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Ethanolic extracts of four Chinese medicinally used Vitex species were selected and tested for their
estrogen-like activities, using an ER,-positive MCF-7 cell based proliferation assay (E-screen assay)
and cell cycle analysis (flow cytometry). Vitex negundo displayed the highest estrogenic-like activity,
and could be useful in hormone replacement therapy (HRT).

1. Introduction

Phytoestrogens are plant-derived compounds with estro-
genic or antiestrogenic properties (Umland et al. 2000).
They seem to be interesting by their possible use as al-
ternative medicines for treating hormonal disorders such
as in hormone replacement therapy (HRT). Thus, phy-
toestrogens could be beneficial in treatment of the symp-
toms of menopause and hence help to prevent bone re-
sorption.

As part of our continuing search for anti-PMS (pre-
menstrual syndrome) and estrogenic activity from medic-
inal plants, we focused our studies on Vitex agnus-castus
— an ancient medicinal plant used for treating a variety
of gynecologic conditions. Its fruit extract (VAC) has
been traditionally used in Europe for the treatment of
conditions affecting females including menstrual disor-
ders, corpus luteum insufficiency, menopause and hormo-
nal imbalance (Daniele et al. 2005). In China, Vitex ro-
tundifolia L., Vitex trifolia L., Vitex negundo L., and
Vitex negundo var. cannabifolia Hands-Mazz., which be-
long to the same genus as V. agnus-castus in Vitex
(Verbenaceae), have been used in traditional medicine
and have many similarities in their morphological and
histological characteristics to V. agnus-castus (Wu et al.
1994). The main constituents of the fruits of these four
medicinal plants have been determined to be flavonoids,
terpenoids, glucosides, which are also similar to the com-
ponents of V. agnus-castus (Singh et al. 2003; Ono et al.
2001; Masateru etal. 2001; Leitao etal. 1999). The
fruits, leaves and stems of these Vifex species are fre-
quently used in Traditional Chinese Medicine (TCM) to
prevent common cold, cough, asthma, chronic bronchitis,
and gastrointestinal infections (Li etal. 2005). The aim
of this study was to investigate if the four medicinal
plants closely related to V. agnus-castus possess estro-
genic activity similar to V. agnus-castus. E-screen assay
(Soto etal. 1995) and cell cycle redistributed in MCF-7
human breast adenocarcinoma cells were used.
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2. Investigations, result and discussion

In the E-Screen assay using MCF-7 cells, the proliferative
effect of the extracts relative to that of estradiol (1 nM,
100%) is expressed as Relative Proliferative Effect (RPE)
(Fig. 1). The results clearly indicate that the extracts from
V. rotundifolia and V. negundo were able to significantly
stimulate MCF-7 cell proliferation at concentrations of
50 ug/mL to100 pg/mL (P < 0.01). The highest prolifera-
tive effects were achieved by the extracts from V. rotundi-
folia and V. negundo at 100 pg/mL (RPE% = 106.2
+12.3%) and 50 ug/mL (RPE% = 96.25 + 15.1%), re-
spectively, which was almost equivalent to the effect dis-
played by 1 nM estradiol. While combining the concentra-
tion and the proliferative effect, V. negundo displayed the
most potent estrogenic-like activity and the effect of
50 mg/L of the extract from V. negundo could be reversed
by co-administration of the pure anti-estrogen ICI 182,780
(Fig. 2). The RPE of the extract from V. negundo after
treatment with ICI 182,780 decreased to 27.7 + 7.0%.

Estrogens are known to induce S phase transition in breast
cancer cells and a number of cell cycle regulatory proteins
have been shown to be affected by estradiol treatment dur-
ing the early cell cycle events (Foster et al. 2001). It has
also been reported that phytoestrogens such as icaritin and
desmethylicaritin exert their effect on MCF-7 cell prolifera-
tion at S and G;-phase (Zhi-qiang Wang et al. 2004). In this
study, we further evaluated the extracts from V. rotundifolia
and V. negundo by flow cytometric analyses of the cell cy-
cle. Although growth-arrested MCF-7 cells are predomi-
nantly in the Go/G;-phase of the cell cycle, cell proliferation
is shown by the marked increase in the percentage of cells
in the S and G,-phase after 24 h of exposure and this effect
could be inhibited by 100 nM ICI 182,780. As shown in
Fig. 3 and Table 1, the S-phase cell number increased by
29.02% compared to solvent control with V. rotundifolia
and 22.69% with V. negundo and by approximately 30.78%
with 1 nM E,. The G,-phase cell number increased 97.21%
compared to solvent control with V. rotundifolia and
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Table 1:

