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ABSTRACT:  
Background: Chemotherapeutic agents as cisplatin (Cis) often showed drug resistance, and 

various side effects. Thus, the development of novel therapeutic approaches is needed. 

Resveratrol (RSV) is a natural phytochemical agent with anticarcinogenic activities. 
 
Aim of the study: This study was conducted to investigate the efficacy of RSV with or without 

different doses of Cis on the biological activities of human tongue squamous cell carcinoma 

(TSCC) cell lines; namely the viability, migration, and epithelial-mesenchymal transition 

(EMT) of such tumor cells. 
 
Material and Methods: TSCC cell lines (CAL-27) were used and classified into 6 groups. 

Intervention agents of RSV with or without Cis at different concentrations were applied. MTT 

assay and wound healing assay were used to analyze the inhibition of cell proliferation 

(viability) and the migration of cancer cells, respectively. EMT was investigated by assessment 

of the immunocytochemical Slug expression. 
 
Results: MTT assay demonstrated that application of RSV or Cis separately inhibited cell 

viability in a concentration-dependent manner. The combination treatment of RSV and Cis had 

more cytotoxic effects against cancer cells. Moreover, wound healing assay showed that the 

combination of RSV with Cis had synergistic inhibition effect on cancer cell migration more 

than that of single agent treatment. Immunocytochemical assessment showed that combination 

of RSV with Cis inhibits EMT through reducing Slug expression. 
 
Conclusion: The combination of RSV with Cis could be used as a promising approach for 

OSCC therapy as they reduced cancer cell viability, migration and inhibited EMT with 

minimal side effects.  
 
 

1. Introduction 

 
Globally, it is nearly about one million persons 

are affected annually by head and neck cancers 

(HNCs), it is the sixth most prevalent malignant tumor 
1
. Oral squamous cell carcinoma (OSCC) is one of the 

most frequent malignancies of the HNCs 2
. Regardless 

of the application of novel therapeutic modalities in the 

latter decade, the 5-year global survival rate of OSCC 

presently does not exceed 55% 3. According to the data 

given by the World Health Organization (WHO) in 

2020, oral cancer caused 544 deaths in Egypt, or 0.61 

percent of all fatalities 4. 

 
 

Cisplatin (Cis), a chemotherapeutic drug, has a 

potent antitumor effect against a wide variety of 

malignancies. In clinical applications, it is the first-line 

and most commonly employed treatment for OSCC 5
. 

Unfortunately, with the increased usage of Cis in recent 

years, many patients have encountered hazardous side 

effects 6
. Therefore, there is extremely attention on 

alternative treatments to discover new, safe, and effective 

agents against cancer. Resveratrol is a natural non-

flavonoid polyphenol compound. It consists of two 

phenolic rings attached by a styrene double bond to 

generate 3,4,5-trihydroxystilbene, which appears in trans- 

and cis-isoforms (Fig. 1). The trans-isoform is the 
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general isoform and represents the most extensively 

researched chemical form 7. 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (1): (a) Chemical structures of trans-RSV and cis-  
RSV; (b) 3D chemical structures of trans-RSV and cis-  

RSV; cited from Berretta et al., (2020) 8. 

 
Epithelial-mesenchymal transition (EMT) is 

characterized by a dynamic change in cellular 

architecture from epithelial to mesenchymal 

phenotypes, which induces biological behavioral 

changes in cells leading to migration and invasion 9
. 

EMT state has been correlated to aggressiveness and 

poor prognosis in OSCC. Molecular biological markers 

have been proposed as useful for detecting EMT. The 

overexpression of EMT-transcription factors (EMT-

TFs) such as Slug display a significant association with 

poor overall survival among OSCC patients. These 

biomarkers might improve the capacity to estimate the 

biological development of OSCC 10
. Still, not much is 

known about the action of RSV in conjunction with 

different doses of Cis in treatment of human TSCC 

which requires further investigation. 

 

This study was conducted to investigate the 

efficacy of RSV with or without different doses of Cis 

on the biological activities of human tongue squamous 

cell carcinoma (TSCC) cell lines; namely the viability, 

 

 

migration, and epithelial-mesenchymal transition 

(EMT) of such tumor cells. 

