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Abstract: In recent years, phytoestrogens have been shown as useful selective estrogen receptor modulators. The
estrogen-like effects of black tea (BT) and D. candidum (DC), as well as the combination of the two herbs, have
remained largely elusive. This study aims to investigate the phytoestrogenic effect of BT and DC extract, and the
possible mechanism. The effects on T47D (ER+ cell line) proliferation were evaluated by using MTT assay. The S
phase proportion of ER+ cells was determined by using flow cytometry. The estrogen antagonist ICl 182,780 was
applied to block the ER function. The activation of ER-mediated PI3K/AKT and ERK signal pathways were observed
by using western blot. Expression of ERa and PGR, as well as PS2 and Cyclin D1 were detected by using western
blot and real-time quantitative PCR. Firstly, our results found that BT and DC extracts promoted cell proliferation in
ER-positive cells, and this effect was ER-dependent. Besides, BT and DC extracts increased the S-phase cell num-
ber. Next, PI3K, AKT and ERK pathways below ER were activated by phytoestrogen treatment, and this activation
was blocked by the ER antagonist. Moreover, prolonged BT and DC treatments increased the expression of ESR1
and PGR. Consistently, the mRNA levels of not only ESR1 and PGR but also estrogen-dependent effectors ps2 and
cyclin D1, were increased by phytoestrogens and blocked by ICl 182,780. Taken Together, BT and DC extracts have
phytoestrogenic effects, and this may provide new ideas and experimental basis for the development and applica-
tion of phytoestrogens.
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Introduction cancer, endometrial cancer, and the other gyne-

cological cancers [1-4]. Therefore, highly effec-

Estrogen is an important steroid hormone for
growth and development of the female repro-
ductive system. Also, it plays a role in maintain-
ing the normal function of the cardiovascular
system, skeletal system and the nervous sys-
tem. During menopause, the endogenous
estrogen level decreases rapidly, and concomi-
tantly, the incidence of menopausal syndrome,
osteoporosis, cardiovascular disease, senile
dementia and etc. increase. Traditional estro-
gen replacement therapy can alleviate the
above menopausal symptoms. However, long-
term use of estrogen frequently results in
hypercoagulable state, hypertension, edema,
dementia, and even increases the risk of breast

tive and less toxic estrogen replacements
deserve development for treatment of meno-
pausal syndromes.

For substitution, increasing studies have taken
advantages of phytoestrogens, which are
extracted from the natural plants and have sim-
ilar effects to the endogenous estrogen. These
substances can interact with the estrogen
receptor (ER) and play a two-way regulation. In
the case of lower estrogen levels, they could
play an estrogen-like role, while in the case of
high estrogen levels, they exert an anti-estro-
gen role [5, 6]. In recent years, phytoestrogens
have been shown as useful selective estrogen
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receptor modulators (SERMSs) in the treatment
of menopausal syndromes [7-9]. Given the
extensive sources of natural product, there exit
great potential in the application of phyto-
estrogens.

Two known types of potential phytoestrogen,
Black tea extract and D. candidum extract, are
easily obtained in China. Black tea (BT) was
reported to enhance bone regeneration in
estrogen-deficient rats [10]. And for human
breast cancer cell line MCF-7 (with a high estro-
gen signaling level), D. candidum (DC) inhibited
the proliferation by inducing cell cycle arrest at
G2/M phase and regulating some ER-down-
stream biomarkers [11]. But the estrogen-like
effects of BT and DC, as well as the combina-
tion of the two herbs, have remained largely
elusive. Besides, it remains to be elucidated
what downstream signaling pathways in ER+ or
ER- cell lines are involved in the estrogen-like
activities of phytoestrogens.

To investigate the estrogen-like effects of BT
and DC, we conducted this work using human
breast cell lines and observed a proliferation
promoting role with up-regulated estrogen sig-
naling levels triggered by these extracts. Our
findings provided an alternative of estrogen for
females in the perimenopausal period, which is
not only effective but also much cheaper and
safer.

Materials and methods
Chemicals

Three groups of extracts were applied as fol-
lows: Black tea extract (BT), D. candidum
extract (DC) and D. candidum and black tea
extract (BT-DC), all of which were donated by
Prof. Jun Sheng (Yunnan agricultural University).

