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Abstract. Cancer diseases are a problem with worldwide importance. However, the the lack of selectivity and 
induction of toxic side effect during conventional cancer therapy continue to provoke the search of innovative 
treatment approaches. Recent scientific results have reported for synergistic effect between combination of natural 
products and chemotherapeutic drugs. In this aspect, flavonoids, which are widely distributed in nature, are well 
known to exhibit numerous biological activities, including antioxidant, antibacterial, anti-inflammatory, anti-viral 
and anti-cancer effects and may also, play a role in cancer prevention. In the present study, the effects of low 
concentrations of catechin hydrate and epigallocatechin, Acacia Catechu spay-dried extract, on cell viability of 
leukemia lymphocytes were investigated and compared, in order to provide an experimental basis for their future 
incorporation into newly-synthesized biopolymer particles. 
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1. INTRODUCTION 

In recent years, the goal in cancer therapy is to 
achieve selectivity between damaged and healthy cells. 
The fact that the toxic side effect of applied 
conventional anticancer drugs is due to induction of 
oxidative stress and disruption of redox homeostasis in 
normal (healthy) cells and tissues [1], [2], provoke 
researchers to search for a new flexible approach in 
cancer therapy. Our previous results have shown that 
the combination of natural substances, most of them 
with redox modulation properties, with conventional or 
new generation anticancer drugs have shown 
synergistic cytotoxic effect specific to cancer cells and 
decrease of oxidative stress in normal cells [3-6]. 
Flavonoids, a group of natural substances with various 
phenolic structures, have attracted considerable 
scientific and therapeutic interest. These compounds 
are widely distributed in nature and have diverse 
multiple biological activities, including antioxidant, 
antimicrobial, anti-inflammatory, antiviral, anti-
allergic and anticancer properties [7,8]. Different 
epidemiological studies have demonstrated decreased 
risk of cancer diseases, after consumption of foods and 
drinks, which contain flavonoids (vegetables, fruits and 
tea) [3,9,10]. The natural products catechin and 
epigallocatechin, which belong to the flavonoids group, 
have the ability to scavenge free radicals, reduce the 
rate of LDL oxidation, inhibit lipid peroxidation and 
participate in modulation of the immune response in 
several biological systems [11-14]. In the present study, 
the effects of Acacia Catechu spray-dried 

epigallocatechin extract and catechin hydrate, applied 

in low concentrations (μmol/L), on cell viability of 
cancer cell line were investigated and compared. The 
aim is to provide an experimental basis for their future 
incorporation into chitosan carriers, as well as 
experimental results for their possible clinical 
application in cancer therapy.  

2. MATERIALS AND METHODS 

2.1. Materials  

The pure substance catechin hydrate was 
purchased from Sigma-Aldrich, Steinheim, Germany 
and the natural product - powdered epigallocatechin 
extract -from Acacia Catechu was supplied from North 
India. The experiments were performed on leukemia 
lymphocytes (Jurkat; RIKEN Bioresource Center, 
Saitama, Japan) derived from patients with acute 
lymphoblastic leukemia 

2.2. Cells and treatment protocol 

The cells were cultured in RPMI-1640 medium 
(Sigma-Aldrich, Steinheim, Germany), supplemented 
with 10% heat-inactivated fetal bovine serum (Gibco, 
Auckland, New Zealand) and antibiotics (100 U/ml 
penicillin and 100 μg/ml streptomycin) (Gibco) in a 
humidified atmosphere at 37 °C with 5% CO2. All cells 
were collected by centrifugation (1000 × g for 10 min) 
and replaced in a fresh medium without antibiotics, 
before treatment. The studied compounds catechin 
hydrate and epigallocatechin (extract) were dissolved 
in dimethyl sulfoxide (DMSO; suitable for cell cultures; 
Sigma-Aldrich). The final concentration of DMSO in 
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the cell suspension did not exceed 1%. At this 
concentration, DMSO did not influence cell viability. 
The cells (1×106 cells/ml) were incubated with catechin 
hydrate and epigallocatechin (extract) at the following 
concentrations: 0.5 μM, 1 μM, 10 μM, 20 μM and  
50 μM. 