 

2. Material and 

Methods 2.1 Materials 

 
All the steps of the current experiment were taken 

place in Confirmatory Diagnostic Unit, Veterinary Serum 

& Vaccine Research Institute, Cairo, Egypt (51 Wezaret 

Al Zeraa Street, Dokki, Giza – Egypt). (VACSERA-

Egypt). Human tongue carcinoma cell line (CAL-27) was 

purchased from VACSERA. It was brought from the 

“American Type culture Collection” (ATCC), stored in 

liquid nitrogen containers at -196 C°. Resveratrol (RSV) 

was purchased from Sigma-Aldrich Company (43 Nazeeh 

Khalifa Street. Heliopolis, Cairo, Egypt). Cisplatin (Cis) 

and Ready for use anti Slug antibody (mouse monoclonal 

antibody) vial of 5 ml were purchased from Dako 

Company (9 Al-Obour, Salah Salem Road. Heliopolis, 

Cairo – Egypt). 

 

2.2. Methods  
2.2.1. Preparation of Interventions  

RSV was dissolved in DMSO to prepare different 

concentrations (5, 10, 20, 50 and 100 µg/ml) needed for 

the experiment 11
. Cis was dissolved in distilled water to 

prepare different concentrations (0.625, 1.25, 2, 5, 10 

µg/ml) needed for the experiment 1213
. Anti Slug 

antibody was ready for use, at concentration (1:100) 14
. 

 
2.2.2. Culture of CAL-27  

Cell lines were cultured with Dulbecco’s 

modified Eagle’s medium (DMEM), 10% FBS and 2% 

Streptomycin-Penicillin. CAL-27 was sub-cultured to 

obtain 6 groups and classified them as illustrated in 

table (1). 

 

Table (1): The study design.  

Group Details 

A Control 
  

EXR Experimental subgroup that was treated with IC50 of RSV for 48 hours 
  

EXC2 Experimental subgroup that was treated with Cis 2 µg/ml for 48 hours 
  

EXC5 Experimental subgroup that was treated with Cis 5 µg/ml for 48 hours 
  

EXR/C2 Experimental subgroup that was treated with IC50 of RSV and Cis 2 µg/ml for 48 hours 
  

EXR/C5 Experimental subgroup that was treated with IC50 of RSV and Cis 5 µg/ml for 48 hours 
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2.2.3. MTT assay  
IC50 Value Calculation and experiment  

CAL-27 cells were initially seeded at a density of  
1 X 10

4
 cells per well in a 96-well culture plate and then 

incubated for 24 hours within a 5% CO2 incubator before 

conducting the MTT assay. Subsequently, the wells of the 

culture plate were subjected to distinct concentrations of 

RSV (5, 10, 20, 50, and 100 µg/ml) and separate 

concentrations of Cis (0.625, 1.25, 2, 5, and 
 
10 µg/ml). In parallel, the control group underwent 

treatment with DMSO. The determination of IC50 values 

for both RSV and Cis involved calculating the 

concentration at which 50% cell growth inhibition 

occurred following a 48-hour exposure to the respective 

drugs, in comparison to untreated control cells. 
 

The culture plate wells were initially treated with a 

combination of IC50 of RSV (Resveratrol) with 2 µg/ml 

of Cisplatin and IC50 of RSV with 5 µg/ml of Cisplatin. 

This treatment was followed by a 48-hour incubation 

period in a CO2 incubator. Subsequently, the culture plate 

was processed as follows: the culture medium was 

removed, and the cells were then incubated with medium 

containing 0.5 mg/ml MTT for a duration of 4 hours at 37 

°C in a 5% CO2 atmosphere. Following this incubation, 

the medium was aspirated, and the formazan product 

formed was solubilized using DMSO. The optical density 

of the purple formazan crystals dissolved in isopropanol 

in each well was then spectrophotometrically measured at 

a wavelength of 450 nm using an ELISA microplate 

reader. It is noteworthy that all experiments were 

conducted in triplicate to ensure robustness and reliability 

of the results. 
 
2. 2.4.   Wound Healing Assay  

CAL-27 cells were initially seeded in a 24-well 

plate at a density of (1 X 10
4
) cells per well, utilizing 

wound healing dish inserts. Following incubation in the 

cell culture incubator for 24 hours, a monolayer was 

established. Subsequently, the cells underwent a PBS 

wash, after which they were incubated with FBS-free 

culture medium to eliminate potential influences of FBS 

on cell migration. The inserts, creating a scratch with a 

width of 0.9 mm, were then removed from the wells. The 

cell cultures were subjected to treatment with the IC50 of 

RSV and Cis, in accordance with the experimental groups 

outlined in the current protocol. Capturing images of the 

scratches occurred at three distinct time points: 0, 24, and 

48 hours, utilizing an inverted microscope. To assess the 

wound width, Olympus Cell Sens Dimension software 

was employed for the 

 

 

analysis. This entire assay was conducted in triplicate 

to ensure robustness and reliability of the results 15
.  

