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Abstract 
Bladder cancer is one of the most common genitourinary malignancies worldwide, the therapeutic 

approaches for suppression of urothelial tumor and progression toward distant metastasis are not convincing. 

The present study was conducted to explore the curative effect and safety of THQ in N-butyl-N-(4-

hydroxybutyl) nitrosamine (BBN) induced bladder cancer in rats.  

Twenty-two male Wister albino rats were allocated into three groups G1; served as control (n=6) and received 

only the vehicle. G2: carcinogen group (n=6); animals had 0.05% BBN in drinking water for nine weeks. G3: 

Treatment group (n=10); THQ was administered at a dose of 50mg/Kg/day orally one week prior to the last 

exposure of BBN and continued till week 20. The bladder wall of all the animals was examined macroscopically 

for assessment of the number and the surface area of the lesions using Image J software program. 

Histopathological evaluation was also done for abnormal morphological alterations. Serum was analyzed for 

measurement of total oxidant status (TOS) and nuclear factor kappa- κB (NF-κB), transforming growth factor 

beta-1 (TGF-β1) as well as vascular endothelial growth factor (VEGF). Safety of THQ in respect of 

hematological, liver, and renal function was also investigated. Bladder lesions in the THQ-treated group was 

reduced versus the carcinogen group. Histopathological findings in THQ-treated group demonstrated a 

significant improvement in the abnormal morphological growth in bladder, the TOS, NF-kβ, TGF-β, VEGF 

were mitigated non-significantly in the treatment group. The safety profile of THQ showed no significant 

deleterious effect on hematological, liver and renal function parameters with no signs of toxicity. In conclusion, 

THQ exerted an ameliorative effect on abnormal morphological growth in the urothelium in a rat model of 

bladder cancer. This might be due to antioxidant and anti-inflammatory properties of THQ. These data 

suggested that THQ may be effective and safe in ameliorating urinary bladder carcinogenesis.  
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-ن–بيوتل  -فعالية وسلامة الثيموكوينون في قمع نمو الورم في سرطان المثانة المستحدث بواسطة ن

 في الجرذان (BBN)هيدروكسي بيوتل النيتروزامين -4

 1*، ، بشرى حسن معروف 1كارمند صالح حمه أمين قادر

 فرع الادوية والسموم، كلية الصيدلة، جامعة السليمانية، كردستان، العراق 1
 الخلاصة

ة  سرطان المثانة هو واحد من الأورام الخبيثة للجهاز البولي التناسلي الأكثر شيوعا في جميع أنحاء العالم، والأساليب العلاجية الموجود

وسلامة العلاجي  التأثير  الدراسة لاستكشاف  هذه  أجريت  وقد  المطلوب.  مستوى  على  ليست  خبيث  ورم  نحو  والتقدم  التناسلي  البولي  الورم    لقمع 

في الجرذان. تم   (BBN)هيدروكسي بيوتل النيتروزامين  -4-ن–بيوتل  -ثيموكوينون في قمع نمو الورم في سرطان المثانة المستحدث بواسطة نال

(: تلقت الماء يوميا طوال فترة الدراسة. المجموعة  6تقسيم اثنان وعشرين جرذ الويستار الى ثلاث مجموعات: مجموعة السيطرة السلبية )العدد=

)العدد=السر ن6طانية  مادة  تلقت  النيتروزامين  -4-ن–بيوتل  -(:  بيوتل  أسابيع. 0.05بنسبة    (BBN)هيدروكسي  تسع  لمدة  الشرب  مياه  في   ٪

ملغ/كجم/يوم عن طريق الفم ابتدأ من أسبوع ما قبل الأخير من تناول  50(، تم علاجهم بالثيموكوينون  10المجموعة المعالجة بالثيموكوينون )العدد=

الموجودة في   (Lesions)و استمرت حتى الأسبوع العشرين. تم فحص جدار المثانة لجميع الحيوانات لتقييم عدد و مساحة الاصابات     BBNمادة  

  ، كما تم إجراء التقييم النسيجي للتغيرات المورفولوجية غير الطبيعية . تم تحليل مصل الدم لقياس حالة الأكسدة   Image Jالجدار باستخدام برنامج  

. كما تم التحقيق في سلامة الثيموكوينون من أي آثار جانبية سلبية على المؤشرات الدموية     VEGFو    TGF-B1و    NF-KB( و   TOSالكلية )

 ووظيفة  الكبد والكلي مع عدم وجود علامات السمية. 