Cell culture

The human mammary epithelial carcinoma cell
lines T47D and MDA-MB-231 were obtained
from the American Type Culture Collection
(Manassas, VA, USA). T47D cells were cultured
in Roswell Park Memorial Institute-1640 medi-
um with 10% fetal bovine serum (FBS) and 100
IU/ml  penicillin/streptomycin. MDA-MB-231
cells were cultured in Dulbecco’s modified
Eagle’'s medium supplemented with 10% FBS
and 100 IU/ml penicillin/streptomycin. Cells
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were maintained at 37°C and 5% CO, in a
humidified incubator.

In different groups, different mother liquors
were added in to the medium in a ratio of 1:100,
and then diluted by according mediums. The BT
mother liquor was 500 pg/ml and the DC moth-
er liquor was 2 mg/ml.

MTT assay

T47D cells were seeded in a 96-well plate to a
final concentration of 5000 cells/well and cul-
tured in phenol red-free medium containing 5%
charcoal-dextran-stripped FBS. Cells were
respectively treated with various concentra-
tions of BT extract (0.25 pug/mlto 10 pg/ml), DC
extract (0.5 pyg/ml to 20 uyg/ml), and BT-DC
extract (0.5 pg/ml to 20 ug/ml) for 24 h, 48 h
and 72 h, either with or without ER-antagonist
ICl 182,780 (Santa) at 100 nM. The positive
control was added with 17B-estradiol (E2,
Sigma) at 100 nM. Then the medium was
removed and fresh medium was added to each
well along with 10 ml of MTT solution (5 mg/
ml). After 4 h incubation at 37°C, the medium
was replaced by 150 ml of DMSO. The plates
were read at wavelength of 490 nm using a
micro-plate reader (BioTek, Winooski, VT, USA).
Three reduplicate wells were used for each
treatment, and the experiment was repeated
three times.

Cell cycle analysis

Cell cycle distribution was evaluated using Cell
cycle detection kit (BestBio, China) following
the manufacturer’s instruction. Briefly, the cells
were harvested 48 h after different treatments,
washed twice with PBS, and fixed at 4°C for 1 h
with 70% ethanol, and then stained with a prop-
idium iodide (PI) solution (containing RNase) at
4°C for 30 min. At least 20,000 cells were ana-
lyzed by Becton Dickinson FACScan cytoflurom-
eter (Mansfield, MA, USA). Cell cycle distribu-
tion was calculated using ModFIT cell cycle
analysis software (Version 2.01.2; Becton
Dickinson).

Giemsa staining

To visualize the morphology changes in mitotic
period, cells (48 h after treatment) were stained
with Giemsa staining Kit (Solarbio, China)
according to the manufacture’s instruction.
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Table 1. RT-PCR primer sequences

Genes Sequences (5-3")
ESR1 Forward CGCTACTGTGCAGTGTGCAAT
Reverse CCTCACAGGACCAGACTCCATAA

PGR Forward CAGCCAGAGCCCACAATACA
Reverse GTTGTGCTGCCCTTCCATTG
PS2 Forward GCCTTTGGAGCAGAGAGGAG

Reverse TGTACACGTCTCTGTCTGGG
Cyclin D1 Forward GATCAAGTGTGACCCGGACTG

Reverse CCTTGGGGTCCATGTTCTGC
B-actin Forward GCCGCCAGCTCACCAT

Reverse TCGATGGGGTACTTCAGGGT

Briefly, the cells were fixed with methanol for 5
min, dried for 2 min, and then immersed in
freshly prepared Giemsa stain solution for 20
min, followed by rinsing with pure water and
dehydration. The stained cells were examined
using a microscope with a 40x immersion
objective lens.

Western blot analysis

The cells were lysed in ice-cold whole cell
extraction buffer (WCEB, with protease inhibi-
tor mixture from Roche Applied Science). After
quantification, the protein samples were boiled,
separated by 10% SDS polyacrylamide gel and
electro-transferred to polyvinylidene fluoride
(PVDF) membrane. The membrane was blocked
with 5% BSA-TBST, incubated with primary anti-
bodies against phospho-ERa (Cell Signaling
Technology, Inc., USA), ERa (Santa, USA), phos-
pho-PI3K (Cell Signaling Technology, Inc., USA),
PI3K (Cell Signaling Technology, Inc., USA),
phospho-AKT, AKT (Cell Signaling Technology,
Inc., USA), phospho-ERK1/2 (Santa, USA) and
ERK1/2 (Bioss, USA) at 4°C overnight. Then the
membrane was incubated with the HRP-
conjugated secondary antibodies, and visual-
ized on Tanon-5200 Chemiluminescent Imaging
System (Tanon).

