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ABSTRACT
Background: Green tea catechins possess a wide range of pharmacological properties, including antiviral, anti-

infective, and immunostimulatory properties. They also have demonstrated inhibitory effects on a variety of enzymatic and
metabolic pathways involved in cancer development. Catechins have been shown to have antiproliferative properties in
various cell lines and may have direct virucidal effect. The United States Food and Drug Administration has approved a
topical ointment formulation of sinecatechins, derived from green tea catechins and other tea components, for the
treatment of external genital and perianal warts. The exact mechanism of action of sinecatechins in eradication of human
papillomavirus-induced external genital and perianal warts is unknown, but may be due to one or more of the mechanisms
mentioned. Objective: This study was conducted to investigate the growth inhibitory potential of the sinecatechins in
human cervical carcinoma cell lines infected with human papillomavirus. Methods: The viability of tumor cell lines (CaSki
and SiHa infected with human papillomavirus-16; HeLa and C4-I infected with human papillomavirus-18) was investigated
as one parameter in a short-term viability assay (48 hours). This was followed by a long-term clonogenic assay (12–23
days) to determine the cytotoxic potential of sinecatechins as a parameter for cell viability and proliferation. This assay
determined if the effect observed in the viability assay was due to retardation in cell proliferation or to a reduction of total
cell number, leading to cell death. Results: Based on the data collected, sinecatechins inhibited cell growth in all four
tumor cell lines by 50 percent (GI50) at concentrations ranging from 160 to 360μM. C4-I cells were the most sensitive to
treatment with sinecatechins, with a lower GI50 (~34μM). Total GI was achieved in a 48-hour assay at 625μM sinecatechins
(40μM for C4-I), with growth inhibitory potential detectable after one hour. Clonogenic assays confirmed the cytotoxic
potential of sinecatechins with a reduction in clone numbers in a concentration-dependent fashion. Sinecatechins
substantially reduced the number of surviving HeLa cells at a concentration of 200μM, while surviving SiHa cells were
almost totally eradicated with a concentration of 600μM. Conclusion: Sinecatechins demonstrated growth inhibitory
potential in all four human papillomavirus-infected tumor cell lines, which may be attributed to the induction of apoptosis,
mediated by cell cycle deregulation. In addition, this antiproliferative effect may contribute to the overall cancer-
preventative function and possible direct antiviral activity of sinecatechins that may contribute to external genital and
perianal warts clearance.  (J Clin Aesthet Dermatol. 2012;5(2):34–41.)
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The medicinal properties of tea leaves have been known
for thousands of years.1,2 Tea leaves, produced from
the plant Camellia sinensis, contain two unique

bioactive compounds—flavonoids and methylxanthines.3

Methylxanthines, including caffeine, theobromine, and
theophylline, are a group of alkaloids that are present in small
quantities. Flavonols, which are a subtype of flavonoids, and
also known as catechins, are the polyphenolic compounds
that constitute 25 to 35 percent of green tea and are
responsible for most of its beneficial effects.2–4

Epigallocatechin-3-gallate (EGCg) is an important
constituent of catechins and considered the predominant
therapeutic agent derived from green tea.3–5 Catechins,
namely EGCg, have a wide variety of beneficial effects,
including assisting in the prevention of chronic diseases
ranging from cancer to cardiovascular diseases.3

Spectrum of biological and pharmacological
activity of catechins. The spectrum of biological and
pharmacological properties of green tea catechins
includes antiangiogenic4,6–13 activity, anti-inflammatory and
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immunostimulatory2,3,5,8,10,11 activity, and antimicrobial
potential.14–22