2.2.5. Immunocytochemical (ICC) Staining of 

Slug for EMT Analysis  
In accordance with the current protocol, a 150 cm

2
 

flask containing 1x 10
8
 cells per flask for all groups 

underwent centrifugation at 3000 rotations per minute 

(rpm) for 5 minutes at room temperature. This process 

aimed to harvest cell pellets, except for the EXR/C5 

group, where a cell pellet could not be obtained due to the 

extremely low number of viable cells. Subsequently, the 

obtained pellet was washed and suspended in 2ml of PBS, 

followed by centrifugation for an additional 5 minutes at 

3000 rpm. The resulting pellet was then suspended in 10% 

formalin at room temperature for a duration of 1 hour. 

Following formalin fixation, the suspension underwent 

centrifugation at 1500 rpm for 5 minutes. Using a sterile 

wooden applicator stick, care was taken to delicately 

extract the cell pellets from the tube, transferring them 

into appropriately labeled cassettes. The next step 

involved the dehydration of the cell pellets in various 

ethanol concentrations (50, 70, 95, and 100%). 

Subsequently, the labeled cassettes were immersed in 

xylene baths for 2 minutes before being embedded in 

paraffin blocks. This embedding process was crucial for 

obtaining 4-µm sections 16,17
. Paraffin blocks of, A, 

EXR, EXC2, EXC5, and EXR/C2 groups were sliced into 

4-micron thick sections and placed on positively charged 

(OptiPlus) slides for staining procedures 18
. 

 

 

2.2.6. Statistical Analysis  
All group data were statistically analyzed with 

Statistical Package for the Social Sciences (SPSS) 

(version 19, IL, USA) was used. One way ANOVA 

followed by multiple comparison Tukey's test were 

performed to detect significance between groups. 

 

3. Results  
3.1.MTT Assay  
3.1.1. Effects of RSV  

After 48 hours of MTT testing of CAL-27 cell 

lines, over the pre-determined dose range of RSV (5, 10, 

20, 50, 100 µg/ml), the cytotoxic activity of RSV was 

assessed. The percentage of cell viability showed gradual 

decrease with increasing concentration of RSV as shown 

in Fig. (2). The IC50 value was 28.45 µg/ml, calculated 

from a graph of cell viability obtained over a range of 

those doses. Mean and standard deviation (SD) 

 

631 

http://www.jchr.org/


Journal of Chemical Health Risks 
 

www.jchr.org 
 

JCHR (2024) 14(1), 629-646 | ISSN:2251-6727  
 

 

values of viability of CAL-27 cell lines show a highly 

significant difference between subgroups with P ≤ 

0.001. 

 

 
 
 

 

 

 

 

 

 

 

 

Fig. (2): Bar chart diagram showing cell viability 

percentage of cancer cells at different concentrations of 

RSV. 

 

3.1.2. Effects of Cis:  
Likewise, the cell viability percentage showed 

gradual decrease with increasing concentrations of Cis 

(0.625 µg/ml, 1.25 µg/ml, 2 µg/ml, 5 µg/ml, 10 µg/ml) 

as shown in Fig. (3). The IC50 value was 1.93 µg/ml, 

Mean and SD values show a highly significant 

difference between subgroups with P ≤ 0.001. 

 
 

 

 
 
 
 
 
 
 
 
 

 

Fig. (3): Bar chart diagram showing cell viability 

percentage of cancer cells at different concentration of 

Cis. 

 

3.1.3. Effects of RSV with Cis  
In EXR/C2 and EXR/C5 groups the cell viability 

percentage was 15% and 3%, respectively. These results 

were the lowest cell viability in comparison to the control 

group or to single-treated groups as shown in Fig. (4). 

Mean and SD values of viability of CAL-27 cell 

 

 

lines in control and experimental groups were 

exhibited a highly significantly different values 

between them according to multiple comparison 

Tukey's test (P ≤ 0.001). 
 

 

 
 
 
 
 
 
 
 
 
 
 

 

Fig. (4): Bar chart diagram showing cell viability 

percentage of cancer cells in control and experimental 

groups. 