ال المجموعة  في  أقل عددا  المثانة أصبحت  في جدار  الموجودة  بان عدد الإصابات  الدراسة  كذلك كشفت  و  السرطانية.  بالمجموعة  مقارنة  معالجة 

و    المرضية  النسيجية  النتائج  في  ملحوظ  نتائج    VEGFو    TGF-B1و     NF-KBو    TOSلوحظ تحسن  اشارت  و   . العلاجية  المجموعة  في 

كلى.  نجح الثيموكوينون في تثبيط الخلايا  بيانات السلامة لاستخدام الثيموكوينون بانه لا يوجد آثار جانبية سلبية على الدم و على وظيفة و الكبد و ال

المادة هي تأثيرها القيم كمضاد للالتهابات والأكسدة. تشير هذه النت لفعالية  ائج الى ان  السرطانية بشكل ملحوظ.  يمكن أن تكون الاليات الأساسية 

 الثيموكوينون يمكن ان يكون مادة فعالة وآمنة في تحسن سرطان المثانة.  
 الثيموكوينون، آثار جانبية سلبية،  BBNالكلمات المفتاحية: سرطان المثانة، تجربة علاجية، 
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Introduction  
Bladder cancer is one of the most 

common genitourinary malignancies worldwide, of 

which the majority (about 90%) of bladder cancer 

cases are confirmed to be urothelial cell 

carcinoma  (1).  About 70% of patients with bladder 

cancer have non-muscle-invasive bladder cancer 

and the rest have muscle-invasive bladder cancer; 

approximately one-third of patients with non-

muscle invasive bladder cancer will progress to 

muscular-invasive bladder cancer. Urothelial 

carcinoma is characterized by high recurrence and 

distant metastasis, which are the main reasons for 

its poor prognosis (2). Various therapeutic 

approaches including immunotherapy, 

chemotherapy, radiotherapy and surgical operations 

for treating bladder cancer have been attempted in 

the last decades and no one is without limitation, 

and recently no ideal treatment options are 

available (3, 4). Therefore, it is necessary to further 

explore a novel therapeutic option with safer 

profile for the treatment of urothelial carcinoma. 

Furthermore, many previous work have 

investigated the potential chemopreventive effects 

of various phytochemicals in ameliorating  the 

initiation and progression of urothelial cancer (5,6). 

However, the therapeutic and curative effect of a 

promising pharmacological option such as 

thymoquinone (THQ) for suppression of tumor 

lesions and progression toward distant metastasis 

need to be elucidated. Therefore, attempts to find a 

novel strategy for attenuation and suppression of 

tumor growth is of advance need.  

Thymoquinone (THQ) has been 

demonstrated to have antioxidant, anti-

inflammatory and immunomodulatory activities (7- 

9), it is regarded as a promising agent for treating 

cancer. The previous researches have demonstrated  

that THQ has antitumor effects on various kinds of 

cancers, such as breast cancer, osteosarcoma, 

glioblastoma and bladder cancer (10-

14).  Furthermore, an in vivo study has reported that 

THQ has a potential to inhibit the growth of tumors  
(15). Previous studies have also confirmed that THQ 

can inhibit the invasion and metastasis in various 

types of cancers (16, 14). However, few studies have 

examined the potential effect of THQ on tumor 

growth and progression in bladder carcinogenesis 

and no study has been carried out on the 

suppressive and curative efficacy of THQ in 

bladder cancer.  Therefore, the aim of the study 

was to investigate the potential suppressive and 

curative ability of THQ on N-butyl-N-(4-

hydroxybutyl) nitrosamine (BBN)-induced urinary 

bladder carcinogenesis in albino rats and to assess 

the safety profile of this bioactive substance in the 

study.  

 
 

Material and Methods 
Animals and induction of bladder cancer  

The experiment was carried out on 22 six 

to eight weeks -old male Wistar albino rats of 160-

180 g weight, they were obtained from the animal 

house of University of Sulaimani. The induction of 

bladder cancer was performed by using 0.05% N-

butyl-N-(4-hydroxybutyl) nitrosamine (BBN); 

BBN was from TCI Tokyo Chemical Industry Co., 

Ltd., Japan with a concentration of 97.4% it was 

diluted to 0.05% in water and administered ad 

libitum. The animals had also free access to food. 

