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Abstract  
Background: Cancer chemotherapy is challenged by drug resistance of malignant cells. In the present work, we 
evaluated the cytotoxicity of four catechin derivatives, 4’-methylepigallocatechin (1), gallocatechin (2), 
epigallocatechin (3), epigallocatechin-3-O-gallate (4) against nine drug sensitive and multidrug resistant (MDR) 
cancer cell lines.  
Methods: The resazurin reduction assay was used to evaluate the cytotoxicity of the compounds.  
Results: Catechin derivatives 1-4 displayed selective cytotoxic effect with IC50 values below 90 µM on the leukemia 
CCRF-CEM cells and it drug resistant subline CEM/ADR5000. In contrast, no IC50 values could be measured in all 7 
carcinoma cell lines tested. CEM/ADR5000 cells were much more cross-resistant to doxorubicin than to compounds 
1-4.  
Conclusions: Hence, the four compounds may serve as lead drugs for further derivatization and can be explored in 
more details for their possible use to treat leukemia. 
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Background 
Cancer is the leading cause of morbidity and mortality 
worldwide and accounts for 12.5% deaths [1, 2]. It is 
estimated that the number of cancer deaths will reach 
11.5 million in 2030 [3]. Globally, cancer is the 
second leading cause of death amongst non-
communicable diseases, after cardiovascular 
diseases [2]. Cancer chemotherapy is challenged by 

drug resistance of malignant cells and toxicity of 
antineoplastic agents. This propels the search of new 
anticancer drugs with low toxicity and able to combat 
multidrug resistant (MDR) cell lines. In the past, 
plants have yielded several anticancer agents used in 
chemotherapy such as vinblastine, vincristine, 
vindesine, etoposide, teniposide, paclitaxel, 
docetaxel, camptotecin and irinotecan etc [2]. the 
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plant Kingdom is still a valuable source of anticancer 
agents . During the past five years, we reported a 
panel of prominent cytotoxic compounds from African 
medicinal plants [4]. Some of them include 
benzophenones [5], favonoids [6-8], xanthones [9, 
10], isoflavonoids [11], alkaloids [12] etc. In our 
continous search for cytotoxic leads from medicinal 
plants, we herein targeted catechin derivatives. 
Catechins are polyphenolic compounds found at high 
concentrations in a variety of plants. Catechins are 
classified as flavanols and they can include 
afzelechin, catechin, epicatechin, epigallocatechin, 
epicatechin gallate, and epigallocatechin gallate 
either in its monomeric or oligomeric forms [13]. A 
variety of biological activity was assigned to catechin. 
It was reported to induce longevity in the nematode 
worm Caenorhabditis elegans [14], to reduce 
atherosclerotic lesion development in mice [15], to 
inhibit intestinal tumor formation in mice [16], to inhibit 
the oxidation of low density lipoprotein [17]. (-)-
Epicatechin was reported to protect the brain against 
intracerebral hemorrhage by activation of Nrf2-
dependent and -independent pathways [18]. The 
present report was designed to evaluate the 
cytotoxicity of four catechin derivatives, 4’-
methylepigallocatechin (1), gallocatechin (2), 
epigallocatechin (3), epigallocatechin-3-O-gallate (4) 
towards sensitive and drug-resistant leukemia and 
carcinoma cell lines.   
 

Methods 

Chemicals  
The compounds used included 4’-
methylepigallocatechin (1), gallocatechin (2), 
epigallocatechin (3), epigallocatechin-3-O-gallate (4) 
(Figure 1) previously isolated from Parkia biglobosa 
(Jacq.) G. Don. (Fabaceae) [19]. Doxorubicin 98.0% 
was provided by the University Pharmacy of the 
Johannes Gutenberg University (Mainz, Germany) 
and dissolved in PBS (Invitrogen, Eggenstein, 
Germany) at a concentration of 10 mM. Geneticin 
>98% was purchased from Sigma-Aldrich 
(Taufkirchen, Germany) and stored at a stock 
concentration of 72.18 mM.  
 
Cell cultures 
The cell lines used in the present work, their origins 
and their treatments were previously reported. They 
include drug-sensitive CCRF-CEM and multidrug-
resistant P-glycoprotein-over-expressing 
CEM/ADR5000 leukemia cells [20-22], MDA-MB-231-
pcDNA3 breast cancer cells and its resistant and 
transfectant subline MDA-MB-231-BCRP clone 23 
[23], HCT116 (p53

+/+
) colon cancer cells and its 

knockout clone HCT116 (p53
-/-

), U87MG glioblastoma 
cells and its resistant and transfected subline 
U87MG.ΔEGFR [5, 10, 24]. 
 
