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ABSTRACT 

Background: Due to their safety, greater tolerance, and economics, phytochemical-based dietary 

interventions have drawn attention as a preventive and therapeutic method against most cancers. The 

purpose of this study was to investigate the antiproliferative and apoptotic effect of black and green 

tea formulation.  

Materials and Methods: Aqueous extracts of black and tea were prepared. The formulation was 

prepared by mixing 1:1 part of individual aqueous extracts of black and tea. The prepared formulation 

was evaluated for in vitro cytotoxicity using HCT-116 colon cancer cells. Morphological changes 

were observed and the apoptotic effect of the formulation was also assessed.  

Results: The results showed that the formulation was able to inhibit the growth of colon cancer cells 

effectively at all the tested concentrations between the range of 5-50µg/ml. A dose-dependent decrease 

in the viability of cells was observed. IC50 was calculated by linear regression analysis. Based on the 

IC50, efficacy concentration of 45µg/ml was chosen for morphology and dual staining assays. 

Morphological changes were observed after treating the cells at a single concentration of 45µg/ml. 

The treated cells demonstrated loosely adhered boundaries with spherical morphology indicating the 

onset of the cell death following the black and green tea formulation treatment. To further confirm the 

antiproliferative effect, the formulation treated cells were stained with ethidium bromide/acridine 

orange and assessed for apoptotic effect. The images showed greenish yellow fluorescent cells in 

addition to few green fluorescent cells when compared to untreated cells that appeared only green in 

fluorescence.  

Conclusion: Hence from the results of the present study it may be concluded that the black and green 

tea formulation were found to show significant antiproliferative and apoptotic effect in HCT 116 colon 

cancer cells.  
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INTRODUCTION 

Colon cancer is the second most prevalent 

malignancy and the third leading cause of cancer-

related mortalities worldwide, resulting in 

~500,000 mortalities every year (1). 

Approximately, 1 million new cases are 

diagnosed every year. More than 50% of all cases 

and mortality can be attributed to preventable risk 

factors like smoking, eating poorly, drinking 

excessively, being physically inactive, and 

carrying too much weight (2- 4). Family history 

of colorectal cancer, hereditary diseases such 

polyposis and hereditary nonpolyposis colorectal 

cancer, as well as personal histories of 

inflammatory bowel illness, polyps, and other 

cancers, are additional risk factors (5, 6). The 

existing treatments for colorectal cancer viz., 

surgical resection, chemotherapy, radiation 

therapy and combined regimens have a history of 

toxic side effects and drug resistance (7, 8). In 

this context, researchers are working in the 

search of new compounds that possess negligible 

or minimal side effects and to improve the 

effectiveness of treatment for colorectal cancer.  

Epidemiology research and meta-analysis studies 

have demonstrated the ability of various 

phytochemicals, particularly phenolics, to reduce 

cancer risk (9, 10). Particularly, the polyphenolic 

elements in various tea brews have been 

thoroughly investigated. Among the most 

polyphenols, tea maintains a promising place 

among dietary therapies because of its capacity to 

target many cancer-related cellular locations (9). 

Tea is made from the Camellia sinensis plant 

which is categorised into three types. Green tea, 

which has not undergone any fermentation, black 

tea, which has had some fermentation, and 

oolong tea are the three main categories of tea 

(partially fermented) (11). Green tea contains 

large amounts of catechins, especially 

epigallocatechin in it whereas black tea contains 

high amounts of theaflavins and thearubigins 

(12). Many pre-clinical and clinical studies have 

demonstrated the potential health benefits of both 

black and green tea polyphenols (12, 13). The 

major catechin, epigallocatechin present in green 

tea and theaflavins, major components of black 

tea have been shown to possess significant anti-

cancer effects (12 - 14). Although there were 

many studies carried out on the beneficial effects 

of black tea and green tea extracts individually 

(15 -17), studies on their effect as a formulation 

are seldom reported. Therefore, in the present 

study the combination of black and green tea 

extract as a formulation was evaluated for its 

potential effects against colon cancer using HCT 

-116 colon cancer cells.  

