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ABSTRACT

Objective: One of the goals of the study was to investigate the expression pattern of Bmi1 of treated hamsters with piperine 
after experimentally induced HBP carcinoma. Subjects and methods: Thirty male Syrian hamsters were randomly split into three 
groups (G(s)) of ten. Hamsters in groups II and III had 7, 12-dimethylbenz (a) anthracene (DMBA) painted into their right hamster 
buccal pouch (HBP) three times a week for 14 weeks, whereas hamsters in group I (control) were left untreated for 22 weeks. 
After that, the animals in GII (positive control) were left with no additional treatment for other 8 ws (total period 22 ws), whereas 
those in GIII were treated by piperine (50 mg/kg, orally) daily for 4ws, and then, animals were left with no additional treatment for 
other 4 ws (total period 22 ws). After termination of the experiment, After euthanizing the animals, HBP were surgically removed, 
cleaned, fixed, and processed for a histological analysis and categorization using H&E stain, and immunohistochemical (IHC) 
staining utilizing Bmi1 cancer stem cell(CSC) antibody. Results: The gap between GII and GIII was statistically very significant 
(p value < 0.001) regarding to tumor volume, depth of invasion( DOI) and regarding nuclear expression of Bmi1which revealed 
that, GI had the smallest average surface area (9.71%), whereas GII had the largest average surface area (65.88%), followed by 
GIII Conclusions: Piperine could inhibit HBP squamous cell carcinoma (SCC) in addition to, downregulation of Bmi1 can predict 
the therapeutic potential of piperine in HBP SCC.
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INTRODUCTION 

In Egypt, oral cancer ranged from 3.546% to 
9.6639% of total number of reported malignancies 
from 2016 to 2021 Although oral squamous cell 
carcinoma (OSCC) is the most common malignancy 
of the oral region with 59.49 % (1). OSCC refer to any 
malignant development in the mouth, lips, tongue, 
or throat is called oral cancer. Lip, cheek, gum, 
floor of mouth, soft and hard palate, sinuses, tonsils, 
salivary glands, and throat tumors are all part of 
this deadly malignancy(2). Premalignant dysplastic 
lesions, such as erythroplakia, leukoplakia, lichen 
planus, or a combination of these disorders  may lead 
to the development of oral squamous cell carcinoma 
(OSCC (3). Exposure to well-known carcinogens 
including alcohol, cigarettes, betel nut, and human 
papillomavirus (HPV) infection, especially in the 
presence of premalignant lesions, may increase 
the risk of OSCC development. Once OSCC have 
formed, tumor cells may extensively infiltrate 
neighboring tissues and lymph nodes in the neck, 
eventually spreading to other parts of the body (4,5). 
Histological classification of OSCC often includes 
well-differentiated cells that closely resemble 
normal surface epithelium and nests of tumor cells 
that destroy the basement membrane. Disorganized 
development, dyskeratosis, loss of polarity, keratin 
pearls, a high nuclear-to-cytoplasmic ratio, and 
increased mitotic figures (including atypical forms) 
are all hallmarks of OSCC (6).  Mitotic features and 
necrosis are more common in poorly differentiated 
OSCC correlate positively with metastatic 
potential(6). It has shown that DMBA is an effective 
site specific carcinogenic agent for inducing oral 
carcinogenesis(7). There has been progress in OSCC 
diagnosis and treatment approaches in recent 
years, but the 5-year survival rate is still rather 
low(8). Eighty percent of all synthetic medications 
are derived from natural medicinal plants(9). These 
plant-based active chemicals have been shown to 
considerably enhance the treatment of cancer(10). In 
this light, numerous natural compounds, including 
piperine, have been studied for their potential 

anticancer effects. Piperine’s anti-cancer activities 
are based on its ability to regulate multiple signaling 
molecules, including those involved in preventing 
cell growth(11), stopping the cell cycle(12), causing 
DNA damage in tumor cells, triggering apoptosis, 
and shifting redox balance(13) Self-renewing and 
asymmetrically dividing cells are what give CSCs 
their name, which is considered the main cause 
of cancer cell development, metastasis, and tumor 
recurrence after therapy. Recent research shows that 
CSC targeting as a therapy approach for cancer has 
showed promise (14,15). CSC indicators that may be 
beneficial in therapeutic, diagnostic, and prognostic 
methods are highlighted, with special attention paid 
to the most lethal of malignancies, OSCC(16).

High levels of Bmi1 expression in cancer were 
associated with EMT and a dismal outcome.  Bmi1 
expression is commonly uncontrolled in a wide 
range of human malignancies, according to a large 
body of research (17, 18).