Resazurin reduction assay 
The cytotoxicity testing was performed by using the 
resazurin reduction assay as previously described [5, 
10, 24-27].  
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Fig.1. Chemical structures of the catechin derivative isolated from Parkia biglobasa.1: 4’-methylepigallocatechin; 2: 
gallocatechin; 3: epigallocatechin; 4: epigallocatechin-3-O-gallate  
 

 
Results 
The four tested catechin derivatives included 4’-
methylepigallocatechin C16H16O7 (1; m/z 320), 
gallocatechin C15H14O7 (2; m/z 306), epigallocatechin 
C15H14O7 (3; m/z 306), epigallocatechin-3-O-gallate 
C22H18O11 (4; m/z 458) previously isolated from 
Parkia biglobosa (Jacq.) G. Don. (Fabaceae) [19].  

 These compounds were screened for their 
cytotoxicity using the resazurin assay and the results 
are summarized in  Table 1. The degrees of 
resistance were determined as the ratio of IC50 value 
of the resistant cell line to that of the corresponding 
parental sensitive counterpart. As shown in Table 1, 
the four tested catechin derivatives displayed 
cytotoxic effects with IC50 values below 90 µM on the 
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two leukemia cell lines. In contrast, no IC50 values 
were obtained for all the seven carcinoma cell lines at 
concentrations up to 100 µM. The reference drug 
displayed IC50 values ranged from 0.20 µM (against 
CCRF-CEM cells) and 195.12 µM (against 
CEM/ADR5000 cells). No IC50 values were obtainable 
when compounds 1 were tested (> 125.39 µM), as 
well as 2 and 3 (>131.15 µM) and 4 (> 87.53 µM) on 

AML12 normal hepatocytes. Cross-resistance to 
compounds 1-4 was observed with in P-glycoprotein-
overexpressing CEM/ADR5000 cells (degree of 
resistance 2.06-fold to 2.77-fold) compared to their 
sensitive counterparts CCRF-CEM cells. However, 
CEM/ADR5000 cells were much more cross-resistant 
to doxorubicin (>975.60-fold).  

 
Table 1. Cytotoxicity of four catechin derivatives from Parkia biglobasa and doxorubicin towards sensitive and drug-

resistant cancer cell lines as well as normal cells as determined by the resazurin assay. 

Cell lines Samples, IC50 values in µM and degrees of resistance* (in bracket) 

Compounds Doxorubicin 

1 2 3 4  

CCRF-CEM 26.93±1.73   21.93±1.16  41.80±3.94  9.72±0.76  0.20±0.06 

CEM/ADR5000 
Degree of resistance* 

 74.70±6.42  
(2.77) 

 52.16±5.07  
(2.38) 

90.03±6.85  
(2.15) 

 20.07±3.15 
(2.06)  

195.12±14.30 
(975.60) 

MDA-MB-231-pcDNA >125.39   >131.15   >131.15   >87.53  1.10±0.28 

MDA-MB-231-BCRP  
Degree of resistance 

>125.39   >131.15   >131.15   >87.53  7.83±0.47 
(7.12) 

HCT116 (p53
+/+

)  >125.39   >131.15   >131.15   >87.53  1.41±0.29 

HCT116 (p53
-/-

) 
Degree of resistance 

>125.39   >131.15   >131.15   >87.53  4.06±0.07 
(2.88) 

U87MG >125.39   >131.15   >131.15   >87.53  1.06±0.15 

U87MG.ΔEGFR 
Degree of resistance 

>125.39   >131.15   >131.15   >87.53  6.11±0.57 
(5.76) 

HepG2 >125.39   >131.15   >131.15   >87.53  3.83±0.94 

AML12 
Degree of resistance 

>125.39   >131.15   >131.15   >87.53  >73.59  
(> 19.00) 

 
(*): The degree of resistance was determined as the ratio of IC50 value in the resistantdivided by the IC50 in the sensitive cell line; AML12, 
CEM/ADR5000, MDA-MB-231-BCRP,  HCT116 (p53

-/-
) and U87MG.ΔEGFR were used as the corresponding resistant counterpart for CCRF-

CEM, MDA-MB-231-pcDNA, HCT116 (p53
+/+

), U87MG and HepG2 respectively;  1: 4’-methylepigallocatechin; 2: gallocatechin; 3: 
epigallocatechin; 4: epigallocatechin-3-O-gallate 

 
 

