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 Background: Cancer of the oral cavity is one of the most common causes of mortality 

amongst all malignancies. Different apoptotic biomarkers were utilized to evaluate the 
severity and progression of cancer.  Survivin is a cancer gene that is silenced in 

differentiated tissues. It is used as a valid predictor for cancer initiation and for 

monitoring the response to treatment. Chemical induction of cancer could be attempted 
using different compounds as DMBA and 4NQO. 4NQO is a water soluble quinolone 

and is considered as a potent tumor inducer in oral cavity. Biological therapy using 

natural herbs and products is an effective treatment modality for many types of cancer.  
Propolis extract is a bee-metabolized resinous substance possessing multiple valuable 

biological properties. Objective: The present study was conducted to evaluate the anti-

carcinogenic effect of bio-propolis against cancer tongue induced in rats by 
administration of 4NQO. Materials & Methods: A total of 30 mature rats were divided 

into three groups: Group I (control group), Group II (cancer group) and Group III 

(propolis-treated group). 4NQO was administrated in groups II and III for 20 weeks, 
then group III received propolis for 4 weeks. By the end of the study period all rats 

were sacrificed and tongue tissues were excised for biochemical analysis and 

histopathological examination. Results: propolis-treated group showed a significant 
decrease in levels of survivin, MDA, IL-6 and TNF-α compared with cancer group. The 

treatment also resulted in a significant increase in SOD and GSH levels. 

Histopathological examination revealed invasion of malignant epithelial cells to the 
underlying lamina propria in the cancer group, while propolis-treated group showed 

moderate dysplastic changes in the surface epithelium with no invasion to the basement 

membrane. Conclusion: our results suggested that propolis exerts potent antioxidant, 
anti-inflammatory and anti-proliferative effects. Thus, we concluded that propolis could 

be considered as a promising adjuvant therapy for oral cancer.  

 

INTRODUCTION 

 

Cancers of the oral cavity and oropharynx are the sixth most common cancer in the world 

(Warnakulasuriya, 2009). The World Health Organization (WHO) reported oral cancer as having one of the 

highest mortality ratios amongst all malignancies (Stewart and Wild, 2014).  According to the 

clinicopathological characteristics “oral cancer” can be categorized into carcinomas of oral cavity proper, 

carcinomas of the vermilion border of the lip and carcinomas of the oropharynx (Saman, 2012). 

Development of cancer in humans is a multistep process. Gene mutations lead to neoplastic transformation 

(Ashkenazi et al., 2008). Mutated genes will result in cells with damaged DNA proliferating at an uncontrolled 
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rate. These cells are unable to neither repairing DNA damage nor undergoing apoptosis (Elmore, 2007). When 

mutated cell divides, it is capable of passing mutations to all of its progeny. The cellular and molecular changes 

resulting in cancer development are intervened by different endogenous and exogenous stimuli (Fulda et al., 

2010). Reactive oxygen species (ROS) are crucial stimuli in both initiation and progression of carcinogenesis 

(Durackova, 2010). ROS produce oxidative damage to the tissues and they are thus counteracted in all human 

cells by an extensive antioxidant defense mechanism. Therefore, the pro-oxidant-antioxidant imbalance can lead 

to oxidative damage resulting in cancer development (Benedetti et al., 2015).   

Apoptotic biomarkers are used to assess disease extent and severity and to predict the response to various 

treatments (Banin Hirata et al., 2014). Survivin is a cancer gene that is silenced in differentiated tissues; it 

inhibits apoptosis, promotes mitotic division and stimulates angiogenesis (Pennati et al., 2007). Previous studies 

have demonstrated the abundance of survivin expression in human cancers (Jaiswal et al., 2015). It is capable of 

down-regulating apoptosis by increasing the resistance of cancer cell to various apoptotic stimuli through 

caspase-dependent mechanism and also by blocking apoptosis in a caspase-independent fashion (Santa Cruz 

Guindalini et al., 2013).  Thus, survivin is used as a reliable marker to stratify cancer and to predict the response 

of cancer patients to chemotherapy and radiotherapy (Goričar et al., 2015).    