Thus, the primary purpose of this investigation 
was to evaluate piperine’s effect on DMBA-induced 
HBP cancer. The evaluation relied on the HBP gross 
findings, the histological alterations in the tumor 
tissue, and the IHC expression of Bmi1. 

SUBJECTS AND METHODS

Chemicals

DMBA (0.5 percent - Sigma-Aldrich) was 
dissolved by adding   0.5 gm into 100 ml of paraffin 
oil. Corn oil was used to dissolve piperine (Sigma-
Aldrich Corporation in Steniheim, Germany).

Animals 

Five-week-old male Syrian hamsters weighing 
80-120g were purchased from a private animal 
house in Cairo.

Sample size	

Based on, Gkoulioni, et al (19) research and Annie 
W et al, (20) reported that, a sample size of 10 in each 
group, in the current study, will have 85% power 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gkoulioni V%5BAuthor%5D&cauthor=true&cauthor_uid=20683029
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to detect a difference between means of 0.53 with 
a significance level (alpha) of 0.05 (two-tailed) at 
95% confidence intervals. In 85% (the power) of 
those experiments, the p value will be less than 
0.05 (two-tailed) so the results will be deemed 
“statistically significant”. In the remaining 15% of 
the experiments, the difference between means will 
be deemed “not statistically significant”. Report 
created by GraphPad StatMate 2.00. 

Experimental design

After a week of adjustment, the animals were 
randomly split into three distinct sets of ten. HBP in 
groups GII and GIII were painted with 0.5 percent 
DMBA in liquid paraffin with a number 4 camel 
hair brush three times a week for fourteen weeks, 
whereas animals in group GI were left untreated. 
The animals in Group II (the positive control) had 
no further treatment for another 8 weeks, whereas 
those in Group III (the experimental group) were 
given piperine (50 mg/kg, orally) daily for 4 weeks, 
and then received no further treatment for another 
4 weeks .

Tumor volume measurement 

Following the completion of the trial, the right 
HBP was everted, the animals were euthanized 
by inhalation of di- ethyl ether, and the tumor 
diameters were measured using a Vernier caliper. 
Vmm3 = (4/3) [(D1/2) (D2/2) (D3/2)], where D1, 
D2, and D3 are the tumor’s three diameters (mm), 
and is the ratio of the circumference to the diameter 
of a circle, which is roughly equal to 3.14159.

Histopathological examinations

Tissue samples were sectioned, fixed in a 10% 
formalin solution, washed in an escalating ethanol 
series, and finally inserted into paraffin wax blocks. 
For histological analysis, 4-micrometer-thick tissue 
slices were cut using a rotary microtome, mounted 
on glass slides, handled, and stained with H&E.

Measurement of the depth of invasion (DOI) 

All surgical specimens were evaluated for DOI 
using H&E slides. The depth of the tumor nest 
was calculated as the distance between the surface 
epithelium’s basement membrane to the tumor’s 
center. The American Joint Committee on Cancer 
(AJCC) further divides it into three stages based on 
tumor invasion depth: minimal (≤ 5 mm), moderate 
(6-10 mm), and severe ( ≥ 10 mm)(23). DOI was 
determined using a Leica QWIN V3 image analyzer 
computer system (Switzerland) run by Leica 
QWIN V3 software at the oral and dental surgery 
department of Al-Azhar University’s Faculty of 
Dental Medicine (Boys-Cairo), Egypt.

Immunohistochemical examination 

For the standard labeled streptavidin-biotin 
approach, 3 m tissue slices were placed on positively 
charged slides to display Bmi1 antibody expression. 
After being immersed in xylene for five minutes, 
the sections underwent a Five-minute cycle of 
graded ethanol (100%, 95%, and 70%) to rehydrate 
the tissue. The slides were washed for five minutes 
each in a mixture of distilled water and phosphate 
buffered saline (PBS). For thirty minutes at ambient 
temperature, three percent hydrogen peroxide 
(H2O2) in methanol solution inhibited endogenous 
peroxidase activity. PBS was then used to clean 
the slides. The slides were then placed in 200 cc of 
citrate buffer (pH 6) in plastic jars. The jars were 
heated at 100 degrees Celsius for 15 minutes at full 
power, three times. The slides were coaling slowly 
at room temperature. The slides were then washed 
twice for 5 minutes, first in distilled water and then 
in PBS. Primary antibodies against Bmi1 were 
applied to tissue slices at a dilution of 1:100 and 
then incubated at room temperature in a humidified 
chamber overnight. After being rinsed in distilled 
water, the slides were treated to a 5-minute soak in 
PBS. The secondary antibody was biotinylated and 
incubated for 30 minutes at room temperature. After 
that, the tissue pieces were given a 5-minute wash in 
PBS. After 30 minutes at room temperature, the cells 
were washed in PBS and stained with streptavidin 