The antineoplastic activity of EGCg includes influencing
tumor cell growth by inhibiting proliferation and inducing
apoptosis.3,4 EGCg has been shown to inhibit growth and
induce apoptosis in head and neck squamous cell
carcinoma,6 and liver,8 ovarian,7 prostate,9,10 breast,11 and
cervical cell lines.12 Antiproliferative and anticarcinogenic
effects of EGCg have also been demonstrated in vitro in
lung cancer cells,13 colon tumors, as well as lymphoma and
leukemia cells.4 Tumor reduction induced by EGCg has
been demonstrated in breast cancer cell lines.11 EGCg was
shown to play an important role in inhibiting growth in a
human papillomavirus (HPV) type 16-associated human
cervical carcinoma cell line, CaSki. EGCg significantly
inhibited growth by inducing apoptosis, possibly by
negatively influencing cell proliferation at the G1 phase and
gene expression pattern in CaSki cells.4 Similar results were
seen in human prostate cancer cells, where EGCg was
shown to affect mitogenesis and induce apoptosis by
causing G0/G1-phase cell cycle arrest.9 Induction of
apoptosis and cell cycle arrest at the G1 phase was also seen
in ovarian and liver cancer cell lines.7,8 In the androgen-
sensitive human prostate carcinoma cells, LNCaP, EGCg
was shown to induce apoptosis through stabilization of p53
by phosphorylation on critical serine residues, and by
negative regulation of nuclear factor-κB (NF-κB) activity, a
family of transcriptional regulators.10 Upregulation of p53
expression was also seen in liver cancer cells,8 and
reduction in NF-κB levels and activity by inhibition of the
Her-2/neu signaling pathway was seen in breast cancer
cells.11 Additionally, EGCg has also been associated with
telomerase inhibition, a potentially selective target for
treatment of cancer.12 However, despite the various
mechanisms investigated, including modulation of signal
transduction pathways, regulation of gene expression,
induction of apoptosis, inhibition of cell proliferation and
transformation, the exact mechanism of action of EGCg in
inhibiting neoplastic growth is still unclear. 

EGCg also influences immunostimulation and anti-
inflammatory responses by inducing the release of immune
stimulatory agents while suppressing the release of immune
inhibitory agents. The anti-inflammatory activity of EGCg
may be related to an antioxidant function mediated by
nonantioxidant mechanisms.2,3 This includes the ability of
EGCg to modulate signal transduction pathways8,10 and
inhibit the activity of transcription factors, such as NF-κB10,11

and activator protein 1 (AP-1).2 The antioxidant function of
EGCg is characterized by its ability to scavenge reactive
oxygen species (ROS),3,5 which also plays a key role in
enhancing its anti-inflammatory properties.5 For example,
the downstream effect of inhibiting NF-κB activation results
in downregulation of interleukin-8 (IL-8), a major
neutrophil chemoattractant and inflammatory mediator.2,5

In addition to IL-8, EGCg modulates inflammatory signaling
pathways and negatively influences the infiltration of T cells
into sites of inflammation.5 Additionally, catechins activate
T lymphocytes and induce the release of tumor necrosis

factor alpha (TNF-α) and interferon-gamma (IFN-γ).
Immunostimulatory activity of catechins includes
stimulating macrophages to release cytokines, promoting
recruitment of monocytes, dendritic cells, lymphocytes,
natural killer cells, and T-helper cells.2

EGCg has demonstrated a broad spectrum of
antimicrobial activity against bacteria and fungi, including
growth inhibition of Escherichia coli, Staphylococcus
aureus, and Trichophyton sp.14,23 Most notable is the ability
of catechins, such as EGCg, to protect against viral
infections, including rotavirus,14 enterovirus,14,24

adenovirus,16,24 human immunodeficiency virus (HIV),17–19

Epstein-Barr virus (EBV),14 and influenza A and B.20–22

Catechins have exhibited antivirulent activity against
HIV through several steps in the HIV life cycle. EGCg not
only prevents HIV attachment and cell entry, but also
destroys viral particles and virus production by
competitively inhibiting HIV-1 deoxyribonucleic acid (DNA)
polymerase and reverse transcriptase. Viral transcription is
also impacted with a distinct decrease in the expression of
messenger ribonucleic acid (mRNA) in the presence of
EGCg.17,18 Furthermore, EGCg has been shown to inhibit
HIV infection and replication without any observed
apoptosis or necrosis.19

EGCg inhibits expression of EBV viral protein by
inhibiting transcription of immediate-early genes, thus
preventing initiation of EBV lytic cycle.14 In Madin-Darby
canine kidney (MDCK) cells, EGCg affected the infectivity
of influenza A and B viruses by agglutinating the virus, thus
blocking the attachment of the viral particles to the target
cell receptors and preventing the virus from absorbing to
MDCK cells.20,21 In addition to preventing infection, EGCg
was also shown to inhibit replication of the viruses by
preventing acidification of endosomes and lysosomes, an
essential step in uncoating of the virus and viral
replication.21,22 

Sinecatechins. Sinecatechins ointment, 15%, is manu-
factured from the extract of green tea leaves from Camellia
sinensis, consisting of 85- to 95-percent catechins, with

