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 ABSTRACT 

Statement of the Problem: Evidence shows thiabendazole has the potential to inhib-

it angiogenesis in melanoma and fibrosarcoma; however, its effect on oral squamous 

cell carcinoma has not been previously studied. 

Purpose: This study sought to assess the cytotoxic effects of thiabendazole on HN5 

head and neck squamous carcinoma cell line.  

Materials and Method: HN5 cell lines were exposed to different concentrations of 

thiabendazole (prepared from 99% pure powder) for 24, 48 and 72 hours. Cell viabil-

ity was assessed by the methyl thiazol tetrazolium assay, and IC50 of thiabendazole 

was calculated. Cells were also exposed to different concentrations of thiabendazole 

for 48 hours to determine its effect on expression and transcription of vascular endo-

thelial growth factor gene. Expression of vascular endothelial growth factor mRNA 

was assessed by real-time polymerase chain reaction. The vascular endothelial 

growth factor release was assessed by the enzyme-linked immunosorbent assay test.  

Results: In all concentrations of thiabendazole except for 200 and 550μM, cell via-

bility was significantly different at different time points (p< 0.05). At 48 and 72 

hours, cell viability at all concentrations of thiabendazole (100-650μM) significantly 

decreased compared to the control group (zero concentration). In addition, cell viabil-

ity significantly decreased with an increase in thiabendazole concentration. At 48 

hours, expression of vascular endothelial growth factor mRNA was significantly 

lower in presence of 500μM thiabendazole compared to the control group (p< 0.001) 

and release of vascular endothelial growth factor was inhibited in a dose-dependent 

manner.  

Conclusion: Thiabendazole inhibited the proliferation of HN5 cells in a dose-

dependent and time-dependent manner. It also inhibited the expression of vascular 

endothelial growth factor gene.  
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Introduction 

Oral squamous cell carcinoma (OSCC) is a subgroup 

of oral and or pharyngeal squamous cell carcinomas 

(SCCs) and ranks the 11
th

 most common cancer in 

humans. It accounts for 2-3% of all malignancies and 

94% of oral malignancies. It is characterized by poor 

prognosis and low survival rate. Despite recent ad-

vances in treatment of OSCC, survival rate of patients 

has only slightly increased in the past couple of dec-

ades (40% in the 1950s to 59% at present); thus, 

OSCC is hard to treat. [1-5] 

Angiogenesis plays a pivotal role in proliferation  
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of tumoral cells and growth and metastasis of tumors. 

[6] The association of angiogenesis and tumor growth 

has long been acknowledged, and it is believed that 

tumors derive their blood supply from the preexisting 

blood vessels. [7] Vascular endothelial growth factor is 

an important signaling protein that stimulates angio-

genesis. [8] Evidence shows that the level of vascular 

endothelial growth factor (VEGF) in OSCC is much 

higher than that in normal tissues. [9] Moreover, it has 

been documented that level of VEGF in metastatic 

tumors is much higher than that in primary tumors. 

Therefore, VEGF appears to be a critical factor for 

tumor growth and metastasis, and level of VEGF has a 

significant correlation with the stage of tumor and its 

progression. [9] 

Considering all the above, targeting an angiogen-

ic factor such as VEGF may prevent tumor growth. 

Thiabendazole (TBZ) (C10H7N3S) with a molecular 

weight of 201.24 g/mol was granted Food and Drug 

Administration (FDA) approval in 1967 as an anti-

fungal and anti-helminthic drug. It is supplied in 

500mg chewable tablets and is in clinical use for 40 

years. Cha et al. [10] showed that TBZ decreased an-

giogenesis and vascular density by 50% in fibrosar-

coma xenografts. Furthermore, they found that TBZ 

reversibly disassembled the newly formed blood ves-

sels. Therefore, it may be suitable for use as a potential 

adjunct to the currently administered anti-angiogenic 

medications and chemotherapy drugs. Zhang et al. [9] 

also showed that TBZ inhibited angiogenesis in mu-

rine metastatic melanoma cell line B16F10 in vitro and 

in vivo via inhibiting the expression of vascular endo-

thelial growth factor (VEGF) and inducing angiogene-

sis. In a recent study, Zhang et al. [11] optimized the 

structure of the lead compound of TBZ and obtained a 

new derivative, which they claimed to be over 100-

fold more potent than the lead compound for inhibition 

of tumoral cell growth.  