Several carcinogenic materials have been used for chemical induction of cancer in rats. The most widely 

used materials are 7,12-dimethylbenz (a) anthracene (DMBA) and 4-nitroquinoline 1-oxide (4NQO) (Tanaka 

and Ishigamori, 2011). 4NQO is a water soluble quinolone and is considered as a potent tumor inducer in oral 

cavity (Kanojia and Vaidya, 2006). The enzymatic reduction of the 4NQO nitro group results in the production 

of reactive oxygen species which in turn causes DNA damage (Vitale-Cross et al., 2009). 

Different treatment modalities were suggested for oral cancer depending on its site and stage. These 

modalities included surgical treatment, radiotherapy or chemotherapy (Huang and O´Sullivan, 2013). 

Nowadays, biological therapy has been proposed for treatment of many types of cancer.  It induces the immune 

system to recognize and kill cancer cells with minimal adverse effects (Segelov et al., 2014).  Different plant 

and animal extracts possessed immune-potentiating and antitumor activity; hence, they could be effective as 

adjuvant cancer biological therapy (Solowey et al., 2014).  

Propolis is a bee-metabolized resinous substance (bee glue) from plant sap and gums (Miguel and Antunes, 

2011). Propolis extract contains amino acids, flavonoids, terpenes and cinnamic acid derivatives. Different 

studies have reported its positive biological properties as antimicrobial, antioxidant, immune-stimulatory and 

anti-inflammatory effects (Chan et al., 2013). Its anti-inflammatory effect could be attributed to its ability to 

inhibit both platelet aggregation and eicosanoid synthesis (Chen et al., 2007).  

The present study was performed to evaluate biochemically and histopathologically the efficiency of Bee 

propolis in the treatment of tongue cancer. 

 

MATERIALS AND METHODS 

 

Experimental design: 

A total of thirty healthy male Wistar albino rats ageing between 8 to 10 weeks and weighing 200 – 250 gm, 

were obtained from the animal house of Medical Research Institute, Alexandria University. They were 

maintained under controlled conditions of temperature (24 ± 2 °C), light–dark periods of 12 hours and with free 

access to water and commercial diet. The international guiding principles for biomedical research involving 

animals were adopted (The Development of Science-based Guidelines for Laboratory Animal Care, 2004). 

The animals were divided into 3 groups, ten rats each. 

Group I (Control group): normal rats. 

Group II (Cancer group): Rats received 50 ppm 4NQO (Sigma Aldrich, St. Louis, USA) daily in drinking 

water for 20 weeks. 

Group III (Propolis group): After 20 weeks of receiving 4NQO, rats were treated by 1 ml/day of aqueous 

solution of Bio-Propolis (Sigma Pharmaceutical Industries (S.P.I.). For: International Business Establishment 

(IBE) Pharma), 300mg/Kg/day (Dornelas et al., 2014) for four weeks. 

By the end of the experimental period, the rats were sacrificed by an overdose intra-peritoneal injection of 

100 mg/kg Phenobarbital sodium (West Ward Pharm., USA). The tongues were longitudinally bisected for the 

assessment of biochemical parameters and histopathological examinations. 

 

Biochemical analysis: 

Tissue samples for biochemical analysis were stored at -45◦C in a deep freeze until analysis. 

 

Immunohistochemical assays: 

Rat survivin ELISA kit (MyBioSource, Inc. California, USA.) a double-antibody sandwich enzyme-linked 

immunosorbent assay (ELISA) was used to assess the level of rat survivin in tissue homogenate after 

preparation according to the manufacturer’s instructions (Lladser et al., 2011). 
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Cytokines assays: 

Cytokine production was determined by enzyme-linked immunosorbent assay (ELISA) using commercial 

kits according to the manufacturer’s instructions. IL-6 and TNF-α levels were measured using rat ELISA kits 

(cloud clone corp.-SEA079 Ra, USA). The plates were read at 450 nm using the CA-2000 ELISA micro-plate 

reader (CIOM Medical Co., Ltd., China). Cytokine levels in the samples were calculated from standard curves 

of recombinant cytokines using a linear regression method (Yazar et al., 2011) 

 

Lipid peroxidation and tissue antioxidant enzymes: 

Lipid peroxidation was determined by quantifying malondialdehyde (MDA) that formed in terms of 

thiobarbituric acid reactive substances (TBARS). Tissue samples were homogenized in Tris-HCl buffer 

(0.01µM, pH 7.4) using a REMI homogenizer (REMI Motor, Bombay, India) to generate a 10% homogenate. 

The homogenate was subjected to estimation of MDA according to (Ohkawa et al., 1979). Reduced glutathione 

(GSH) in tissue homogenate was determined calorimetrically by the method modified by (Bulaj et al., 1998). 