Figure 1. Structure of green tea catechins. 
EGCG=epigallocatechin-3-gallate
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EGCg representing the primary catechin at more than 55
percent (Figure 1).25 It is the first botanical agent approved
by the United States Food and Drug Administration (FDA)
for prescription use and is indicated for use as a topical
patient-applied treatment for external genital and perianal
warts (EGW).26 Two Phase 3 clinical trials involving more
than 1,000 male and female patients with EGW treated for
up to 16 weeks with sinecatechins ointment, 15%, resulted
in statistically superior complete clearance rates of all warts
(baseline and newly emerging warts) compared with
vehicle-treated patients (54.9% vs. 35.4%, respectively,
p<0.001).27 In addition, recurrence of warts was assessed in
all patients with complete clearance of all warts; low rates of
recurrence (6.8%) were demonstrated with sinecatechins
ointment, 15%, when measured at 12 weeks post-
treatment.27 As opposed to previous clinical trials of EGW
therapies, which only measured the clearance of baseline
warts, clearance of all (baseline and new) warts represents
a much more relevant therapeutic endpoint.27

Although the molecular mechanisms of the antiviral and
anticarcinogenic potential of green tea catechins have been
elucidated recently in numerous studies, the mechanism of
action (MOA) of sinecatechins in the eradication of EGW is
unknown. As an anticarcinogenic agent, it has been shown
that green tea catechins interfere with different
biochemical pathways involved in tumor proliferation,
mitogenic signal transduction, cell cycle progression,
neoplastic cell transformation, and inflammation.3,4,6–13 As an
antiviral agent, catechins have exhibited the ability to
inhibit reverse transcriptase and viral transcription,
interfere with viral replication, and prevent adherence of
viral particles to target cell receptors.14,15,17–22

To study the growth inhibitory potential of sinecatechins
in HPV-positive tumor cell lines, four cervical carcinoma cell
lines were treated with sinecatechins. The objectives of this
study were to investigate growth inhibitory potential of the
catechins in human cervical carcinoma cell lines infected
with HPV. This includes investigating the impact of
catechins on the viability of HPV-16 positive cells (CaSki
and SiHa) and HPV-18 positive cells (HeLa and C4-I),
assessing the kinetics of the antiproliferative effect of
sinecatechins on cervical carcinoma cell lines, and
determine whether the effect observed in the viability
assays (WST-1) was due to a retardation in cell proliferation
or due to reduction of total cell numbers leading to cell
death. Furthermore, green tea extracts from different
suppliers were evaluated to determine any differences in
their growth inhibitory potential and further elucidate the
potential MOA of sinecatechins in the eradication of EGW.

METHODS
Three batches of green tea extracts from Tokyo Food

Techno Co. Ltd., Tokyo, Japan, were used in the study. In
addition, to compare different suppliers, green tea extracts
from Honson Industries Ltd. (Markham, Canada), Wuxi
(Wuxi Green Power BioProduct Ltd., Jiangsu Province,
China), Amax NutraSource Inc (California, USA), and Emil
Flachsmann AG (Wädenswil, Switzerland) were tested (for

batch numbers and composition, see Table 1). The
sinecatechins drug substance was synthesized from these
green tea extracts. A molecular weight of 400g/mol was
assumed for the calculations of sinecatechins and was
dissolved in 0.9% NaCl to a concentration of 100mM. It was
further diluted using the appropriate cell culture medium. 

Cultivation of cells. The human cervical carcinoma
cell lines CaSki, SiHa (both carrying genomic HPV-16
copies), HeLa, and C4-I (both carrying genomic HPV-18
copies) were obtained from American Type Culture
Collection (Manassas, Virginia, USA). CaSki cells were
cultivated in RPMI 1640 containing 10mM HEPES-buffer,
2mM L-glutamine, 1mM sodium pyruvate, and 10% heat-
inactivated fetal calf serum (FCS, Invitrogen, Karlsruhe,
Germany). HeLa and SiHa cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) containing 2mM
L-glutamine, 1mM sodium pyruvate, 1% nonessential amino
acids (Invitrogen). C4-I cells were cultured in Waymouth’s
MB 752/1 medium supplemented with 10% heat-inactivated
FCS (Invitrogen).

