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ABSTRACT 
Natural products, mainly isolated from medicinal plants, have considered as valuable sources for herbal anticancer 
drugs. The present study aimed to determine total phenolic and flavonoid contents, antioxidant activity, and anti 
proliferative activity of black tea (Camellia sinensis Kuntze) extract in vitro. Crude ethyl alcohol extract of black tea
was prepared. To determine antioxidant activity, total phenol, and flavonoids content of the extract, the 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) assay, Folin-Ciocalteu method and aluminum chloride colorimetric method 
were used, respectively. The anti proliferative activity in cancerous (AGS) and normal (HDFs) cell lines was tested 
by MTT [3-(4, 5-dimethylthiazol-2ol) 2, 5 di phenyl tetrazolium bromide] assay. The IC50 of DPPH radical assay 
was 8±1.41 µg/ml, compared with butylated hydroxytoluene (BHT) with IC50 25.41±1.89 µg/ml. The total phenol 
and flavonoid contents were 341.8±4.41 mg GAE/g and 21.1±2.11 mg RUT /g, respectively.  The extract showed 
higher anti proliferative activity against the cancer cell line than normal cell line. 48 hours after treatment, crude 
ethyl alcohol extract inhibited the proliferation of AGS and HDFs cells with IC50 values of 264.3 μg/ml and 689.5
μg/ml, respectively. This study revealed that the crude ethyl alcohol extract of black tea suppresses the 
proliferation of gastric carcinoma cells. It is a rich resource of natural antioxidants and can prevent a lot of 
diseases such as cancer. 
 
Key Words: Black tea, Gastric cancer, Free radical scavengers, Cytotoxicity. 
 DOI: 10.24896/eijppr.2017724 

INTRODUCTION 
Gastric cancer is one of the most notable reason of 
cancer-related deaths worldwide and a main cause of 
cancer death in Asia [1]. Treatment option for these 
patients includes chemotherapy and surgery. But, 
these treatments have many side effects and are 
inefficient [2]. Many studies on protective and 
therapeutic effects of drugs on gastric cancer has been 
reported so far [3]. Various flavonoids have been 
found to inhibit the development of cancer. 
Epidemiological studies have shown the relationship 
between consumption of flavonoids in fruits and 

vegetables with reduce the incidence of cancer [4]. 
Medicinal plants have been used to the treatment of 
human diseases for many years [5, 6]. A number of 
medicinal plants have been hopeful results as 
therapeutic agents [7-15]. Plants have the ability to 
synthesize a wide row of compounds which have long 
been used as remedies. Some of them are now being 
collected and examined to identify possible sources of 
drugs [13, 16-29]. 
Teas from Camellia sinensis are widely consumed in 
more than fifty centuries in the world [30]. Different 
teas from C. sinensis are obtained on the basis auto-
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oxidation process catalyzed by polyphenol oxidase 
and peroxidase enzymes. Thus, the teas are classified 
as oxidized (black tea), semioxidized (oolong tea), 
non-oxidized (green and white tea), and post-
fermented (pu-erh tea). The most consumed teas are 
the green and black teas [31]. Several classes of 
compounds have been identified in different types of 
C. sinensis teas such as phenolic compounds, terpenes, 
alkaloids. Also vitamins (such as A, K, B, and C), 
tocopherols, carotenoids, and minerals such as 
manganese, phosphorus, potassium, fluorine, 
magnesium, and iron have been idenfied in the C. 
sinensis [32-34]. Moreover, the primary metabolism 
products such as polysaccharides, proteins and lipids 
have been identified in this plant [34, 35]. The 
compounds found in teas presented different 
biological properties, as established by the number of 
in vivo and in vitro studies [36], the main ones being 
antioxidant activity [37], anti-inflammatory [38], 
antisepticemic [35], anticarcinogenic [39-41], 
hypocholesterolemic [42], antibacterial effects [43], 
preventive effects on postoperative intra-abdominal 
adhesions [44], protective effects for the renal injury 
induced by contrast media [45]. Based on our 
information has been no reported about antioxidant 
activities and anti-proliferative effect of black tea in 
gastric cancer cell line (AGS) so far. Therefore, this 
research was purposed to evaluate the antioxidant 
and anti proliferative activity of C. sinensis Kuntze in 
vitro. 
 
MATERIALS AND METHODS  
Preparation of hydroalcoholic extract 
Black tea was purchased from a local market. The 
leaves powder (100 g) was dissolved in 70% ethyl 
alcohol (400ml) and kept at room temperature (RT) 
for 96 h. Subsequently, the mixture was filtered and 
concentrated under nearly vacuum pressure and at 
40°C using rotary evaporator. The extracts were kept 
in sterile bottles under refrigerated conditions until 
further use. The extracts were suspended at 37°C in 
dimethyl sulphoxide (DMSO) to give a stock solution 
of 25 mg/mL, dissolved in culture medium, filtered 
(Millipore® 0.22 μm) and stored (4°C) until use. The 
remaining DMSO in the wells (maximal 0.2%) did not 
significant effect on the experiment results [46]. 
Determination of the free-radical scavenging 
activity 
The free-radical scavenging activity was measured by 
the 2,2 diphenyl-1-picrylhydrazyl (DPPH) method 
described by Moon and Terao, with some modification 
[47]. Different amounts of the extract and methanol 
were added to a solution of 0.3 mg/mL methanolic 
solution of DPPH to make up a total volume of 3.0 mL. 
After standing for 15 min at room temperature, the 
absorbance was measured at 517 nm using UV–Vis 
spectrophotometer (UNICO 2100: USA). Butylated 
hydroxytoluene (BHT) was used as positive control. 
Inhibition of free radical by DPPH was calculated as 
follows:  

Antiradical activity (%) = (A control – A 
sample)/Acontrol×100. 