However, OSCC tumoral cells are more resistant 

to treatment and are less angiogenesis-dependent com-

pared to other tumors. [12-13] thus, the efficacy of 

TBZ for inhibition of growth of OSCC is a matter of 

question. To the best of authors’ knowledge, the anti-

angiogenic effects of TBZ on OSCC cell line have not 

been previously investigated. Considering the availa-

bility and affordability of this drug, this study sought 

to assess the cytotoxic effects of different concentra-

tions of TBZ on HN5 head and neck SCC cell line. 

The effects of different concentrations of TBZ on ex-

pression and transcription of VEGF mRNA were also 

evaluated.  
 

Materials and Method 

This in vitro experimental study was conducted on 

HN5 SCC cell line.  

Cell culture 

The HN5 SCC cell line (code CI96) was obtained from 

the Pasture Institute of Iran and transferred to the cell 

laboratory of Tehran University of Medical Sciences 

for culture. The HN5 cells had been isolated from SCC 

of the tongue of a 73 year-old man with tumor stage 

T2N0M0 and moderate level of differentiation. [14] 

The HN5 cells were cultured in RPMI-1640 (Gibco, 

Germany) culture medium supplemented with 10% 

fetal bovine serum (FBS), 100 U/mL penicillin and 

100 U/mL streptomycin and incubated at 37°C and 5% 

CO2. Thiabendazole was obtained as 99% pure powder 

(Sigma Aldrich, St. Louis, MO, USA).  

The MTT assay 

The cytotoxic effects of different concentrations of 

TBZ (0-650μM) on HN5 cells were assessed using the 

MTT assay. The HN5 cells in exponential growth 

phase were seeded on a 96-well plate at a concentra-

tion of 5×10
3
 cells per well in RPMI-1640 medium 

supplemented with 10% FBS. Different concentrations 

of TBZ (0-650μM; selected based on a pilot study and 

witnessing reduction in cell viability by 50%)were 

dissolved in 1% dimethyl sulfoxide, added to HN5 

cells, and incubated at 37°C and 5% CO2 for 24, 48 

and 72 hours. After completion of incubation, the 

overlaying medium was removed and HN5 cells were 

washed with phosphate buffered saline; 200μL of the 

culture medium containing 0.5 mg/mL MTT was add-

ed to the cells and they were incubated at 37°C and 5% 

CO2 for four hours. The cells were lysed after the 

completion of the afore-mentioned time period and 

purple formazan crystals were dissolved and read at 

570nm wavelength using an enzyme-linked immuno-

sorbent assay (ELISA) reader (Epoch/SN: 140416B/ 

Read speed: Normal, Delay: 100msec., Measurements/ 

Data point:8) (Figure 1). 

The percentage of cell viability was calculated 

using the formula below:  
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Cell viability (%)= ODA/ODB×100 

Where ODA is the absorbance of the experi-

mental groups at 570nm and ODB is the absorbance of 

the control group.  
 

 

 
 

Figure 1: Cell lysis after 48 hours 
 

ELISA test 

Standard solution was diluted. Bioassay Technology 

Laboratory kit, containing standard original concentra-

tions, was used and five dilutions were prepared of the 

standard (6400 ng/L) concentration as follows: S5: 

3200ng/L, S4: 1600ng/L, S3: 800ng/L, S2:400ng/L and 

S1:200ng/L.Three wells were allocated to each standard 

solution. Three blank wells were also considered. Only 

A and B chromogens and then the stop solution were 

added to blank wells. First, 50μL of the standard solu-

tion and then 50μL of streptavidin-HRP were added to 

the standard solution wells. 

For the experimental sample wells, first 40μL of 

the sample and then 10μL of the VEGF antibody and 

50μL of streptavidin-HRP were added. Plates were then 

sealed by a wrap and gently shaken; they were then 

incubated at 37°C for 60 minutes. After incubation, the 

wrap was removed, the overlaying medium was re-

moved and the remaining solution was gently shaken. 

Each well was then filled with irrigating solution (30X 

diluted with distilled water), 30 seconds time was al-

lowed and then the solution was extracted; this process 

was repeated for five times. Next, 50μL of chromogen 

A was added to each well and then 50μL of chromogen 

B was added. The wells were gently shaken and incu-

bated at 37°C for 10 minutes. Afterwards, 50μL of the 

stop solution was added to each well to stop the reac-

tions (the blue color immediately turned yellow). For 

the assay, blank well was considered as zero and optical 

density (OD) of each well at 450μM wavelength was 

measured. This was done 10 minutes after using the 

stop solution. According to the standard concentrations 

and the corresponding ODs, linear regression equation 

was calculated using the standard curve. Then the con-

centrations of the samples were calculated based on the 

OD values.  