Quantitative real-time PCR

Total RNA from each group of cells was extract-
ed with TRIzol reagent (Invitrogen, USA) follow-
ing the manufacturer’s instruction, and cDNA
was generated with BioTeke super RT kit
(BioTeke) according to the manufacture’s proto-
col. gRT-PCR was performed using SYBR Premix
Ex TaqTM [12]. Primers are listed in Table 1.
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Statistical analysis

Data were presented as mean * SE, including
at least three independent experiments.
Statistical analysis was performed by one-way
ANOVA for multiple group comparison. P<0.05
represents the statistical significance.

Results

Black tea and D. candidum extracts promote
cell proliferation in ER-positive cells

First, we examine the effects of extracts from
BT and DC, as well as their combination, on the
in vitro proliferation of ER-positive cell line,
TATD. Either after 24, 48 or 72 h, BT and DC
showed a similar effect to E2. Specifically, the
cells exposed to 0.25 to 5 pug/ml BT extracts
(Figure 1A) had a significantly increased cellu-
lar viability compared with the control (24 h
treatment: 0.25 pg/ml vs. control P<0.05,
0.5-5 pg/ml vs. control P<0.01. 48 h treat-
ment: 0.5 or 5 yg/ml vs. control P<0.05, 1-2.5
pg/ml vs. control P<0.01. 72 h treatment: 0.5-
2.5 pyg/ml vs. control P<0.01, 5 pg/ml vs. con-
trol P<0.05). However, the proliferation promot-
ing effect disappeared in the 10 yg/ml group.
For DC treated cells (Figure 1B), the 0.5-2.5
groups at 24 h were uninfluenced while the
5-20 yg/ml groups exhibited a highly significant
increase in the cellular viability (P<0.01 vs. con-
trol), at 48 h, 1-20 yg/ml groups showed a sig-
nificant increase (1-5 ug/ml vs. control P<0.05,
10-20 pyg/ml vs. control P<0.01), and at 72 h,
all the DC treated groups had increased viabili-
ty (0.5-20 pg/ml vs. control P<0.05). For combi-
nation treatments (Figure 1C), the increase
was much significant at 48 or 72 h compared
with the single treatments (1-10 pug/ml vs. con-
trol P<0.01 or 0.001). These results proved
that BT and DC were effective phytoestrogens
with E2-like roles in ER-positive cell prolifera-
tion, and the combination of BT and DC might
arouse more significant effects for a continu-
ous (more than 48 h) exposure.

Proliferous effects of BT and DC are ER-
dependent

Next, we verified the in vitro effects of BT and
DC were ER-dependent, by using the estrogen
antagonist ICI 182,780 to block the ER. As
shown in Figure 2, the increase of cellular via-
bility disappeared when ICl 182,780 was pres-

Am J Transl Res 2018;10(1):114-125



Estrogenic activity of black tea and D. candidum

24h

o
o
* -

)
38

Cell viability (%)
Cell viability (%

ok
o
Con E2 025 05 1 25 5 10

@

3

1204

Cell viability (%)

g
g
3
s
>
3
o

120+
100
80+
60
40
20
0-

24 h e
- -
Con E2 05 1 25 5 10 20

o

24 h

g
38

1004

Cell viability (%)
Cell viability (%)

e 8 8 8 8

Con E2 05 1 25 § 10 20

]
Con E2 05

Con E2 05

Con E2 0.25 05

48 h -

1

48 h

1

%)

< 120

ity
5

Cell viabil

1 25 5 10 Con E2 025 05 1 25 5 10

72h

160+ o

Cell viability (%)
23888

&

2 8

25 5 10 20 Con E2 05 1 25 5 10 20

g

Cell viability (%)
8

80
60
40
20

0

25 5 Con E2 05 1 25 5 10 20

10 20

Figure 1. The pro-proliferative effects of phytoestrogens on Estrogen receptor (ER)-positive cell line T47D. A. Black
tea extract at the concentration from 0.25 to 10 pyg/ml, treating for 24 h to 72 h. B. D. candidum extract at the con-
centration from 0.5 to 20 pg/ml, treating for 24 h to 72 h. C. Black tea and D. candidum extract at the concentration
from 0.5 to 20 pg/ml, treating for 24 h to 72 h. *P<0.05, **P<0.01, ***P<0.001.

ent, for either BT or DC treatment (Figure 2). In
support, we verified this necessity for ER-
dependent functions using ER negative cell line
MDA-MB-231 and found not any proliferous
effects of either BT, DC or BT-DC combination

(Supplementary Figure 1).

