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Abstract
Background and aim
Several epidemiological and experimental studies have approve that the vegetarian diet has an anticancer
effect. Capsaicin is the active botanical ingredient found in red chili peppers. While the data strongly argue
for the significant anticancer benefits of capsaicin, nevertheless, much information is required to shed light
on the anticancer molecular mechanisms to improve knowledge and suggest potential therapeutic
mechanisms for the use of capsaicin against cancer. This study aimed to investigate the effect of capsaicin
on the rate of cell division and apoptosis in the development of oral squamous cell carcinoma induced in the
buccal pouch of hamsters.

Materials and methods
The sample consisted of two groups; the first group consisted of 20 hamsters with the application of
carcinogenic 7,12-dimethylbenz(a)anthracene (DMBA) in the buccal pouch (the control group) and the
second group (the study group) also consisted of 20 hamsters with the application of DMBA in alternatively
with capsaicin. Tissue biopsies were taken from experimental animals after sacrificing. The samples were
immunostained for the detection of Ki-67 and Bcl-2 proteins.

Results
Immunohistochemical staining by monoclonal antibody to Ki-67 and Bcl-2 in the study group showed lower
expression at all stages of oral cancer development compared with their expression in the control group.
After performing the one-way (ANOVA) test, we found statistically significant differences by comparing the
expression degree of Ki-67 and Bcl-2 proteins in both study groups, where the p-value was less than 0.05.

Conclusion
We conclude from the data of our study that capsaicin has an anti-cancer role in oral squamous cell
carcinoma if applied in the digestive tract of experimental animals by inhibiting the proliferation of cancer
cells and activating apoptosis in them.
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Introduction
Several epidemiological studies have shown that individuals who follow a fruit and vegetable diet have a
significantly lower risk of developing cancer than others [1]. Strong evidence from literature confirms the
importance of phytochemicals to suppress various stages of cancer [2]. Phytochemicals could be found in
fruits, vegetables, whole grains, spices, and tea. They have shown diverse inhibitory effects against
carcinogenesis, growth, progression, and colonization of malignancy [3]. Capsaicin (trans-8-methyl-n-
vanillyl-6-nonenamide) is a homovanillic acid derivative and is extracted primarily from red chili peppers
and has been used medicinally for centuries and extensively as a pain reliever and antiinflammatory,
antioxidant, and antiobesity. Moreover, it has been proven recently its anticancer properties and has
effective results in treating a variety of cancers [4]. Capsaicin is the main pungent component of hot
peppers, soluble in alcohol and fat, with a molecular weight of 305.40 g/mol [5]. Capsaicin is easily absorbed
in the gastrointestinal tract, passes through cell membranes, and reaches a peak plasma concentration after
45 minutes [6]. Although the effect on tumor growth is not clear, several researches have indicated that
capsaicin has a therapeutic and preventive effect on cancer. Several in vivo studies have used rodent
samples and supported the antitumor activity of capsaicin [7]. The proposed anticancer mechanisms of
capsaicin include increased inhibition of the cell division and activation of apoptosis, but the main
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mechanism is still not fully understood [8].

Materials And Methods
In this study, we induced squamous cell carcinoma in the buccal pouch of 40 golden Syrian hamsters. And
investigate the expression of Ki-67 and Bcl-2 proteins on samples with the administration of chili extract
(capsaicin) with the degree of its expression without capsaicin in hamsters during the development of oral
cancer in them by 7,12-dimethylbenz(a)anthracene (DMBA). The sample consisted of 40 hamsters divided
into two groups. In the first group (the control) with 20 hamsters, oral cancer was induced by DMBA without
applying capsaicin. In the second group (study group) with 20 hamsters, cancer was induced by DMBA and
then applying capsaicin in the digestive tract. Experimental animals were sacrificed in groups of five
hamsters and at intervals (five after two weeks, five after six weeks, five after 10 weeks, and five after 14
weeks).

Chili extract (capsaicin)
The active ingredient was extracted from red pepper in the pathological laboratory in Faculty of Dentistry,
Damascus University, depending on the solubility of capsaicin in alcohol. Using a syringe, the extract was
left for six weeks covered with blotting paper (to protect against impurities) until all the alcohol had
evaporated, thus we obtained a pure extract of hot pepper [9]. Capsaicin was administered into the digestive

tract directly by a 1 cm3 syringe after diluting the extract with vegetable oil (sunflower oil) according to the
recommended dose to hamsters to avoid local and toxic effects of increasing the dose [10]. We diluted 1 ml of
concentrated capsaicin in 100 ml of sunflower oil as we found this dose to be the preferred dose for the
experimental animals and no adverse reaction occurred in them. After sacrificing the hamster, the right
buccal pouch was excised and prepared to be studied histologically.