RNA extraction 

The RNeasy Mini Kit (Qiagen Cat No. 52304, Germa-

ny) was used for RNA extraction. The cell culture con-

tent was centrifuged and the cell mass was rinsed with 

phosphate buffered saline twice. Extraction was done as 

instructed in the kit. The total RNA obtained of each 

well was dissolved in the buffer provided in the kit. The 

cell culture content included cancer cells without the 

drug, cancer cells exposed to 100μm TBZ, cancer cells 

exposed to 200μM TBZ, cancer cells exposed to 300μM 

TBZ, cancer cells exposed to 400μM TBZ and cancer 

cells exposed to 550μM TBZ. Thus, extraction was per-

formed separately for each group. Briefly, cell mass was 

lysed by the solution provided in the kit. The lysate was 

homogenized using a 5cc syringe, ethanol was added 

and the lysate and possibly the precipitate were trans-

ferred to the column for RNA adhesion to the column. 

The column was washed to exclude excess material. 

The extracted RNA was eluted and quantified qualita-

tively and qualitatively using NanoDrop (Thermo Fisher 

Scientific, MA, USA). This method provides OD at 

260nm and 280nm and the ratio of OD at 260/280nm 

wavelength must be approximately 1.8 to 2.  

cDNA synthesis 

cDNA was synthesized using Viva2-step RT-PCR kit 

(Cat No. RTPL12; Qiagen, Germany). The RT Primer 

Mix provided in the kit contained the components re-

quired for reverse transcription.  

Designing specific primers 

Specific primers for each marker were designed and 

ordered for synthesis using AlleleID7 software. The 

synthesized primers (Gene Fanavaran Company; Teh-

ran, Iran) in the form of lyophilized powder were dis-

solved in autoclave-sterilized distilled water and entered 

into the final reaction. Table 1 shows the characteristics 

of the primers used in real-time RT-PCR reaction.  

Conduction of real-time RT-PCR using EvaGreenHotTaqqPCR 

Mix 

Sina clone kit (Cat No. BT11101; Qiagen, Germany)  
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Table 1: Characteristics of the primers used in real-time RT-PCR 
 

 Gene 

VEGF 18s RNA 

NCBI number   NM_001025370 X03205 

Initiator F AAGGAGGAGGGCAGAATCAT GTAACCCGTTGAACCCCATT 

Primer length  20 20 

Initiator R ATCTGCATGGTGATG TTGGA CCATCCAATCGGTAGTAGCG 

Primer length 20 20 

Segment length 226 152 

Annealing temperature 60 ℃ 56.5℃ 
 

was used for real time RT-PCR. EvaGreen fluorescent 

dye bonds to double-strand DNA and emits florescent 

light quantifiable by real-time device. Temperatures and 

reaction times were adjusted according to the manufac-

turer’s instructions. To find possible differences in rela-

tive expression of VEGF gene in the two groups, the 

ΔΔCt method was used, and 2 squared- ΔΔCt was ap-

plied to find possible differences in expression of VEGF 

mRNA.  

Statistical analysis 

Two-way ANOVA was applied to assess the effect of 

concentration of TBZ and exposure time on the viability 

of cells. Since the interaction effect of concentration and 

time on the viability of cells was significant (p< 0.001), 

one-way ANOVA was used to assess the effect of each 

factor on cell viability. Tukey’s test was used for pair-

wise comparison of the groups wherever the homogene-

ity of variances was met; otherwise, Dunnett’s T3 test 

was applied for this purpose. p< 0.05 was considered 

statistically significant.  

 

Results 

Comparison of cell viability at zero concentration of 

TBZ revealed significant differences between the three 

time points, and cell proliferation increased over time 

(p= 0.01 between 24 and 48 hours, p< 0.001 between 24 

and 72 hours and p< 0.001 between 48 and 72 hours).  

In 100μm concentration of TBZ, cell viability was  

 

significantly different at different time points (p= 0.02). 