Determination of total phenolic content  
The total phenolic content of the black tea extract was 
determined using Folin-Ciocalteu method  [48], with 
some modification. Briefly, 0.1 ml of the diluted 
sample was added to 0.5 ml of 10% (v/v) Folin–
Ciocalteu reagent and kept at RT for 3-8 min. 
Subsequently, 0.4 ml of 7.5% (w/v) sodium carbonate 
solution was added to the mixture. After being kept in 
total darkness for 30 min., the absorbance of the 
reaction mixture was measured at 765 nm using a UV–
Vis spectrophotometer (UNICO 2100: USA). Amounts 
of total phenolic were calculated using a gallic acid 
calibration curve. 
Determination of total flavonoid content 
The total flavonoid content of the extract was 
measured as previously reported method [49]. Briefly, 
0.5 ml of diluted plant material was  independently  
mixed  with  1.5  ml  of methanol,  0.1  ml  of  10% 
(w/v) aluminum  chloride,  0.1  ml  of  1M potassium 
acetate, and 2.8 ml of distilled water. Following 
incubation at RT for 40 min, the absorbance of the 
reaction mixture was read at 415 nm using a UV–Vis 
spectrophotometer (UNICO 2100: USA). The results 
were expressed in mg of rutin equivalents of dry plant 
matter by comparison with the standard curve, which 
was made in the same condition. 
Cells and cell culture 
AGS (human gastric carcinoma) cell line was 
purchased from Pasteure Institute of Iran and 
Human dermal fibroblasts (HDFs) cell line was kindly 
provided by the Cellular and Molecular Research 
Center of Shahrekord University of Medical Science, 
Iran. All the cell lines were cultured in Dulbecco’s 
Modified Eagle’s Medium (DMEM; Invitrogen-Gibco, 
Carlsbad, California,) supplemented with 10% of fetal 
bovine serum (FBS; Gibco), 100 µg/mL of 
streptomycin (Sigma-Aldrich Chemicals, St. Louis, MO, 
USA), 100 UI/mL of penicillin (Sigma) and 0.25 
µg·mL−1 amphotericin B (Gibco), at 37 °C in a 
humidified air atmosphere containing 5% (V/V) CO2. 
MTT assay  
The cells were seeded into 96-well plates (SPL Life 
Sciences, Korea) at a density of 5000 cells per well in a 
final volume of 100 µL per well. After incubation at 37 
°C with 5% CO2 for 24 h, overlay medium was 
aspirated to allow the cells attach to the bottom of 
each well. Subsequently, the cells were treated with 
various concentrations of the extract and incubated at 
37 °C with 5% CO2. The number of living cells was 
determined by the ability to cleave the tetrazolium salt 
MTT [3-(4, 5-dimethylthiazol-2ol) 2, 5 diphenyl 
tetrazolium bromide] by the mitochondrial enzyme 
succinate dehydrogenase which develops a formazan 
blue color product. The procedure was as described 
previously [50]. 
Each experiment was carried out in triplicate and the 
percentage survival of the treated cancer and normal 
cultured cells was calculated according to the formula 
as follows: 
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Percentage of survival (%) = (Absorbance of treated 
cells/ Absorbance of control) × 100  
The 50% inhibitory concentration (IC50) was 
calculated by regression analysis and related models 
with probit regression model procedure, using the 
SPSS software (version 16.0). 
 
RESULTS 
Antioxidant capacity, phenolic compounds, and 
flavonoids  
Total phenolic and flavonoid amounts of black tea 
extract were 341.8±4.41 mg GAE/g and 21.1±2.11 mg 
RUT/g, respectively. The antioxidant activity of crude 
extract and BHT was 8±1.41 μg/ml and 25.41±1.89 
μg/ml, respectively (table1). 
 
Table 1. DPPH radical-scavenging activity of the crude ethyl alcohol 
of black tea 

Sample Concentration 
(μg/ml ) 

Scavenging of 
DPPH radical 

activity 
inhibition (%) 

DPPH-radical 
scavenging 
activity IC50 

(μg/ml) 

Black tea 
extract 

30 99±2.2 

8±1.41 
20 98±1.7 
10 70±1.5 
5 23.15±2.6 

2.5 21.7±0.9 

BHT 

50 90.8±1.5 

25.41±1.89 
40 78.3±1.2 
30 55.5±0.7 
20 40.09±1.7 
10 22±1.06 
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Figure 1. Anti proliferative activity of crude ethyl alcohol extract of 
black tea on AGS (cancerous) and HDFs (normal) cell lines 
AGS (cancerous) and HDFs (normal) cell lines were treated with 
different concentrations of the extract for 48 h and cell viability was 
determined using MTT assay. AGS: Human Gastric Carcinoma; HDFs: 
Human Dermal Fibroblast. 
 