2.3. Cell proliferation and viability assays 

MTT assay (Sigma-Aldrich) was used for detection 
of cell viability and proliferation activity. 50 μL of MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) was added to 50 μL cells in fresh medium 
(place in 96-well plates) and incubated at 37 °C for  
1 hour. After incubation, 150 μL of MTT solvent was 
added to each well and incubated for 15 min in the dark 
with shaking to fully dissolve MTT formazan. The 
absorbance at 590 nm was recorded immediately after 
that, using a microplate reader (TECAN Infinite® 
M1000, Austria). 

2.4. Statistical analysis 

All results are expressed as mean ± standard 
deviation from two independent experiments with 
three parallel samples for each experiment (n=6). 
Comparisons between the groups were performed 
using Student’s t-test. A value of p ˂ 0.05 was 
considered as significant. 

3. RESULTS AND DISCUSSION  

3.1. Determination of anti-proliferative activity of 
catechin hydrate and epigallocatechin (extract) 

After incubation (24, 48 and 72 hours) with 
different concentrations of catechin hydrate or 
epigallocatechin (extract), the cell viability of Jurkat 
cancer cell line was measured using MTT assay. The 
results of the effect of catechin hydrate or 
epigallocatechin (extract), in low concentration ranges 
(from 0.5 μM to 50 μM ) on the proliferative activity of 
leukemia lymphocytes, were presented in Figures 1 and 
2. The effect of each concentration of the studied 
compounds was calculated as a percentage of control 
(untreated cells), where the proliferation activity of the 
cells was considered 100%. The data demonstrated 
slight decrease of cell viability of leukemia lymphocytes 
(up to 20%) after treatment with the studied 
compounds. Relatively identical effect of both natural 
compounds applied at all concentrations, after 48 
hours incubation was observed. Enhancement of cell 
viability of Jurkat cells after 24- and 72-hours 
incubation with epigallocatechin (extract), applied at 
20 μM and 50 μM concentrations, was registered. 
Whilst decreased proliferative activity in the case of 
cells treated with catechin hydrate at the stated 
working conditions was observed  

Up-to-date scientific studies also confirm the anti-
proliferative activity of catechins. Rayen et al. (2017) 
investigated a wide concentration range of catechins 
(from 100 nM to 100 μM) and their results indicated 
significant reduction of MTT by catechin at 
concentration of 100 μM. It was also established that 
epigallocatechin-3-gallate exhibited significantly 
higher cytotoxic activity at a dose ≥ 10 μM as compared 

to other studied compounds at these conditions [18]. 
The experimental evidence, presented by Kürbitz et al. 
(2011) demonstrated that epigallocatechin gallate, 
catechin gallate and epicatechin gallate, which are 
minor components of green tea, inhibited proliferative 
activity of human pancreatic ductal adenocarcinoma 
(PDAC) cells in a dose- and time-dependent manner 
[15]. On the other side, there is data which indicated 
that applied in high concentrations (200 µM and 400 
µM) on non-cancer lymphoid cell line, flavonoids did 
not modify cell viability in both resting and stimulated 
lymphocytes after a 24 h incubation period [16]. 

