < 0.001) in tumor volume either GIII or GIV 

Comparing the GII. 

 

                  A                             B                                    C                                D                      

 

 

 

 

 
 

 

 

 

 

 

 

Fig. 4. (A) GI's HBP indicates normal buccal pouch mucosa, which appeared pink in 

colour with a smooth surface (B). GII's HBP demonstrates multiple exophytic 

papillary tumour masses surrounded by bleeding areas (C).  GIII's HBP showing 

small exophytic nodule with absence of ulceration and bleeding (D). GIV's HBP 

indicates a small size nodule with little bleeding areas (arrow).  
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3.2. Histological, DOI findings:    

 

HBP mucosa, using H&E stain, in GI, exhibited normal thin stratified squamous 

epithelium with minor keratinization, consisting of 2-4 layers of squamous cells. A 
subepithelial connective tissue, a muscle layer and an areolar connective tissue 

were seen (Fig.5A). HBP mucosa, using H&E stain, in GII, the overlying 

epithelium revealed different degrees of epithelial dysplasia with true invasion. 
Areas of the overlying epithelium exhibited papillomatous presentations, multiple 

areas with dysplastic features including basal cell hyperplasia, loss of polarity, 

hyperchromatism, prominent nucleoli, altered N\C ratio, swirling of spinous layer 
and cellular & nuclear pleomorphism (Fig.5B). Destruction n of the basement 

membrane with true invasion of malignant cells (well differentiated and 

moderately differentiated SCC) with different degrees penetration into the 
underlying CT, with intense marked chronic inflammatory cells were seen 

(Fig.5C). The mean DOI in GII (10 hamsters) was 10.5mm (Fig.5D). HBP mucosa 

in GIII revealed the overlying epithelium with various finding, although areas with 

almost normal features, in 7out of 10 hamsters, the overlying epithelium exhibited 
different degrees of epithelial dysplasia without true invasion. 2 hamsters with 

moderate epithelial dysplastic features occupying the two-third of the epithelium 

thickness were seen. These included hyperchromatism, altered N\C ratio, swirling 
of spinous layer and abnormal mitosis, 3 displayed severe epithelial dysplasia 

with dysplastic features extended to more than two-thirds of the epithelial 

thickness (Fig. 5E). 2 hamsters displayed carcinoma in situ (CIS) with dysplastic 
features affecting the entire epithelium thickness in addition to basillar 

hyperplasia. In the last 3 hamsters, the dysplastic overlying epithelium was 

accompanied by destruction of the basement membrane. The underlying CT 
showed superficial invasion of the malignant cells and keratin pearl formations in 

the form of well differentiated SCC that extended into the subepithelial connective 

tissue. The last showed intense inflammatory cell infiltration and collagen fibres 

surrounding the invasive nests with limited necrosis (Fig.5F).  With mean DOI = 
0.8mm. HBP mucosa in GIV, 5 out of 10 hamsters, exhibited different degrees of 

epithelial dysplasia: 2 with severe dysplasia and 3 with CIS showed 

hyperchromatism, changed N/C ratio, conspicuous nucleoli, cellular & nuclear 
pleomorphism, and keratin pearls within the epithelial layer. The remaining 5 

animals exhibited true invasion, well-differentiated SCC within the connective 

tissue that showed island of dysplastic epithelium surrounded by fibrosis, was 
seen (Fig.5G), with mean DOI = 2.4mm. An intense inflammatory infiltrate and 

muscle tissue with almost regular pattern and thickness were noticed. 
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Fig. 5A. H&E stain demonstrates two to four layers of epithelium, superficial 

keratinized squamous cells, connective tissue layer, flattened rete ridges, muscular 

layer, and deep layer of loose areolar connective tissue. 5B.  shows basal cell 

hyperplasia, loss of polarity, hyperchromatism, prominent nucleoli and cellular & 

nuclear pleomorphism 5C. shows well-differentiated SCC with deep penetration of 

several tumour islands into the underlying connective tissue and sub-epithelial 

inflammatory infiltrates. 5D. Photograph of measuring the DOI, the greatest invasion 

was measured by dropping a “plumb line” from the horizon to the deepest invasive 

cancer cells. 5E shows severe dysplasia with dysplastic feature. 5F. reveals well 

differentiated SCC (superficial invasion). 5G. reveals true invasion, well-

differentiated SCC within the connective tissue that showed areas of fibrosis, but not 

in the muscular layer. 