Superoxide dismutase (SOD) activities were assayed in the tissue homogenates by the method of (Misra and 

Fridovich, 1972). 

 

Histopathological analysis: 

Histopathological evaluation was performed under light microscope.  Specimens were immediately fixed in 

10% neutral formalin for 48 hours. Then they were dehydrated in ascending grades of alcohol and embedded in 

paraffin. Histological sections of 5µm thickness were obtained and stained with hematoxylin and eosin stain 

according to the conventional method (Bashkar, 1990). 

 

Statistical analysis of the data: 

Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. Results were 

expressed as mean ± standard deviation (SD). Analysis of variance (ANOVA) was used for comparing the three 

studied groups. Significance of the obtained results was judged at the 5% level. 

 

Result: 

Biochemical Results: 

Expression of survivin in tongue tissue: 

4NQO produced cancer after 20 weeks. Survivin level was detected by ELISA. In cancer group, survivin 

level was significantly elevated compared with control group (p < 0.001), while treatment with propolis for four 

weeks showed significant decrease in the survivin level compared with cancer group (p < 0.001) (Table 1). 

 

Inflammatory markers: 

Cancer group exhibited significant increase (p < 0.001) in levels of both IL-6 and TNF-α compared with 

control group. Treatment with propolis showed a significant decrease (p < 0.001) compared with cancer group 

(Table 1). 

 

Oxidative stress markers: 

Cancer group showed a significant increase (p < 0.001) in levels of tongue tissue MDA and a significant 

decrease (p <0.001) in both tongue tissue SOD and GSH levels compared with the control group. Whereas, 

treatment with propolis showed a significant decrease (p < 0.001) in MDA and a significant increase in SOD 

and GSH levels (p = 0.001, p < 0.001 respectively) (Table 2). 

 
Table 1: Comparison of survivin, IL-6 and TNF-alpha levels between the three studied groups 

 Control 

(n = 10) 

Cancer 

(n = 10) 

Propolis-treated 

(n = 10) 

p 

Survivin (pg/mL) 1.54 ± 0.58 516.10a ± 92.80 280.30b ± 25.82 <0.001* 

IL-6 (pg/mL) 1.54 ± 0.21 7.44a ± 1.01 3.14b ± 0.99 <0.001* 

TNF-alpha ( pg/mL) 11.69 ± 2.20 35.44a ± 4.55 22.96ab ± 3.77 <0.001* 

Normally distributed data was expressed in mean ± SD and was compared using F test (ANOVA)  

*: Statistically significant at p ≤ 0.05 
a: significant with control, b: significant with cancer 

 

Table 2: Comparison of Oxidative stress parameters between the three studied groups 

 Control 

(n = 10) 

Cancer 

(n = 10) 

Propolis-treated 

(n = 10) 

p 

MDA (mmol/mg protein) 0.92 ± 0.24 6.14a ± 0.94 2.85b ± 0.30 <0.001* 

SOD (units/mg protein) 3.13 ± 0.43 2.53a ± 0.35 3.39b ± 0.56 0.001* 

GSH (𝜇g/mg protein) 0.12 ± 0.0 0.09a ± 0.00 0.11b ± 0.00 <0.001* 

Normally distributed data was expressed in mean ± SD and was compared using F test (ANOVA)  

*: Statistically significant at p ≤ 0.05 
a: significant with control, b: significant with cancer 
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Histopathological Findings: 

Group I (Control group): 

Histopathological examination of control group showed that the oral mucosa covering the ventral surface of 

the tongue was composed of keratinized stratified squamous epithelium and thin underlying lamina propria 

containing collagen fibers and small blood vessels. Groups of well-formed striated muscles were also noticed 

beneath the lamina propria while neither inflammatory cell infiltration nor congested blood vessels were 

observed (Fig. 1, 2). 

 

Group II (Cancer group): 

The examination revealed invasive squamous cell carcinoma described histologically as invasion of 

malignant epithelial cells to the underlying lamina propria. The proliferating malignant epithelial cells formed 

cell nests, epithelial pearls as well as keratin pearls. The connective tissue stroma surrounding the proliferating 

malignant epithelial cells contained a large amount of chronic inflammatory cells (Fig.3, 4). 