BT and DC extracts increase the S-phase cell
number

To further support the proliferation promoting
effects of the above phytoestrogens, the pro-
portions of cells in each phase were analyzed
(Figure 3A, 3B). Similar to E2, BT (1-5 pg/ml)
and DC (10-20 ug/ml) increased the S-phase
proportion of T47D cells. Moreover, the combi-
nation of BT and DC (5-10 pg/ml) enhanced the
S-phase proportion to a similar level to E2
treated cells (Figure 3C). Also, these findings
were proved by Giemsa staining and the follow-
ing observation of dividing cells (Supplementary
Figure 2). These results indicated that BT and
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DC extracts promoted mitosis through ER
dependent pathways.

BT and DC extracts activate ER signaling and
the relative downstream pathways

Further, the estrogen signaling and the relative
downstream pathways were investigated. Cells
were respectively treated with graded concen-
trations of BT extract (1-5 pg/ml), DC extract
(5-20 pg/ml), BT-DC extract (2.5-10 yg/ml) and
E2 (100 nM) for 30 min. Analysis of ER, PI3K,
AKT and ERK phosphorylation demonstrated
that both BT (Figure 4A) and DC (Figure 4B), as
well as BT-DC (Figure 4C), had similar effects to
E2 in these pathway activation. Compared with
controls, 1-5 ug BT extract was sufficient to
induce highly significantly increased p-ER,
p-PI3K, p-AKT and p-ERK levels (P<0.001); and
5-20 pg/ml DC extract and 2.5-10 yg/mi BT-DC
extract also had an identical trend (P<0.001) in
all of the above signaling pathways. Collectively,
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Figure 2. The pro-proliferative effect of phytoestrogens is blocked by the estrogen antagonist ICI 182,780. A. Black
tea extract at the concentration from 0.25 to 10 ug/ml, treating for 24 h to 72 h. B. D. candidum extract at the con-
centration from 0.5 to 20 pg/ml, treating for 24 h to 72 h. C. Black tea and D. candidum extract at the concentration

from 0.5 to 20 yg/ml, treating for 24 hto 72 h.

PI3K, AKT and ERK pathways below ER may
play a role in the in vitro action of phytoe-
strogens.

Phytoestrogen-activated signaling could be
blocked by ER antagonist ICl 182,780

In the blocking analyses, ICl 182,780 at 100
nM was applied for 1 h, followed by the treat-
ments of BT extract (1 ug/ml), DC extract (20
pug/ml), BT-DC extracts (5 pug/ml) and E2 (100
nM) for 30 min. As Figure 5 shown, when ICI
182,780 was present, the phosphorylated ER,
PI3K, AKT and ERK levels were no longer up-
regulated under any of the phytoestrogen treat-
ment (Figure 5, for all phytoestrogens, phytoes-
trogen vs. control P<0.001 and phytoestrogen
+ ICl vs. control P>0.05). These results sug-
gested that the responses of PI3K, AKT and
ERK cascades to exogenous phytoestrogens
depend on the normal function of ER.
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Prolonged BT and DC treatments increase the
expression of ESR1 and PGR

Further, we analyzed the effects of long term
exposure to BT/DC extracts on estrogen and
progesterone receptors besides the acute
treatments. Consistent with the above signal-
ing, the estrogen receptor o« (ESR1) and the
progesterone receptor (PGR) were up-regulated
in the protein expression after prolonged BT,
DC and BT-DC treatments (Figure 6, P<0.001
each concentration vs. control). In parallel, the
mRNA levels of ESR1 and PGR were determined
by real-time qPCR. As shown in Figure 7, pro-
longed exposure to BT and DC extracts (includ-
ed their combination) enhanced the mRNA
expression of ESR1 and PGR (P<0.01 vs. con-
trol). Collectively, phytoestrogens induced
estrogen and progesterone receptors expres-
sion via a prolonged activation.