Viability of HN5 cells at 72 hours was significantly 

higher than that at 48 hours (p= 0.002). However, no 

significant differences were noted in this regard be-

tween 72 and 24 hours (p= 0.17) or 48 and 24 hours (p= 

0.54). In 200μm concentration of TBZ, cell viability 

was not significantly different at different time points 

(p= 0.12). In 300μm concentration of TBZ, cell viability 

was significantly different at different time points (p= 

0.001). Viability of HN5 cells at 48 hours was signifi-

cantly higher than that at 24 hours (p= 0.002) but no 

significant differences were noted at 72 hours compared 

to the values at 24 (p= 0.08) and 48 (p= 1.00) hours.  

In 400μm concentration of TBZ, cell viability was 

significantly different at different time points (p= 

0.002). Viability of HN5 cells at 48 hours was signifi-

cantly higher than that at 24 hours (p< 0.001) but no 

significant differences were noted at 72 hours compared 

to the values at 24 (p= 0.13) and 48 (p= 0.42) hours.  

In 500μm concentration of TBZ, cell viability was 

significantly different at different time points (p= 

0.005). Viability of HN5 cells at 48 hours was signifi-

cantly higher than that at 24 hours (p< 0.001) but no 

significant differences were noted at 72 hours compared 

to the value at 24 (p= 0.32) and 48 (p= 0.09) hours. In 

550μm concentration of TBZ, cell viability was not 

significantly different at different time points (p= 0.30).  

In 600μm concentration of TBZ, cell viability was 

Table 2: The mean and standard deviation (SD) of the percentage of cell viability in presence of different concentrations of TBZ at 

different time points 
 

 
Cell viability (%) 

24 hours (Mean±SD) 48 hours (Mean±SD) 72 hours (Mean±SD) 

Concentration of thiabendazole    

100mcM 92.1±9.65 90.89±1.17 83.24±2.01 

200mcM 83.87±4.49 87.49±1.98 72.49±7.5 

300mcM 75.56±0.97 84.1±2.25 69.2±5.76 

400mcM 68.53±1.05 81.36±0.25 62.5±3 

500mcM 67.9±1.91 77.29±1.88 39.67±11.13 

550mcM 60.75±7.6 47.79±6.95 38.48±3.21 

600mcM 45.86±7.59 34.33±3.58 21.41±1.46 

650mcM 43.28±1.15 30.58±1.98 17.59±1.02 
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Figure 2: Comparison of the percentage of cell viability at different concentrations of TBZ at 24, 48 and 72 hours  
 

significantly different at different time points (p= 0.00-

6). Cell viability at 72 hours was significantly lower than 

that at 24 (p= 0.005) and 48 (p= 0.05) hours but no sig-

nificant difference was noted in this regard at 24 and 48 

hours (p= 0.16). At 650μm concentration of TBZ, cell 

viability was significantly different at different time 

points (p< 0.001) and cell viability decreased over 

time (p= 0.007 between 24 and 48 hours, p< 0.001 

between 24 and 72 hours and p= 0.003 between 48 and 

72 hours). 

The mean percentage of cell viability at different 

concentrations in the three time points is presented in 

Table 2. 

After 24 hours, 48 hours and 72 hours of incuba-

tion of HN5 cells with TBZ, the viability of cells ex-

posed to different concentrations of TBZ was variable 

(all p< 0.001). The changes in cell viability in presence 

of different concentrations of TBZ are shown in Figure 

2. 

The mean and SD of fold change for expression 

of VEGF mRNA in HN5 cells after 48 hours of incu-

bation in presence of 0-650μM concentrations of TBZ 

are presented in Table 3. 

Real-time PCR conducted after 48 hours of incu-

bation of cells with different concentrations of TBZ 

revealed variable expressions of VEGF mRNA (p< 

0.001), and significant differences were noted between 

0 and 400 (p= 0.01) and 0 and 550μM (p< 0.001) con-

centrations. No other significant differences were not-

ed (all p> 0.05) (Figure 3a).Assessment of VEGF pro-

duction by HN5 cells after 48 hours of incubation with 

different concentrations of TBZ revealed that by an in-  

crease in concentration of TBZ, production of V-  

EGF decreased (Figure 3b). 