 

3.2. Morphological Assessment  
Morphological changes of cell line CAL-27 were 

observed and assessed using the inverted phase contrast 

microscope (X100) by recording the change in the state of 

cell line in control group as well as the experimental 

groups (Figs 5-10). In the control group, the epithelial 

cells showed their typical polygonal shape with definite 

outline and central nuclei. The cell lines demonstrated 

attachment and confluency throughout microscopic field 

(Fig. 5). In EXR group, cytotoxic effect was observed by 

reduction of cell number and exhibited some 

morphological changes than that in control group as loss 

of attachment and cellular aggregation. (Fig. 6 A, B). In 

EXC2 group, more loss of cellular attachment and 

confluency were noted than EXR group. Cis showed 

potent growth inhibitory effect on cultured cells than RSV 

revealed by more reduction of cell number in EXC2 group 

than in EXR group (Fig. 7 A, B). In EXC5 group, 

decreased cancer cell growth was greater revealed by 

more reduction in cell number and increased cellular 

morphological changes with more appearance of apoptotic 

cells and pyknotic nuclei (Fig. 8 A, B). The cellular 

morphological changes and growth inhibition features 

became more prominent in combination experimental 

groups (EXR/C2 and EXR/C5) (Fig. 9 A, B and Fig. 10 

A, B), respectively, compared to the single-drug groups 

(EXR, EXC2 and EXC5) with marked decrease in cell 

viability and increased morphological changes) 
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Fig. (5): A photomicrograph shows cell viability of CAL-27 in control group showing confluency with adherent cells and 

central nuclei. Typical polygonal cell morphology is observed. (Inverted phase contrast microscope filter X100) 
 

             

                             
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

Fig. (6): Photomicrographs showing cell viability of cancer cells in EXR group. (A) Complete loss of cells (Black 

arrows), loss of attachment (Black circle). (B) Cellular aggregation and blurred cell outline (Red square). (Inverted 

phase contrast microscope filter X100) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (7): Photomicrographs showing cell viability of cancer cells in EXC2 group. (A) Complete loss of cells (Black 

arrows). (B) Apoptotic cells with blebbing (Red arrows) (Inverted phase Contrast Microscope filter X100) 
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Fig. (8): Photomicrographs showing cell viability of cancer cells in EXC5 group. (A) Complete loss of cells (Black  

arrows). (B) Apoptotic cells (Red arrows). (Inverted phase contrast microscope filter X100) 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. (9): Photomicrographs showing cell viability of cancer cells in EXR/C2 group. (A & B) Marked loss of cells 

(Black arrows), numerous apoptotic cells with blebbing are observed (Red arrows). (Inverted phase contrast microscope 

filter X100) 

Fig. (10): Photomicrographs showing cell viability of cancer cells in EXR/C5 group. (A) Marked loss of cells (B), 

numerous apoptotic cells (Red arrows), chromatin clumping (Blue arrows), cellular swelling (Black circle) (Inverted 

phase contrast microscope filter X100)
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3.3. Effects of RSV and Cis alone or in 

combination on migration  
In wound healing assay the average wound healing 

closure percentage at 48 h was gradually decreased from; 

54.8% for EXR group, 45.7% for EXC2 group, 32.4% for 

EXC5 group, 22.6% for EXR/C2group and 12.4% for 

EXR/C5 group, while the wound width ratio of untreated 

group was 93.3%. In comparison with 
 

 

 

control group, the migration of the treated cells was 

inhibited. RSV as well as Cis reduced the migration 

capability of CAL-27 cell lines. The migration of CAL-

27 cell lines was at lowest value for the combination 

groups (EXR/C2 and EXR/C5). Thus, RSV with Cis 

had the highest antimigratory effects of CAL-27 cell 

lines as shown in Fig. (11). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (11): Photomicrographs showing migration into the wound space photographed at the time of initial wounding and 

at 48 h after wounding. (A) At the time of scratching, (B) At 48 h, EXR group, (C) At 48 h, EXC2 group, (D) At 48 h, 

EXC5 group, (E) At 48 h, EXR/C2 group, (F) At 48 h, EXR/C5 group and (G) At 48 h, control group. 

 
Mean and SD values of wound closure (%) for all 

groups were presented in table (2) and Fig. (12) which 

show a highly significant difference between groups with 

P ≤ 0.001. These studied groups demonstrated a 

 

highly significantly different values between them 

according to multiple comparison Tukey's test P ≤ 

0.001 as revealed in table (3) 

 

Table (2): Mean and SD of wound healing closure percentage of cancer cells in control and experimental groups (One-

way ANOVA - test). 
 

Mean and SD of wound healing closure percentage results  
Groups Mean (%) ± SD Min--Max F P-value 

     

A 93.30±1.01 92.30—94.30 1241.938 0.001** 
     

EXR 54.80±2.01 52.80—56.80   
     

EXC2 45.70±1.01 44.70—46.70   
     

EXC5 32.40±1.01 31.40—33.40   
     

EXR/C2 22.60±1.01 21.60—23.60   
     

EXR/C5 12.40±2.01 10.40—14.40   
     

**P ≤ 0.001 is highly significant     
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   group group 

 

 

Fig. (12): Bar chart diagram showing wound healing closure percentage of cancer cells in control and experimental 

groups. 