The induction period has been decided based on the 

previous studies with few modification (5,17). The 

drinking water has been changed every day and 

water bottles were covered with aluminum foil to 

prevent light exposure (18). Ultrasound sonography 

for the bladders was used to detect bladder wall 

thickness and urothelial changes in order to 

confirm the tumor induction. This procedure was 

carried out under light anesthesia in horizontal and 

sagittal sections using a 12-MHz linear transducer 
(19).  
 

Experimental design and ethical consideration 

The rats were acclimatized in plastic cages 

at temperature 25 ± 1 °C and relative humidity 50 

to 70%. with a 12/12-hour circadian cycle for one 

week. The rats were randomly classified into three 

groups:  

G1: Control Group (n=6) the animals were received 

only tap water during the study. 

G2: BBN Carcinogen Group (n=6) animals had 

0.05% BBN in drinking water for 9 weeks for 

tumor induction. Then this group was left solely 

with tap water till the end of the experiment (week 

20) for cancer progression and tumor growth.  

G3: Treatment Group (n=10) BBN-Thymoquinone 

Group, BBN 0.05% was given in the drinking 

water for 9 weeks for tumor induction. 

Thymoquinone 50mg/Kg (from Glentham Life 

Sciences- United Kingdom) was given orally one 

week prior to the last dose of BBN (i.e week 8) and 

continue to be given till the end of the experimental 

period which was 20 weeks. All the animals in this 

period consumed their normal diet and water plus 

their treatment. All the procedures and animals 

handling were according to the guidelines approved 

by the University of Sulaimani. The study protocol 

was approved by the College of Pharmacy Ethics 

and Registration Committee. The protocol of this 

study was obtained from a previous work with few 

modifications (17) and the dose of THQ was selected 

based on the previous studies (20,21). The 

experimental protocol is summarized in Figure 1. 

At the end of 20th weeks, the rats were sacrificed to 

investigate the therapeutic approach of THQ on 

macroscopical, microscopical and biochemical 

parameters.  
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Blood collection and harvesting of bladder  

Blood: At the end of week 20, blood was 

collected from all the rats. At first, the animals 

were hypnotized with chloroform inhalation, then 

the blood immediately obtained from the heart and 

then collected in a tube without anticoagulant for 

serum collection and EDTA tube for complete 

blood count (CBC) test.  

Organs: after animal scarification and before 

removal of the bladder, the bladder inflated with 

10% formaldehyde through urethral catheterization, 

then a ligature (suturing silk) tied around the 

bladder neck to keep appropriate distention and to 

ensure clear photographing after fixation (Figure 

2), then the bladder was removed and kept in 10% 

formaldehyde. After 24 hours, it was cut off and 

photographed for gross assessment.  
 

 
Figure 1. Schematic diagram of the study design 

 

 
 

Figure 2. Filling the bladder with 10% of 

formaldehyde via catheterization for pre-

fixation of tumor lesion followed by ligation of 

bladder neck with a thread to prevent emptying 

of bladder. 
 

Outcome measures 

Quantitative macroscopic evaluation  

For macroscopic quantitative analysis, the 

number of lesions per each rat and the total number 

of the lesions per each group were recorded and the 

surface area of the lesions were calculated by using 

Image J software program.  
 

Microscopic evaluation 

Following macroscopic assessment, 

histopathological evaluation was also done for 

abnormal morphological alterations. Pre-fixed 

tissues were gently dehydrated and embedded in 

melted paraffin blocks. With the aid of semi-

automated rotary microtome, paraffinized tissues 

were sectioned to 5 µm. Then after, the tissue 

sections were fixed on glass slides, dried on hot 

plate then deparaffinized and cleaned with two 

steps xylene changes, later on placed in a hot oven 

at 50ᵒC for 30 minutes. Finally, bladder sections 

were stained with Harris’s hematoxylin and eosin 

solution, cleaned with xylene and cover slipped, 

then examined and evaluated quantitatively under 

light microscope. 
 
 

Redox Status, inflammation, proliferation and 

angiogenesis assessment 

Serum was separated after blood 

collection by centrifugation at 5000 r.p.m. for 10 

minutes, then stored at -70ºC. Serum levels of the 

following biomarkers were measured: Total 

Oxidant Status (TOS), Nuclear factor kappa-B 

(NF-KB), Transforming growth factor beta-1 

(TGF- β1) and Vascular endothelial growth factor 

(VEGF), using Rat ELISA kit from Bioassay 

Technology laboratory, Harborne Road, 

Birmingham, England respectively.  
 