 

Group III (Propolis-treated group): 

It showed moderate dysplastic changes in the surface epithelium such as cellular pleomorphism, increase in 

nuclear cytoplasmic ratio, hyper-chromatic nuclei and drop shaped rete process. These dysplastic changes were 

extending to the middle third of the epithelium and located in basal and para-basal layers. There was no invasion 

to the basement membrane (Fig. 5, 6). 

  
Fig. 1: photomicrograph of Group I (control) 

showing normal keratinized stratified 

squamous epithelium and thin 

underlying lamina propria (H&E) x100. 

Fig. 2: photomicrograph of Group I (control) 

revealing normal keratinized stratified 

squamous epithelium and thin 

underlining lamina propria containing 

collagen fibers and small blood vessels as 

well as groups of well-formed striated 

muscles forming the mucosal lining 

epithelium of the border of the tongue 

(H&E) x100.  

  
Fig. 3: Photomicrograph of Group II (cancer) 

revealing invasion of malignant 

epithelial cells to the underlying 

connective tissue stroma forming 

epithelial pearls surrounded by a large 

number of chronic inflammatory cells 

(H&E) x200.  

Fig. 4: Photomicrograph of Group II (cancer) 

showing invasion of malignant epithelial 

cells to the underlying connective tissue 

stroma with the formation of cell nests as 

well as keratin pearls. The surrounding 

connective tissue showed a large number 

of chronic inflammatory cells (H&E) 

x200. 
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Fig. 5: Photomicrograph of Group III (propolis-

treated group) showing moderate 

dysplastic changes in the surface 

epithelium such as cellular 

pleomorphism and nuclear hyper-

chromatin (H&E) x 200. 

Fig. 6: Photomicrograph of Group III (propolis-

treated group) showing moderate 

dysplastic changes in the covering 

stratified squamous epithelium such as 

cellular pleomorphism, nuclear hyper-

chromatin and increased nuclear 

cytoplasmic ratio reaching to the middle 

third of surface epithelium (H&E) x 200. 

 

Discussion: 
Oral cancer is a public health problem. The great interest in the use of natural substances in treatment of 

oral cancer is due to their chemo-preventive properties with fewer adverse effects (Kaur et al., 2009). 

In the present study rats with chemically induced tongue cancer received honey bee Bio-Propolis for 4 

weeks. Survivin apoptotic marker was used to monitor the changes in apoptotic levels in normal and cancer 

tissue, as well as cancer tissues which received propolis therapy. ELIZA was used to measure the survivin level; 

our results showed a significant increase in survivin level from 1.54 ± 0.58 in control group to 516.10 ± 92.80 in 

cancer group. These results were in accordance with (Atlasi et al., 2009) who concluded that the level of 

survivin expression was significantly higher in neoplastic compared with non-neoplastic tissues and that it 

showed significant correlation with tumor invasiveness. Moreover, (Kiu et al., 2014) examined the expression 

of survivin in cancer cell lines using quantitative real-time polymerase chain reaction (PCR), results showed an 

increase in the cancer cell survivin gene expression from 3.2 to 16.7 folds. On the other hand, our results 

revealed that there was a significant decrease in survivin in the cancer group treated by propolis. These results 

agree with those of (Szliszka and Krol, 2013) who proved that polyphenols isolated from propolis, was able to 

augment TNF-related apoptosis inducing ligand (TRAIL)-mediated apoptotic death in cancer cells and to down-

regulate survivin expression. This is attributed to the ability of propolis to speed up apoptosis of cancer cells 

(Vagish Kumar, 2014). It was demonstrated that propolis increases the apoptosis of cancer cells through 

suppression of cell survival pathways such as the AKT signaling pathway (Drago et al., 2013). In addition, 

(Szliszka et al., 2009) reported that propolis can initiate apoptosis in cancer cells through both intrinsic and 

extrinsic pathways. The interaction between pro- and anti-apoptotic members of the Bcl-2 family proteins 

controls the intrinsic apoptotic pathway mediated by the mitochondria. Apoptosis is mainly regulated by the 

ratio between Bcl-2 and Bax genes rather than the level of each Bcl-2 family protein alone (Tait and Green, 

2010). Moreover both Bax/Bcl-2 ratio and the p53 gene expression increased after 100μg/mL of propolis 

administration which resulted in triggering apoptosis of human bladder cancer cells (Begnini et al., 2014). 

