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Influence of marketed herbal menopause preparations on MCF-7
cell proliferation
Cornelia Bodinet, PhD, and Johannes Freudenstein, PhD
ABSTRACT
Objective: Given the increasing use of alternative menopause treatments, we evaluated the effect
of several herbal preparations used for menopause relief on the proliferation of estrogen-sensitive
breast cancer cells (MCF-7) as a means of assessing appropriateness for use in women at risk for
estrogen-sensitive breast cancer.
Design: An MCF-7 cell culture model, as described previously,1 was used to evaluate the estrogen-agonist and -antagonist activity of commercially available herbal menopause preparations containing red clover, soy, black cohosh, or a combination of herbs. Each test substance was evaluated
for cytotoxic effects before conducting the proliferation assays.
Results: Commercially available products containing soy, red clover, and herbal combinations
induced an increase in the MCF-7 proliferation rates, indicating an estrogen-agonistic activity in
the absence of estradiol. In contrast, an isopropanolic black cohosh extract (Remifemin Menopause) did not stimulate MCF-7 growth and exerted inhibitory effects on cellular proliferation.
None of the tested products enhanced estradiol-induced cell proliferation. The black cohosh preparation and one of the herbal combinations exhibited strong estrogen-antagonistic effects.
Conclusions: The lack of proliferative effects of isopropanolic black cohosh extract on estrogensensitive breast cancer cells in vitro suggests a favorable safety profile for use in women with a
history of breast cancer. Alternatively, preparations containing red clover, soy, and combinations of
various herbal ingredients may induce cell proliferation, suggesting that such herbal preparations
should be used with caution in the treatment of menopause symptoms in women at risk for, or with
a history of, estrogen-sensitive breast cancer.
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T

he association between breast cancer and estrogen has been widely documented in the
scientific literature.2 Despite the link between
estrogen use and risk of breast cancer, hormone therapy (HT), which includes estrogen and progestin supplementation, has been a popular treatment
for menopause, a naturally occurring state of hormone
depletion. The U.S. Preventive Services Task Force recently published a recommendation against the routine
use of estrogen and progestin for the prevention of
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chronic conditions in postmenopausal women based, in
part, on an associated risk of breast cancer.3 In light
of the recent findings regarding HT and increased
cancer risk, many women are turning to alternative
approaches.
Alternative therapies that have been used for menopause symptom relief include herbal preparations of
black cohosh (Cimicifuga racemosa), red clover (Trifolium pratense), chaste tree berry (Vitex agnuscastus), and other herbs4 or preparations containing soy
isoflavones. Clinical support for the effectiveness of
these ingredients varies greatly, with the most positive
evidence available for the isopropanolic extract of
black cohosh (Remifemin Menopause) and for soycontaining products.5 Despite the varying degrees of
scientific evidence supporting the efficacy of herbs,
there is an increase in use of alternative herbal therapies
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TABLE 1. Commercial herbal preparations
Herb

LOT#

Active ingredients

Soy

HW/30C201
HW/30C203
PM/9KV0442
PM/9HV0578
REM/906931

320 mg soy extract (55 mg isoflavones and >15% saponins)

1 tablet

Red clover leaf extract (40 mg isoflavone phytoestrogens)

1 tablet

0.018–0.026 mL isopropanolic extract (40 vol.-%)
from black cohosh root corresponding to 20 mg
black cohosh root
50 mg purified isoflavones (from pueraria
lobata root and non-GMO soybean standardized
extract; 100 mg kava kava root standardized
extract (Piper methysticum); 40 mg black
cohosh (Cimicifuga racemosa) root
Soy protein concentrate, standardized kudzu
extract (root), standardized red clover extract
(leaf, provides 80 mg isoflavone), 410 mg;
standardized chastetree extract (berry), 75 mg;
standardized black cohosh (Cimicifuga
racemosa) extract (root) 40 mg

2 tablets

Red clover
Black cohosh
Combination I

EV/5004H0
EV/6540K0

Combination II

NP/00H704

Daily dose

1 tablet

1 tablet

GMO, genetically modified organism.