 
 

3.3. Detection of apoptosis by flow cytometry: 

     With regard to apoptosis of all specimen cells, in the untreated cells (normal 

control), 1.83% of the cells underwent apoptosis, while the cells in DMBA group GII 

resulted in 23.7% apoptosis. In the study groups, TQ chemopreventive GIII resulted 

in 71.3% apoptosis, while treatment with TQ in GIV resulted in 53.7% apoptosis. 

There was highly significant difference (p value < 0.001) between either GI and GII, 

GII and GIII, or GII and GIV, table (1), chart (1). 

Table (1): Comparison between the studied groups regarding apoptosis of cancer 

cells (%) 

 Apoptosis of cancer cells% 

Mean ± SD Range G1 GII GIII GIV 

GI 1.83 ± 0.51 0.9 – 2.7 -- 0.000 0.000 0.000 

GII 23.70 ± 4.88 16.8 – 33.4 0.000 -- 0.000 0.000 

GIII 71.30 ± 12.74 55.7 – 88.3 0.000 0.000 -- 0.000 

GIV 53.70 ± 10.91 33.8 – 74.1 0.000 0.000 0.000 -- 

F 66.936 

P-value <0.001 (HS) 

D E F G 
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      Chart (1): Comparison between the studied groups regarding apoptosis of cancer 

cells (%). 

 

 

Correlation analysis of FCM apoptosis with tumor volume and DOI, among 

the studied group: (Table:3) 

In summary, there was statistically significant (p-value = 0.000) negative 
correlation of FCM apoptosis with tumor volume and depth of invasion. This 

means that an increase in one variable is associated with a decrease in the other 

variable and vice versa.  
Table (2):    

 FCM apoptosis 

R p-value 

Tumor volume  -0.876** 0.000 

DOI -0.493** 0.000 

 

4. Discussion 

Oral cancer is one of the most disfiguring kinds of cancer. Despite the significant 

advancement in oral cancer treatment strategy, it remains a major induction of 

morbidity in human populations. In the present study, using the hamster cheek 

pouch system of the oral carcinogenesis model reflected the beneficial for a deeper 

understanding of cancer biology, prevention, and treatment. These was done by 

gross observation, DIO by H&E stain and apoptosis by FCM results during 
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carcinoma induction as well as when utilizing thymoquinone as chemopreverntive or 

therapeutic treatment. 

In the present study, GII revealed noticeable systemic debilitation in all animals, 

in addition to perioral alteration and HBP tumor growth compared to GI.  The latter 

was distinguishable by the results of the volume of tumor-bearing pattern (620 – 

1005 mm3). Also, a decrease in the pouch length in GII (1.5-2 cm) compared to that 

of GI (5 cm) due to necrosis in the distal end of the pouch. Generally speaking, The 

results in GII are in consistence with those reported by other investigators (11, 28) 

These observations are mainly due to the strong toxic DMBA effect. 

In the present study, GIII showed obviously improvement in the animal's general 

health and active throughout the experimental period and the pouch length in GIII 

recorded from (4- 4.5 cm), was increased compared to GII (1.5-2cm), furthermore, 

the mean tumor volume measurement in GIII was (22.15 mm3) which is statistically 

high significant difference (p value < 0.001) compared to GII.  These findings were in 

agreement with other studies(30, 33). Rajkamal et al (2010)(29)  study indicates that TQ 

has potent chemopreventive efficacy in experimental oral carcinogenesis. Oral 

administration of TQ to DMBA painted hamsters significantly normalized and 

inhibited the abnormalities seen in cell surface glycoconjugates in the tumor tissues 

and circulation during carcinogenesis, and restored the expression of cytokeratin, 

which indicates their membrane stabilizing effect of TQ during neoplastic 

transformation. The protective role of TQ is probably due to their inhibitory role on 

glycoprotein synthesis or on the activity of the glycosyl transferase. 

Chemoprevention role of TQ involves its inhibition of the tumorigenic generation of 

superoxide anions and nitric oxide as well as its role as a scavenger of carcinogenic 

free radicals(30). 

In the present study GIV showed a relatively slight improvement in the animal’s 

general health, decrease in size of the papillomatous lesions was observed. The 

pouch length in GIV recorded from (3- 3.5 cm), was increased compared to GII (1.5-

2cm), furthermore, the mean tumor volume measurement in GIV was (269.13 mm3) 

which is statistically high significant difference (p value < 0.001) compared to GII... 

They were in line with another study Majdalawieh et al (2017)(32). 