 

Figure 1. Anti-proliferative effect of catechin hydrate on 
Jurkat cancer cell line at different incubation time. (Data are 
presented as mean±SD from six values at each concentration) 

 

Figure 2. Anti-proliferative effect of epigallocatechin extracted 
from Acacia Catechu on Jurkat cancer cell line at different 
incubation time. (Data are presented as mean±SD from six 

values at each concentration) 

3.2. Comparative analysis of the effect of catechin 
hydrate and epigallocatechin (extract) on cell 
viability of leukemia lymphocytes 

The comparative analysis of cell viability of 
leukemia lymphocytes, treated with catechin hydrate 
or epigallocatechin (extract) after 48 hours incubation, 
was performed. The obtained results are presented in 
Figure 3. Similar anti-proliferative activity (up to 20% 
in all applied concentrations) of both studies 
compounds, compared to the control, was observed. 
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Figure 3. Comparative analysis of anti-proliferative activity of 
catechin hydrate (in blue) and epigallochatechin extracted 

from Acacia Catechu (in yellow) on Jurkat cell line after  
48 hours incubation time. The grey color indicates untreated 
cells (control). (Mean±SD, n=6). Two levels of significances 

were considered: p˂0.05 (*) and p˂0.01 (**).Significant 
differences in the groups treated with catechin hydrate and 

epigallocatechin, extracted from Acacia Catechu, as compared 
to the control (untreated cells) were indicated.  

The similarity of the anti-proliferative effect of 
catechin hydrate and epigallocatechin (extract) could 
be due to the same molecular mechanism of action of 
the studied compounds. It is proposed that the anti-
inflammatory and immunomodulatory activity of 
flavonoids is due to regulation of NF-kB signaling 
(nuclear factor kappa-light-chain-enhancer of activated 
B cells) [11]. In this aspect, Mackenzie et al. (2004) 
established that flavonoids, including catechin, were 
implicated in the modulation of phorbol 12-myristate  
13-acetate (PMA)-induced NF-κB activation in Jurkat 
T cells by the regulation of IL-2 at the level of 
transcription. The obtained results displayed that 
preincubation for 24 hours with catechin, applied in 
different concentration range (from 1.7 μM to 17.2 μM), 
decreased PMA-induced NF-κB binding activity, 
through a direct interaction of flavonoids with NF-kB 
proteins, inhibition of the binding of active NF-κB to 
κB sites and the transactivation of the NF-κB-driven 
gene IL-2 [11]. Thus, it has been considered that the 
intracellular mechanism of action of catechins is 
associated with an influence on the immune response 
by modulating NF-κB activation. In this aspect, the 
study of Suhail et al. (2019) presented a corroboration 
of the impact of flavonoids on the specific for cancer 
cells NF-kB molecular pathway. The provided results 
form molecular docking demonstrated that 
epicatechin, epigallocatechin, epicatechin gallate and 
epigallocatechin gallate block NF-kB binding site 
through interaction with its different amino acids 
residues. The scientific team reported the formation of 
protein-ligand interaction between NF-kB and the 
studied flavonoids [17]. An earlier study demonstrated 
that catechin gallate and epicatechin gallate inhibited 
the proliferation of human pancreatic ductal 
adenocarcinoma (PDAC) cells due to influence of 
modulation on NF-kB activity. In the same report, the 
evidences outlined that epicatechin gallate inhibited 
TNFɑ-induced activation of NF-kB, the consequent 
secretion of pro-inflammatory and invasion of 
promoting proteins such as IL-8 and the urokinase 
plasminogen activator (uPA). In this regard, due to the 
observed anti-inflammatory potential of flavonoids, 
especially of epicatechin gallate, they could be applied 
as supplements to anticancer therapies [15]. 

4. CONCLUSION  

In summary, the results of the present study 
provide evidence that catechin hydrate and 
epigallocatechin, extracted from Acacia Chatechu, 
applied at low concentrations (μmol/L), displayed 
slight decrease of cell viability of leukemia 
lymphocytes. Thus, future studies of the potential of 
chitosan/epigallocatechin-loaded chitosan-based 
carriers, in combination with chemotherapeutic drugs 
could present essential data for the probable benefits of 
their application in cancer therapy. However, the in 
vitro anticancer and anti-inflammatory activity 
mechanisms of such bioflavonoid-biopolymer carrier 
formulations on different cancer cell lines need to be 
precisely investigated.  
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