 

MATERIAL AND METHODS 

Reagents 

DMEM (Dulbecco's Modified Eagle Medium), 

Phosphate Buffered Saline (PBS), Trypsin-

EDTA, Fetal bovine serum (FBS), were 

purchased from Gibco, Canada. Acridine orange 

(AO), ethidium bromide (EtBr), Dimethyl 

sulfoxide (DMSO), [3-(4,5-dimethylthiazol-2-yl) 

2,5-diphenyl tetrazolium bromide (MTT), 

AO/EtBr were purchased from Sigma Chemical 

Pvt Ltd, USA.  All other chemicals used were of 

molecular grade and were purchased from SRL, 

India. 

 

Cell line maintenance 

HCT-116 human colorectal carcinoma cells were 

obtained from the NCCS, Pune with passage 

number of 18. The cells were grown in T25 

culture flasks containing DMEM supplemented 

with 10% FBS and 1% antibiotics. Cells were 

maintained at 37◦C in a humidified atmosphere 

containing 5% CO2. Upon reaching confluency, 

the cells were trypsinized and plated. 

 

Cell viability (MTT) assay  

The cytotoxic effect of the black and green 

formulation was evaluated by an MTT assay 

(18). The assay is based on the reduction of 

soluble yellow tetrazolium salt to insoluble 

purple formazan crystals by metabolically active 

cells. Briefly, 5x104 cells/well were plated in 96 

well plates. 24h after plating, the cells were 

washed twice with 100μl of serum-free medium 

and starved by incubating the cells in serum-free 

medium for 3 hours at 37ºC. After starvation, the 

cells were treated with different concentrations of 

the synthesised nanoparticles for 24h. At the end 

of 20h, the medium from the control and 

treatment group was discarded and 100μl of MTT 

containing DMEM (0.5mg/ml) was added to each 

well. After 4 h of incubation at 37ºC in the CO2 

incubator, the MTT containing medium was 

discarded and the cells were washed with 1x 

PBS. The formazan crystals formed were 

dissolved in dimethyl sulfoxide (100μl) and the 

intensity of the colour developed was measured 

using a Microplate reader at 570 nm. Cell 
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viability in the control medium without any 

treatment was represented as 100%. The cell 

viability is calculated using the formula:  

% cell viability = [A570 nm of treated cells/A570 

nm of control cells] ×100. 

 

Morphology study 

Based on the MTT assay an optimal efficacy dose 

of 45µg/ml was selected based on linear 

regression analysis for further studies. Analysis 

of cell morphology changes was observed using 

a phase contrast microscope. 2×105 cells were 

seeded in 6-well plates and treated with the 

concentration of 45µg/ml of nanoparticles for 

24h. At the end of the incubation period, the 

medium was removed and cells were washed 

once with a phosphate buffer saline (PBS) pH 

7.4). The plates were observed under a phase 

contrast microscope for morphological changes. 

 

Determination of cell death by acridine orange 

(AO)/ethidium bromide (EtBr) dual staining 

The apoptotic effect of black and tea formulation 

in MCF-7 cell death was determined by AO/EtBr 

dual staining as described previously (19). The 

cells were treated with 45µg/ml of the 

synthesised nanoparticle for 24h and then the 

cells were harvested, washed with ice-cold PBS. 

The pellets were resuspended in 5µl of acridine 

orange (1 mg/mL) and 5µl of EtBr (1 mg/mL). 

The induction of apoptotic in the cells were then 

observed in stained cells using an inverted 

fluorescence microscope. 

 

Statistical analysis  

All data obtained were analysed by One way 

ANOVA followed by Student's t-test using SPSS 

software. Data were represented as Mean±SEM 

for triplicates. The level of statistical significance 

was set at p<0.05. 