Discussion 
The search of new compounds with efficiency against 
drug-sensitive and drug-resistant cancer cells lines is 
very important in the global fight against neoplastic 
diseases. Reporting on compounds with prominent 
data is also as important as reporting on negative 
results, to avoid other authors to perform useless 
experiments. In the present study, we tested the 
ability of catechin derivatives to prevent the growth of 
both sensitive and resistant cancer cells. According to 
the established criteria, an IC50 value threshold of 4 
µg/mL or 10 μM [28, 29] after 48 and 72 h incubations 
has been set to identify good cytotoxic compounds. 
The activity is moderate, if 10<IC50<50 µM [4]. In this 
study, IC50 value of 9.72 µM was obtained only with 
compound 4 in the sensitive CCRF-CEM leukemia 
cells. IC50 values above 10 µM were obtained in 
CEM/ADR5000 leukemia cells while no obtainable 
value was recorded on carcinoma cells. This 
suggests that the four catechin derivatives could not 

be considered as good anticancer agents to fight 
solid tumors.   
 Though, the cytotoxicity of catechin was reported 
in several cancer cells in vivo [30], this study rather 
shows that its derivatives are poor cytotoxic agents in 
vitro. To the best of our knowledge, the cytotoxicity of 
catechin derivatives 1-4 in the studied cancer cell 
lines is being reported for the first time. Nonetheless, 
the poor activity of catechin derivatives in other 
carcinoma cells was previously reported. In fact, 
epigallocatechin-3-O-gallate (4) displayed poor in 
vitro cytotoxic effects towards glioma cell lines 
1321N1 (IC50 of 82 µg/mL), SW1783 (IC50: 300 
µg/mL) and LN18 (IC50: 134 µg/mL) [31]. 
Epigallocatechin gallate is the major catechin 
component in green tea and it appears to be the most 
biologically active one [32]. Among the beneficial 
effects of tea polyphenols, its cancer preventive 
activity has been reported [30]. Many studies have 
demonstrated the modulation of signal transduction 
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and metabolic pathways by epigallocatechin-3-O-
gallate (4), the most abundant and active polyphenol 
in green tea [30]. In the present study, the cytotoxicity 
of compound 4 was good towards the sensitive 
CCRF-CEM leukemia cells and moderate towards its 
reistant subline CEM/ADR5000 (Table 1). However, 
this compound did not show any cytotoxicity towards 
carcinoma cells. It was demonstrated that compound 
4 inhibited tumorigenesis in animal models [30]. 
Though in vivo effects towards carcinoma cells have 
been reported, we did not observe promising in vitro 
activity herein. The in vivo effects of 4 might be due to 
other anticancer mechanisms such as inhibition of 
angiogenesis, as this was also reported to be one of 
the mode of action of green tea [33].   
  
 

Conclusions 
In conclusion, we demonstrated that catechin 
derivatives 4’-methylepigallocatechin (1), 
gallocatechin (2), epigallocatechin (3), 
epigallocatechin-3-O-gallate (4) were selectively 
active against leukemia cell lines. We also 
demonstrated that the tested compounds did not 
have appreciable in vitro cytotoxic effects on 
carcinoma cells. The four compounds can be 
therefore be explored in more detail for their possible 
use in the treatment of leukemia. 
 
 
Authors’ Contribution 
VK out the experiments; VK, VRST, ATM, VCDS, CMR, AEN, 
LCDS, WV contributed to compound´s isolation and/or 
identification. VK wrote the manuscript. VK and TE designed the 
experiments; TE supervised the work and provided the facilities for 
the study. All authors read the manuscript and approved the final 
version. 
 

Acknowledgments 
VK is very grateful to the Alexander von Humboldt Foundation for 
an 18 months’ fellowship in Germany through the ''Georg Foster 
Research Fellowship for Experienced Researcher'' program. 
 

Conflict of interest  
VK is the Editor-In-Chief of Investigational Medicinal Chemistry and 
Pharmacology; Other authors have no competing interest. 
 
 
Article history:  
Received : 5 January 2018 
Received in revised form : 14 March 2018 
Accepted : 22 May 2018 
Available online : 23 May 2018 
 
 

References 
1.    Sener SF, Grey N: The global burden of cancer. 2005. J Surg 

Oncol. 92:1-3. 
2. Desai AG, Qazi GN, Ganju RK, El-Tamer M, Singh J, Saxena 

AK, Bedi YS, Taneja SC, Bhat HK. 2008. Medicinal plants and 
cancer chemoprevention. Curr Drug Metab. 9:581-591. 

3. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. 
2006. Global and regional burden of disease and risk factors, 
2001: systematic analysis of population health data. Lancet. 
367:1747-1757. 