Safety profile for thymoquinone  

The hematological indices, renal and liver function 

test were measured to evaluate the safety of THQ 

in the studied dose.  

Statistical analysis 

The analyses were performed with the 

help of GraphPad prism 9.4.0 software. Ordinal 

quantitative variables were expressed as means and 

standard of error of mean (SEM). The differences 

between the groups were determined by One way 

ANOVA test. In all cases, the level of statistical 

significance was set at p<0.05.  
 

Results 
Confirmation of bladder urothelial changes  

The bladder urothelial changes and 

formation of the lesions were confirmed by 

ultrasound imaging at week 20.  Figure 1 

demonstrates a representative rat with changes in 

the bladder wall. 
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A. Ultrasound view 

 
B. Macroscopic view 

Figure 3. Ultrasound imaging (Sonography) of 

the bladder of a representative rat with cancer 

induction at week 20.  A. Ultrasound view shows 

the projection of the lesions from the bladder 

wall. B. Macroscopic view shows large visible 

lesions.   
 

Macroscopic evaluation of the urothelial lesions 

The formaldehyde pre-fixed bladders were 

opened and photographed then the images were 

analyzed by Image J software program (Figure 4). 

The percentage of rats with tumor in each group, a 

number of lesions per each rat, and the surface area 

of the lesions per rat were then evaluated (Table 1). 

The incidence of lesions formation in THQ-treated 

group was lower (50%) in comparison with 

carcinogen group (83%). The mean number of 

lesions per rat in THQ-treated group (1.5± 0.54) 

was also lower than in carcinogen group (4±1.16). 

The surface area of lesions per rat was remarkably 

smaller in THQ-treated group (2.19±0.8) than in 

carcinogen group (16.28±11.39) but the difference 

was statistically not significant.  

Table 1. Macroscopic evaluation of the 

urothelial lesions 

 
Control 

(n=6) 

Carcinogen 

(n=6) 

Treatment 

(n=10) 

Rats with 

lesions (%) in 

each group 

0 83% (5 in 6) 
50% 

 (5 in 10) 

Number of 

Lesions per 

rat 

(mean±SEM) 

0 4±1.16* 1.5± 0.54* 

Area of the 

lesions (mm2) 

per rat 

(mean±SEM) 

0 16.28±11.39* 2.19±0.8* 

Values are expressed as percentage and 

mean±SEM (Standard error of mean). Mann 

Whitney test was used to determine the differences 

between different groups. * indicates statistically 

significant difference with control group (p-value 

<0.05)  
 

Macroscopic appearance of the urothelial wall in 

the representative animals of the three group is 

shown in figure 4. The control group which 

received only tap water shows a normal appearance 

of the bladder, however the bladders of the 

carcinogen group show multiple large visible 

lesions with clear hypervascularization an indicator 

of neoangiogenesis. In THQ-treated group there is 

a remarkable reduction in the number of lesions
 

 
Figure 4. Macroscopic evaluation of the bladders at the end of week 20. Represented by two bladders in 

each group. A. Control group; received only tap water. B. Carcinogen group; had 0.05% BBN for 9 

weeks. C. Treatment; received 50mg/kg thymoquinone orally for 12 weeks starting from week 8 to 20. 
 

Microscopic histomorphology analysis 

For microscopic examination, 

morphometric changes such as hyperplasia, 

dysplasia, papillary or nodular hyperplasia and 

infiltrative growth together with atypia and 

neoplastic transformation of urothelium was 

observed. Table 2 shows the lesion scoring and 

grading system of bladder sections. Control group 

shows a normal urothelial pattern in comparison 

with carcinogen group. At week 20 data analysis in 

the THQ-Treated group that received 50mg/Kg of 

THQ for 12 weeks starting from week 8 to the end 

of trial demonstrate significant improvement in the 

abnormal morphological growth in the urothelium, 

evident by noticeable reduction in the hyperplasic 

area, high grade dysplasia, suppression of the 

papillary growth as well as infiltrative and 

carcinoma in situ growth in comparison with N-

Butyl-N-(4-hydroxybutyl) nitrosamine (BBN) for 9 

weeks, and show highly significant preneoplastic 

glandular-like growth (NG), manifested by large 

acinar-like proliferation, together with infiltration 

growth (IG) toward the lamina propria (Figure 5).  
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Table 2. Histological quantitative evaluation of urothelium neoplastic changes at week 20 
 