 

RESULTS 

Cytotoxicity assay 

The cytotoxic effect of black and green tea 

formulation was evaluated using HCT-116 colon 

cancer cells. The colon cancer cells were treated 

with different concentrations (5-50µg/ml) of 

black and green formulation for 24h. The results 

of the MTT assay demonstrated dose-dependent 

decrease in the viability of HCT-116 colon 

cancer cells after 24 h treatment with the 

formulation. A maximum inhibition of 80% in 

the proliferation of cancer cells was observed at 

50µg/ml.  IC50 was calculated by non-linear 

regression analysis and was found to be 45µg/ml 

which was used for further functional analysis. 

 

 

FIGURE 1: Representative bar graph showing the effect of black and green tea formulation on 

HCT-116 colon cancer cell viability 

 

Morphological study 

The cellular morphology of the HCT-116 colon 

cancer cells was observed following 24h of 

treatment with black and green formulation. 

After 24h, the cells treated with the 45µg/ml (IC50 

value) formulation showed round shape with no 

clear membrane and ruptured cellular structure 

whereas the untreated control cells demonstrated 

spindle shaped morphology indicative of cell 

viability. From the results, it may be concluded 

that black and green formulation has exerted 

cytotoxicity in colon cancer cells.  
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FIGURE 2: Representative images showing morphological changes after 24h incubation 

with/without black and green tea formulation 

 

Ethidium bromide/acridine orange (EtBr/AO) 

dual staining - Apoptosis assay 

The EtBr/AO dual staining assay was carried out 

to evaluate whether the cytotoxicity induced by 

black and green tea formulation was due to 

apoptosis or necrosis. The results showed that 

after 24h treatment, the cells treated with 

45µg/ml tea formulation demonstrated yellowish 

green fluorescence emitting cells indicating the 

onset of apoptosis. Whereas the untreated cells 

appeared green in fluorescence indicating cell 

viability.  

 

 

FIGURE 3: Representative images showing induction of apoptosis in HCT-116 colon cancer cells 

after 24h incubation with/without black and green tea formulation 

 

DISCUSSION 

The incidence of colon cancer has been on the 

rise, primarily attributed to recent lifestyle 

changes. These changes include reduced 

consumption of fruits and vegetables, decreased 

physical activity, excessive alcohol intake, and 

exposure to potentially harmful chemicals (1, 6). 

Furthermore, conventional treatments such as 

chemotherapy and radiation therapy have proven 

to be costly and associated with adverse effects 

such as toxicity and drug resistance. As a result, 

researchers are exploring the use of natural plant 

products, which are rich in diverse molecular 

compounds, either as standalone drugs or in 

formulations, for the treatment of various types 

of cancer, including colon cancer (20 - 25). 

Tea phytochemicals have exhibited notable anti-

cancer properties, which can be attributed to the 

presence of bioactive compounds such as 

polyphenols, catechins, flavonoids, and 

alkaloids. These compounds possess antioxidant, 

anti-inflammatory, and anticancer properties (9, 

12, 13). Building upon previous literature 

documenting the anticancer effects of tea 
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polyphenols (26, 27), this study focused on 

examining the impact of a black and green tea 

formulation on colon cancer using the HCT-116 

colon cancer cell line. Additionally, a previous 

study demonstrated that HCT-116 colon cancer 

cells exhibited higher sensitivity compared to 

HT-29 colon cancer cells (5). Hence, in this 

study, we also selected the HCT-116 cell line to 

assess the cytotoxicity and anticancer properties 

of the black and green tea formulation. 

Our findings indicated a significant reduction in 

the viability of colon cancer cells when treated 

with a formulation containing black and green tea 

at the tested concentrations. These results align 

with previous studies that also reported a 

considerable decrease in the viability of colon 

and ovarian cancer cells when exposed to black 

tea extract and green tea extract. The observed 

antiproliferative and cytotoxic effects of the tea 

extracts are attributed to the presence of 

polyphenol compounds, particularly 

epigallocatechin (EGCG) and theaflavins, which 

are abundant in both black and green tea (12 - 

14). Moreover, our study demonstrated that the 

black and green tea formulation induced cell 

death through apoptosis, as confirmed by distinct 

changes in cell morphology and staining with 

EtBr/AO. 