Am J Transl Res 2018;10(1):114-125
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Figure 3. Black tea and D. candidum extracts increase the S-phase cell number after 48 h treatments. A. Cell cycle
in the Black tea extract treated groups. B. Cell cycle in the D. candidum extract treated groups; C. Cell cycle in the

Black tea and D. candidum extract treated groups.

MRNA levels of estrogen-dependent effectors
ps2 and cyclin D1 were increased by phytoes-
trogens and blocked by ICI 182,780

Finally, we probed the further downstream
effectors of estrogen-dependent cascades
relating to PI3K, AKT and ERK pathways (Figure
7). Cells were respectively treated with BT
extract (1 pg/ml), DC extract (20 pyg/ml), and
BT-DC extracts (5 pg/ml), for 48 h (with 100 nM
E2 as the positive control), either with or with-
out ICI 182,780 (100 nM). The mRNA levels
were examined using real-time qPCR. First,
PS2, a well-known secretory protein induced by
estrogen, was up-regulated in the mRNA level
after BT (Figure 7B, P<0.001 vs. control), DC
(Figure 7D, P<0.001 vs. control), BT-DC (Figure
7F, P<0.001 vs. control), and E2 (Figure 7A-F,
P<0.001 vs control), and this increase was
blocked by ICI 182,780. Second, cyclin D1
belongs to the highly conserved cyclin family,
as regulators of Cyclin-dependent kinase. This
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cyclin forms a complex with and functions as a
regulatory subunit of CDK4 or CDK6, whose
activity is required for cell cycle G1/S transition
[13]. A high expression of cyclin D1 indicates an
increased proliferation activity. BT (Figure 7B,
P<0.001 vs. control), DC (Figure 7D, P<0.001
vs. control), BT-DC (Figure 7F, P<0.001 vs. con-
trol), and E2 (Figure 7A-F, P<0.001 vs. control)
consistently increased the cyclin D1 expres-
sion; while ICI 182,780 strongly suppressed
this effect (Figure 7B-F). Together, ER-depen-
dent PS2 expression and cell cycle regulation
could be highly possibly involved in the in vitro
actions of phytoestrogens.

Discussions

In this article, we provide data supporting an
estrogen-like role of BT and DC, as well as the
downstream mechanisms. Using ER-positive
cell line TA7D, we observed a proliferative effect
of BT and DC, which was similar to E2. We also

Am J Transl Res 2018;10(1):114-125
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sion statistics are shown under the Western blot bands. *P<0.05, **P<0.01, ***P<0.001.

confirmed that the ER signaling pathway was
necessary for this effect by the ER inhibitor and
ER-lack cells. Besides, ER relative PI3K, AKT
and ERK pathways were activated by these
phytoestrogens. Steroid receptors ER and PGR,
the E2 triggered secretory protein PS2, and the
important cell cycle regulator cyclin D1 were
enhanced in expression by treatments of the
above phytoestrogens, when ER signaling was
normal. All these data suggest that BT and DC
are effective estrogen replacements in a cer-
tain probability.

Previous studies also mentioned the estrogen
like role of BT and DC. Some work claimed that
BT induced increased Urinary flavonoids and

121

phenolic acids as biomarkers [14]. Besides, BT
had been reported to enhance bone regenera-
tion in estrogen-deficient rats, and indicated
benefits for the aged and menopausal women
[10]. However, opposite conclusions were found
that DC inhibited MCF-7 cells proliferation by
inducing cell cycle arrest at G2/M phase [11],
although this was also a regulatory effect of
phytoestrogens.

Through ER signaling, the proliferative effects
of steroids were widely observed [15]. For
example, estrogens were reported to promote
proliferation of the seminoma-like TCam-2 cell
line through a GPER-dependent ERx36 induc-
tion [16]. Also, estrogen affected male rat
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Figure 7. The mRNA levels of ESR1, PGR, estrogen-dependent effectors ps2 and cyclin D1 were increased by phy-
toestrogens and blocked by ICI 182,780. A, B. Black tea extract; C, D. D. candidum extract. E, F. Black tea and
D. candidum extract. The relative mRNA levels of ESR1, PGR, ps2 and cyclin D1 are shown in each sub-figure.