 

Table (3): Difference between the studied groups measured by Tukey’s test in wound healing assay.  
Multiple comparison Tukey's test of wound healing     

        

Groups A EXR  EXC2 EXC5 EXR/C2 EXR/C5 
        

A ------ 0.001**  0.001** 0.001** 0.001** 0.001** 
        

EXR 0.001** ------  0.001** 0.001** 0.001** 0.001** 
        

EXC2 0.001** 0.001**  ------ 0.001** 0.001** 0.001** 
        

EXC5 0.001** 0.001**  0.001** ------ 0.001** 0.001** 
        

EXR/C2 0.001** 0.001**  0.001** 0.001** ------ 0.001** 
        

EXR/C5 0.001** 0.001**  0.001** 0.001** 0.001** ------ 
        

**P ≤ 0.001 is highly significant 

 

3.4. Effects of RSV and Cis alone or in 

combination on EMT  
In the negative control specimens, the cells were 

negative as shown in Fig. (13) as the primary antibody 

was omitted. ICC expression of Slug exhibited nuclear 

immunostaining that decreased in comparison with the 

 

control group, that showed the highest values, followed 

by the EXR group, EXC2 group, EXC5 group and 

finally reached lowest values in the combination group 

EXR/C2 Fig. (14-18). Due to the high toxicity of RSV 

when added to 5 µg/ml of Cis, the pellet could not 

obtained from EXR/C5 group. 
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Fig. (13): A photomicrograph of the negative control (without anti-slug antibody) shows negative immunostaining 

expression (x 100).  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (14): A Photomicrograph of control group shows strong nuclear Slug immune expression (Black arrows) (ABC x 

100) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (15): A Photomicrograph of EXR group shows moderate nuclear Slug immune expression (Black arrows) (ABC x 

200). 
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Fig. (16): A Photomicrograph of EXC2 group shows moderate nuclear Slug immune expression. (Black arrows) (ABC 

x 200).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (17): A Photomicrograph of EXC5 group shows weak nuclear Slug immune expression (Black arrows) (ABC x 100).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (18): A Photomicrograph of EXR/C2 group shows weak nuclear Slug immune expression (Black arrows) (ABC x 

100). 
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Mean and SD values of area percentage of all 

groups were presented in table (4) and Fig. (19) which 

show a highly significant difference between groups with 

P ≤ 0.001. In a multiple comparison Tukey's test, there 

was a highly significantly different values between 

 

 

all groups except between EXR group and EXC2 group 

which revealed a significant difference with p-value = 

0.038. On the other hand, no significant different was 

between EXC5 and EXR/C2 groups, which revealed P-

value = 0.099 (P > 0.05) as shown in table (4). 
 

Table (4): Mean and SD of area percent of slug immunoexpression in control and experimental groups (One-way 

ANOVA - test).  
Area percent% expressions of Slug marker  
Groups Mean (%) ± SD Min—Max F P-value 

     

A 41.25±0.96 40.31—42.23 199.676 0.001** 
     

EXR 28.36±2.11 26.23—30.43   
     

EXC2 23.87±1.07 22.65—24.68   
     

EXC5 12.52±1.72 10.79—14.22   
     

EXR/C2 8.82±1.79 6.99—10.59   
     

**P ≤ 0.001 is highly significant      
 
 

Area percent% expressions of SLug marker 
 
 
 

 

 

50 41.25
 

 

40  
 28.36  

30 23.87  

20 12.52 
8.82   

10   

0   
A group EXR group   EXC2 group   EXC5 group EXR/C2 

  group 
 

Fig. (19): Bar chart diagram showing area percent expression of slug marker of cancer cells in all groups. 

 

Table (5): Difference between area percent of the studied groups measured by Tukey’s test.   
Multiple comparison Tukey's test of area percent% expressions of Slug marker 

 

Groups A EXR EXC2 EXC5 EXR/C2 
      

A ------ 0.001** 0.001** 0.001** 0.001** 
      

EXR 0.001** ------ 0.038* 0.001** 0.001** 
      

EXC2 0.001** 0.038* ------ 0.001** 0.001** 
      

EXC5 0.001** 0.001** 0.001** ------ 0.099 
      

EXR/C2 0.001** 0.001** 0.001** 0.099 ------ 
      

P> 0.5 is not significant, *P ≤ 0.05 is significant while **P ≤ 0.001 is highly significant. 
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4. Discussion 
 