Viability assay (WST-1). CaSki, SiHa, HeLa, and C4-I
cells were seeded in 96 well flat bottom plates. Four hours
after seeding, cells were treated with increasing
concentrations of sinecatechins. After two days, a WST-1
assay was performed as recommended by the manufacturer
(Roche Diagnostics, Mannheim, Germany). This
colorimetric viability assay quantifies cell viability and cell
proliferation based on the cleavage of the tetrazolium salt
WST-1 by mitochondrial dehydrogenases in viable cells.
Cells were incubated with the WST-1 reagent for 4 to 6
hours. Then, the conversion of WST-1 was quantified in an
enzyme-linked immunosorbent assay (ELISA)-reader at
450nm with a reference wavelength of 655nm. The amount
of converted reagent is proportional to the amount of viable
cells. The interassay variability was about 20 percent,
whereas the intra-assay variability was up to 40 percent.
The GI50 values were calculated by SigmaPlot 2004 for
Windows Version 9.0 using a four-parameter sigmoid
equation. 

CaSki cells seeded in 96-well flat bottom plates (4.5x103

cells/well) were incubated with different concentrations of
sinecatechins for increasing time periods. The medium was
exchanged in cultures treated for less than 48 hours, that is,
total incubation time was 48 hours in all samples. As a
negative control, cells were incubated with only medium as
described above. Viability was analyzed using the WST-1
assay. Cells were incubated with the WST-1 reagent for four
hours. Samples were analyzed in triplicate.

For the analysis of different suppliers of green tea
extract and different batches of sinecatechins, CaSki cells
were seeded in a density of 4.5x103 cells/well in 96-well flat
bottom plates. Green tea extracts were added and cells
were cultivated for 48 hours. The viability was determined
as described above using the WST-1 assay.

Clonogenic analysis. This assay was established to
determine whether the effect observed in the viability assay
(WST-1) was due to a retardation in cell proliferation or due
to a reduction of total cell number leading to cell death.
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Therefore, HeLa and SiHa cells were seeded at low density
(0.8x102 cells/well) in a six-well plate and cultivated for
three days until small cell clones had developed. Cells were
treated with sinecatechins in escalating concentrations
(0.2mM–1mM) in medium containing 2.5% FCS for two
hours. Thereafter, cells were cultivated in medium with
10% FCS for up to 23 days, until countable clones had
developed. Medium exchange was carried out regularly.

Clones were stained with methylene blue (Merck,
Darmstadt, Germany) for 10 minutes at room temperature.
Then the plates were rinsed several times with distilled
water and air-dried afterwards. The samples were tested in
triplicate.

RESULTS
Antiproliferative effect of sinecatechins on cervical

carcinoma cells. To analyze whether sinecatechins has an
effect on the viability of HPV-16 and HPV-18 positive cells,
two HPV-16 positive (CaSki, SiHa) and two HPV-18 positive
cell lines (HeLa, C4-I) were tested. All four cervical
carcinoma cell lines were incubated with increasing
concentrations of sinecatechins (2–2500μM; TFT Lot.
#010612) for 48 hours and thereafter the viability of cells was
analyzed using a WST-1 assay. The cell growth of all four cell
lines was inhibited in a concentration-dependent manner by

Figure 2. Antiproliferative effect of sinecatechins on cervical carcinoma cells. Cells were seeded in 96 well plates with cell numbers. Cells
were incubated with increasing concentrations of sinecatechins (TFT Lot #010612) for 48 hours. Viability was analyzed using the WST-1
assay. Data were evaluated with SigmaPlot 2004 for Windows Version 9.0 using a sigmoidal four-parameter curve equation (E). Results
represent the mean ±SD from triplicate and are expressed as percent viable cells compared with untreated cells. Depicted is 1 of 2 
experiments showing similar reductions of cell viability after treatment with sinecatechins. TFT=Tokyo Food Techno Co., Ltd.