Antiproliferative activity 
The results showed that cell viability of AGS 
(cancerous) and HDFs (normal) cell lines was 
significantly reduced in a dose-dependent manner 
following treatment with the crude ethyl alcohol 
extract (Figure 1). Based on Probit regression model, 
antiproliferative activity of the crude ethyl alcohol 
extract on the two cell lines studied was significantly 
different (P<0.001). The IC50 value of the extract for 
AGS and HDFs was 264.3 μg/mL (CI 95%: 227.3-
307.4) and 689.5 μg/mL (CI95%: 650.6-730.7), 
respectively. 

 
DISCUSSION 
In recent years, considerable efforts have been done to 
identify naturally occurring compounds and related 
synthetic agents that can prevent the development 
and recurrence of cancer. Several medicinal plants 
have been found to have cancer cell proliferation 
effects [51-55]. They can induce apoptosis in various 
tumor cells via their antioxidant and anti-
inflammatory effects [56]. The beneficial effects of 
plant extracts are derived from their constituent 
phytochemicals that include polyphenols, alkaloids, 
and nitrogen and sulfur containing compounds [57]. 
Phytochemicals extracted from plants are excellent 
chemotherapeutic agents, which are easily available, 
inexpensive, nontoxic, and well tolerated [58]. 
Actually natural antioxidants are rich resources for 
prevention and treatment of the diseases [59-66]. Our 
results showed that cell viability of AGS was 
significantly reduced in a dose-dependent manner, 
following treatment with crude ethyl alcohol extract of 
black tea. Also the extract has the phenolic and 
flavonoid compounds that caused to show the 
antioxidant activity more than BHT.  
Some plant antioxidants have been suggested to 
contribute to their anti-carcinogenic effects and their 
flavanols have been reported to inhibit cancer cell 
proliferation in vitro [67]. Tea is one of the most 
popular beverages consumed around the world, 
second only to water. Polyphenols are the naturally 
occurring compounds in fresh tea leaves and account 
for its pungency and unique flavor. The four primary 
polyphenols in tea leaves are epigallocatechin, 
epicatechin, epicatechin gallate, and epigallocatechin 
gallate [68]. There has been extensive in vitro research 
regarding the possible cancer prevention mechanisms 
by green and black tea extracts and their polyphenols 
using human breast cancer cell lines. These studies 
suggested that multiple mechanisms are involved, 
including induction of apoptosis [69] cell cycle arrest 
[70], down-regulation of telomerase [71], inhibition of 
vascular endothelial growth factor [72] and 
suppression of aromatase activity [73]. Both green and 
black tea extracts also have demonstrated cancer 
preventive properties in carcinogen-induced or 
transplanted mammary tumors in experimental 
animal studies. Green tea extracts or catechins fed to 
rodents after administration of chemical carcinogens 
decreased the size and multiplicity of mammary 
tumors [74, 75].  
Although less extensively studied, black tea extracts, 
given before carcinogen challenge, have been shown 
to reduce the tumor number, size and multiplicity in 
carcinogen-treated rats on a high fat diet [76, 77]. 
However, the relationship between tea consumption 
and human cancer incidence is an important concern. 
Whereas some studies have shown a protective effect 
of tea consumption against certain types of cancers, 
many laboratory studies have demonstrated 
inhibitory effects of tea preparations and tea 
polyphenols against tumor formation and growth. This 
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inhibitory activity is believed to be mainly due to the 
antioxidant and possible anti proliferative effects of 
polyphenolic compounds in green and black tea. These 
polyphenolics may also inhibit carcinogenesis by 
blocking the endogenous formation of N-nitroso 
compounds, suppressing the activation of carcinogens, 
and trapping of genotoxic agents [78]. Therefore, in 
consistent with the above mentioned reports, our 
results may indicate that polyphenolics can be 
responsible for anti-proliferative activity of crude 
ethyl alcohol extract of black tea. Actually use of 
medicinal plants has caused a decrease in incidence of 
different diseases due to their effects in protecting 
against oxidative damage and decreasing 
inflammation (23, 79-82). 
 
CONCLUSION 
Based on our findings of the present study, probably 
due to the polyphenolic compounds of crude ethyl 
alcohol extract of black tea and its relatively high 
antioxidant activity, it can suppress the proliferation 
of gastric carcinoma cells.  
 
CONFLICT OF INTEREST STATEMENT 
We declare that we have no conflict of interest. 
 
ACKNOWLEDGMENT 
This work was supported by the Shahrekord 
University of Medical Science, Shahrekord, Iran (Grant 
No.:2171). Authors are thankful to the Director of 
Medical Plants Research Center and to the Deputy of 
Research and Technology of Shahrekord University of 
Medical Sciences, Shahrekord, Iran. 
 