Oral squamous cell carcinoma (OSCC) is 

considered as an invasive and aggressive malignancy 

with the potential to promote early metastasis and 

extensive lymph node involvement, therefore, it has a 

poor prognosis 19
. Despite significant improvements in 

OSCC treatment, a high mortality rate still exists. To 

date, chemotherapy remains the standard therapy for 

cancer treatments. Unfortunately, the significant 

toxicity of clinically implemented anticancer agents to 

normal tissues represents an unavoidable barrier for 

cancer treatment. In order to minimize the damaging 

consequences of chemotherapy, much researches have 

focused on the use of herbal medicine in cancer 

treatment protocols 20
. One of the primaries aims in the 

creation of auxiliary chemotherapy medications was to 

increase the sensitivity of cancerous cells to 
 
chemotherapeutic agents. Fortunately, recent 

investigations have shown that RSV increases this 

sensitivity. Despite its beneficial biological functions, 

RSV is a natural compound and has certain limitations 

in curing multiple diseases when used as monotherapy, 

especially for cancer 21
. In a trial to overcome the 

problems associated with the high dose of Cis, the 

effects of RSV alone or in combination with different 

doses of Cis on the viability, migration and epithelial 

mesenchymal transition (EMT) of tongue squamous 

cell carcinoma (TSCC) were investigated in the present 

study. 
 

The results of the present study showed a significant 

decrease in cell viability of CAL-27 cell lines in EXR 

group compared to the control group. RSV exhibited 

cytotoxicity in a dose dependent manner. It denotes the 

response of TSCC to the inhibitory effects of RSV. This 

finding coincides with Park et al., (2020) who found that 

RSV inhibited the proliferation of OSCC (YD-10B) cells 

that were dose dependent 22
. In the same line, Silk et al., 

(2021) documented that RSV inhibited the proliferation of 

prostate cancer cell lines through targeting the tumor 

microenvironment, which plays important roles in the 

initiation of tumors 23
 . 

 
Xiao et al., (2021) explained that RSV inhibits malignant 

proliferation of CAL-27 cell lines via apoptotic pathway 

by activation of the zinc finger protein 750 signaling 

pathway and modification of the tumor vascular 

microenvironment 24
. In addition, this finding is 

agreement with Chen et al., (2020) who found that OSCC 

(HSC-3) were sensitive to RSV and exhibit 

 

 

inhibition of proliferation meanwhile promoting 

apoptosis through the inhibition of chromobox protein 

homolog 7 (CBX7), it was demonstrated that CBX7 

was increased in OSCC, and it had a closely 

association with worse overall survival through the 

activation of Akt pathway 25
 . 

 
Many other studies have demonstrated that RSV 

has the ability to initiate cell death in pancreatic
26

, 

prostatic
27

, and hepatic cancer cells 28
. In contrast, 

Castillo-Pichardo et al., (2013) found that RSV 

accelerated the proliferation and metastasis of 

xenografted mouse breast cancers 29
. It is suggested 

that further research is necessary. This controversy is 

attributed to the differences in methodology and doses 

as they used immunocompromised mice and employed 

a small amount of RSV. 
 

The IC50 of RSV in the current study was 28.45 

µg/ml, while Dong et al., (2016) reported that the IC50 

was 1 µg/ml, for OSCC (SCC-25) cell lines 30
. They 

used Aqueous One Solution Cell Proliferation (MTS) 

assay and different types of cell lines. 
 
The proliferation inhibition of CAL-27 after 

application of Cis was evaluated. The results of the 

present study showed that Cis had a concentration 

dependent antiproliferative effect against TSCC. These 

findings support the results of Chen et al., (2017) who 

showed that Cis reduced OSCC CAL-27 growth, and 

the rate of inhibition was dependent on the drug dose 
31

. Also, Bijani et al., (2021). reported that the 

cytotoxic effect of Cis has been enhanced with 

increasing the drug concentration on OSCC cell line 

HN5 20
. This finding represented the sensitivity of 

cultured malignant cells to the suppression effects of 

Cis. It was obvious in the results of Alonso et al., 

(2020) who demonstrated that as the dose of Cis 

increased, OSCC H357 cell viability decreased 32
. In 

the current work, IC50 of Cis was 1.93 µg/ml which is 

nearly the same IC50 of Helal et al., (2015) who 

reported that the IC50 was 1.3 µg/ml on TSCC 32
. 

 
In this study, simultaneous application of RSV 

and Cis to cultured carcinoma cells resulted in a 

significant decrease of viable cells compared to control 

group or to groups treated with RSV and Cis alone. 

