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Abstract
Background: Cancer is a serious issue that has a signi�cant effect on the health of all human
communities. Tongue cancer is one of the most common head and neck cancers in the world. In the
medical world, cancer therapy is a major challenge. Nowadays, natural compounds are important
resources of many anti-cancer medications. Venom from honey bees possesses potent anti-cancer
effects. Cisplatin is a chemotherapeutic drug that has been used for decades to treat cancer cells.
Recently, Combination therapy has been a popular treatment choice for cancer patients.

This study aimed to investigate the synergistic cytotoxic effect of honey bee venom (BV) and cisplatin on
tongue squamous cell carcinoma cell line (SCC-25).

Methods: The cytotoxic effect was determined using Methyl Thiazol Tetrazolium (MTT) assay,
microscopic examination, P53 and caspase-3 were quanti�ed by Real-Time Polymerase chain reaction
(RT-PCR) and statistical analysis.

Results: The �ndings revealed that the tested drugs' cytotoxic potential against SCC-25 cells is dose
dependent. The half-maximal inhibitory concentration (IC50) value of MTT assay of BV/cisplatin mix
decreased signi�cantly compared to IC50 values of BV and cisplatin in sole formulation. Microscopic
examination showed that BV and cisplatin alone and in combination mainly produced apoptotic cell
death. Regarding RT-PCR results, P53 and caspase-3 expression were signi�cantly increased in SCC-25-
treated cells (P= 0.0001).

Conclusions: The combined use of BV and cisplatin induced marked synergistic cytotoxic effect on SCC-
25 cell line.

Background
Cancer has become one of the globe's leading causes of death and morbidity. In 2020, the World Health
Organization (WHO) estimated 19.3 million cases of cancer diagnosed worldwide with 10.0 premature
mortality (1).

Tongue squamous cell carcinoma is the most common oral cavity malignancy (2).

Head and neck cancer has been treated with a variety of methods including surgery, radiotherapy and
chemotherapy. Chemotherapy remains the most often used treatment. Sometimes, it may have a variety
of side effects (3).

As a result, scientists are becoming increasingly popular in natural biological medicines as a source of
anti-cancer pharmaceuticals in order to improve therapy e�cacy while reducing unwanted side effects
(4).
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Apitherapy is a type of alternative medicine in which honey bee products, speci�cally bee venom (also
known as apitoxin), are employed in the treatment of a wide range of human disorders (5).

BV has long been utilized in traditional medicine to treat in�ammatory conditions like rheumatoid arthritis
and multiple sclerosis. BV is now widely used to treat a wide range of malignancies (6).

Apis mellifera is the most prevalent honey bee species in the Middle East. BV is a mixture of antibacterial,
antioxidant and anti-cancerous active peptides, proteins, enzymes and other compounds (7).

Melittin is an essential component of BV. Melittin has a wide range of pharmacological and toxicological
effects (8). Phospholipase A2 is also the most frequent enzyme in BV. It can split phospholipids in the sn-
2 membrane and release fatty acids such as arachidonic acid and lysophospholipids (9).

Cisplatin is used as a �rst-line treatment for a variety of cancers. It has been used to treat cancer of the
head and neck, lung cancer, ovarian cancer, testicular cancer, as well as sarcomas (10).

Cisplatin's mechanism of action has been attributed to its capacity to crosslink with purine bases on DNA,
interrupting DNA repair pathways, inducing DNA damage and eventually cancer cell death (11).

Due to cisplatin resistance and major side effects including nephrotoxicity, hepatotoxicity,
gastrointestinal problems and bleeding, combination therapies combining cisplatin with natural products
like BV have been used as unique therapeutic strategies for curing many human cancers (12).

P53 is regarded as the genome's guardian because it activates other genes that cause cell cycle arrest
and DNA repair. P53 controls cisplatin-induced apoptosis via a variety of pathways including activation
of pro-apoptotic genes and interactions with members of the Bcl2 family in the mitochondria and
cytoplasm (13).

Caspase family proteases play a crucial part in the apoptosis mechanism. Caspase-3 antibodies serve as
excellent biomarkers for detecting induction of apoptosis. Caspases-3 activation is the �rst step in both
intrinsic and extrinsic apoptotic pathways (14).

The purpose of this study was to see if BV and cisplatin had a synergistic cytotoxic effect on SCC-25 cell
line.

Methods
Reagents

The dried Apis mellifera venom was dissolved in normal saline (0.9% NaCl). 