Figure 3. Time dependency of the growth inhibitory effect of 
sinecatechins. CaSki cells seeded in 96 well plates (4.5x103 cells/well)
were incubated with different concentrations of sinecatechins ranging
from 78µM–2.5mM (TFT Lot #010612) for increasing time periods.
Only two concentrations, 313µM and 625µM, are depicted because
they were mostly affected by varying the treatment time. The medium
was exchanged in cultures treated for less than 48 hours (i.e., total
incubation time was 48 h in all samples). As a negative control, cells
were incubated with medium without sinecatechins. Viability was 
analyzed using the WST-1 assay. Results represent the mean ±SD
from triplicate and are expressed as percent viable cells compared to
untreated cells. TFT=Tokyo Food Techno Co., Ltd.
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sinecatechins (Figure 2). Total growth inhibition by
sinecatechins was achieved at a concentration of 39μM for
C4-I cells and of 625μM for CaSki, SiHa, and HeLa cells. With
a calculated GI50 of approximately 34μM and a maximal
inhibitory effect of 39μM, C4-I cells were most sensitive to the
cytotoxic potential of sinecatechins (Figure 2D). CaSki, SiHa,
and HeLa cells seemed to be less sensitive to the cytotoxic
potential of sinecatechins than C4-I cells because their GI50

values ranged between 160μM and 360μM (Figure 2A–C).
Interestingly, when cells were incubated with medium
containing decreased amounts of FCS (2.5%), the growth
inhibitory potential of sinecatechins was increased. These
data demonstrate the concentration-dependent anti-
proliferative effect of sinecatechins on HPV-16 and HPV-18
positive cervical carcinoma cell lines.

Influence of the incubation time on the growth
inhibitory effect of sinecatechins. To analyze the kinetic
of the antiproliferative effect of sinecatechins on cervical
carcinoma cell lines, CaSki cells were incubated with
different concentrations of sinecatechins ranging from 78μM
to 2.5mM for 1, 2, 4, 20, and 48 hours. Medium was
exchanged in cultures treated for less than 48 hours (i.e.,
total incubation time was 48 hours in all samples). Viability
was analyzed using the WST-1 assay. As negative control,
cells were incubated with medium alone. In Figure 3, only
two concentrations, 313μM and 625μM, are depicted because
they were mostly affected by varying the treatment time with

sinecatechins. Already a one-hour treatment was enough to
detect a growth inhibitory effect at 313μM and 625μM
(Figure 3). The analysis of the kinetic showed that the
growth inhibitory potential increased with longer incubation
times, reaching a maximum at 48 hours. The same type of
experiment was performed using HeLa cells. The outcome
was similar except for the fact that HeLa cells were more
sensitive to treatment with sinecatechins, resulting in a 75-
percent inhibition at 313μM after a four-hour treatment.

Effect of green tea extract from different suppliers
on the cell growth. To study whether green tea extracts
from different suppliers have different growth inhibitory
potential, three different batches from TFT (Tokyo Food
Techno Co. Ltd., Tokyo, Japan) and one batch each from
Honson Industries Ltd., Wuxi (Wuxi Green Power
BioProduct Ltd), Amax NutraSource Inc, and Emil
Flachsmann AG were tested (for composition, see Table 1).
CaSki cells were treated with seven different concentrations
of each batch ranging from 39μM to 2.5mM. Only 1 out of 7
batches showed a reduced potential to inhibit the growth of
CaSki cells (Figure 4). EGCg is the major component of
polyphenols in green tea extract. In the batches that showed
similar growth inhibition potential, the EGCg content varied
between 65 and 42 percent. Only in the sample from
Flachsmann (#3024496) was the EGCg content (16%) and
the total content of catechins (44.6%) drastically reduced. A
reduced growth inhibitory effect was detectable in this

Figure 4. Effect of green tea extracts from different suppliers on 
the viability of cervical carcinoma cells. CaSki cells were seeded in 
96 well plates (4.5x103 cells/well) and incubated with increasing 
concentrations of sinecatechins from different suppliers (TFT Lot
#010612, TFT Lot #020117, TFT Lot #010620, Honson Lot #030226,
Wuxi Lot #SO30126.3, Amax NutraSource Inc. Lot #GTE50/2-
A010101, Flachsmann Lot #3024496) for 48 hours. Viability was
analyzed using the WST-1 assay. Results represent the mean ±SD
from triplicate and are expressed as percent viable cells compared 
to untreated cells. TFT=Tokyo Food Techno Co., Ltd.