Experimental 

Groups 

N=10 

Hyperplasia# 

(Mean%)** 

Dysplasia# 

(Mean%)** 

Papillary 

growth* 

(Mean %)** 

Infiltrative 

growth* 

(Mean %)** 

Carcinoma in 

situ (Cis)* 

(Mean %)** 

Lesion 

Scoring 

(0 -100%) 

Lesion 

Grading 

Neoplastic 

Grading 

G1†-Control 2.56 % A 0.38 % A 0.59 % A 0.08 % A 0.04 % A 10-50 % normal No atypia 

G2-

Carcinogen 

75.48 % E 81.43 % E 77.81 % E 84.25 % E 92.46 % E 75-100 % critical grade Invasive 

G3-

Treatment  

44.92 % C 47.33 % C 38.69 % C 32.51 % C 46.72 % C 25-50 % medium grade Dysplasia 

 

Notes: *Area of papillary like growth, infiltrative growth, and carcinoma in situ were estimated in (µm). #Hyperplasia and dysplasia were estimated in calculated counted 

cell number. **Each value represents mean percentage of (n=10). Statistical comparison among groups: Mean values with different capital letters have significant differences 

at (P < 0.05). †: G1: Control group received only the vehicle G2: Carcinogen group received N-Butyl-N-(4-hydroxybutyl) nitrosamine (BBN) for 9 weeks. G3: Treatment 

group received BBN for 9 weeks and thymoquinone 50mg/Kg for 12 weeks staring from week 8 to 20. 

 



Iraqi J Pharm Sci, Vol.32( 2 ) 2023     Ameliorative effect of thymoquinone against chemically induced urothelial cancer 

155 
 

 
Figure 5. Photomicrograph of urinary bladder at week 20 from groups; G1: Control group received tap 

water for 20 weeks, reveal no obvious morphological changes, apparent by typically aligned urothelial 

epithelium (EP), together with classically appeared lamina propria (LP) with the presence of mildly 

congested blood vessel (BV) with normally appeared smooth muscle fibers (SM). G2: Carcinogen group 

received N-Butyl-N-(4-hydroxybutyl) nitrosamine (BBN) for 9 weeks, display extremely significant 

preneoplastic glandular-like pattern in growth (NG), demonstrated by large acinar-like proliferation, 

with many areas of inflammatory exudates (EX) in between, the section also shows infiltration of 

mononuclear inflammatory cells (yellow arrows). Moreover, there is moderate significant vascular 

congestion within the submucosa (BV). G3: Treatment group received BBN for 9 weeks with 

thymoquinone 50mg/kg for 12 weeks staring from week 8 to 20, shows significant low-grade epithelial 

hyperplasia (HP) together with clear and significant preneoplastic glandular pattern of growth (NG), 

with evidence of new angiogenesis (AG) and low-grade dysplasia (yellow arrow). Presence of some 

congested blood vessels (BV). H&E. Scale bar: 4 mm. 

 

Serum level of total oxidant status (TOS)  

The TOS was significantly increased in 

carcinogen group in comparison with the control 

group. TOS was mitigated in treatment group 

(50mg/Kg of THQ for 12 weeks) in non-significant 

manner in comparison with carcinogen group 

(Figure 6). 

 
 

Figure 6. Serum level of Total oxidant status 

(TOS) in different groups, Nuclear Factor 

Kappa B (NF-κβ) in different groups at week 12. 

Values are presented as mean ± SEM. * P-value 

<0.05, ** P-value <0.01 are statistically 

significant.  
 

Serum level of nuclear factor kappa β (NF-kβ) 
 

At week 20, serum level of NF-kβ 

significantly elevated in carcinogen group and 

treatment group in compare to the control group 

(Figure 7).  

 

 
Figure 7 Serum level of NF-kβ in different 

groups, Nuclear Factor Kappa B (NF-κβ) in 

different groups at week 20. Values are 

presented as mean ± SEM. * P-value <0.05, are 

statistically significant.  
 