Apoptosis, also known as "programmed cell 

death," is a regulated process by which cancer 

cells are effectively targeted by various 

anticancer agents (28 - 30). Previous research has 

demonstrated that the presence of EGCG in green 

tea extract and theaflavins in black tea extract can 

induce apoptosis in cancer cells (11, 14). The tea 

polyphenols have been shown to trigger 

apoptosis in cancer cells through different 

mechanisms (17). Apoptosis mechanisms 

includes activating intrinsic signalling pathways 

mediated by mitochondria, reducing the 

expression of anti-apoptotic markers, and 

increasing the expression of pro-apoptotic 

markers (31 - 33). A recent study also found that 

combining green tea extract with paclitaxel led to 

synergistic induction of mitochondria-dependent 

cell death by inhibiting Akt phosphorylation in 

ovarian cancer cells (25). Similarly, another 

study demonstrated that EGCG, in combination 

with sodium butyrate, induced apoptosis in HCT-

116 colon cancer cells by suppressing survivin 

protein expression (22, 34). Based on these 

previously published findings, it is plausible to 

suggest that the apoptosis induced by the 

synergistic effect of black and green tea 

formulation may also rely on mitochondrial 

pathways.  

 

CONCLUSION 

The black and green tea formulation in 

combination have exhibited promising anti-

carcinogenic effects by inhibiting the cell 

proliferation, inducing morphological changes 

ultimately resulting in apoptosis in HCT-116 

colon cancer cells.  

 

REFERENCES 
1. Siegel RL, Wagle NS, Cercek A, Smith RA, 

Jemal A. Colorectal cancer statistics, 2023. CA 

Cancer J Clin. 2023 Mar 1. doi: 

10.3322/caac.21772.  

2. Islami F, Goding Sauer A, Miller KD, et al. 

Proportion and number of cancer cases and deaths 

attributable to potentially modifiable risk factors 

in the United States. CA Cancer J Clin. 

2018;68(1):31-54.  

3. Namrata, D., Lakshmi, T., Rushabh, D. and 

Ezhilarasan, D., 2022. Role of stress management 

in oral malignant and premalignant conditions. 

Oral Oncology, 127, pp.105813-105813. 

4. Ramakrishnan, D.S., Gouthaman, S.S. and 

Muthusekhar, M.R., 2022. Ameloblastic 

fibrosarcoma transformation from ameloblastic 

fibroma. National Journal of Maxillofacial 

Surgery, 13(Suppl 1), pp.S145-S149. 

5. Jasperson, K.W., Tuohy, T.M., Neklason, D.W. 

and Burt, R.W., 2010. Hereditary and familial 

colon cancer. Gastroenterology, 138(6), pp.2044-

2058. 

6. Amersi, F., Agustin, M. and Ko, C.Y., 2005. 

Colorectal cancer: epidemiology, risk factors, and 

health services. Clinics in colon and rectal 

surgery, 18(03), pp.133-140. 

7. Singh, S., Ramani, P., Jayakumar, N.D., Pannu, 

S.J., Sharma, R.K. and Gill, S.S., 2022. Role of 

Pro-inflammatory and Anti-inflammatory 

Cytokines in Pathophysiology of Psoriasis. 

Current Oral Health Reports, 9(4), pp.132-145. 

8. Sahoo, N.K., Sahu, M., Pullaiah, C.P. and 

Muralikrishna, K.S., 2020. In vitro anticancer 

activity of Eclipta alba whole plant extract on 

colon cancer cell HCT-116. BMC 

Complementary Medicine and Therapies, 20(1), 

pp.1-8. 

9. Kim, H.S., Quon, M.J. and Kim, J.A., 2014. New 

insights into the mechanisms of polyphenols 

beyond antioxidant properties; lessons from the 

green tea polyphenol, epigallocatechin 3-gallate. 