REFERENCES 
  
[1] Hundahl, S.A., Phillips, J.L. and Menck, H.R., 2000. 
The National Cancer Data Base report on poor survival 
of US gastric carcinoma patients treated with 
gastrectomy. Cancer, 88(4), pp.921-932. 
[2] Treasure, T., Fallowfield, L., Lees, B. and Farewell, 
V., 2011. Pulmonary metastasectomy in colorectal 
cancer: the PulMiCC trial. Thorax, 67, pp.185-187. 
[3] Cragg, L., Fox, A., Nation, K., Reid, C. and Anderson, 
M., 2009. Neural correlates of successful and partial 
inhibitions in children: An ERP study. Developmental 
Psychobiology, 51(7), pp.533-543. 
[4] Moradi, M.T., Karimi, A. and Alidadi, S., 2016. In 
vitro antiproliferative and apoptosis-inducing 
activities of crude ethyle alcohole extract of Quercus 
brantii L. acorn and subsequent fractions. Chinese 
Journal of Natural Medicines, 14(3), pp.196-202. 
[5] Rafieian-Kopaei, M. and Sewell, R.D., 2014. The 
history and ups and downs of herbal medicines usage. 
Journal of HerbMed Pharmacology, 3(1), pp.1-3. 
[6] Bahmani, M., Sarrafchi, A., Shirzad, H. and 
Rafieian-Kopaei, M., 2016. Autism: pathophysiology 
and promising herbal remedies. Current 
Pharmaceutical Design, 22(3), pp.277-285. 
[7] Akhlaghi, M., Shabanian, G., Rafieian-Kopaei, M., 
Parvin, N., Saadat, M. and Akhlaghi, M., 2011. Citrus 

aurantium blossom and preoperative anxiety. 
Brazilian Journal of Anesthesiology, 61(6), pp.702-712. 
[8] Moradi, M., Rafieian-Koupaei, M., Imani-Rastabi, 
R., Nasiri, J., Shahrani, M., Rabiei, Z. and Alibabaei, Z., 
2013. Antispasmodic effects of yarrow (Achillea 
millefolium L.) extract in the isolated ileum of rat. 
African Journal of Traditional, Complementary and 
Alternative Medicines, 10(6), pp.499-503. 
[9] Nasri, H., Nematbakhsh, M., Ghobadi, S., Ansari, R., 
Shahinfard, N. and Rafieian-kopaei, M., 2013. 
Preventive and curative effects of ginger extract 
against histopathologic changes of gentamicin-induced 
tubular toxicity in rats. International Journal of 
Preventive Medicine, 4(3), pp.316-21. 
[10] Rabiei, Z., Rafieian-kopaei, M., Heidarian, E., 
Saghaei, E. and Mokhtari, S., 2014. Effects of Zizyphus 
jujube extract on memory and learning impairment 
induced by bilateral electric lesions of the nucleus 
Basalis of Meynert in rat. Neurochemical Research, 
39(2), pp.353-360. 
[11] Gatreh-Samani, K., Farrokhi, E., Khalili, B., 
Rafieian, M. and Moradi, M., 2011. Purslane (Portulaca 
oleracea) effects on serum paraoxanase-1 activity. 
Journal of Shahrekord University of Medical Sciences, 
13(1), pp.9-14. 
[12] Karimi, A., Moradi, M.T., Saeedi, M., Asgari, S. 
and Rafieian-Kopaei, M., 2013. Antiviral activity of 
Quercus persica L.: high efficacy and low toxicity. 
Advanced Biomedical Research, 2(1), p.36. 
[13] Moradi, M.T., Gatreh-Samani, K., Farrokhi, E., 
Rafieian-Koupaei, M. and Karimi, A., 2012. The effects 
of purslane (Portulaca oleracea L.) on serum level of 
lipids, lipoproteins and paraoxanase 1 (PON1) activity 
in hypercholesterolemia patients. Life Science Journal-
Acta Zhengzhou University Overseas Edition, 9(4), 
pp.5548-5552. 
[14] Moradi, M.T., Karimi, A., Alidadi, S. and Gholami-
Arjenaki, M., 2015. In vitro anti-herpes simplex type-1 
activity, antioxidant potential and total phenolic 
compounds of pomegranate (Punica granatum L.) peel 
extract. Journal of Chemical and Pharmaceutical 
Research,7(8), pp.82-88. 
[15] Moradi, M.T., Karimi, A., Alidadi, S. and Saedi-
Marghmaleki, M., 2015. In vitro Anti-adenovirus 
activity of pomegranate (Punica granatum L.) peel 
extract. Advanced Herbal Medicine, 1(4), pp.1-8. 
[16] Moradi, M.T., Asadi-Samani, M., Bahmani, M. and 
Shahrani, M., 2016. Medicinal plants used for liver 
disorders based on the Ethnobotanical documents of 
Iran: A Review. International Journal of PharmTech 
Research, 9(5), pp.407-15. 
[17] Moradi, M., Rafieian-Koupaei, M., Imani-Rastabi, 
R., Nasiri, J., Shahrani, M., Rabiei, Z. and Alibabaei, Z., 
2013. Antispasmodic effects of yarrow (Achillea 
millefolium L.) extract in the isolated ileum of rat. 
African Journal of Traditional, Complementary and 
Alternative Medicines, 10(6), pp.499-503. 
[18] Moradi, M.T., Rafieian-Koupaei, M. and Shahrani, 
M., 2013. The effect of garlic methanol extract on 
gastric acid and pepsin in basic and stimulated 



International Journal of Pharmaceutical and Phytopharmacological Research (eIJPPR) | April 2017 | Volume 7 | Issue 2 | Page 19-25 
Moradi M.T., In Vitro Anti Proliferative Activity, Antioxidant Potential and Total Phenolic Compounds of Black Tea Extract 

ISSN (Online) 2249-6084 (Print) 2250-1029                                                                                       www.eijppr.com 