Figure 5. Influence of sinecatechins on HPV16- (SiHa) and HPV18-
(HeLa) positive cervical carcinoma cells using a clonogenic assay.
Cells seeded in six well plates (0.8x102 cells/well) were grown until
Day 3. Then, they were incubated with increasing concentrations of
sinecatechins (TFT Lot #020117) for two hours in medium containing
2.5% FCS. The medium was exchanged and cells were further
incubated in fresh medium without sinecatechins containing 10% 
FCS until either Day 13 (HeLa) or Day 23 (SiHa). Single clones were
counted after staining with methylene blue. Results represent the
mean ±SD from either duplicates (HeLa) or triplicate (SiHa). This
experiment was performed twice with different cell numbers 
showing the same reduction in clone numbers after treatment 
with sinecatechins. TFT=Tokyo Food Techno Co., Ltd. 
FCS=fetal calf serum.
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sample as well.
Influence of sinecatechins on cell growth using a

clonogenic assay. To determine whether the effect
observed in the viability assays (WST-1) was due to a
retardation in cell proliferation or due to a reduction of total
cell numbers leading to cell killing, a clonogenic assay was
performed. HPV-16 and HPV-18 positive cervical carcinoma
cell lines (SiHa and HeLa, respectively) were seeded in six-
well plates and treated for two hours with increasing
concentrations of sinecatechins. Then the medium was
exchanged to remove sinecatechins and cells were further
incubated until Day 17 and Day 23 for HeLa and SiHa cells,
respectively. 

The clone number revealed a reduction in both cell lines
with increasing concentrations of sinecatechins (Figure 5).

For HeLa cells, the highest drop in clone numbers was
observed at 200μM, the lowest concentration of
sinecatechins analyzed. The clone numbers dropped from
about 50 to 10 clones. There was no further detectable
decline in clone numbers using higher concentrations of
sinecatechins (up to 1mM). In SiHa cells, treatment with
sinecatechins resulted in a more constant decrease of clone
numbers with increasing drug concentration. 

An almost total eradication of clones was obtained with
600μM of sinecatechins (Figure 5). The experiment was
repeated with different cell numbers and the same effect
was detected showing the long-term cytotoxic potential of
sinecatechins in cervical cancer cell lines. Thus,
sinecatechins do not only retard cell proliferation but also
lead to cell death.

TABLE 1. Composition of green tea extract batches used in the experiments

COMPOUND
TFT

#010612
CONTENT (%)

TFT
#020117

CONTENT (%)

TFT
#010620

CONTENT (%)

HONSON
#030226

CONTENT (%)

WUXI
#SO30126.3

CONTENT (%)

AMAX
NUTRASOURCE

#GTE50/2-
A010101

CONTENT (%)

FLACHSMANN
#3024496

CONTENT (%)

Gallocatechin  0.3 0.2 0.3 nd nd nd nd

Epigallocatechin 4.1 6.2 4.6 nd 2.9 nd 6.1

Catechin 1.0 0.3 1.1 nd 1.2 nd 4.2

Epicatechin 9.0 10.5 8.7 nd 7.6 nd 2.3

Epigallocatechin 
gallate 62.7 65.2 61.1 42.0 62.5 50.0 16.3

Gallocatechin gal-
late 6.3 1.5 6.1 nd 2.8 nd 1.7

Epicatechin gallate 6.3 6.1 6.2 nd 5.9 nd 5.1

Catechin gallate  0.3 0.1 0.2 nd 0.4 nd nd

Total Catechins 90.0 90.1 88.3 73.6 NA NA 44.6

Caffeine 0.5 0.4 0.5 7.9 nd — 4.2

ND=not determined; NA=not applicable

Tyring_Feb2012.qxp  2/9/12  3:00 PM  Page 39



[ F e b r u a r y  2 0 1 2  •  V o l u m e  5  •  N u m b e r  2 ]40 404040

DISCUSSION
To study the growth inhibitory potential of catechins in

human cervical carcinoma cell lines infected with HPV,
sinecatechins were studied against two HPV-16 positive
(CaSki and SiHa) and two HPV-18 positive (HeLa and C4-I)
cervical cell lines. Sinecatechins inhibited the cell growth of
cervical cancer cell lines CaSki, SiHa, and HeLa by 50
percent at concentrations ranging between 160 to 360μM.
Overall, the cell growth of all four cell lines was inhibited in
a concentration-dependent manner by sinecatechins. C4-I
cells were most sensitive to the treatment with
sinecatechins, showing a GI50 of approximately 34μM, with
maximum inhibitory effect of 39μM. Total inhibition was
achieved at 625μM for CaSki, SiHa, and HeLa cells and
39μM for C4-I cells. The analysis of the growth inhibition
kinetic showed that the effect increased with time, reaching
a maximum at 48 hours. Furthermore, green tea extracts
with an EGCg content ranging from 42 to 65 percent
showed no differences in the growth inhibitory potential in
a 48-hour assay. The batch from Flachsmann that contained
only 16% EGCg did demonstrate drastically reduced
growth inhibitory effect. The clonogenic assay confirmed
the inhibitory effect on cell growth and showed that
sinecatechins was not only able to inhibit the metabolic
activity, but also led to cell death.