Plants collected from different locations in China and their weight/weight yields in terms of crude medicinal materials

Tested materials Locality

Location (latitude, longitude) Yield EtOH(%)

Vitex rotundifolia (Fruits)

28°25.41'N, 115°48.61'E 12.1

Vitex trifolia (Fruits)
Vitex negundo (Fruits)
Vitex negundo var. cannabifolia (Fruits)

Xinjian, Jiangxi Province
Shenzhen, Guangdong Province
Luzhou, Sichuan Province
Jiande, Zhejiang Province

23°44.60'N, 117°21.25'E 11.6
31°61.60'N, 105°21.15'E 9.5
29°17.65'N, 119°10.12'E 10.9

Single treatment

B ICI (10 nm) eotreatment

RPE %

E, V. negundo

Inm 50 pgiml

Fig. 2: Effect of cotreatment with pure antiestrogen ICI 182,780 on cell
proliferation induced by the extract of V. negundo in MCF-7 cells.
The cells were incubated in phenol red-free DMEM supplemented
with hormone-free human serum with or without 100 nM ICI
182,780 for 7 days after which the MTT assay was performed to
measure cell proliferation. The proliferative effect relative to estra-
diol (1 nM, 100%) is expressed as Relative Proliferative Effect
(RPE). Significance was set at * P < 0.01 vs. the same dose of
extract without treatment of ICI 182,780

65.23% with V. negundo, but only by 54.99% with 1 nM E,.
These results corroborated the findings from the E-screen
assay and demonstrate the reinduction of cell proliferation
of growth-arrested MCF-7 cells within a much shorter expo-
sure period, which is similar to estodial.

Phytoestrogens are polyphenolic non-steroidal plant de-
rived compounds with estrogen-like biological activity,
and have been associated with a variety of changes in the
reproductive system and certain hormone-dependent dis-
eases, such as prostate cancer, colon cancer, breast cancer
and PMS (Lippitt et al. 2001; Cos et al. 2003). The results
show that among the four medicinal plants tested the etha-
nolic extracts of V. negundo could significantly stimulate
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the growth of MCF-7 cells and significantly increase the
percentage of cells in the S and Gj-phase. The prolifera-
tion stimulatory effect and cell cycle redistribution could
be reversed by co-administration of a pure anti-estrogen,
ICI 182,780. Thus, it can be concluded that the extract of
V. negundo possesses potential estrogen-like activity in
MCF-7 cells and acts like a phytoestrogen. Thus, it may
play a role in the treatment of PMS and menopausal dis-
orders by regulating the levels of the estrogen and proges-
terone. Further investigations of the estrogenic activities of
the constituents in V. negundo are currently being con-
ducted in our laboratory.

3. Experimental

3.1. Plant material and extraction

Plants listed in Table 1 were collected from different sites in China and
authenticated by Prof. Hanchen Zheng, Second Military Medical Univer-
sity. The voucher specimens of these plants were deposited at the Herbar-
ium of Department of Pharmacognosy, Second Military Medical Univer-
sity, Shanghai, PR China. The powder from the fruit (2900 g) was
successively infiltrated with 60% EtOH at room temperature for 2 weeks
and evaporated under vacuum to obtain the EtOH extract.

3.2. Cell culture

Estrogen receptor-positive human breast adenocarcinoma MCF-7 cells
were cultured in Dulbecco’s modified Eagle’s medium (DMEM) contain-
ing antibiotics (100 IU ml~" penicillin and 100 ug ml~" streptomycin), sup-
plemented with 10% fetal bovine serum. Cells were grown at 37 °C in a
humidified atmosphere of 95% air/5% CO, and the medium was renewed
2-3 times per week.

3.3. Charcoal-dextran stripped human serum preparation

In order to minimize the estrogenic activity of serum, steroid hormones
were stripped from pooled human serum by treatment with charcoal and
dextran (purchased from Gibco BRL). The charcoal-dextran stripped hu-
man serum was filtered and stored at —20 °C until used.