*P<0.05, **P<0.01, ***P<0.001.

enamel formation and promoted ameloblast
proliferation [17]. Low doses of bisphenol A had
also been shown to promote human seminoma
cell proliferation via a membrane G-protein-
coupled estrogen receptor [18]. Many phytoes-
trogens have been proved to increase cellular
proliferation via ER relative pathways. A diaryl-
heptanoid phytoestrogen from Curcuma como-
sa, 1,7-diphenyl-4,6-heptadien-3-ol, could acc-
elerate the proliferation of human osteoblasts
[19]. And the estrogenic activity of Pueraria
mirifica was revealed for its contribution to the
MCE-7 proliferation [20]. So far as we know, our
study is among the very few works revealing the
estrogen-like role of BT/DC and clarifying the
integrated mechanisms.

Previously, steroids such as E2, via binding to
cytoplasmic or membrane-associated recep-
tors, were shown to rapidly activate intracellu-
lar signaling cascades such as MAPK and PI3K/
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AKT [15, 21-23]. Many breast cancers express
the estrogen receptor o and depend on estro-
gen/ERK signaling for proliferation [24]. Estr-
ogen-induced (or even xenoestrogen-induced)
ERK activation was reported to be involved in
the proliferation of pituitary tumor cells [25].
And in the pregnant human myometrium, estra-
diol could activate ERK signaling via ER«x [26].
Also, the PIBK/AKT/mTOR pathway via estrogen
in ER-positive breast cancers was one of the
most important growth-promoting roles [27].
For the obesity, estrogen induces endometrial
cancer cell proliferation via PISK/AKT and
MAPK signaling pathways [28]. Conversely,
spatholobus suberectus column extract was
shown to repress the expression of phosphory-
lated-ER alpha (p-ERa), ERK1/2, p-ERK1/2,
AKT, p-AKT, p-mTOR, PI3K, and p-PI3K, indicat-
ing the suppressed MAPK PI3K/AKT signaling
pathways, and it hence inhibited ER positive
breast cancer [29]. In our study, BT and DC
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have a similar mechanism underlying the estro-
gen-like effect, that activation of ER-ERK and
ER-PIBK/AKT signaling could be the crucial
step for phytoestrogen exerting the effects.
This conclusion is consistent with most obtain-
able researches and highlights the most impor-
tant common mechanisms between estrogen
and phytoestrogens.

Another interesting finding of this work is that
positive feedback exists during the prolonged
BT/DC (and also E2) exposure, that ER and PGR
expression were increased. Similar study about
phytoestrogen extracts by Richter D et al
reported that after the pumpkin seed extract
treatment, estradiol production was elevated in
MCF7, BeWo, and Jeg3 cells in a concentration-
dependent manner, and a significant ER-a
down-regulation and PGR up-regulation were
observed [30]. Partially differently, we found
that both PGR and ER-a were up-regulated by
BT, DC and E2. This suggests different phytoes-
trogens may result in different expression pro-
filing of steroid receptors. Another support from
Wang et al mentioned that the mRNA expres-
sion level of ER-a was increased after pro-
longed treatment with E2 (when the concentra-
tion of estradiol was low), and it was significant-
ly decreased with increasing concentrations of
tamoxifen [31]. Moreover, a study using porcine
luminal epithelial cells reported that high doses
of E2 (>500 pg/ml) increased the cell prolifera-
tion and PGR expression [32]. These consistent
evidences indicate that enhanced steroid
receptor expression largely contribute to the
final outcomes of phytoestrogens, and these
genomic effects could be reckoned as another
key mechanism underlying the estrogen-like
actions.

In conclusion, our study demonstrates the phy-
toestrogenic effects of BT and DC. And the
BT-DC combined extract has a stronger phy-
toestrogenic effect. The potential mechanism
may be through the activation of ER-mediated
PIBK/AKT and ERK signaling pathways (non-
genomic effects) and up-regulation of ER down-
stream target gene expression (genomic
effects), which find promote cell cycle activion
and proliferation. This study provides a theo-
retical basis for the development and applica-
tion of phytoestrogens (especially BT-DC com-
bined extracts).
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Supplementary Figure 1. The pro-proliferative effect of phytoestrogens disappeared in the ER negative cell line
MDA-MB-231. A. Black tea extract, 24-72 h. B. D. candidum extract, 24-72 h. C. Black tea and D. candidum extract,
24-72 h.
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Supplementary Figure 2. Giemsa stain showed an increase in cells in mitotic period after phytoestrogen treatment.
Black tea, D. candidum, and Black tea and D. candidum extracts were used in different dosages, with E2 treatment
as the positive control.