4. Kuete V, Efferth T. 2015. African flora has the potential to fight 
multidrug resistance of cancer. BioMed ResInt. 2015:914813. 

5. Kuete V, Tchakam PD, Wiench B, Ngameni B, Wabo HK, 
Tala MF, Moungang ML, Ngadjui BT, Murayama T, Efferth T. 
2013. Cytotoxicity and modes of action of four naturally 
occuring benzophenones: 2,2',5,6'-
tetrahydroxybenzophenone, guttiferone E, isogarcinol and 
isoxanthochymol. Phytomedicine. 20:528-536. 

6. Kuete V, Ngameni B, Wiench B, Krusche B, Horwedel C, 
Ngadjui BT, Efferth T. 2011. Cytotoxicity and mode of action 
of four naturally occuring flavonoids from the genus Dorstenia: 
gancaonin Q, 4-hydroxylonchocarpin, 6-prenylapigenin, and 
6,8-diprenyleriodictyol. Planta Med. 77:1984-1989. 

7. Dzoyem JP, Nkuete AH, Kuete V, Tala MF, Wabo HK, Guru 
SK, Rajput VS, Sharma A, Tane P, Khan IA et al. 2012. 
Cytotoxicity and antimicrobial activity of the methanol extract 
and compounds from Polygonum limbatum. Planta Med. 
78:787-792. 

8. Kuete V, Nkuete AHL, Mbaveng AT, Wiench B, Wabo HK, 
Tane P, Efferth T. 2014. Cytotoxicity and modes of action of 
4′-hydroxy-2′,6′-dimethoxychalcone and other flavonoids 
toward drug-sensitive and multidrug-resistant cancer cell 
lines. Phytomedicine. 21:1651-1657. 

9. Kuete V, Wabo HK, Eyong KO, Feussi MT, Wiench B, 
Krusche B, Tane P, Folefoc GN, Efferth T. 2011. Anticancer 
activities of six selected natural compounds of some 
Cameroonian medicinal plants. PLoS One. 6:e21762. 

10. Kuete V, Sandjo L, Nantchouang Ouete J, Fouotsa H, Wiench 
B, Efferth T. 2013. Cytotoxicity and modes of action of three 
naturally occuring xanthones (8-hydroxycudraxanthone G, 
morusignin I and cudraxanthone I) against sensitive and 
multidrug-resistant cancer cell lines. Phytomedicine. 21:315-
322. 

11. Kuete V, Sandjo LP, Kwamou GM, Wiench B, Nkengfack AE, 
Efferth T. 2014. Activity of three cytotoxic isoflavonoids from 
Erythrina excelsa and Erythrina senegalensis 
(neobavaisoflavone, sigmoidin H and isoneorautenol) toward 
multi-factorial drug resistant cancer cells. Phytomedicine. 
21:682-688. 

12. Kuete V, Sandjo L, Seukep J, Maen Z, Ngadjui B, Efferth T. 
2015. Cytotoxic compounds from the fruits of Uapaca 
togoensis towards multi-factorial drug-resistant cancer cells. 
Planta Med. 81:32-38. 

13. Heneman K, Zidenberg-Cherr S: Som Facts About Catechins.  
. Nutrition and Health Info-Sheet; UC Cooperative Extension 
Center for Health and Nutrition Research, University of 
California 2008, Davis::Pp.1-5. 

14. Saul N, Pietsch K, Menzel R, Sturzenbaum SR, Steinberg CE. 
2009. Catechin induced longevity in C. elegans: from key 
regulator genes to disposable soma. Mech Ageing Dev. 
130:477-486. 

15. Auclair S, Milenkovic D, Besson C, Chauvet S, Gueux E, 
Morand C, Mazur A, Scalbert A. 2009. Catechin reduces 
atherosclerotic lesion development in apo E-deficient mice: a 
transcriptomic study. Atherosclerosis. 204:e21-27. 

16. Weyant MJ, Carothers AM, Dannenberg AJ, Bertagnolli MM. 
2001. (+)-Catechin inhibits intestinal tumor formation and 
suppresses focal adhesion kinase activation in the min/+ 
mouse. Cancer Res. 61:118-125. 

17. Mangiapane H, Thomson J, Salter A, Brown S, Bell GD, 
White DA. 1992. The inhibition of the oxidation of low density 
lipoprotein by (+)-catechin, a naturally occurring flavonoid. 
Biochem Pharmacol. 43:445-450. 

18. Chang CF, Cho S, Wang J. 2014. (-)-Epicatechin protects 
hemorrhagic brain via synergistic Nrf2 pathways. Ann Clin 
Transl Neurol. 1:258-271. 