23 

conditions by electrical stimulus of vagus nerve in 
rats. Life Science Journal, 10, pp.99-104. 
[19] Karimi, A. and Hoseini, S.M., 2008. 
Seroprevalence of hepatitis B and C virus and HIV 
markers among blood donors from Shahre-Kord, Iran 
(2004-2006). Kuwait Medical Journal, 40(4), pp.279-
81.  
[20] Karimi, A., Imani-Rastabi, R., Moezzi, M. and 
Moradi, M.T., 2016. Hepatitis a seroprevalence and 
associated risk factors: A community-based cross-
sectional study in shahrekord, iran. Archives of Clinical 
Infectious Diseases, 11(1), pp.e32288.  
[21] Mobasheri, M., Varnamkhast, N.S., Karimi, A. and 
Banaeiyan, S., 2014. Prevalence study of genital tract 
infections in pregnant women referred to health 
centers in Iran. Turkish Journal of Medical Sciences, 
44(2), pp.232-236. 
[22] Moezzi, M., Imani, R., Khosravi, N., Pourheidar, 
B., Ganji, F. and Karimi, A., 2014. Hepatitis B 
seroprevalence and risk factors in adult population of 
chaharmahal and bakhtiari province in 2013. Hepatitis 
Monthly, 14(5), pp. e17398. 
[23] Mohammadi, K.M., Karimi, A., Rafieian, M. and 
Amjad, L., 2014. Phytochemical study and anti viral 
effect evaluation of methanolic extract with fractions 
of aerial parts of euphorbia spinidens. Journal of Babol 
University of Medical Sciences, 16(5), pp.25-34. 
[24] Asgary, S., Kelishadi, R., Rafieian-Kopaei, M., 
Najafi, S., Najafi, M. and Sahebkar, A., 2013. 
Investigation of the lipid-modifying and 
antiinflammatory effects of Cornus mas L. 
supplementation on dyslipidemic children and 
adolescents. Pediatric Cardiology, 34(7), pp.1729-
1735. 
[25] Asgary, S., Sahebkar, A., Afshani, M.R., Keshvari, 
M., Haghjooyjavanmard, S. and Rafieian-Kopaei, M., 
2014. Clinical evaluation of blood pressure lowering, 
endothelial function improving, hypolipidemic and 
anti-inflammatory effects of pomegranate juice in 
hypertensive subjects. Phytotherapy Research, 28(2), 
pp.193-199. 
[26] Rafieian-Kopaei, M., Asgary, S., Adelnia, A., 
Setorki, M., Khazaei, M., Kazemi, S. and Shamsi, F., 
2011. The effects of cornelian cherry on 
atherosclerosis and atherogenic factors in 
hypercholesterolemic rabbits. Journal of Medicinal 
Plants Research, 5(13), pp.2670-2676. 
[27] Bahmani, M., Zargaran, A., Rafieian-Kopaei, M. 
and Saki, K., 2014. Ethnobotanical study of medicinal 
plants used in the management of diabetes mellitus in 
the Urmia, Northwest Iran. Asian Pacific Journal of 
Tropical Medicine, 7, pp.S348-S354. 
[28] Delfan, B., Bahmani, M., Hassanzadazar, H., Saki, 
K. and Rafieian-Kopaei, M., 2014. Identification of 
medicinal plants affecting on headaches and migraines 
in Lorestan Province, West of Iran. Asian Pacific 
Journal of Tropical Medicine, 7, pp.S376-S379. 
[29] Nasri, H., Shahinfard, N., Rafieian, M., Rafieian, S., 
Shirzad, M. and Rafieian, M., 2014. Turmeric: A spice 
with multifunctional medicinal properties. Journal of 
HerbMed Pharmacology, 3(1), pp.5-8. 