64 Hassan Ali Mohamed, et al. A.J.D.S. Vol. 28, No. 1

that had been tagged with peroxidase. After being 
treated with DAB for 2-4 minutes to induce staining, 
the tissue slices were submerged in distilled water. 
After being counterstained with Mayer hematoxylin 
for one minute, tissue slices were rinsed in running 
water. Before being mounted with DPX and coated 
with plastic for examination, the slides were given 
two 3-minute baths in 95% alcohol, followed by 
two 3-minute baths in pure alcohol. By removing 
the main antibody, we generated negative controls. 
Bmi1 was tested against breast cancer samples used 
as positive controls.

To determine the frequency of positive instances 
and the precise location of immunostaining within 
the tissues, a light microscope examination of 
immunostained sections was performed. Mean area 
percentage of IHC stainability of cells with Bmi1 
antibody was also evaluated using an image analysis 
computer system. For the purpose of statistical 
analysis, a mean value was picked from evaluations 
conducted with a low power lens (1010)).The work 
was completed at Al-Azhar University in Egypt’s 
Faculty of Dental Medicine (Boys-Cairo).

Statistical analysis

The data was recorded as a mean SD and 
then examined statistically. Using SPSS 17.0 for 
Windows, we conducted a one-way analysis of 
variance (ANOVA). Using ANOVA and the LSD 
post hoc test, we compared quantitative data from 

more than two groups with a parametric distribution. 
If the p value was more than 0.05, it was deemed not 
significant; if it was less than 0.05, it was regarded 
significant; and if it was less than 0.001, it was 
deemed extremely significant.

RESULTS

Gross observation and tumor volume:

Hamsters in each studied group, showed variable 
results in regard to HBP mucosa gross observation 
and tumor volume. The right HBP mucosa of 
all hamsters in GI appear normal, pale pink with 
neither pathological nor inflammatory changes 
(Fig.1A), also without hair loss or skin ulcers, while 
in GII the right HBP mucosa of all hamsters showed 
exophytic swellings, 3 hamsters out of 10 showed 
solitary large exophytic swelling covered by thick 
whitish membrane, while the others showed multiple 
exophytic nodules with presence of mucosal ulcers 
and  bleeding areas (Fig. 1B), 2 hamsters out of 10 
showed hair loss, and ulcers in skin side of the right 
HBP, GIII the right HBP mucosa of 4 hamsters out 
of 10 showed multiple small exophytic nodules 
with presence of thick white patches (Fig.1C), 
3 hamsters showed solitary exophytic swelling, 
while 3 hamsters showed sessile swelling covered 
by normally appeared mucosa, all hamsters didn’t 
show hair loss, skin and mucosal ulcers. 

FIG (1) (A) Photograph of HBP mucosa of GI pink in color with smooth surface and no observable abnormalities (arrow);  
(B) Photograph of HBP of GII showing multiple exophytic nodules (arrows A) with bleeding area (arrow B); (C)) Photo-
graph of HBP of GIII showing multiple small exophytic nodules (arrows A) covered by thick white patch (arrow B).
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Statistical analysis results of tumor volume:

The mean tumor volume of GIII had recorded the 
lowest value (395.20 mm3), while GII had recorded 
the highest mean tumor volume (770.92 mm3), there 
was a high significant difference between GII and 
GIII (p value < 0.001) Table (1), fig (2).

Histological findings

Histological sections of GI, using H&E stain, 
exhibited typical mucosal structure, including four 
layers of squamous cells with little keratinization 
(i.e., one layer of basal cells, and two or three layers 
of spinous and thin keratinized cells, devoid of rete 
ridges). Layers of muscle and connective tissue 
underneath the epithelium (Fig.3A), while GII:  
revealed that, 7 hamsters out of 10 exhibited well 
differentiated SCC(Fig.3B) and 3 hamsters exhibited 
moderately differentiated SCC. The invading 
epithelial islands into underlying C.T are variable in 
size, dysplastic features and keratin formation  which 
extend deeply in C.T with mean  DOI=10.02mm 
(Table 2), GIII revealed that, 3 hamsters out of 10 
showed moderate epithelial dysplasia, 1 hamster 
showed mild epithelial dysplasia, Carcinoma in 
situ was found in Two hamsters, whereas SCC with 
superficial invasion of malignant cells in the form 
of well-differentiated SCC was seen in 4 hamsters; 
this SCC was confined to the sub-epithelial area 
and did not spread to deeper regions of the C.T.  
(Fig. 3C),with mean DOI= (0 – 2.81) mm (Table 2). 