for treatment of menopause symptoms, particularly in
women with breast cancer.6 Considering such widespread use, it is important to evaluate the potential of
herbal preparations to exert estrogen-like effects and
potentially increase the risk of estrogen-sensitive cancers.
A previous study conducted in our laboratory1 evaluated the effects of an isopropanolic extract of black cohosh (Remifemin) on the proliferation of MCF-7 cells.
Results suggest the commercially available black cohosh extract does not exert an estrogen-agonistic effect
on estrogen receptor-positive breast cancer cells and,
therefore, might be a safe alternative to HT in menopausal women with estrogen-sensitive disorders.
Based on these findings and the growing popularity
of alternative therapies for treatment of menopausal
symptoms, the current study was designed to test various commercially available herbal menopause preparations for their potential estrogen-agonistic and -antagonistic activity. Using the same experimental methods as
our previous study,1 the experiments were performed
using MCF-7 cells, an established in vitro estrogendependent mammary tumor model.7,8 In this model, the
presence of estrogen or estrogen-like substances increases the proliferation rate of MCF-7 cells. Using rate
of cell proliferation as a measure of estrogenic activity,
we evaluated the activity of various commercially
available herbal preparations containing soy, black cohosh, red clover, and two combinations of multiple herbs.
METHODS
Herbal preparations and extracts

Commercially available products were purchased at
local retail outlets. The various herbal preparations, ac-
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tive ingredients, and lot numbers that were tested in the
MCF-7 assay are outlined in Table 1. From each herbal
preparation, an amount corresponding to the recommended daily dose was extracted with 10 mL isopropyl
alcohol (40% V/V) for 30 minutes in an ultrasonic bath.
The extracts were then filtrated through a 0.2 µm poresize membrane filter and stored at 4°C.
Cells

Estrogen receptor-positive (ER+) MCF-7 cells were
purchased from American Type Culture Collection
(ATCC HTB 22, Manassas, VA). They were maintained in Eagle’s MEM with nonessential amino acids,
1 mM sodium pyruvate, 10 µg/mL insulin, 10% FCS,
and antibiotics. HeLa cells (epithelial cervix carcinoma
cells) used in the toxicity assay also were obtained from
American Type Culture Collection.
Toxicity assay

To determine the cytotoxicity of the individual test
substances, a fluorescence assay was performed using
4-MeUH as a fluorogenic substrate for cellular esterases. This substrate is nonfluorescent until taken up and
cleaved by esterases in living cells. The toxicity assay
was performed using MCF-7 cells (in complete as well
as estrogen-deprived medium) and HeLa cells, as described earlier.1 MCF-7 cells were plated at an initial
cell density of 1.2 × 105 cells per well in Eagle’s MEM
without phenol red, supplemented with nonessential
amino acids, 1 mM sodium pyruvate, 10 µg/mL insulin,
and 5% FCS or charcoal-stripped FCS (CSF, Sigma
C-1969). After incubation at 37°C and 5% CO2 for 24
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TABLE 2. Cytotoxicity of tested extracts
Noncytotoxic dilution rangea
MCF-7 cells
Test extractb

HeLa cells

+ Estradiol

− Estradiol

1:100-1:51,200c
HW/Lots: 30C201; 30C203
1:100-1:51,200c
PM/Lot 9KV0442
1:200-1:51,200d
1:100-1:51,200c
PM/Lot 9HV0578
1:400-1:51,200d
1:100-1:51,200c
NP/Lot 00H704
1:100-1:51,200c
1:100-1:51,200c
REM/Lot 906931
1:100-1:51,200c
1:100-1:51,200c
EV/Lot 5004H0
1:100-1:51,200c
1:200-1:51,200d
EV/Lot 6540K0
1:100-1:51,200c
1:100-1:51,200c
HeLa cells, epithelial cervix carcinoma cells; MCF-7 cells, estrogen-sensitive breast cancer cells.
a
Dilutions given in the table represent the noncytotoxic dilution range.
b
Tested dilution range, 1:100–1:51,200.
c
Lower or higher dilutions have not been tested.
d
Lower dilutions are cytotoxic.

hours, extracts were diluted in cell culture medium and
added starting at a 1/100 dilution. The microtiter plates
were incubated for an additional 48 hours and then centrifuged at 800 rpm for 10 minutes. The supernatants
were removed and 200 µL 4-MeUH (0.1 mg/mL in
PBS) were added per well. After 120 minutes, the fluorescence units per well were measured in a microtiter
plate fluorometer (Fluoroskan II).
Proliferation assay with MCF-7 cells