Cisplatin with a chemical formula of PtCl2 (NH3)2 and a molecular mass of 300.05 g/mol. Cisplatin was
dissolved in dimethyl sulphoxide (DMSO) (Sigma, USA) using an orbital shaker to yield a clear solution. 
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Cell Line

SCC-25 cells were supplied from the cell culture department at VACSERA-EGYPT in the form of a frozen
vial from the American Type Culture Collection with the reference number "CRL-1628.".

Cell culture protocol

In a 37°C humidi�ed with 5% CO2 incubator, SCC-25 cultures were grown in cultured �asks [Griner-
Germany] in Dulbecco's modi�ed Eagle's medium supplemented with 10% foetal bovine serum and 1%
penicillin-streptomycin.

Methyl Thiazol Tetrazolium assay protocol 

In 96 micro-titer plates (5 × 104 cells/mL), 1.2 – 1.8 × 103 SCC-25 cells were pre-cultured. The wells were
�lled with 10L of MTT (0.5 mg/ml stock) solution and incubated at 37°C for 24 hours. The medium was
removed, and the purple Formosan crystals were dissolved in 100L of DMSO.

The Dynatech MR5000 spectrophotometer (Dynatech Laboratories, Inc., Chantilly, VA) was used to
measure the absorbance at 570 nm, which was proportional to the number of live cells.

Microscopic examination

The Microscopic �elds were photomicrographed at a magni�cation of 1000x oil immersion. The
photomicrographs were assessed the existence of morphological apoptotic criteria.

Evaluation of the expression of P53 and caspase-3 genes by RT-PCR 

The GeneJET RNA Puri�cation kit [Fermantus-UK] was used to extract total RNA from control and treated
SCC-25 cells according to the manufacturer's instructions. At a 260/280 nm ratio, the quantity and
integrity of RNA were measured spectrophotometrically.

Quantitect Reverse Transcription kit [Qiagen, Germany] was used to synthesize �rst-strand cDNA using 1g
of total RNA, according to the manufacturer's instructions. The expression levels of the P53 and caspase-
3 genes were evaluated in these samples. 

The endogenous expression standard was glyceraldehyde-3-phosphate dehydrogenase (GAPDH). On a
Rotor-Gene Q cycler [Qiagen, Germany], quantitative RT-PCR was performed with QuantiTect SYBR Green
PCR kits for forward and reverse primers for each gene.

The nucleic acid sequences of the primers were as follows:

P53 F    5'-ATGTGTGTGGAGACCGTCAA-3'.

P53 R    5'-GCCGTACAGTTCCACAAAGG-3'.
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Casp3    5'-TGTTTGTGTGCTTCTGAGCC-3'.

Casp3    5'-CACGCCATGTCATCATCAAC-3'.

GAPDH F  5'-AATGCATCCTGCACCACCAA-3'.

GAPDH R 5'-GATGCCATATTCATTGTCATA-3'.

Statistical analysis

Experimental �nding were expressed as mean ± standard deviation and analyzed using one-way analysis
of variance (ANOVA) to determine the signi�cance of differences between groups. P < 0.05 was
considered statistically signi�cant.

Results
MTT cytotoxicity assay

In the current study, the possible cytotoxic in�uence of different concentrations of BV and cisplatin alone
and BV/cisplatin mix was assessed 24 hours post treatment. Data obtained revealed that the cytotoxicity
was dose dependent. The mean viability percentage of the treated cells decreased as the drug
concentrations increased from 0.4µg/ml to 100µg/ml. The IC50 values were 1.56μg/ml, 12.56μg/ml and
0.44μg/ml for BV treated cells, cisplatin treated cells and BV/cisplatin mix treated cells respectively.

Microscopic examination

Our microscopic results showed that control SCC-25 cells were almost rounded with minimal folding in
the cellular and nuclear membranes. SCC-25 showed criteria of malignancy such as hyperchromatism,
nuclear pleomorphism and increased nuclear/cytoplasmic ratio. 

On the other hand, SCC-25 treated cells exhibited morphological apoptotic characteristics. These criteria
were obvious in BV and cisplatin treated cells, but they became more apparent in BV/cisplatin mix treated
group. The apoptotic criteria included membrane blebbing, peripheral condensation of chromatin, nuclear
shrinkage and nuclear fragmentation.

In addition to apoptotic criteria, some cells revealed nuclear alterations that resembled the morphological
hallmarks of necrosis particularly with cisplatin treated SCC-25 cells such as nuclear and cellular
swelling, increased eosinophilia of the cytoplasm and cell membrane rupture. 