Serum level of transforming growth factor beta 

(TGF-β) 

The elevation of the serum level of TGF-β 

and VEGF in carcinogen group was significant 

compared to the control group. We observed that 

THQ as a treatment approach (starting from week 8 

to week 20) mitigated TGF-β and VEGF in non-

significant manner compare to BBN treated group. 
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Table 3 Effect of thymoquinone on serum level of Transforming growth factor-Beta 1 (TGF-β1) and 

vascular endothelial growth factor (VEGF) in different groups at week 20  
 

Biomarkers Control Group Carcinogen Group Treatment 50 Group 

Serum Transforming 

growth factor-Beta 1 

(TGF-β1) mean±SEM 

95.12±13.97 165±10.79* 126.6±9.896 

Serum vascular 

endothelial growth factor 

(VEGF) mean±SEM 

189.2±23.46 296.9±42.28* 254.7±15.09 

Values are presented as mean ± SEM. * P-value <0.05 are statistically significant with the control.  

 

Effects of thymoquinone on hematological 

parameter 

Different hematological indices have been 

measured at the end of the experiment to 

investigate   the   safety   profile   of   THQ   in   the 

 

 

chemically induced-bladder cancer model. Our 

finding reveals non-significant differences between 

all groups (Table 4).   
 

Table 4. Effects of thymoquinone on hematological parameter 
 

 Parameters  Control Carcinogen Treatment 

WBC 11.77±2.708 9.278±2.201 12.16±1.479 

Neutrpohil % 27.3±0.6083 24±1.058 25.51±1.844 

Neutrpohil 3.047±1.005 2.203±0.4826 3.163+0.4464 

Lymphcoyte 5.743±1.754 6.205±1.409 6.67±0.4687 

Lymphcoyte % 59.38±4.844 67.48±0.9911 65.55±2.124 

Monocyte 0.9125±0.2844 0.7025±0.2593 1.031±0.213 

Monocyte % 7.2±1.97 7.05±0.9836 8.033±0.7219 

Eosinophil 0.0975±0.02955 0.1375±0.07181 0.05667±0.0115 

Eosinophil % 0.4667±0.08819 1.15±0.5204 0.45±0.06798 

RBC  7.44±0.316 7.44±0.1377 7.458±0.1539 

HGB 14.7±0.5583 14.85±0.1658 14.96±0.3755 

HCT 40.58±1.409 39.6±0.5958 40.43±1.042 

PLT 595.3±48.45 645±21.84 594.6±58.04 

PCT 0.4497±0.03824 0.4555±0.01867 0.4639±0.01307 

MPV 8.075±0.5437 7.05±0.06455 7.542±0.1323 

PDW 9.533±0.1202 8.2±0.2082 9.775±0.3852 

P-LCR 20.93±1.135 17.53±0.5603 20.9±1.036 

Values are presented as mean ± SEM.  
 
Effects of thymoquinone on renal and liver 

function  

After measuring different renal and hepatic 

parameters of the animals at week 20 of the study, 

the data revealed that the effect of THQ on renal 

and  

 

liver function parameters compare to the negative 

group and BBN group was not significant except 

serum creatinine was significantly elevated in 

THQ-treated group in compare to control group. 

(Table 5). 
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Table 5. Effects of thymoquinone on renal and liver function 

Values are presented as mean ± SEM. *** highly significant with the control group  

Discussion 
Bladder cancer remains one of the most 

frequent malignancies that endanger people's health 

worldwide. The progression and metastasis after 

tumor initiation sometime is inevitable. Various 

preclinical; in vitro and in vivo studies have been 

conducted to mitigate the development and 

progression of BC. Additionally, many preventive 

strategies have been investigated to reduce 

morbidity and the recurrence rate especially in high 

risk people. Various phytochemicals have been 

then investigated during the recent years as 

potential chemopreventive agents for BC (22). 

Thymoquinone has emerged as a highly promising 

option in the recent years for the prevention of 

numerous cancers (16,23,24). To our knowledge this is 

the first study that investigates the curative efficacy 

of THQ in a chemically-induced bladder cancer. 

The principal findings of this study were 1) BBN 

was successfully induced the morphometric 

changes in rat’s bladder. 2) THQ exerted a 

potential curative efficacy in amelioration of 

abnormal morphological growth in the urothelial 

wall in compare to BBN-carcinogen group. 3) 

Total oxidative status of the BBN-carcinogen 

group was significantly enhanced, this was 

attenuated in THQ-treatment group, but the 

difference was not significant. 4) Non-significant 

reduction has been observed in the serum level of 

inflammation, proliferation and angiogenesis 

biomarkers in THQ-treatment group. 5) A 

favorable safety profile for THQ has been adopted 

based on biochemical and hematological 

parameters.  