To obtain estrogen-deprived conditions in the proliferation assay, the FCS in the cell culture medium was
replaced by charcoal-stripped FCS (CSF, Sigma
C-1696). A MCF-7 cell suspension (200 µL), adjusted
to 5 × 104 cells/mL in test cell culture medium (Eagle’s
MEM without phenol red and supplemented with nonessential amino acids, 10 µg/mL insulin, 1 mM sodium
pyruvate, and 5% CSF), was plated in 96-microtiter
plates and incubated at 37°C and 5% CO2 for 24 hours.
After incubation, the supernatants were removed, and
150 µL fresh culture medium without insulin was
added. The test extracts were diluted (6 dilution steps
1:10) in test cell culture medium without insulin and
pipetted in six parallels at 50 µL/well. After 2 days of
incubation (as described above), cells were pulsed with
25 µL/well [6- 3 H]Thymidine (spec. activity 2
Ci/mMol, 0.25 µCi/well) for 8 hours. Cells were harvested according to standard methods (Cell Harvester
Inotech) onto glass fiber filters and counted in a liquid
scintillation counter (Wallac). This method of cell
quantification is an established method of measuring de
novo DNA synthesis.9 As control substances, the cell
culture medium and corresponding solvent dilutions
were tested simultaneously. An estrogen-agonistic
control substance, 17␤-estradiol, was dissolved in di-

1:100-1:51,200c
1:400-1:51,200d
1:400-1:51,200d
1:200-1:51,200d
1:100-1:51,200c
1:400-1:51,200d
1:200-1:51,200d

methyl sulfoxide and diluted in cell culture medium to
10−7M.
For evaluation of estrogen-antagonistic effects of
each herbal preparation, the test design was altered by
addition of constant amounts of estradiol (10−7M) to
each test extract dilution. Tamoxifen, a known estrogen-antagonist, was added to the cell culture at a concentration of 10−5M as a positive control for estrogenantagonistic effects.
To fully understand the effect of black cohosh on cell
proliferation, isopropanol, the liquid used in the extraction process, was evaluated in the MCF-7 model. Isopropanol was prepared and filtered in the same way as
the black cohosh extract and tested with and without
estradiol.
Statistical analysis

The results were expressed as mean ± SD. The pharmacological data from the proliferation assays were
analyzed by the Student’s t test, and significance was
assumed at P < 0.05.
RESULTS
Toxicity assay

The results of the cytotoxicity assays on HeLa and
MCF-7 cells are summarized in Table 2. The extracts
were tested at a dilution series from 1:100-1:51,200.
Solvent controls were performed in each assay. Isopropyl alcohol at the maximal concentration tested had no
cytotoxic effect on either cell type.
The soy (HW/30C201; HW/30C203) and black cohosh (REM/906931) extracts showed no cytotoxic activity on MCF-7 and HeLa cells in the tested dilution
range from 1:100-1:51,200. Red clover (PM/9KV0442;

Menopause, Vol. 11, No. 3, 2004

283

BODINET AND FREUDENSTEIN

FIG. 1. Tested herbals inducing MCF-7 cell proliferation. A: Soy (HW/30C203); B: Red clover (PM/9KV0442); C: Herbal Combination I
(EV/5004H0); D: Herbal Combination II (NP/00H704). * P < 0.05, ** P < 0.01, *** P < 0.001 versus medium controls (Student’s t test). n.s., not
significant.

PM/9HV0578) was cytotoxic at the highest concentrations (dilutions 1:100 and 1:200), and Combination II
(NP/00H704) exerted toxic effects at the 1:100 dilution
in MCF-7 cells only. Similarly, Combination I extract
(EV/5004H0; EV/6540K0) showed no toxic effects on
HeLa cells, but exerted mild, although inconsistent, cytotoxic effects on MCF-7 cells. One lot of Combination
I (EV/5004H0) showed a slightly stronger cytotoxic activity than the other lot of the same combination
(EV/6540K0).
Proliferation assay