In the present study, the histopathological findings, using H&E stain, GII 

revealed a development of diverse patterns of invasive SCC (50 % well-differentiated 

and 50 % moderately differentiated) that expanded into deeper areas of connective 

tissue (C.T) (DOI=10.5mm).  These results are in line with previous studies(5, 6, 22). 

This could be due to proclivity for carcinogenesis since it is metabolized by phase I 

enzymes such as cytochrome P450 to its final carcinogenic metabolite, dihydrodiol 

epoxide, which damages DNA, this in turn causing mutation and cancer(4).  

Furthermore, ROS has been implicated throughout phases of carcinogenesis 

(promotion, initiation, and progression). ROS can cause DNA damage, proto-

oncogenes stimulation, tumor suppressor genes suppression, all of which can lead to 

neoplastic transformation(12). Contrastingly, in the study conducted by Hussein et al 
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(2018)(21) only 66.67% of the hamsters developed oral tumors, and that could be 

attributed to the different solvent material.  

The histopathological findings in GIII revealed variable changes, range: 

hyperkeratosis, hyperkeratosis and focal hyperplasia, mild dysplasia and well 

differentiated SCC with superficial invasion of tumor cells not extended to the deeper 

areas (the mean DOI=0.8mm). This reflected highly significant difference (p-value 

<0.001) compared to GII. These results are in line with another study Swidan et al 

(2016) (26). 

The histopathological findings in GIV revealed variable changes, range: severe 

dysplasia to less invasive well differentiated SCC, not extended to deeper areas 

(DOI=2.4mm) which had high significance difference (p value <0.001) between GIV 

and GII. This due to therapeutic efficacy of TQ. Also, its effect on muscular layer 

through muscle tissue pattern with an elevation in the thickness of the striated 

muscle layer. At the same time, a few tumor masses were substituted by 

proliferating fibrous tissue with enhanced collagen deposition. The latter is  with 

aline with  Amer et al (2020)(27) study, explained that, TQ could be internalized into 

malignant cells and thus induce its full activities.  

In the present study, FCM of apoptosis results in GII revealed only 23.7% 

undergo apoptosis of highly proliferative cancer tissue compared to GI 1.83% this 

was reflected by the highly significant difference (p value < 0.001). DMBA have a 

stimulatory effect on Bcl-2 which makes the removal of genetically modified cells 

difficult, fevering the accumulation of new mutations, which can result in the 

appearance of cells with malignant phenotype. These results are in agreement with 

other studies(14, 15). Mariadoss et al (2019)(9), whom stated that, Bcl-2 has the 

capacity of interrupting the apoptosis process both in the initial and final phases 

because this protein stabilizes the potential of the mitochondria membrane when 

forming heterodimers with Bax. 

In the current study, FCM of apoptosis results in GIII revealed that, highly 

significant difference (p value < 0.001) between GIII and GII. These results are in 

agreement with Malik et al (2021)(36). Hussain et al (2011)(41) revealed that, TQ-

induced ROS generation is involved in promoting apoptosis in primary effusion 

lymphoma cells by inhibiting AKT.  

Furthermore, FCM of apoptosis results in GIV revealed that, high significant 

difference (p value <0.001) between GIV and either GII or GIII. This result is in 

agreement with those of other investigators(13, 17, 37). TQ can also plays its anti-cancer 

effect by modulate tumor suppressor genes such as P53, P21 and P27. TQ can 

induce cancer cell apoptosis by decreasing Bcl-2 and increasing Bax and increasing 

the release of cytochrome C. TQ can also cause the apoptosis in gastric carcinoma by 

initiating the activation of caspase-3 and caspase-9(38, 57).  

 

Conclusion: 

In conclusion, this study realized a potential chemopreventive efficacy as well 

as a therapeutic promising outcome of TQ in regression of HBP carcinoma model, 

not only in gross observation results, but also, in tumor volume, histopathological, 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/tumor-suppressor-genes
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/cytochrome-c
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/stomach-carcinoma
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DOI and apoptosis assay results. The TQ has a potential chemopreventive efficacy as 

well as a therapeutic promising outcome in regression of HBP carcinoma. 

Furthermore, TQ enhanced the apoptosis via downregulation of the Bcl-2 protein in 

HBP carcinoma. Accordingly, we recommend combination of TQ as prophylactic and 

therapeutic use in the same model. in clinical trials with further research studies in 

order to evaluate the clinical efficacy of TQ alone and in combination with other 

chemotherapeutic drugs to continue the limited positive results concerning 

chemotherapy. 
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