Histological slides
Control Sample

The slides of the control sample stained with Ki-67 and Bcl-2 were examined by light microscopy and it was
found that most of these cells show nuclear expression of the stain Ki-67 and both nuclear and cytoplasmic
expression of stain Bcl-2.

Samples from the study group
Slides stained with Ki-67 and Bcl-2 were examined by light microscopy according to the three pre-divided
groups based on hematoxylin-eosin staining. Five histological squares of each report were studied on the
x40 lens. The number of cells that showed expression in the tissue layers of oral dysplasia was manually
counted, and after the cell count was completed for the five studied squares of each preparation, the
resulting numbers were placed within the appropriate field in tables designed on Microsoft Excel. It was
considered that the percentage of cells in each report is the average percentage in the five studied squares.

Results
Control sample
All samples of the control group showed positive expression of Ki-67 and Bcl-2 stain, and the expression was
distributed in basal and suprabasal cells in the two-week samples, basal and suprabasal and some squamous
cells in the six-week samples and extended to the granular layers in the 10-week samples, while the
expression included the entire layers of the epidermis in the 14 samples a week (Figures 1, 2).
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FIGURE 1: The expression of Ki-67 in the control group after 10 weeks.

FIGURE 2: The expression of Bcl-2 in the control group after 10 weeks.

Study sample
The expression was distributed in the basal layers in the two-week samples and the basal and suprabasal
layers in the six-week samples, and the expression reached the spinous layers in the 10-week samples, while
the expressiveness included the entire layers of the epidermis in the 14-week samples and no islands
appeared pre-cancerous or expressive palpable in connective tissue (Figures 3, 4).
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FIGURE 3: The expression of Ki-67 in the study group after 10 weeks.

FIGURE 4: The expression of Bcl-2 in the study group after 10 weeks.

A one-way (ANOVA) test was conducted to study the significance of the differences in the mean values of Ki-
67 expression between groups for the studied time period (after two weeks, after six weeks, after 10 weeks,
and after 14 weeks) in the study sample (Table 1).
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The studied group
The time

period studied

The number of

tissue biopsies

Average

calculation

Standard

deviation
Minimum

The

highest

rate

Computed

f-value

 p-

Value

The significance

of the

differences

Application of capsaicin

with the carcinogen

Two weeks

later
5 10.6 3.65 5 15

 13.910  0.000

There are

significant

differences

Six weeks later 5 14.20 3.19 10 18

Ten weeks

later
5 16.60 2.88 13 20

Fourteen

weeks later
5 32.40 10.06 25 50

Carcinogen application

only (control group)

Two weeks

later
5 20.40 2.70 18 25

 9.973  0.001

There are

significant

differences

Six weeks later 5 51.00 21.04 25 75

Ten weeks

later
5 67.80 12.91 45 75

Fourteen

weeks later
5 37.40 14.01 25 55

TABLE 1: The studied variable = Ki-67 protein expression ratio.
The results of the one-sided analysis of variance (ANOVA) test study the significance of the differences in the average values of Ki-67 expression between
groups of the studied time period (after two weeks, after six weeks, after 10 weeks, and after 14 weeks) in the study sample of the preventive effect
capsaicin, according to the studied group.

As it is noted in Table 1, the p-value is smaller than the value of 0.05 regardless of the group studied, i.e., at
the 95% confidence level, there are statistically significant differences in the average values of Ki-67 protein
expression ratio between at least two of the four studied time period groups (after two weeks, after six weeks,
after 10 weeks, and after 14 weeks), whatever group was studied in the study sample.

A one-way (ANOVA) was conducted to study the significance of the differences in the mean values of Bcl-2
expression between groups of the studied time period (after two weeks, after six weeks, after 10 weeks, and
after 14 weeks) in the study sample (Table 2).
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The studied group
The time

period studied

The number of

tissue biopsies

Average

calculation

Standard

deviation
Minimum

The

highest

rate

Computed

f-value

p-

Value

The significance

of the

differences

 Application of capsaicin

with the carcinogen

Two weeks

later
5 3.60 8.05 0 18

10.374  0.000

There are

significant

differences

Six weeks later 5 3.00 6.71 0 15

Ten weeks

later
5 9.00 12.45 0 25

Fourteen

weeks later
5 28.20 2.05 25 30

 Carcinogen application

only (control group)

Two weeks

later
5 32.60 3.29 30 38

81.934  0.000

There are

significant

differences

Six weeks later 5 47.60 5.59 40 55

Ten weeks

later
5 70.60 4.39 65 75

Fourteen

weeks later
5 72.80 5.40 65 79

TABLE 2: The studied variable = Bcl-2 protein expression ratio.
The results of the one-sided analysis of variance (ANOVA) test study the significance of the differences in the average values of Bcl-2 protein expression
between groups of the studied time period (after two weeks, after six weeks, after 10 weeks, and after 14 weeks) in the study sample of the preventive
effect capsaicin, according to the studied group.