Redox biology, 2, pp.187-195. 



e359 

Antiproliferative and apoptotic effect of herbal formulation containing black and green tea extract against HCT-116 
human colon cancer cells  

                  J Popul Ther Clin Pharmacol Vol 30(16):e354–e360; 11 June 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

10. Joshua D Lambert, Does tea prevent cancer? 

Evidence from laboratory and human 

intervention studies, The American Journal of 

Clinical Nutrition, Volume 98, Issue 6, December 

2013, Pages 1667S–1675S. 

11. Wang, L.F., Lee, J.Y., Chung, J.O., Baik, J.H., 

So, S. and Park, S.K., 2008. Discrimination of 

teas with different degrees of fermentation by 

SPME–GC analysis of the characteristic volatile 

flavour compounds. Food chemistry, 109(1), 

pp.196-206. 

12. Beltz LA, Bayer DK, Moss AL, Simet IM. 

Mechanisms of cancer prevention by green and 

black tea polyphenols. Anticancer Agents Med 

Chem. 2006 Sep;6(5):389-406.  

13. Pan, M.H., Lai, C.S., Wang, H., Lo, C.Y., Ho, 

C.T. and Li, S., 2013. Black tea in chemo-

prevention of cancer and other human diseases. 

Food Science and Human Wellness, 2(1), pp.12-

21. 

14. Imran, A., Butt, M.S., Xiao, H., Imran, M., Rauf, 

A., Mubarak, M.S. and Ramadan, M.F., 2019. 

Inhibitory effect of black tea (Camellia sinensis) 

theaflavins and thearubigins against HCT 116 

colon cancer cells and HT 460 lung cancer cells. 

Journal of food biochemistry, 43(5), p.e12822. 

15. Min, K.J. and Kwon, T.K., 2014. Anticancer 

effects and molecular mechanisms of 

epigallocatechin-3-gallate. Integrative medicine 

research, 3(1), pp.16-24. 

16. Gurumurthy, Kaviyaselvi, S. Balaji Ganesh, S. 

Jayalakshmi, and S. Sasidharan. "Effects Of 

Black Tea and Coffee on the Colour Stability of 

Glass Ionomer Cement - An in vitro study." 

International Journal of Dentistry and Oral 

Science (2021): 4642-4647. 

17. Rady, I., Mohamed, H., Rady, M., Siddiqui, I.A. 

and Mukhtar, H., 2018. Cancer preventive and 

therapeutic effects of EGCG, the major 

polyphenol in green tea. Egyptian Journal of 

Basic and Applied Sciences, 5(1), pp.1-23. 

18. Lu, J. B., Ho, C. T., Ghai, G., & Chen, K. Y. 

(2000). Differential effects of theaflavin 

monogallates on cell growth, apoptosis and Cox‐

2 gene expression in cancerous versus normal 

cells. Cancer Research, 60, 6465–6471. 

19. Suganya, M., Gnanamangai, B.M., Ravindran, 

B., Chang, S.W., Selvaraj, A., Govindasamy, C., 

Elsadek, M.F. and Ponmurugan, P., 2019. 

Antitumor effect of proanthocyanidin induced 

apoptosis in human colorectal cancer (HT-29) 

cells and its molecular docking studies. BMC 

chemistry, 13(1), pp.1-14. 

20. Long, J., Guan, P., Hu, X., Yang, L., He, L., Lin, 

Q., Luo, F., Li, J., He, X., Du, Z. and Li, T., 2021. 

Natural polyphenols as targeted modulators in 

colon cancer: molecular mechanisms and 

applications. Frontiers in Immunology, 12, 

p.635484.  

21. Ezhilarasan, D., Apoorva, V.S. and Ashok 

Vardhan, N., 2019. Syzygium cumini extract 

induced reactive oxygen species‐mediated 

apoptosis in human oral squamous carcinoma 

cells. Journal of Oral Pathology & Medicine, 

48(2), pp.115-121. 

22. Saldanha, S.N., Kala, R. and Tollefsbol, T.O., 

2014. Molecular mechanisms for inhibition of 

colon cancer cells by combined epigenetic-

modulating epigallocatechin gallate and sodium 

butyrate. Experimental cell research, 324(1), 

pp.40-53. 