In cisplain and BV/cisplatin mix treated SCC-25 cells, the presence of secondary necrotic cells with both
necrotic and apoptotic characteristics such as nuclear disintegration and cytoplasmic ballooning, as
shown in �gure 1.

Evaluation of the expression of P53 and caspase-3 genes by RT-PCR 
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Regarding the apoptotic pro�les of the tested drugs, RT-PCR analysis demonstrated that BV, cisplatin and
BV/cisplatin mix signi�cantly increased the expression levels of tumor suppressor protein gene P53 and
caspases-3 when compared with control cells, as shown in �gure 2.

Statistical analysis

ANOVA test demonstrated a high statistically signi�cant difference between control and treated SCC-25
cells with various concentration of BV, cisplatin and BV/cisplatin mix for 24 hours (P = 0.0001).

Discussion
In both developing and developed countries, cancer is a leading cause of death. So, �nding a more
effective therapy strategy is crucial (15).

The most signi�cant challenges of chemotherapy treatment are the development of drug resistance and
undesired toxicity. The goal of cancer therapy is to maximize effect on cancer cells while minimizing
in�uence on healthy cells (16).

The discovery of novel BV activities is a promising strategy for discovering natural treatments for cancer.
Natural extracts of BV have been shown to have anticancer properties in numerous investigations (17).

Cisplatin is one of the most often used anticancer medications. Cisplatin kills cancer cells by disrupting
nuclear and mitochondrial DNA, blocking DNA replication and triggering apoptosis. Cisplatin caused P53
activation, which resulted in cell death (18).

Combination therapy has been utilized to improve therapeutic response and reducing cisplatin resistance
(19).

In this work, MTT assay was utilized to establish that BV and cisplatin successfully suppressed SCC-25
proliferation in a dosage manner, and that BV and cisplatin had a synergistic cytotoxic effect on SCC-25
cells. Our �ndings revealed a remarkable in-vitro cytotoxic effect of the tested drugs on SCC-25 cells after
24 hours.

These �ndings were consistent with those of Gajski, Čimbora-Zovko et al. 2016, who found that BV and
cisplatin had a cytotoxic in�uence and inhibited human glioblastoma A1235 cells in a dose-dependent
manner (12).

Gajski, imbora-Zovko, et al. discovered that combining BV with cisplatin improved cytotoxicity, which
could be bene�cial for decreasing cisplatin concentration throughout treatment. Melittin produces hole in
the cell membrane bilayer, which increases cisplatin uptake and accumulation, resulting in a synergistic
increase in the cytotoxic effect of cisplatin (12).

BV and cisplatin in combination suppressed cell viability more effectively than BV and cisplatin alone as
revealed in our �ndings. These �ndings supported the cytological analysis, which revealed that when
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drug concentrations increased, morphological apoptotic criteria increased as well.

SCC-25 cells showed a considerable increase in apoptotic cells after 24 hours of BV/cisplatin mix
therapy. There were also necrotic and secondary necrosis cells. Secondary necrosis is bene�cial in cancer
therapy because it indicates tumor cell death (20).

To con�rm our results, P53 and caspase-3 gene expression were evaluated using RT-PCR. P53 and
caspase-3 genes were signi�cantly up-regulated in SCC-25 treated cells compared with control group.
Furthermore, both drugs were found to be more effective when used together than when used separately.

This agreed with Jo, Kim et al. 2016 results who observed that after cisplatin therapy the expression
levels of p53 and p21, as well as caspase-3, caspase-7 and caspase-9 were increased in oral squamous
cell carcinoma cell line (21).

Conclusions
It can be concluded that, both BV and cisplatin induced a potent in-vitro cytotoxic effect in SCC-25 cells
via apoptosis. Using a mixed form exhibited a synergetic effect.
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Figures

Figure 1

Photomicrographs of (a) control cells, (b) BV treated cells, (c) cisplatin treated cells and (d) BV/cisplatin
mix treated cells showing: hyper chromatic nuclei (blue arrows), abnormal mitotic �gure (red arrow),
increased nuclear cytoplasmic ratio (yellow arrows), membrane blebbing (orange arrows), peripheral
chromatin condensation (grey arrows), necrotic cells (black arrows), nuclear fragmentation (green
arrows) and secondary necrotic cells (purple arrows) (H & E x 1000 oil).
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Figure 2

P53 and Caspase-3 genes fold changes using RT-PCR in control and SCC-25 treated cells with BV,
cisplatin and BV/cisplatin mix for 24 hours.