[30] Chantre, P. and Lairon, D., 2002. Recent findings 
of green tea extract AR25 (Exolise) and its activity for 
the treatment of obesity. Phytomedicine, 9(1), pp.3-8. 
[31] Engelhardt, U.H., 2010. 3.23-Chemistry of Tea, 
In Comprehensive Natural Products II, Elsevier, 
Oxford, 2010, Pages 999-1032 
[32] Scoparo, C.T., de Souza, L.M., Dartora, N., 
Sassaki, G.L., Gorin, P.A. and Iacomini, M., 2012. 
Analysis of Camellia sinensis green and black teas via 
ultra high performance liquid chromatography 
assisted by liquid–liquid partition and two-
dimensional liquid chromatography (size exclusion× 
reversed phase). Journal of Chromatography A, 1222, 
pp.29-37. 
[33] Scoparo, C.T., Borato, D.G., Souza, L.M., Dartora, 
N., Silva, L.M., Maria-Ferreira, D., Sassaki, G.L., Gorin, 
P.A., Baggio, C.H. and Iacomini, M., 2014. 
Gastroprotective bio-guiding fractionation of hydro-
alcoholic extracts from green-and black-teas (Camellia 
sinensis). Food Research International, 64, pp.577-586. 
[34] Nie, S.P. and Xie, M.Y., 2011. A review on the 
isolation and structure of tea polysaccharides and 
their bioactivities. Food Hydrocolloids, 25(2), pp.144-
149. 
[35] Scoparo, C.T., de Souza, L.M., Rattmann, Y.D., 
Dartora, N., Paiva, S.M., Sassaki, G.L., Gorin, P.A. and 
Iacomini, M., 2013. Polysaccharides from green and 
black teas and their protective effect against murine 
sepsis. Food Research International, 53(2), pp.780-785. 
[36] Sharangi, A.B., 2009. Medicinal and therapeutic 
potentialities of tea (Camellia sinensis L.)–A review. 
Food Research International, 42(5), pp.529-535. 
[37] Cooper, R., Morré, D.J. and Morré, D.M., 2005. 
Medicinal benefits of green tea: Part I. Review of 
noncancer health benefits. Journal of Alternative & 
Complementary Medicine, 11(3), pp.521-528. 
[38] de Mejia, E.G., Ramirez-Mares, M.V. and 
Puangpraphant, S., 2009. Bioactive components of tea: 
cancer, inflammation and behavior. Brain, Behavior, 
and Immunity, 23(6), pp.721-731. 
[39] Cooper, R., Morré, D.J. and Morré, D.M., 2005. 
Medicinal benefits of green tea: part II. Review of 
anticancer properties. Journal of Alternative & 
Complementary Medicine, 11(4), pp.639-652. 
[40] Wu, A.H., Yu, M.C., Tseng, C.C., Hankin, J. and 
Pike, M.C., 2003. Green tea and risk of breast cancer in 
Asian Americans. International Journal of Cancer, 
106(4), pp.574-579. 
[41] Yang, C.S., Wang, H., Li, G.X., Yang, Z., Guan, F. 
and Jin, H., 2011. Cancer prevention by tea: evidence 
from laboratory studies. Pharmacological Research, 
64(2), pp.113-122. 
[42] Sae-Tan, S., Grove, K.A. and Lambert, J.D., 2011. 
Weight control and prevention of metabolic syndrome 
by green tea. Pharmacological Research, 64(2), pp.146-
154. 
[43] Memarzadeh, S., Validi, M., Mobini, G., Rafeian-
Kopaei, M. and Mansouri, S., 2012. The antibacterial 
effect of camellia sinensis extract on bacterias, 
conjunctivitis in vitro. Journal of Shahrekord University 
of Medical Sciences, 14(4), pp.61-69. 



International Journal of Pharmaceutical and Phytopharmacological Research (eIJPPR) | April 2017 | Volume 7 | Issue 2 | Page 19-25 
Moradi M.T., In Vitro Anti Proliferative Activity, Antioxidant Potential and Total Phenolic Compounds of Black Tea Extract 

ISSN (Online) 2249-6084 (Print) 2250-1029                                                                                       www.eijppr.com 

24 

[44] Parsaei, P., Karimi, M., Asadi, S.Y. and Rafieian-
kopaei, M., 2013. Bioactive components and 
preventive effect of green tea (Camellia sinensis) 
extract on post-laparotomy intra-abdominal adhesion 
in rats. International Journal of Surgery, 11(9), pp.811-
815. 
[45] Nasri, H., Ahmadi, A., Baradaran, A., Nasri, P., 
Hajian, S., Pour-Arian, A., Kohi, G. and Rafieian-Kopaei, 
M., 2014. A biochemical study on ameliorative effect of 
green tea (Camellia sinensis) extract against contrast 
media induced acute kidney injury. Journal of Renal 
Injury and Prevention, 3(2), pp.47-49. 
[46] Jadhav, P., Kapoor, N., Thomas, B., Lal, H. and 
Kshirsagar, N., 2012. Antiviral potential of selected 
Indian medicinal (ayurvedic) plants against herpes 
simplex virus 1 and 2. North American Journal of 
Medical Sciences, 4(12), p.641-647. 
[47] Moon, J.H. and Terao, J., 1998. Antioxidant 
activity of caffeic acid and dihydrocaffeic acid in lard 
and human low-density lipoprotein. Journal of 
Agricultural and Food Chemistry, 46(12), pp.5062-
5065. 
[48] Folin, O. and Ciocalteu, V., 1927. On tyrosine and 
tryptophane determinations in proteins. The Journal of 
Biological Chemistry, 73(2), pp.627-650. 
[49] Karimi, A. and Moradi, M.T., 2015. Total 
phenolic compounds and in vitro antioxidant potential 
of crude methanol extract and the correspond 
fractions of Quercus brantii L. acorn. Journal of 
HerbMed Pharmacology, 4(1), pp.35-39. 
[50] Jadhav, P., Kapoor, N., Thomas, B., Lal, H. and 
Kshirsagar, N., 2012. Antiviral potential of selected 
Indian medicinal (ayurvedic) plants against herpes 
simplex virus 1 and 2. North American Journal of 
Medical Sciences, 4(12), pp.641. 
[51] Samarghandian, S. and Borji, A., 2014. 
Anticarcinogenic effect of saffron (Crocus sativus L.) 
and its ingredients. Pharmacognosy Research, 6(2), 
p.99-107. 
[52] Samarghandian, S., Borji, A., Farahmand, S.K., 
Afshari, R. and Davoodi, S., 2013. Crocus sativus 
L.(saffron) stigma aqueous extract induces apoptosis 
in alveolar human lung cancer cells through caspase-
dependent pathways activation. BioMed Research 
International, Article ID 417928, pp.1-12. 
[53] Samarghandian, S., Boskabady, M.H. and 
Davoodi, S., 2010. Use of in vitro assays to assess the 
potential antiproliferative and cytotoxic effects of 
saffron (Crocus sativus L.) in human lung cancer cell 
line. Pharmacognosy Magazine, 6(24), p.309-314. 
[54] Samarghandian, S., Afshari, J.T. and Hosseini, M., 
2014. Antiproliferative activity and induction of 
apoptotic by ethanolic extract of Alpinia galanga 
rhizhome in human breast carcinoma cell line. BMC 
Complementary and Alternative Medicine, 14(1), 
pp.192. 
[55] Samarghandian, S. and Shabestari, M.M., 2013. 
DNA fragmentation and apoptosis induced by safranal 
in human prostate cancer cell line. Indian Journal of 
Urology, 29(3), p.177-183. 