In the current study significant increase in the levels of IL-6 and of TNF-α was observed in the cancer 

group compared with the control group. These results were in convenience with (Lotfi et al., 2015) who proved 

that IL-6 level was significantly higher in patients with oral squamous cell carcinoma and with (Stanilov et al., 

2012) who demonstrated the overproduction of TNF-α in cancer patients. TNF-α can stimulate DNA damage 

and mutations and hence tumor initiation through the production of genotoxic molecules as ROS (Reuter et al., 

2010). In addition, (Kabel, 2014) reported that TNF-α induces genes encoding nuclear factor kappa B (NF-κB)– 

dependent antiapoptotic molecules which results in increasing tumor cell survival. Moreover, our study revealed 

a significant decrease of both IL-6 and TNF-α cytokines in the propolis-treated group compared with the 

untreated cancer group. These results agree with (Wu et al., 2013) who reported that propolis affects 

inflammatory cell activity and inhibits TNF-α and IL-6. Similarly, (Stanilov et al., 2012; Funakoshi-Tago et al., 

2015) proved that propolis flavonoids can significantly down-regulate the production of IL-6 and TNF-α via 

inhibition of expression of their inflammatory genes in bone marrow-derived mast cells and also through 

inhibition of NF-κB. 
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Regarding lipid peroxidation, the current study revealed a significant elevation in MDA level in cancer 

group compared with the control group. This was in accordance with (Shetty et al., 2014) who denoted an 

elevation in salivary MDA in subjects with oral squamous cell carcinoma and with (Malathi et al., 2011) who 

found a higher level of the plasma levels of MDA in patients with head and neck cancer. The increased MDA 

level in cancer group is due to the reported fact that cancer cells produce large amount of free radicals that leads 

to elevation of the lipid peroxidation (Ayala et al., 2014). Our result showed that treatment with propolis 

decreased the levels of MDA and these results supported those of (Padmavathi et al., 2006) who demonstrated a 

marked decrease in level of MDA in rat breast cancer after treatment with propolis.  

Concerning the antioxidant enzymes, the present study showed a decrease in levels of both SOD and GSH 

in cancer group compared with the control group while treatment with propolis significantly increased the levels 

of both enzymes compared with the cancer group. The increase of antioxidant enzyme activities such as SOD 

and GSH is considered as a protective mechanism against free radical production and lipid peroxidation 

occurring in cancer group (Weinberg and Chandel, 2009). These results confirmed those of (El Fatoh et al., 

2014) who concluded that propolis possessed potent anti-oxidant effect. 

Histopathological results of the current study revealed that the mucosal epithelium lining of the tongue 

border of Group I (control) appeared as normal keratinized squamous epithelium with thin underlying lamina 

propria containing collagen fibers and small blood vessels with no inflammatory cell infiltration or congested 

blood vessels. While, in Group II (cancer) after receiving 4NQO for 20 weeks; invasive squamous cell 

carcinoma was observed which appeared as proliferation of malignant epithelial cells into the underlying 

connective tissue forming epithelial pearls and cell nests surrounded by large number of chronic inflammatory 

cells indicating the malignant transformation of covering epithelium. These findings agree with (Schoop et al., 

2009; Martinez and Andres, 2012; Li et al., 2013) who clarified the carcinogenic potential of 4NQO.   

The propolis-treated group in the current work appeared histopathologically as moderate dysplasia limited 

to the middle third of the covering epithelium.   Similar to (Cavalcante et al., 2011) who evaluated the effect of 

green propolis on epithelial dysplasia in rat tongues and found that propolis-treated group showed morpho-

architectural changes limited to the basal and parabasal tissue with mild hyper-chromatic cytological alterations 

in the same layers. These findings proved the positive effect of propolis extract in suppressing the dysplastic 

changes in the epithelial layer and inhibiting the proliferation of invasive carcinoma which suggested the 

beneficial role of propolis against chemically-induced carcinogenesis in rats.  

Thus, our results illustrate the anti-carcinogenic effects of propolis which agrees with (Pereira-Filho et al., 

2014; Khacha-anada et al., 2013; kubina et al., 2015) who confirmed the anti-proliferative activity of propolis in 

different carcinoma cells. 

 

Conclusion: 

Based on the previous biochemical and histopathological results, we concluded that propolis could be used 

as a promising adjuvant therapy for oral cancer based on its strong antioxidant, anti-inflammatory and anti-

proliferative properties. 
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