19. Tala VR, Candida da Silva V, Rodrigues CM, Nkengfack AE, 
dos Santos LC, Vilegas W. 2013. Characterization of 
proanthocyanidins from Parkia biglobosa (Jacq.) G. Don. 
(Fabaceae) by Flow Injection Analysis-Electrospray Ionization 
Ion Trap Tandem Mass Spectrometry and Liquid 
Chromatography/Electrospray Ionization Mass Spectrometry. 
Molecules. 18:2803-2820. 



Kuete et al. Investigational Medicinal Chemistry and Pharmacology 2018; 1(1):2                                                                               Page 5 of 5 
 
20. Kimmig A, Gekeler V, Neumann M, Frese G, Handgretinger 

R, Kardos G, Diddens H, Niethammer D. 1990. Susceptibility 
of multidrug-resistant human leukemia cell lines to human 
interleukin 2-activated killer cells. Cancer Res. 50:6793-6799. 

21. Efferth T, Sauerbrey A, Olbrich A, Gebhart E, Rauch P, 
Weber HO, Hengstler JG, Halatsch ME, Volm M, Tew KD. 
2003. Molecular modes of action of artesunate in tumor cell 
lines. Mol Pharmacol. 64:382-394. 

22. Gillet J, Efferth T, Steinbach D, Hamels J, de Longueville F, 
Bertholet V, Remacle J. 2004. Microarray-based detection of 
multidrug resistance in human tumor cells by expression 
profiling of ATP-binding cassette transporter genes. Cancer 
Res. 64:8987-8993. 

23. Doyle LA, Yang W, Abruzzo LV, Krogmann T, Gao Y, Rishi 
AK, Ross DD. 1998. A multidrug resistance transporter from 
human MCF-7 breast cancer cells. Proc Natl Acad Sci U S A. 
95:15665-15670. 

24. Kuete V, Sandjo L, Wiench B, Efferth T. 2013. Cytotoxicity 
and modes of action of four Cameroonian dietary spices 
ethno-medically used to treat Cancers: Echinops giganteus, 
Xylopia aethiopica, Imperata cylindrica and Piper capense J 
Ethnopharmacol. 149:245-253. 

25. O'Brien J, Wilson I, Orton T, Pognan F. 2000. Investigation of 
the Alamar Blue (resazurin) fluorescent dye for the 
assessment of mammalian cell cytotoxicity. Eur J Biochem. 
267:5421-5426. 

26. Kuete V, Fankam AG, Wiench B, Efferth T. 2013. Cytotoxicity 
and modes of action of the methanol extracts of six 
Cameroonian medicinal plants against multidrug-resistant 

tumor cells. Evid Based Complement Alternat Med, 
2013:285903. 

27. Kuete V, Tankeo SB, Saeed ME, Wiench B, Tane P, Efferth 
T: Cytotoxicity and modes of action of five Cameroonian 
medicinal plants against multi-factorial drug resistance of 
tumor cells. J Ethnopharmacol. 2014, 153:207-219. 

28. Boik J: Natural compounds in cancer therapy. Minnesota 
USA: Oregon Medical Press; 2001. 

29. Brahemi G, Kona FR, Fiasella A, Buac D, Soukupova J, 
Brancale A, Burger AM, Westwell AD. 2010. Exploring the 
structural requirements for inhibition of the ubiquitin E3 ligase 
breast cancer associated protein 2 (BCA2) as a treatment for 
breast cancer. J Med Chem. 53:2757-2765. 

30. Yamane T, Takahashi T, Kuwata K, Oya K, Inagake M, Kitao 
Y, Suganuma M, Fujiki H.1995. Inhibition of N-methyl-N'-nitro-
N-nitrosoguanidine-induced carcinogenesis by (-)-
epigallocatechin gallate in the rat glandular stomach. Cancer 
Res. 55:2081-2084. 

31. Rahman AA, Makpol S, Jamal R, Harun R, Mokhtar N, Ngah 
WZ. 2014. Tocotrienol-rich fraction, [6]-gingerol and 
epigallocatechin gallate inhibit proliferation and induce 
apoptosis of glioma cancer cells. Molecules. 19:14528-14541. 

32. Haratifar S, Meckling KA, Corredig M. 2014. Antiproliferative 
activity of tea catechins associated with casein micelles, using 
HT29 colon cancer cells. J Dairy Sci. 97:672-678. 

33. Yang CS, Wang H, Li GX, Yang Z, Guan F, Jin H. 2011. 
Cancer prevention by tea: Evidence from laboratory studies. 
Pharmacol Res. 64:113-122. 

 

 
 