[56] Schilling, T., Kairat, A., Melino, G., Krammer, P.H., 
Stremmel, W., Oren, M. and Müller, M., 2010. 
Interference with the p53 family network contributes 
to the gain of oncogenic function of mutant p53 in 
hepatocellular carcinoma. Biochemical and Biophysical 
Research Communications, 394(3), pp.817-823. 
[57] Wicaksono, B.D., Handoko, Y.A., Arung, E.T., 
Kusuma, I.W., Yulia, D., Pancaputra, A.N. and Sandra, F., 
2009. Antiproliferative effect of the methanol extract 
of Piper crocatum Ruiz & Pav leaves on human breast 
(T47D) cells in-vitro. Tropical Journal of 
Pharmaceutical Research, 8(4), pp.345-352. 
[58] Karna, P., Gundala, S.R., Gupta, M.V., Shamsi, S.A., 
Pace, R.D., Yates, C., Narayan, S. and Aneja, R., 2011. 
Polyphenol-rich sweet potato greens extract inhibits 
proliferation and induces apoptosis in prostate cancer 
cells in vitro and in vivo. Carcinogenesis, 32(12), 
pp.1872-1880. 
[59] Moghaddam, H.S., Samarghandian, S. and 
Farkhondeh, T., 2015. Effect of bisphenol A on blood 
glucose, lipid profile and oxidative stress indices in 
adult male mice. Toxicology Mechanisms and Methods, 
25(7), pp.507-513. 
[60] Samarghandian, S., Azimi-Nezhad, M., Afshari, R., 
Farkhondeh, T. and Karimnezhad, F., 2015. Effects of 
buprenorphine on balance of oxidant/antioxidant 
system in the different ages of male rat liver. Journal of 
Biochemical and Molecular Toxicology, 29(6), pp.249-
253. 
[61] Samarghandian, S., Azimi-Nezhad, M., Borji, A. 
and Farkhondeh, T., 2016. Effect of crocin on aged rat 
kidney through inhibition of oxidative stress and 
proinflammatory state. Phytotherapy Research, 30(8), 
pp.1345-1353. 
[62] Samarghandian, S., Azimi-Nezhad, M. and 
Samini, F., 2015. Preventive effect of safranal against 
oxidative damage in aged male rat brain. Experimental 
Animals, 64(1), pp.65-71. 
[63] Samarghandian, S., Azimi-Nezhad, M., Samini, F. 
and Farkhondeh, T., 2015. Chrysin treatment improves 
diabetes and its complications in liver, brain, and 
pancreas in streptozotocin-induced diabetic rats. 
Canadian Journal of Physiology and Pharmacology, 
94(4), pp.388-393. 
[64] Samarghandian, S., Borji, A., Delkhosh, M.B. and 
Samini, F., 2013. Safranal treatment improves 
hyperglycemia, hyperlipidemia and oxidative stress in 
streptozotocin-induced diabetic rats. Journal of 
Pharmacy & Pharmaceutical Sciences, 16(2), pp.352-
362. 
[65] Samarghandian, S., Borji, A. and Hidar Tabasi, S., 
2013. Effects of Cichorium intybus linn on blood 
glucose, lipid constituents and selected oxidative 
stress parameters in streptozotocin-induced diabetic 
rats. Cardiovascular & Haematological Disorders-Drug 
Targets (Formerly Current Drug Targets-
Cardiovascular & Hematological Disorders), 13(3), 
pp.231-236. 
[66] Samarghandian, S., Farkhondeh, T., Samini, F. 
and Borji, A., 2016. Protective effects of carvacrol 
against oxidative stress induced by chronic stress in 



International Journal of Pharmaceutical and Phytopharmacological Research (eIJPPR) | April 2017 | Volume 7 | Issue 2 | Page 19-25 
Moradi M.T., In Vitro Anti Proliferative Activity, Antioxidant Potential and Total Phenolic Compounds of Black Tea Extract 

ISSN (Online) 2249-6084 (Print) 2250-1029                                                                                       www.eijppr.com 