This denotes that RSV exerted anticancer effects and 

enhanced the proliferation inhibitory effect of Cis on 

TSCC CAL-27 cell lines.  
It is noteworthy that the application of RSV with a low 

dose of Cis (2 µg/ml) exhibited a greater inhibition 
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effect than a high dose of Cis (5 µg/ml) alone on the 

viability of cancer cells. The mean of viability was 

15% for EXR/C2 group while it was 19% for EXC5, 

with a highly significant difference (P ≤ 0.001). 
 

This finding is in agreement with Li Ma et al., 

(2015) who reported that RSV revealed anticancer 

effects on non-small cell lung cancer H838 and H520 

cell lines. They explained that RSV enhanced the 

antitumor effects of Cis through inducing 

mitochondrial apoptotic pathway by depolarization of 

mitochondrial membrane potential, release of 

cytochrome c, and increased expression of proapoptotic 

(Bcl-2 and Bax) proteins 9. 

 
In addition, the current results are also in the 

same line with Galicia et al., (2018) who reported that 

RSV significantly enhanced the anti-proliferative 

effects of Cis in both breast cancer cell lines (MCF-7 

and MCF-7R) 33
. These studies suggested that RSV 

increases the sensitivity of cancer cell lines to Cis.  
In the current study, the influence of RSV and 

Cis alone or in combination on morphology of CAL-27 

cell lines compared to control group was examined by 

inverted phase contrast microscopy. The cells of 

experimental groups were sparse with decreased cell 

number and loss of cell attachment. Single cells 

displayed many morphological alterations as changed 

from polygonal shape to rounded outline. Scattered 

individual cells exhibited apoptosis revealed by 

condensed chromatin with blebbing of cell membrane. 

These changes increased in combined (EXR/C2 and 

EXR/C5) groups, compared to the changes observed in 

single-agent treatment (EXR, EXC2 &EXC5). These 

findings suggested that combinations of RSV with Cis 

decrease cell number and induce apoptosis in TSCC 

cell line more than RSV or Cis alone treatments. This 

is in agreement with Ren et al., (2020) who showed 

that RSV enhanced the effects of Cis on the alteration 

of morphology of gastric cancer (AGS cell lines) 33
. 

 
By using a wound healing assay, the effects of RSV 

and Cis on the migration of CAL-27 cells through 48 

hours have been assessed. The results revealed that the 

wound healing width ratio of EXR group was 54.8% of 

the original width (0.9 mm) while it was 93.3% for the 

control group. This result suggested that RSV inhibited 

the migration of cancer cells. This outcome is in the same 

line with Kim et al., (2012) who studied the effects of 

RSV on the migration of OSCC 34
. Several studies 

reported that RSV has antimigratory effect on 

 

 

other different cancers cell lines such as breast-cancer 

cells 35
, metastatic lung and cervical cancer cells 36

, 

ovarian cancer
37

 and OSCC 38
.  

On the contrary, these results are not matched 

with Gweon and Kim (2013) who informed that RSV 

increases the cell migratory ability of HT1080 human 

fibrosarcoma cells by inducing the activation and 

expression of MMP 9 39
. The wound gap was wider in 

the Cis groups (EXC2 and EXC5) compared to RSV 

group (EXR), as the width closure was 45.7%, 32.4% 

and 54.8%, respectively, with (P ≤ 0.001). 
 

In addition, the results showed that RSV 

combined with Cis synergistically inhibited cell 

migration. A highly statistically significant inhibition 

in the migration of CAL-27 cells in combined groups 

(EXR/C2 and EXR/C5) was noted compared to control 

group as well as separate treated groups (EXR, EXC2 

and EXC5) with (P ≤ 0.001). Specifically, the 

antimigratory effect of EXR/C2 was more than that of 

EXC5, the width closure was 22.6% and 32.4%, 

respectively with (P ≤ 0.001). 

 

These results indicated that RSV sensitizes the 

inhibitory effects of Cis on migration of CAL-27 cells. 

These results consistent with Yang et al., (2021) who 

reported that RSV combined with Cis inhibited cell 

migration of breast cancer cell lines MDA231 through 

inhibition of TGFβ1-induced cell migration and 

invasion 40
. Regardless to Cis, these findings are in the 

same line with Chung et al., (2018( who suggested that 

combined RSV and 5-flurouracil enhanced the 

inhibitory effects on the migration of human colorectal 

cancer cells 41
 . 

 
The EMT is a crucial cellular process that is 

important for the morphogenesis and homeostasis of solid 

tissues. In the earliest phase of cancer spread and 

invasion, cells lose their epithelial properties. ZEB1, Slug, 

and Snail are transcription factors that initiate EMT and 

stimulate invasion and metastasis of cancer cells. Because 

of its capability to bind to the promoter E-box, which 

inhibits the transcription of E-cadherin, Slug plays a 

crucial role in EMT 42
 . In our study, EMT assessment by 

ICC expression of Slug in different groups was explored. 