The various herbal extracts were tested at a dilution
series ranging from 10−2 to 10−7 in the MCF-7 proliferation assay.
Soy (HW/30C201; HW/30C203) induced significant stimulation of the MCF-7 cells. Both lots exhibited
a strong proliferation increase overall dilutions from
10−3 to 10−6, reaching incorporation rates of about
18,000 cpm (control rates: medium: 5,700 cpm; estradiol 10−7M: 23,000 cpm) (Fig. 1a). Dilution of 10−2 did
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not influence proliferation in either lot, and the dilution
of 10−7 exhibited decreased proliferation-enhancing
activity. At the 10−5 dilution, the two soy lots exerted
different proliferative effects (data not shown), an exception that was interpreted as a test artifact because the
incorporation rates induced by the other dilutions of
both lots were in the same range.
Red clover (PM/9KV0442; PM/9HV0578) also exerted proliferation-enhancing activity. The two lots induced significant enhancement of MCF-7 proliferation
at dilutions from 10−4 to 10−6 (Fig. 1b).
Herbal Combination I induced significant stimulation of the MCF-7 cell proliferation at dilutions of
10−3 to 10−6 (Fig. 1c). For both lots (EV/5004H0;
EV/6540K0), there was a decrease in the proliferation
rate at the 10−2 dilution, a result that could be contributed to the cytotoxic activity observed for both lots in
this dilution range.
The herbal Combination II (NP/00H704) also demonstrated proliferation-stimulating activity on MCF-7
cells in dilutions of 10−5 and 10−6; however, dilutions
of 10−3, 10−4, and 10−7 had no significant influence on
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FIG. 2. Tested herbals inhibiting MCF-7 cell proliferation: black cohosh (Remifemin). IPA, isopropanol. * P < 0.05, ** P < 0.01, *** P < 0.001 versus
medium controls (Student’s t test). n.s., not significant.

the proliferation rates (Fig. 1d). At a dilution of 10−2,
Combination II (NP/00H704) induced a highly significant decrease in the incorporation rates, a result that
may be due to a cytotoxic effect, as observed in the
toxicity assays.
In contrast to soy, red clover, and the herbal combinations, the isopropanolic extract of black cohosh
(REM/906931) did not increase cell proliferation (Fig.
2). This extract not only failed to increase the proliferation of MCF-7 cells but actually significantly inhibited
proliferation at dilutions between 10−2 and 10−5. A cytotoxic effect can be excluded because the preparation
showed no toxic effects in the toxicity assay. Higher
extract dilutions had no further significant influence on
the proliferation rates. The isopropanol control did not
influence the proliferation rate of the cells nor the proliferation-inducing effect of estradiol, suggesting the
noted effects are due to the activity of black cohosh and
not the extraction solvent.
Tests for estrogen-antagonistic effects demonstrate
that none of the tested extracts acted synergistically
with estradiol on MCF-7 proliferation and all extract

preparations reduced the estrogen-induced proliferation at a dilution of 10−2. The strongest estrogenantagonistic activity was demonstrated in assays of
Combination II (NP/00H704) and the isopropanolic
black cohosh product (REM/906931). Combination II
(NP/00H794) reduced the estrogen effect by 93% and
59% in dilutions of 10−2 and 10−3, respectively. In dilutions of 10−4 to 10−7, there was also a slight reduction
in the estrogen-induced proliferation rates observed
(Fig. 3). Comparable results were found for the black
cohosh extract (REM/906931). Dilutions from 10−2 to
10−6 reduced the estrogen-induced proliferation rates.
The estradiol-induced increase (21,000 cpm) was reduced by 92% (to 1,700 cpm) at a dilution of 10−2, and
by 60% (to 8,535 cpm) at a dilution of 10−3 (Fig. 4).
Soy showed a strong estrogen-antagonistic activity
only at the 10−2 dilution. The estrogen effect was antagonized by about 65% (data not shown). Similar results were found for red clover, with the estrogeninduced incorporation rate reduced by 77% at the 10−2
dilution (data not shown). Likewise, neither extract of
Combination I (EV/5004H0; EV/6540K0) acted syner-
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FIG. 3. Estrogen-antagonistic activity of Herbal Combination II (NP/00H704). *** P < 0.001 versus estradiol controls (Student’s t test).