25 

rat’s brain, liver, and kidney. Biochemistry Research 
International, Article ID 2645237, pp.1-7. 
[67] Sak, K., 2012. Chemotherapy and dietary 
phytochemical agents. Chemotherapy Research and 
Practice, Article ID 282570, pp.1-11. 
[68] Graham, H.N., 1992. Green tea composition, 
consumption, and polyphenol chemistry. Preventive 
Medicine, 21(3), pp.334-350. 
[69] Vergote, D., Cren-Olivé, C., Chopin, V., Toillon, 
R.A., Rolando, C., Hondermarck, H. and Bourhis, X.L., 
2002. (−)-Epigallocatechin (EGC) of green tea induces 
apoptosis of human breast cancer cells but not of their 
normal counterparts. Breast Cancer Research and 
Treatment, 76(3), pp.195-201. 
[70] Liang, Y.C., Lin-Shiau, S.Y., Chen, C.F. and Lin, J.K., 
1999. Inhibition of cyclin-dependent kinases 2 and 4 
activities as well as induction of cdk inhibitors p21 
and p27 during growth arrest of human breast 
carcinoma cells by (−)-epigallocatechin-3-gallate. 
Journal of cellular biochemistry, 75(1), pp.1-12. 
[71] Anshumittal, M.S. and Wylie, R.C., 2004. EGCG 
down-regulates telomerase in human breast 
carcinoma MCF-7 cells, leading to suppression of cell 
viability and induction of apoptosis. International 
Journal of Oncology, 24, pp.703-710. 
[72] Sartippour, M.R., Shao, Z.M., Heber, D., Beatty, P., 
Zhang, L., Liu, C., Ellis, L., Liu, W., Go, V.L. and Brooks, 
M.N., 2002. Green tea inhibits vascular endothelial 
growth factor (VEGF) induction in human breast 
cancer cells. The Journal of Nutrition, 132(8), pp.2307-
2311. 
[73] Way, T.D., Lee, H.H., Kao, M.C. and Lin, J.K., 2004. 
Black tea polyphenol theaflavins inhibit aromatase 
activity and attenuate tamoxifen resistance in 
HER2/neu-transfected human breast cancer cells 
through tyrosine kinase suppression. European 
Journal of Cancer, 40(14), pp.2165-2174. 
[74] Hirose, M., Hoshiya, T., Akagi, K., Futakuchi, M. 
and Ito, N., 1994. Inhibition of mammary gland 
carcinogenesis by green tea catechins and other 
naturally occurring antioxidants in female Sprague-
Dawley rats pretreated with 7, 12-dimethylbenz [a] 
anthracene. Cancer Letters, 83(1), pp.149-156. 

[75] Tanaka, H., Hirose, M., Kawabe, M., Sano, M., 
Takesada, Y., Hagiwara, A. and Shirai, T., 1997. Post-
initiation inhibitory effects of green tea catechins on 7, 
12-dimethylbenz [a] anthracene-induced mammary 
gland carcinogenesis in female Sprague–Dawley rats. 
Cancer Letters, 116(1), pp.47-52. 
[76] Rogers, A.E., Hafer, L.J., Iskander, Y.S. and Yang, 
S., 1998. Black tea and mammary gland carcinogenesis 
by 7, 12-dimethylbenz [a] anthracene in rats fed 
control or high fat diets. Carcinogenesis, 19(7), 
pp.1269-1273. 
[77] Weisburger, J.H., Rivenson, A., Garr, K. and 
Aliaga, C., 1997. Tea, or tea and milk, inhibit mammary 
gland and colon carcinogenesis in rats. Cancer Letters, 
114(1), pp.323-327. 
[78] Yang, C.S. and Wang, Z.Y., 1993. Tea and cancer. 
Journal of the National Cancer Institute, 85(13), 
pp.1038-49. 
[79] Karimi, A., Mohammadi-Kamalabadi, M., 
Rafieian-Kopaei, M. and Amjad, L., 2016. Salimzadeh l. 
Determination of antioxidant activity, phenolic 
contents and antiviral potential of methanol extract of 
Euphorbia spinidens Bornm (Euphorbiaceae). Tropical 
Journal of Pharmaceutical Research, 15(4), pp.759-764. 
[80] Karimi, A., Moradi, M.T., Alidadi, S. and Hashemi, 
L., 2016. Anti-adenovirus activity, antioxidant 
potential, and phenolic content of black tea (Camellia 
sinensis Kuntze) extract. Journal of Complementary 
and Integrative Medicine, 13(4), pp.357-363. 
[81] Moradi, M.T., Karimi, A., Alidadi, S., Ghasemi-
Dehkordi, P. and Ghaffari-Goosheh, M.S., 2016. 
Cytotoxicity and in vitro antioxidant potential of 
Quercus brantii acorn extract and the corresponding 
fractions. International Journal of Pharmacognosy and 
Phytochemical Research, 8(4), pp.558-562. 
[82] Moradi, M.T., Karimi, A., Alidadi, S. and Hashemi, 
L., 2016. In Vitro Anti-adenovirus Activity, Antioxidant 
Potential and total Phenolic Compounds of Melissa 
officinalis L.(Lemon Balm) Extract. International 
Journal of Pharmacognosy and Phytochemical Research, 
8(9), pp.1471-7. 
 
 
 

HOW TO CITE THIS ARTICLE: Hashemi, L., Asadi-Samani, M., Moradi, M.T., Alidadi, S. and Soltani, A., 2017. In 
Vitro Anti Proliferative Activity, Antioxidant Potential and Total Phenolic Compounds of Black Tea Extract. 
International Journal of Pharmaceutical and Phytopharmacological Research, 7(2), pp.19-25. DOI: 
10.24896/eijppr.2017724 

 

View publication statsView publication stats

https://www.researchgate.net/publication/317845195