To be mentioned BBN is an organ specific BC 

inducer. Exposure to BBN may occur due to 

inhalation of N-nitroso compound found in tobacco 

smoking. Furthermore, environmental and 

infectious metabolite partly accounts for BBN 

toxicity (25). BBN has been used in animal studies 

to induce bladder cancer, several factors interfere 

with the urothelial lesion induced by BBN, such as: 

time of exposure, concentration of BBN, strain and 

species (26).  

 

Various models have been developed for induction 

of BC in experimental animals (27). The present 

study used BBN model because it resembles the 

human disease in histological characteristics,  BBN 

can be given orally in drinking water and it is 

metabolized into an urothelium carcinogenic agent, 

namely N-butyl-N-(3-carboxypropyl)-nitrosamine, 

which has direct carcinogenic effect on urinary 

bladder epithelium (25). In the present study, all rats 

exposed to BBN in carcinogen group developed 

urothelial lesions with many pathological 

conditions which is characterized by hyperplasia, 

dysplasia, papillary or nodular hyperplasia and 

infiltrative growth together with atypia and 

neoplastic transformation of urothelium. In the 

quantitative evaluation of urothelial wall, there was 

a significant reduction in the mean percentage of 

the above mentioned abnormal morphological 

changes in THQ-treated animals in which 

50mg/Kg/BW of THQ was given for 12 weeks 

starting one week prior to BBN administration. The 

improvement in the histopathological pattern of 

urinary bladder with the intake of THQ are in line 

with other experimental studies in which THQ was 

tried for suppression and treatment of neoplastic 

changes as evidence in colon (28) , renal (29) and 

other cancer models (30).  

A treatment trial with THQ 50mg/Kg mitigated 

oxidative stress but the difference was statistically 

not significant in comparison with BBN only 

treated group. This finding is in tune with the 

several previous studies in which THQ displayed 

antioxidant potential against carcinogens-induced 

oxidative injury via various mechanism including 

up-regulation of anti-oxidant and cytoprotective 

enzyme levels such as superoxide dismutase, 

catalase, glutathione reductase, glutathione 

peroxidase that can combat the oxidative stress-

induced tumorigenesis (31). The present study 

further explored the other contributing factors 

associated with BBN-induced changes in the 

urothelial wall including inflammation, 

proliferation and formation of new blood vessels, 

therefore the effect of THQ on the most relevant 

biomarkers such as NF-kβ and TGF-β and VEGF 

Parameters  Control Carcinogen Treatment 

Albumin  3.563±0.06957 4.09±0.1449 3.968±0.06859 

ALP 160.7±14.33 134.4±7.264 151.9±9.557 

ALT  37.4±3.762 36.98±4.14 42.16±2.825 

AST 150.1±11.77 158.4±15.78 170±8.235 

Bilirubin  0.075±0.00497 0.0702±0.007749 0.0959±0.00869 

BUN 16.33±0.8819 14±0.5477 15.22±0.7027 

Serum Creatinine 0.29±0.01581 0.382±0.0102 0.405±0.01863*** 

Uric acid  1.4±0.1826 1.7±0.1958 1.478±0.1128 

Urea  35.43±1.964 29.76±1.096 33.92±1.63 
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were evaluated. Thymoquinone as a suppressive 

approach in post- tumor induction exerted a non-

significant reduction in all these biomarkers. This 

finding is inconsistent with other previous studies 

that documented an obvious anti-inflammatory 

property of THQ (32,33) as THQ was  effective in 

suppressing  NF-KB-mediated activity and 

preventing cancer progression in colon cancer 
(34,35). Additionally, THQ exerted antitumor effect 

on bladder cancer in other experimental in vitro and 

in vivo models via down regulation of NF-Kβ and 

its regulated pathway such as X-linked inhibitor of 

apoptosis protein (XIAP) (36). However, the non-

significant effect in this study might be related to 

the dose and duration of THQ administration which 

might be not sufficient to exert anti-inflammatory 

action in this model.  