It is noted in the above table that the p-value is much smaller than the value of 0.05 regardless of the group
studied, i.e., at the 95% confidence level, there are statistically significant differences in the average values 
of Bcl-2 protein expression between at least two of the four studied groups of time period (after two weeks,
after six weeks, after 10 weeks, and after 14 weeks), whatever group was studied in the study sample.

Discussion
The oral mucosa consists of stratified epithelium; this stratification is the result of successive cell
proliferation and differentiation [11]. Proliferation is characteristic of generating cells in the basal layer of
the stratum corneum. Differentiation begins when dividing cells detach from the extracellular matrix, and
when dividing cells mature, they are pushed toward the outer surface by pressure generated by cell
proliferation in the basal layer [12]. Cell proliferation, a vital biological process is one of the important
factors that aid in the histological classification of tumors and is a potential indicator of tumor response to
treatment and relapse. Several studies have reported that abnormal cell proliferation may be a predictor of
tumorigenesis [13]. Several immunomarkers are used to detect cellular proliferation. Ki-67 is considered one
of the most available and reliable in the study of cellular proliferation [14]. On the other hand, apoptosis is
an essential barrier to cancer development and progression. Many types of cancer suppress cellular death
signals and enhance non-death signals, making cancer cells resistant to apoptosis [15]. The core
mitochondrial death pathway and the extrinsic death receptor pathway are the two major signaling systems
that activate apoptosis. In particular, the mitochondrial pathway is involved in the complete
implementation of cell death, so the mitochondria have been called the "gatekeeper" of apoptosis [16]. The
mechanism of apoptosis, related proteins, and signaling pathways for mitochondrial death have become
promising targets for new therapeutic procedures related to cancer. If, by means of chemicals, we can target
factors that contribute to suppressing the proliferation of cancer cells, and inducing apoptosis in those cells,
we may be able to stop tumor growth and even eliminate cancer cells. Phytochemicals are widely available in
nature and are cheaper and less harmful to healthy cells than other chemicals manufactured in laboratories
that are used in chemotherapy programs for cancer patients, which exhausts the patient's body and fatigues
his psyche. Capsaicin is a naturally occurring substance (hot red pepper), which has been proven in many
studies its anti-cancer effect by targeting the signaling pathways of cancer cells and eliminating them
without harming healthy cells. In our study, we found that the application of capsaicin into the hamster's
diet significantly suppressed the proliferation of squamous cell carcinoma (SCC) cells. By comparing the
degrees of dysplasia that appeared in the different stages of oral squamous cell carcinoma (OSCC)
development, we found that the degree of expression of Ki-67 in the buccal pouch of the hamster that took
capsaicin was lower than those in control group, and we found statistically significant differences between
its expression in the control group and the study group in all the time periods in which experimental animals
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were sacrificed. Our study is in agreement with that of Chen et al., where capsaicin showed clear efficacy in
inhibiting cancer cell division and decreasing Ki-67 expression in breast cancer [17]. Our study also agreed
with that of Caetano et al., where capsaicin showed an inhibitory effect on the proliferation of colon cancer
cells induced in rats [18]. We found that capsaicin induced apoptosis in cancer cells by suppressing the
expression of the mutant Bcl-2 gene. Which led to a significant decline in the progression of cancer clinically
and histologically. The results of our study are in agreement with that of Kamaruddin et al., who found an
antitumor therapeutic role for oral squamous cell carcinoma by suppressing cell proliferation and activating
apoptosis [19].

Research limitations
Our study investigated the effect of capsaicin on the rate of proliferation and apoptosis of oral squamous
cell carcinoma cells in hamsters, which is very similar to oral squamous cell carcinoma in humans, but the
metabolic activity may differ between human and hamster cells. Also, the incidence of cancer caused by
DMBA is faster than the carcinogens that can lead to cancer in humans.

Conclusions
In this study, we found by comparing the two study groups that adding chili extract (capsaicin) to the diet of
Syrian hamsters activates apoptosis by decreasing the expression of Bcl-2 protein and inhibits the
proliferation of cancer cells by decreasing the expression of Ki-67 protein in all stages of oral squamous cell
carcinoma development. We also found that the degree of cancer malignancy differed significantly between
the two study groups, i.e., the addition of capsaicin reduces the malignancy of cancer at all stages.
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