3.4. Proliferation assay of MCF-7 cells (E-screen assay)

Confluent MCF-7 cells were washed twice with D-Hanks solution before
the addition of 0.25% trypsin-EDTA. The flask was left for at room tem-
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Fig. 3: Effects of V. rotundifolia and V. negundo on cell cycle distribution of MCF-7 cells. DMSO was used as solvent control and MCF-7 cells were
cultured in DMEM with 10% fetal bovine serum for 24 h. The medium was then changed to one without the hormone for 72 h and for another 24 h
with test compounds. Cell-cycle analysis was performed by Flow Cytometry. Results are expressed as percentage of cells in G1 phase, S phase and
G2 phase. (A) Solvent Control; (B) 1 nM E2; (C) 100 ug/mL V. rotundifolia; (D) 50 ug/mL V. negundo; (E) 1 nM E2 + 100 nM ICI 182,780; (F)
100 pg/mL V. rotundifolia + 100 nM ICT 182,780; (G) 50 ug/mL V. negundo + 100 nM ICI 182,780. These data are representative of three separate

experiments

Table 2: Results of cell cycle analyses of MCF-7 cells exposed to concentrations of fluorotelomer alcohols given as the percen-

tage of cells by phase

Groups/Cell cycle phase G Phase % S Phase% G, Phase%
Solvent control 58.65 29.53 11.82
1M E, 43.06 38.62 18.32
100 ug/mL V. rotundifolia 38.59 38.10 23.31
50 ug/mL V. negundo 44.24 36.23 19.53
1 nM E; + 100 nM ICI 182,780 50.25 31.17 18.58
100 ug/mL V. rotundifolia + 100 nM ICI 182,780 54.77 30.78 14.45
50 ug/mL V. negundo + 100 nM ICI 182,780 56.63 30.73 12.65

perature (close to 20 °C) for 2—3 min, after which the cells were detached,
resuspended in full medium, counted and seeded into 96-well plates at a
density of 1x10* cells/well in normal growth medium. After 48 h, the
cells were completely attached to the well bottom. The cells were then
washed with D-Hanks and estrogen-free medium (phenol red free DMEM
with 5% charcoal-dextran stripped human serum) was added and cultured
for 24 h. The different concentrations of test materials were also added to
this medium. In the antagonistic test of the cell proliferation assay, the
pure estrogen receptor antagonist- 0.1 uM ICI 182,780 [7a-[9(4.4,5,5,5-
pentafluoropentyl)sulfinyl]nonyl)-estra-1,3,5  (10)-triene-3,17p3-diol)] was
added with the test compounds. Cell proliferation was assessed after 7
days, during which the medium was changed every 3 days. In the assess-
ment method, cells were incubated with 100 ul of 5 mg ml~! 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) solution for
4 h. The medium was then discarded, and replaced with 600 ul DMSO.
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The absorbance was measured at 540 nm in an ELx800 universal micro
plate reader (Bio-TEK, USA), and cell proliferation was expressed as ab-
sorbance values and the results were expressed as proliferation compared
with that induced by treatment with 1 nM estradiol.

3.5. Cell cycle analysis

MCF-7 cells were seeded in 6 well plates with standard growth medium at
a density of 1x10° cells/flask. The cells attached overnight, after which
the growth medium was replaced by phenol red-free DMEM containing
10% Charcoal-dextran stripped human serum. After incubation in estrogen-
free medium for 72 h, cells were exposed to E; or test materials at concen-
trations corresponding to the highest observed effect during the E-screen
assay. After 24 h, cells were harvested by trypsinization and washed twice
in PBS and the cell nuclei were isolated and stained with propidium iodide
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(PI) for 1 h as described by Vindelov et al. (1983). Flow cytometric analy-
sis of cell cycle distribution and apoptosis was performed with a BD
FACSCalibur flow cytometer with a 488-nm argon-ion laser (Becton Dick-
inson, San Jose, CA, USA) and the PI fluorescence was collected at band-
pass 575/26 nm (FL,, red fluorescence channel) in the linear mode. For
each measurement, data from 10,000 single cell events were collected,
whereas cell aggregates and doublets were gated out in the two-parameter
histograms of pulse height to pulse width of PI fluorescence. The cell
cycle histograms were analysed using ModFit LT 3.0 software (Variety
Software House, Topsham, ME, USA).
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