TABLE (1) Comparison between studied groups as 
regard to tumor volume.

Gs

Tumor volume   
(mm3)

Post Hoc  
analysis by LSD

Mean 
±SD Range G I G II G III

G I -- -- -- -- --

GII 770.92  
±138.23

500.72 
–951.12

-- -- 0.000

GIII 395.20 
±77.56

301.2 
–526.56

-- 0.000 --

Test value 44.931

P-value <0.001  (HS)

FIG (2) Bar fig representing tumor volume in the studied groups

FIG (3) (A) H&E stain of GI showing keratinized stratified squamous epithelium (arrow A), sub-epithelial CT layer (arrow B), and 
muscle layer (arrow C). (X200); (B) H&E stain of GII showing well differentiated SCC, with deeply invading multiple 
epithelial islands into the underlying C.T (arrows A) and keratin pearls (arrows B). (X 200); (C) H&E stain of GIII showing 
well differentiated SCC, with few and small epithelial islands into the underlying CT (arrows). (X 200). 
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Statistical analysis results of DOI:

There were high significant difference between 
GII and GIII (p value < 0.001). Table (2), fig (4)

Bmi-1 IHC results:

The IHC staining in GI using Bmi-1 antibody 
exhibited positive nuclear expression (9.71%) 
which limited to basal and suprabasal epithelial 
layer(Table.2)(Fig.5A),while in GII exhibited 
positive nuclear expression (65.88%)of the invading 
epithelial islands and negatively stained keratin 
pearl(Table.2) (Fig.5B),also in GIII Bmi-1 antibody 
exhibited positive nuclear expression throughout the 
dysplastic and invading malignant cells (31.09%) 
(Table.2) (Fig. 5C). 

3.6 Statistical analysis results of IHC staining of 
Bmi-1:

According to the data analysis, GI had the 
lowest percentage of Bmi1 (9.71%), while GII 
had the highest percentage (65.88%).There was 
highly significant between GII and GIII (p=0.001)  
(Table 3) (fig.6),

TABLE (2) Comparison between studied groups as 
regard DOI. 

DOI Post Hoc analysis by 
Mann Whitney test

Median 
(IQR) Range GI GII GIII

GI -- -- -- -- --

GII 10.02  
(8.4 – 11.63) 7.5 – 12.9 -- -- 0.000

GIII 0 (0 – 2.81) 0 – 4.8 -- 0.000 --

Test value 25.208

P-value <0.001  (HS)

FIG (4) Bar fig representing tumor volume in the studied groups.

FIG (5) (A) Bmi1 IHC staining of GI showing positive nuclear expression limited to the basal and suprabasal epithelial layer 
(arrow) (Streptavidin biotin peroxidase, X 200); (B) Bmi-1 IHC staining of GII showing positive nuclear expression of 
the invading epithelial islands(arrows A) and negatively stained keratin pearl(arrows B) (Streptavidin biotin peroxidase, 
X 200); (C) Bmi-1 IHC staining of GIII showing positive nuclear expression throughout the epithelial nests, islands and 
invading tumor cells (arrows) (Streptavidin biotin peroxidase, X 200). 
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TABLE (3) Comparison between the studied 
groups regarding the mean area percentage of IHC 
stainability of cells with Bmi1 antibody.

Bmi-1 Post Hoc analysis by LSD

Mean  
± SD Range G I G II G III

G I 9.71  
±1.87

7.12  
–12.8

-- 0.000 0.000

G II 65.88  
±10.59

45.98  
–77.02

0.000 -- 0.000

G III 31.09 
 ±7.94

20.78  
–44.98

0.000 0.000 --

Test value 48.539

P-value <0.001  (HS)

FIG (4) Chart showing the percentage of positive for Bmi-1 
positive cells across all groups.

DISCUSSION 

The morbidity and death rates for people with 
oral cancer remain relatively high despite simple 
access to the mouth cavity and major breakthroughs 
in therapy. The HBP is a valuable model for 
studying the biology, diagnosis, and therapy of oral 
carcinoma. The present study’s GI histopathology 
findings are consistent with those of previous 
researchers(21-23) Positive nuclear expression of 
Bmi1 (9.71%) was seen by IHC of GI, however it 
was localized to the basal and supra-basal epithelial 
layers and was essentially undetectable in the other 
epithelial cell layers. This finding is consistent with 

what other researchers have found(18, 24). According 
to Kalish et al. (2020) (24), Bmi1 is required for the 
self-renewal of both normal and CSCs. 