Slug showed high activity among control group, while the 

expression levels of Slug were decreased in EXR group in 

comparison to control group. The significant difference 

between control and EXR groups was high statistically 

significant with (P ≤ 0.001). This finding is in agreement 

with the work 
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conducted by Kim et al., (2018) on OSCC. They 

noticed that applying RSV inhibits EMT revealed by 

reduction of Slug expression 34
.  

The outcomes of our study matched those of Gao 

et al., (2015) who investigated Slug expression on 

gastric cancer cell lines. They showed that RSV-treated 

cells had lower levels of Slug than the control group. 

They indicated that RSV would be able to inhibit EMT 

and suppress invasion and metastasis in gastric cancer 

in vitro 43
. 

 
The effect of Cis on EMT showed decrease in the 

immunostaining of Slug in EXC2 & EXC5 groups in 

comparison to control group. The significant differences 

were statistically high (P ≤ 0.001). These findings are in 

the same line with Wang et al., (2021) who analyzed 

malignant behavior of breast cancer upon applying Cis. 

They demonstrated that Cis inhibits cancer metastasis 

through blocking EMT
44

. Controversially, Wang et al., 

(2018) reported that Cis promotes tumor invasion and 

metastasis in a human lung cancer xenograft model 

through stimulation of tumor microenvironmental factors 

that are released from apoptotic cancer cells, facilitating 

the metastasis of neighboring cancer cells, and resulting in 

tumor progression 45
. 

 
In our study, unfortunately, because of the 

significant toxicity of combined RSV and high dose of Cis 

(EXR/C5), it was unable to produce a pellet for such 

group. In this study, interestingly, in EXR/C2 group the 

expression of Slug was more reduced compared to that in 

single agent treated groups (EXR and EXC2) as well as 

control group, with a high statistically significant 

difference (P ≤ 0.001). These results indicated that RSV 

has adverse efficacy on EMT, and these effects were 

increased with Cis. This finding is supported by Yang et 

al., (2021) who studied the effects of RSV and Cis on 

EMT in breast cancer. They revealed that the expressions 

of E-cadherin significantly increased, while the 

expressions of mesenchymal markers decreased
40

. 
 

The idea of combination treatment with Cis and 

RSV is to minimize the dose of Cis and its 

compensation with RSV in order to minimize Cis side 

effect. The results of the current study revealed that 

RSV could potentiate the anticancer effect of low dose 

Cis on cancer cells and could decrease its toxicity. This 

is in agreement with REN et al., (2020) who concluded 

that RSV increased the beneficial effects of Cis and 

decreased its side effects against gastric cancer cells by 

inducing endoplasmic reticulum stress-mediated 

apoptosis and G2/M phase arrest 46
. 

 

 

Due to its anticancer efficiency, Cis usage as a 

chemotherapeutic drug is essential despite its side effects. 

From this point, Cis and RSV may be combined to 

maximize the benefits of chemotherapeutic agents while 

limiting the problems of Cis side effects. 

 

 

5. Conclusion and recommendations  
In conclusion, the synergistic application of RSV in 

conjunction with Cis emerges as a promising therapeutic 

strategy for oral squamous cell carcinoma (OSCC). This 

combined treatment has demonstrated notable efficacy in 

diminishing cancer cell viability, impeding migration, and 

restraining epithelial-mesenchymal transition (EMT) 

processes. The observed outcomes suggest a potentiation 

of therapeutic effects, showcasing the complementary 

actions of RSV and Cis in targeting OSCC. Importantly, 

the implementation of this dual approach has exhibited a 

favorable safety profile, minimizing undesirable side 

effects. Looking towards the future, the exploration of 

RSV and Cis combination therapy warrants further 

investigation and refinement. Subsequent research 

endeavors should delve into elucidating the underlying 

molecular mechanisms responsible for the observed 

synergies, paving the way for targeted interventions. 

Additionally, clinical studies are imperative to validate the 

translational potential of this approach, ensuring its 

efficacy and safety in human subjects. The continued 

exploration of this promising combination holds the 

potential to redefine the landscape of OSCC therapy, 

offering a more robust and targeted treatment modality 

that could significantly enhance patient outcomes. As we 

move forward, a deeper understanding of the molecular 

intricacies and clinical applicability of RSV and Cis 

combination therapy will undoubtedly contribute to its 

evolution as a forefront strategy in the battle against oral 

squamous cell carcinoma. 
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