 
Table 3: The mean difference in VEGF mRNA expression 

in different concentrations of TBZ after real-time PCR at 48 

hours 
 

Concentration of 

TBZ 

Mean difference 

(fold change) 

Standard 

error 
p Value 

0 

100 μM 3.54 0.76 0.18 

200 μM 4.29 0.89 0.17 

300 μM 5.92 0.68 0.06 

400 μM 7.31 0.30 0.01 

550 μM 8.36 0.06 <0.001 

100μM 

0 μM -3.54 0.76 0.18 

200 μM .74 1.17 1.00 

300 μM 2.37 1.02 0.46 

400 μM 3.77 0.82 0.14 

550 μM 4.82 0.76 0.10 

200μM 

0 μM -4.29 0.89 0.17 

100 μM -.74 1.17 1.00 

300 μM 1.63 1.11 0.84 

400 μM 3.03 0.94 0.29 

550 μM 4.08 0.89 0.18 

300μM 

0 μM -5.92 0.68 0.06 

100 μM -2.37 1.02 0.46 

200 μM -1.63 1.12 0.84 

400 μM 1.40 0.74 0.66 

550 μM 2.45 0.68 0.28 

400μM 

0 μM -7.32 0.30 0.01 

100 μM -3.77 0.82 0.14 

200 μM -3.03 0.94 0.29 

300 μM -1.40 0.74 0.66 

550 μM 1.05 0.30 0.30 

550μM 

0 μM -8.36 0.06 <0.001 

100 μM -4.82 0.76 0.10 

200 μM -4.08 0.89 0.18 

300 μM -2.45 0.68 0.28 

400 μM -1.05 0.31 0.30 

 

Discussion   

The anti-angiogenic and growth inhibition effects of 

TBZ on OSCC have not been well investigated. Thus, we  
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Figure 3a: Comparison of VEGF mRNA expression in presence of different concentrations of TBZ at 48 hours,  b: Comparison of 

VEGF production by HN5 cells in presence of different concentrations of TBZ 

 

hypothesized that VEGF in HN5 SCC cell line may be 

targeted by TBZ. Our results showed that TBZ inhibited 

the proliferation of HN5 cell line in a dose- and time-

dependent manner. At 72 hours, in presence of 500μM 

concentration of TBZ, the percentage of cell viability 

decreased to 39% of that in the control group (IC50). At 

48 hours, in presence of 550μM concentration of TBZ, 

the percentage of viable cells decreased by 47% of the 

baseline concentration, this value was 45% in presence 

of 600μM TBZ at 24 hours. 

Zhang et al. [9] evaluated the effect of TBZ on 

B16 and B16F10 (malignant melanoma) cell lines re-

vealed that HN5 cells were more resistant to TBZ. In 

presence of 300μM TBZ, both malignant melanoma cell 

lines (B16 and B16F10) reached IC50 concentration at 

72 hours. However, HN5 cell line in presence of 500μM 

concentration was decreased by 39.6% of its baseline 

concentration at 72 hours. This may indicate higher 

resistance of OSCC cells to treatment with TBZ and 

consequently poor prognosis of OSCC. In addition, 

Zhang et al. [9] showed that increase in drug concentra-

tion and time lapse decreased the proliferation of B16 

and B16F10 cell lines. They also noticed that TBZ in-

hibited tumor growth in the B16F10-bearing mice mod-

el. In our study, in presence of 200, 300, 400 and 

500μM concentrations of TBZ, HN5 cell line showed 

increased proliferation at 48 hours compared to 24 

hours; while in 550, 600 and 650μM concentrations of 

TBZ, proliferation of HN5 cells decreased with time. 

Evidence shows that the doubling time of HN5 cells is 

34 hours; [15] thus, cells at 24 hours have yet to reach 

their doubling time. At 48 hours, cells are in logarithmic 

phase while at 72 hours, cells gradually reach their 

death phase. Thus, among the afore-mentioned three 

time points, 48 hours would be a more appropriate time 

for testing. [14-15]  

In a study by Cha et al., [10] TBZ in 250μM con-

centration inhibited angiogenesis. Proliferation of hu-

man umbilical vein endothelial cells was also inhibited 

by 100-250μM concentrations of TBZ (equal to 20-

50mg/ kg). Effect of TBZ on implanted fibrosarcoma in 

mice (as a highly angiogenesis-dependent tumor) was 

evaluated in another study [16] and it was shown that 

after 27 days of treatment with 50mg/kg TBZ (equal to 

250mg/kg), size of fibrosarcoma tumor in the test group 

decreased by more than 50% compared to that in con-

trols.  