The range of concentrations of sinecatechins that
affected the cell growth of tumor cell lines in this study is in
concordance with findings reported by others.4,12,28 Ahn et al4

showed that EGCg inhibited the growth of CaSki cells with
a GI50 of approximately 35μM in a 1- to 2-day assay.
Yokohama et al12 reported a 50-percent reduction of cell
growth in SiHa cells at 100μM after a seven-day treatment
(p<0.01) and a 25-percent inhibition at 100μM after four
days in HeLa cells (p<0.05). Morré et al28 showed a GI50 for
the inhibition of HeLa growth of about 2μM in a 72-hour
assay. The differences in the GI50 values may be due to
differences in the incubation time, differences in the cell
density, or differences in the assay used to detect growth
inhibition. Interestingly, the study from Morré et al28 showed
that when individual green tea catechins (EGCg, GCg, ECg,
EGC, and EC) were tested, EGCg was the most potent,
followed by GCG. This is in concordance with the data from
the current study, demonstrating that catechins containing
a galloyl group are the most effective catechins in reducing
cell viability. Morré et al28 also reported that the amount of
EGCg needed to inhibit cell growth was reduced about 10
times by combination of EGCg with the inactive catechin
EC showing a synergistic effect between EGCg and EC.

The growth inhibitory potential of green tea extracts
have been attributed to the induction of apoptosis, cell
cycle arrest, and telomerase inhibition. In recent papers,
the cytotoxic effect of green tea catechins in-vitro assays
has also been said to be induced by increased levels of
hydrogen peroxide (H2O2) in the cell culture medium. The
production of ROS has been shown to be induced by some
polyphenols during an auto-oxidation process under
specific conditions in cell culture media. This antioxidant
function plays a key role in enhancing the anti-

inflammatory properties of EGCg, such as activation of
transcription factors (NG-κB and AP-1) resulting in
downregulation of inflammatory mediators. It is important
to note that the impact of EGCg on metabolic activity that
pronounces its antiproliferative effect and contributes to
its overall cancer-preventative function may also make it
possible for EGCg to direct antiviral activity.

Overall, this study shows the potential of sinecatechins
to inhibit the growth of cervical cancer cells and this effect
may in part contribute to its overall cancer-preventive
function. The similarity of the growth inhibitory potentials
of the various batches of green tea extract used to
synthesize the sinecatechins drug substance may imply
that the commercially available sinecatechins perform in
the same manner. Although the exact MOA of
sinecatechins is unknown, its known antioxidant,
immunostimulatory, and antiproliferative activities, in
addition to its antiviral effects may contribute to the high
efficacy rates and low recurrence rates observed following
its topical application for EGW treatment. Besides
antioxidant activity, the FDA has not approved the
inclusion of any additional activities in the product label.
Most of the provider-administered and patient-applied
EGW treatments rely on destructive methods to eradicate
lesions, with the exception of imiquimod, which has
immunostimulatory activity. No head-to-head trials with
other topical patient-applied EGW therapies (i.e.,
imiquimod, podofilox) have been conducted; however, the
EGW clearance rates reported in the published literature
of the other treatments are lower than those observed
following treatment with sinecatechins. More importantly,
higher rates of recurrence have been reported (13–19% for
imiquimod, 40% with cryotherapy, and as high as 91% with
podofilox) compared with sinecatechins ointment, 15%.27

CONCLUSION
The inhibitory effects of green tea against experimental

carcinogenesis and viral replication and inhibition have
been demonstrated in vitro and/or in vivo in a variety of
studies. As antineoplastic agents, catechins are described to
inhibit cell growth and lead to apoptosis in several human
carcinoma cells. However, as antiviral agents, catechins
have been shown to inhibit viral replication through
disruption during various stages of the viral life cycle, and
prevent infectivity through processes, such as
hemagglutination. Unlike anticarcinogenic processes, the
antiviral ability of catechins has not been attributed to
apoptosis or necrosis. The in-vitro activity of sinecatechins
demonstrated in this study provides additional insight
regarding its MOA as it relates to the clearance of EGW.
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