The effect of THQ on TGF-β was also showed a 

statistically non-significant changes in this 

biomarker which inconsistent with the efficacy of 

THQ in downregulating TGF-β/Smad2/3  as an 

essential intracellular signaling in prostate cancer 

cell line (16).  Furthermore, another study on 

hepatocellular carcinoma in vivo model, confirmed 

the ability of THQ in inducing apoptosis via 

downregulating Bcl2 and transforming growth 

factor-beta 1 (TGF- β1) alongside with 

upregulating TNF-related apoptosis-inducing 

ligand (TRAIL) and caspase-3 (37).  Transforming 

growth factor-β1 (TGF-β1) is a multifunctional 

cytokine that regulates cell proliferation, growth, 

differentiation as well as cell movement (38). In the 

present study, a non-significant change has been 

observed in the serum level of TGF- β1 after 12 

weeks of the administration of 50mg/Kg TQ, it 

seems that TQ has a modulatory effect on TGF-β1 

signaling pathway for suppression of tumor growth 

and progression of cancer.   

To investigate the inhibitory effect of THQ on 

tumor-angiogenesis, the present study evaluated 

VEGF as a biomarker of formation of new blood 

vessels. The results showed that THQ exerted a 

non-significant alteration in the serum level of this 

biomarker, this was not comparable with the 

previous in vivo study which was conducted by Al-

Trad et al. to investigate the role of 50mg/Kg orally 

administered THQ against the development of 

benign prostatic hyperplasia in six Wistar rats for 

two weeks. The finding of that study emphasized 

on the THQ’s ability in the amelioration of VEGF 

level in the treated group as well as prostate 

weight/body weight ratio, epithelial hyperplasia, 

serum interleukin 6 (IL-6) levels, and the 

expressions of TGF-1(39). 

Additionally, another study conducted on 

osteosarcoma to investigate the antitumor and anti-

angiogenic effects of THQ in vitro and in vivo,  

stated that THQ treatment significantly suppresses  

angiogenesis via  downregulating the expression of 

VEGF in these models of osteosarcoma (40). 

The safety profile of anticancer agents is one area 

that needs attention since it frequently puts some 

efficacious anticancer medications in jeopardy. As 

per current understanding, THQ is recognized as a 

harmless phytochemical compound that potentially 

have many beneficial effects including 

cardioprotective (41), nephroprotective (42), 

hepatoprotective (43), neuroprotective (44),  

gastroprotective (45) effects in various animals and 

human models. As anticipated for this class of 

medications, THQ therapy in our trial was 

associated with a safe haematological and 

biochemical data, including a safe value for the 

functions of kidney and liver which is in agreement 

with what would be expected for this compound. 

The most recent clinical study has reported a 

favorable safety profile for THQ in a phase I 

clinical trial on healthy individuals (46).  

In the present study, THQ shows no significant 

effect on hematological profile. Our finding has 

been supported by Ong et al (47) who reported that 

THQ administration for 28 days to male BALB/c 

mice resulted in no significant changes in 

hematological parameters.  

Our study reveals that the effect of THQ as a 

treatment approach on liver enzymes (ALT, AST 

and ALP) was not significant in compare to control 

and carcinogen group. Several in vivo studies 

demonstrated hepatoprotective effects of THQ via 

attenuation of reactive oxygen species and 

mitigation of inflammation (43,48).  

The nephroprotective potential of THQ against 

kidney damage was confirmed in several animal 

based experimental model of kidney injury (42,49). It 

has been found that oxidative stress is a leading 

cause of renal damage, for this reason anti-oxidant 

effect of THQ is considered the main mechanism 

by which THQ protect kidney against nephrotoxic 

chemicals such as sodium nitrite (50) At week 20 no 

significant elevation has been noted in all renal 

function parameters THQ-treated group compared 

to the other groups, except serum creatinine level in 

the treatment group with 50mg/Kg for 12 weeks 

was significantly higher than the control group in 

which the rats received only the vehicle, this result 

is not in agreement with the findings of Guo et al. 

in which THQ significantly reduced the serum 

creatinine and blood urea nitrogen levels and 

alleviating the sepsis-induced acute kidney injury 
(51). The finding of the current study might be 

related to inability of THQ in the studied dose and 

duration in reversing the abnormal alteration in 

renal cells which has been happened by BBN-

carcinogen agent. Further studies are required to 

elucidate the effect of THQ in different doses and 

different models of carcinogenesis.   
 

Conclusion  
In conclusion, THQ exerted an 

ameliorative effect on abnormal morphological 

growth in the urothelium in a rat model of bladder 
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cancer. This might be due to antioxidant and anti-

inflammatory properties of THQ. This finding is 

promising in implementation of THQ alone or as a 

safe adjuvant therapy for the treatment of the 

development of bladder cancer.  
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