23. Kumar, S.A. and Ramachandra Prabhakar, N., 

2021. Raj Vikram, SP Saravana Dinesh, S 

Rajeshkumar. Antioxidant Activity of 

Silymarin/Hydroxyapatite/Chitosan Nano 

Composites-An In Vitro Study. Int J Dentistry 

Oral Sci, 8(1), pp.1402-1404. 

24. Nasim, I., Jabin, Z., Kumar, S.R. and 

Vishnupriya, V., 2022. Green synthesis of 

calcium hydroxide-coated silver nanoparticles 

using Andrographis paniculata and Ocimum 

sanctum Linn. leaf extracts: An antimicrobial and 

cytotoxic activity. Journal of Conservative 

Dentistry, 25(4), p.369. 

25. Kumar S, L., Naik, Z., Panwar, A., Keluskar, V. 

and Kumar, R.S., 2022. Comparative evaluation 

of the efficacy of Nigella sativa (75% v/v) cream 

and clobetasol propionate (0.05% w/w) gel in oral 

lichen planus—a double-blinded randomized 

control trial. Oral and Maxillofacial Surgery, 

pp.1-10. 

26. Panji, M., Behmard, V., Zare, Z., Malekpour, M., 

Nejadbiglari, H., Yavari, S., Safaeian, A., 

Bakhshi, A., Abazari, O., Abbasi, M. and 

Khanicheragh, P., 2021. Synergistic effects of 

green tea extract and paclitaxel in the induction of 

mitochondrial apoptosis in ovarian cancer cell 

lines. Gene, 787, p.145638. 

27. Trisha, A.T., Shakil, M.H., Talukdar, S., Rovina, 

K., Huda, N. and Zzaman, W., 2022. Tea 

Polyphenols and Their Preventive Measures 

against Cancer: Current Trends and Directions. 

Foods, 11(21), p.3349. 

28. Marimuthu, M., Andiappan, M., Wahab, A., 

Muthusekhar, M.R., Balakrishnan, A. and 

Shanmugam, S., 2018. Canonical Wnt pathway 

gene expression and their clinical correlation in 

oral squamous cell carcinoma. Indian Journal of 

Dental Research, 29(3), p.291. 

29. Aigner T. Apoptosis, necrosis, or whatever: how 

to find out what really happens? J. Pathol. (2002) 

198: 1-4. 

30. Teja, K.V., Ramesh, S. and Priya, V., 2018. 

Regulation of matrix metalloproteinase-3 gene 

expression in inflammation: A molecular study. 

Journal of conservative dentistry: JCD, 21(6), 

p.592. 



e360 

Antiproliferative and apoptotic effect of herbal formulation containing black and green tea extract against HCT-116 
human colon cancer cells  

                  J Popul Ther Clin Pharmacol Vol 30(16):e354–e360; 11 June 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

31. Pandiar, D., Ramani, P., Krishnan, R.P. and 

Monica, K., 2021. Multifaceted multinucleated 

giant cells in oral squamous cell carcinoma. Oral 

Oncology, 121, pp.105400-105400. 

32. Yuwanati, M., Ramadoss, R., Kudo, Y., Ramani, 

P. and Senthil Murugan, M., 2022. Prevalence of 

oral submucous fibrosis among areca nut 

chewers: A systematic review and meta‐analysis. 

Oral Diseases. 

33. Muthukrishnan, L., 2022. TGM3-A novel 

biomarker as a potential diagnostic target for head 

and neck squamous cell carcinoma (HNSCC). 

Oral oncology, 134, p.106118. 

34. Jabin, Z., Nasim, I. and Agarwal, N., 2022. 

Comparative Evaluation of Salivary Fluoride 

Concentration after Topical Application of Silver 

Diamine Fluoride and Sodium Fluoride: A 

Randomized Controlled Trial. International 

Journal of Clinical Pediatric Dentistry, 15(3), 

p.371.  

 

 

 