gistically with estradiol on MCF-7 proliferation, but
both batches significantly (P < 0.05 vs estradiol control) reduced the estrogen-induced proliferation at a dilution of 10−2 (data not shown). It should be noted that
red clover and the herbal Combination I showed some
cytotoxic activity in this dilution range, so it is unclear
whether the noted estrogen-antagonistic effects are the
result of this toxic activity.
DISCUSSION

The growing use of herbal therapies for treatment of
menopause symptoms necessitates study of the safety
of these natural preparations. In light of the increasing
interest in alternative therapies, The North American
Menopause Society published a consensus opinion
suggesting that, whereas phytoestrogens for the treatment of menopause symptoms are generally safe, additional research on their safety in particular subgroups of
women—particularly women who have had breast cancer—is warranted.10,11

286

Menopause, Vol. 11, No. 3, 2004

Black cohosh, an effective alternative therapy for
treatment of menopause symptoms, does not contain
classic isoflavonoid phytoestrogens.12-14 Although it
has been shown that constituents of black cohosh bind
to the estrogen receptor, recent investigations suggest
that its effects differ from a general estrogen-like pathway or a mechanism characteristic of classic isoflavonoid phytoestrogens.13,15-17 Despite early reports of
isoflavone formononetine in black cohosh, recent
analyses have failed to detect this constituent.15,17
Studies suggest that black cohosh does not have estrogenic effects on uterus weight or vaginal cytological
parameters in mice.16 In addition, and contrary to estrogen effects, black cohosh did not stimulate the
growth of dimethyl-benzanthracene-induced mammary tumors in a study in ovariectomized rats and did
not influence uterus weight and estrogen-sensitive serological parameters including luteinizing hormone,
follicle-stimulating hormone, and prolactin.13,19 The
most recent clinical studies also clearly demonstrate
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FIG. 4. Estrogen-antagonistic activity of black cohosh (Remifemin). *** P < 0.001 versus estradiol controls (Student’s t test).

black cohosh’s nonestrogenic influence on vaginal, cytological, and other estrogen-sensitive hormonal and
serological parameters.13,14 Taken together, all in vitro,
in vivo, and clinical findings lead to the hypothesis that
black cohosh acts as a “phyto-SERM,” or selective estrogen receptor modulator, producing either estrogenagonistic or -antagonistic effects, depending on the precise function and location of the target tissue.13
Previous work from our laboratory has demonstrated
the lack of an estrogenic effect of black cohosh on estrogen-responsive (MCF-7) breast cancer cell proliferation.1 The lack of a “systemic” estrogenic activity of
black cohosh has been further demonstrated in a variety
of other in vitro,18 in vivo,16,19 and clinical12,14,20-22
study models.
Other herbal extracts commonly used for treating
menopause symptoms may have a general estrogenlike activity. Methanolic extracts of red clover and
chasteberry, for example, have significant competitive
binding affinities to both ␣ and ␤ estrogen receptors.23
Similarly, soy and red clover have extremely high estrogen receptor-binding affinity compared with more