After fourteen weeks of painting DMBA alone 
on the cheek pouches of hamsters, Balakrishnan et 
al. (2022) (25) observed 100% tumor development. 
Selvasundaram et al. (2018) (26)and Manimaran et 
al.(2017) (27) found similar outcomes. The ultimate 
carcinogenic metabolite of DMBA is dihydrodiol 
epoxide, which binds to and damages DNA, leading 
to mutation and carcinogenesis. This is due to the 
procarcinogenic character of DMBA, which is 
processed by phase I enzymes such cytochrome 
P450. Furthermore, ROS has been linked to all 
three phases of carcinogenesis, with evidence 
suggesting that ROS-mediated DNA damage 
can lead to structural modifications in DNA, the 
activation of proto-oncogenes, and the inactivation 
of tumor suppressor genes, all of which contribute 
to the neoplastic transformation that characterizes 
cancer(28).

GII compared to GI (p value= 0.001), showed a 
considerably higher mean area percentage of IHC 
staining of cells with Bmi1 antibody (65.88%), 
which was present in both the epithelial layers and 
invading tumor cells. Numerous investigations 
concur with this conclusion. In head and neck 
carcinomas, namely OSCC, Herzog et al.  
(2021)(29) demonstrated that Bmi1 was required for 
EMT throughout tumor growth. Overexpression of 
Bmi1 in tumor cells has been linked to stem-like 
characteristics and the production of the EMT, which 
has been linked to increased invasion, metastasis, 
and a poor prognosis(30). Multiple tumor forms, 
including OSCC, showed strong evidence that Bmi1 
was critical to invasive potential and promoted the 
maintenance and self-renewal of CSCs(29) Patel et al. 
(2018)(31) found that inhibiting Bmi1 might suppress 
CSC self-renewal and differentiation, as well as 
the malignant biological behavior of cancer. In 
addition to being linked to lymph node metastases 
and clinical stage, Bmi1 expression was associated 
with poor overall survival, as reported by Curtarelli 
et al. (2018) (17).
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In the current study, the histopathological results 
of GIII showed that, 40% hamsters exhibited SCC 
with superficial invasion of malignant cells, It didn’t 
go further into C.T. than the sub epithelium area, 
with the mean DOI (0–2.81) mm, while 20% hamster 
showed carcinoma in situ, 30% hamsters showed 
moderate epithelial dysplasia and 10% hamster 
showed mild epithelial dysplasia. This is findings 
in consistence with that shown by other researchers 
in different tumors Gunasekaran et al, (2017) (32)  
concluded that, Research using a mouse model of 
nitrosamine-induced carcinoma of the liver found 
that oral administration of piperine mediated lack of 
benzo pyrene metabolism through a direct contact 
with cytochrome P450 enzyme, hence eliminating 
cancer severit . While piperine was reported to stop 
the cell cycle at G0/G1 phase in human cancer of 
the prostate cell lines, research by Siddiqui et al. 
(2017)(12) showed that treatment of KB cell lines 
(human epithelial carcinoma cells) with 100 and 200 
M piperine for 12 resulted in significant amounts 
of ROS synthesizing, which causes cell death by 
triggering the caspase-3 pathway in cancerous cells. 

Positive nuclear expression was seen in all 
dysplastic and invading malignant cells when 
the Bmi1 antibody was used for IHC labeling of 
GIII, with a mean percentage of 31.09 and a very 
significant difference (p value 0.001) from GII.  
There have been various studies showing that 
piperine therapy down regulates CSCs, but to the 
best of our knowledge, this is the first research to 
examine therapeutic effectiveness of piperine on 
IHC staining utilizing Bmi1 as a one of CSCs. 

Thao et al. (2021) (33) shown the effectiveness of 
piperine in limiting the formation of CSCs while being 
harmless to normal cells by creating nanoliposomal 
complexes of piperine and anti-CD133 monoclonal 
antibodies. The Wnt/ catenin pathway and nuclear 
localization of -catenin in colorectal cancer cell 
lines were both found to be blocked by piperine by 
Almeida et al. (2020) (34) Similarly, the combination 
of piperine and curcumin, which inhibits the  
Wnt/-catenin signaling pathway and, therefore, 

limits the creation of mammospheres, affects the 
self-renewal capacity of breast CSCs was shown to 
have a similar effect on these cells(35). 

CONCLUSIONS 

This study demonstrated that, piperine could 
inhibit HBP SCC formation and progression.

Bmi1 downregulation has  an inverse  proportion 
to increased degree of malignancy of HBP  SCC, in 
addition to downregulation of Bmi1 can predict the 
therapeutic potential of piperine in OSCC. 
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