Zhang et al. [9] showed that in the B16F10-

bearing mice model, 100-400μM concentrations of TBZ 

(20, 40, 80mg/kg) caused 16.5%, 35.4% and 48.7% 

reduction in tumor growth, respectively. The concentra-

tions of TBZ used by Zhang et al. [9] on melanoma 

were higher than concentrations used by Cha et al. [10] 

on fibrosarcoma. This increase in concentration can be 

explained by the fact that fibrosarcoma is a mesenchy-

mal tumor that contains numerous blood vessels. [17] 

Thus, it is more dependent on angiogenesis than mela-

noma and consequently, fibrosarcoma is more suscepti-

ble to anti-angiogenic drugs like TBZ. Based on this 

theory, it is speculated that since OSCC is resistant to 

treatment and less dependent on angiogenesis, [18] 

higher concentrations of TBZ will be probably required 

for inhibition of tumor growth and proliferation of tu-

moral cells in animal models. The mechanism of action 



Abassi AJ., et al.                             J Dent Shiraz Univ Med Sci., 2017 September; 18(3): 219-226. 

225 

of TBZ is not well understood. However, it has been 

shown that this drug inhibits fumarate reductase and 

results in cell death as such. [10] 

Comparison of the results of real time PCR of 

B16F10 cells in the study by Zhang et al. [9] and HN5 

cells in the current study reveals that VEGF mRNA 

expression in B16F10 cells significantly decreased in 

presence of 300 and 500μM concentrations of TBZ 

compared to the control group. However, in our study, 

significant reduction in VEGF mRNA expression in 

HN5 cells was noted in presence of 400 and 550μM 

concentrations of TBZ compared to the control group. 

Inhibition of VEGF mRNA expression by higher con-

centrations of TBZ in our study compared to that of 

Zhang et al. [9] further confirms that head and neck 

tumors are less dependent on angiogenesis compared to 

tumors like melanoma, which are highly angiogenesis-

dependent. This finding has been reported in previous 

studies as well. [19-20]  

The results of ELISA showed that TBZ inhibited 

the production of VEGF protein in a dose-dependent 

manner. In presence of 300μM concentration of TBZ, 

level of VEGF decreased by more than 50% (840ng/L) 

of its level in zero concentration of TBZ (2942mg/L). In 

presence of 550μM, level of VEGF reached to 283ng/L, 

which was one-tenth of its baseline level. Real-time 

PCR revealed that level of VEGF mRNA expression in 

presence of 300μM concentration of TBZ decreased by 

more than 50% of its value in the control group, which 

was equal to 10-fold change in its level.  

Maximum safe dose of TBZ for administration in 

humans is 3g/day, which is equal to 50mg/kg (250μM) 

in a patient weighing 60kg. However, in our study, TBZ 

in 550μM concentration decreased the proliferation of 

HN5 cells by 50% at 48 hours. But, it should be noted 

that our study had an in vitro design and significant dif-

ferences exist in drug pharmacokinetics in the human 

body and animals and in the culture medium with regard 

to protein-drug interactions, level of free drug, drug 

excretion, site of administration, and dose of adminis-

tered drug at the target site. Thus, it should be kept in 

mind that effective concentration of drug in vitro is not 

equal to that in vivo since in the human body, part of the 

administered drug binds to plasma proteins and only 

free drug can affect cells.  

To convert the IC50 dose of a drug in vitro to its  

equivalent in vivo, the above-mentioned pharmacokinet-

ic properties must be evaluated in animal studies and 

then the required dose to reach the desired concentration 

of drug in vivo can be estimated. Another technique, 

which is based on try and error, is that the IC50 concen-

tration in vitro can be injected to animal models to as-

sess the magnitude of its inhibitory effect on tumor 

growth and then the dosage can be modified based on 

the observed results. 

Considering the observed inhibitory effect of TBZ 

on HN5 cells and VEGF mRNA expression, it may be 

effective for inhibition of OSCC growth in the clinical 

setting. Future studies on animal models are required to 

determine the effective drug dosage for potential use as 

an adjunct to other chemotherapy drugs. In addition, the 

efficacy of TBZ in conjunction with other medications 

with confirmed anti-angiogenic properties such as Avas-

tin should be evaluated in future studies.  

 

Conclusion 

Within the limitations of this study, the results showed 

that TBZ inhibited the proliferation of HN5 cells in a 

dose- and time-dependent manner. Expression of VEGF 

mRNA and production of VEGF protein were also in-

hibited by TBZ in a dose-dependent manner. Such 

promising findings can pave the way towards the use of 

TBZ as an efficient anti-cancer drug in the clinical set-

ting.   
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