than 150 herbs used for a variety of health conditions.24
Red clover also exhibits high progesterone receptorbinding activity,24 thus mimicking the activity at the
receptor level of estrogen/progesterone therapy. Being
phytoestrogens, soy and red clover act through an estrogenic mechanism and may be associated with side
effects similar to estrogen,23 including an increased
risk of endometrial, ovarian, and breast cancers.
To further evaluate the effects of herbal preparations
on estrogen-sensitive tissues and to build upon our previous finding of the lack of estrogenic effects of black
cohosh on MCF-7 cell proliferation,1 we evaluated the
in vitro estrogenic activity of red clover, soy, black cohosh, and herbal combinations from commercially
available products. As described in our previous study,
the human breast cancer model used in this study is an
established system for detection of both estrogenagonistic and -antagonistic effects.1,7,8
In evaluating the estrogen-agonistic effects, each
product was tested in various dilutions under estrogendeprived conditions. Under this system, an increase in
cell proliferation indicates an estrogenic effect. In es-
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trogen-deprived conditions, the preparations of soy, red
clover, and the herbal combinations induced a strong
increase in the MCF-7 proliferation rates, indicating estrogen-agonistic activity. The strongest effects were
noted with soy, which increased the proliferation rates
over a wide dilution range (10−3 to 10−6), and red clover. In addition, the herbal combinations (I and II)
showed estrogen-agonistic effects.
In contrast to the soy, red clover, and herbal combination preparations, the commercially available isopropanolic black cohosh preparation did not increase the
proliferation of MCF-7 cells. In fact, the extract significantly inhibited cell proliferation.
To evaluate the estrogen-antagonistic effects of the
herbal extracts used in this study, we studied the effects
on an estrogen-induced increase in MCF-7 cell proliferation. In this test, dilutions of the test extract were
applied to a constant estradiol exposure (10−7M). As a
control, we co-incubated cells with estradiol and
tamoxifen, a known estrogen-antagonist commonly
used for treatment of breast cancer. This control, which
reduced the estrogen-induced proliferation, served as a
comparison for estrogen-antagonistic effects of the
herbal extracts.
In the tests for estrogen-antagonistic effects, none of
the tested products acted synergistically with estradiol
on MCF-7 proliferation, and all reduced the estrogeninduced proliferation at a dilution of 10−2. The extracts
from the commercially available preparations of
black cohosh (REM/906931) and Combination II
(NP/00H704) showed the strongest estrogenantagonistic activity, reducing the estrogen-induced incorporation rates in dilutions from 10−2 to 10−3.
Our evaluation of various commercially available
herbal products commonly used for the treatment of
menopause symptoms provides important data concerning the estrogen-like activity of these herbal extracts. Results from this study support in vitro1,25 and in
vivo19 study findings suggesting that isopropanolic extracts of black cohosh do not exert estrogen-agonistic
effects on estrogen-sensitive breast tissue. In contrast
to the findings with black cohosh, our results demonstrate that products containing red clover, soy, and
combinations of various herbal products containing
isoflavonoid phytoestrogens may induce cell proliferation in estrogen-sensitive tissues.
The clinical significance of isoflavonoid phytoestrogens in the development of breast cancer, however, is
unknown. In vitro and in vivo studies evaluating the
estrogenic effects of genistein, an isoflavonoid phytoestrogen found in soy and red clover, on breast cancer
cells have shown inconsistent results.26,27 Different
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test conditions, particularly the absence or presence of
estradiol in the test model, may be one reason for the
variability of published results.25 The majority of in
vitro data demonstrate that genistein in concentrations
less than 10 µM stimulates the proliferation of estrogen
receptor-positive breast cancer cells in steroid-depleted
culture conditions, whereas concentrations greater than
10 µM induce antiproliferative effects.27-29 This biphasic effect of proliferative and antiproliferative activity
may be attributed to differential effects of genistein at
high and low concentrations. At low concentrations,
which may be considered physiological levels, genistein exerts estrogen-like effects. However, at high concentrations, genistein exerts nonestrogen receptormediated effects, such as inhibiting the activity of
mediators involved in the control of cell signal transduction processes.26,27 Studies also suggest that in the
presence of estradiol, genistein antagonizes the stimulatory effects of estradiol on breast cancer cell proliferation by competing with estradiol for estrogen receptor-binding. 30,31 The findings suggest that the
promotion or prevention of breast cancer by isoflavonoid phytoestrogens depends on their concentration
and the absence or presence of estradiol. This could
have relevance for clinical application in the postmenopausal stadium, when estradiol levels are low and the
estrogen-agonistic activity of phytoestrogens might be
given special emphasis.
CONCLUSIONS

Based on the potential estrogen-like activity of soy
and red clover, caution is warranted when using these
herbal preparations for the treatment of menopause
symptoms in estrogen-sensitive women.32 Black cohosh, however, does not contain classical phytoestrogens, and our data suggest that it exerts its antiproliferative effect irrespective of the estradiol status. These
data support previously reported in vitro, in vivo, and
clinical trial data that suggest that black cohosh extract
preparations, such as the commercially available Remifemin formulation tested in this study, may be a safe
alternative to estrogen-replacement therapies. It should
be noted, however, that additional studies are necessary
to completely understand the mechanism of action of
black cohosh and its reported effects.
In light of evidence that black cohosh and products
containing isoflavones (soy and red clover) are the
most effective herbal alternatives for treatment of
menopause symptoms,5 data from this study could be
taken into consideration to assist in decision-making on
herbal therapy use by women at risk for estrogensensitive breast cancer.
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