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The objective of the study was to search for the appropriate herbal extracts by comparative analysis of 
their estrogenic and cytotoxic activities. Some potentially estrogenic activity of herbal extracts in the 
management of female disorder symptoms was investigated by E-screen assay. The extracts having a 
promising activity were further evaluated in vitro for their cytotoxic activity. Of 13 herbal extracts 
tested, 10 showed interesting estrogenic properties. These were Pueraria candollei var mirifica, Linum 
usitatissimum, Glycine max, Curcuma aeruginosa, Cissus quadrangularis, Tadehagi godefroyanum, 
Curcuma comosa, Butea superba, Trigonella foenum-graecum and Punica granatum. The proliferative 
activity of those extracts could be completely inhibited by the addition of an estrogen receptor 
antagonist. The extract of T. foenum-graecum exhibited the strongest cytotoxicity on mouse fibroblast 
cells (cell viability <80% at 100 µg/ml) while a growth-promoting effect could be observed for P. 
candollei var mirifica, C. aeruginosa, C. quadrangularis and C. comosa. Pre-treatment of those 10 
extracts to the mouse fibroblast cells prior to the addition of H2O2 reduced the apoptotic cells as well as 
increased the percentage of cell survival. Nine (9) extracts (not T. foenum-graecum) were selected as 
potentially active ingredients for the treatment of skin-ageing in post-menopausal women. 
 
Key words: Phytoestrogen, MCF-7 cells, cytotoxicity, traditional Thai medicine, anti-skin-ageing product. 

 
 
INTRODUCTION 

 
In recent years, phytoestrogens have been found to be 
beneficial to skin ageing in post-menopausal women. 
These efficacies are through the exertion of estrogen-
mimicking effects via their structural similarity to 
estrogens. The in vitro study of Tomaszewski et al. 
(2003) showed that phytoestrogens such as daidzein 
increased the proliferation of skin fibroblasts similar to 
that of 17β-estradiol (E2) but was lower in efficacy. An in 
vivo study reported that Bifidobacterium-fermented soy 
milk extract could increase skin elasticity (Miyazaki et al., 
2004). Moreover, topical application of isoflavones 
containing emulsions improved the number of dermal 
papillae per area after 2 weeks of another in vivo study 
(Südel   et   al.,   2005),   suggesting    that    the   use   of  
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phytoestrogens as an active ingredient in cosmetic 
preparation may have the same efficacy as E2 against 
skin ageing in post-menopausal women. Numerous 
research work showed that several herbs contain 
phytoestrogens, for example Glycine max (Lee et al., 
2011), Linum usitatissimum (Attoumbré et al., 2011) and 
Pueraria candollei var mirifica (Boonchird et al., 2010). 
However, most studies have determined the estrogenic 
activity of individual pure compounds or herb species. 
Comparative investigation of estrogenic activity of most 
herbs containing phytoestrogens has not been elucidated 
to select the most appropriate one to be used as 
compositions in anti-skin-ageing products. 

The present study aimed to search for the appropriate 
herbal extracts by comparative analysis of their 
estrogenic and cytotoxic activities. Herbal extracts with 
good estrogen-like effects and low degrees of cytotoxicity 
were to be used as active ingredients in anti-skin-ageing 
preparations. To  achieve this, crude ethanolic extracts of  



 
 
 
 
13 herbal medicines were investigated for their biological 
activities. The criteria for selecting the suitable extracts 
were good estrogen-like effect, low cytotoxicity, evident 
data reported, and information from traditional herbal 
medicine practitioners. Moreover, other biological 
activities associated with the anti-ageing effect, such as 
protective effects against oxidative stress were also 
compared. 
 
 
MATERIALS AND METHODS 

 
Reagents 

 
E2, ICI 182780 and 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide (MTT) were obtained from Sigma-Aldrich Inc. 
(St. Louis, MO, USA); Dulbecco’s Modified Eagle’s Medium 
(DMEM), fetal bovine serum albumin, trypsin/ 
ethylenediaminetetraacetic acid (EDTA), Pen/Strep (10,000 units/ml 
penicillin and 10,000 µg/ml streptomycin), from Gibco Invitrogen 

Corporation (NY, USA). All chemicals were of analytical grade and 
obtained from commercial sources. 
 
 
Herbal extraction  

 
Thirteen herbal medicines were identified and their voucher 
specimens were deposited at the herbarium of the Faculty of 
Pharmaceutical Sciences, Ubon Ratchathani University, Thailand. 

The herbal powders were extracted by maceration in ethyl alcohol. 
The macerated mixtures were pooled and filtered through a 
membrane filter (Whatman

®
 No. 4, USA). Solvents were removed 

under the vacuum of a rotary evaporator (BÜCHI, Flawil, 
Switzerland) at 45±1°C. The resulting extracts were freeze-dried 
and kept at -20°C until used. 
 
 
Evaluation of estrogen-like effect 

 
The estrogen receptor positive human mammary adenocarcinoma 
(MCF-7) cells were routinely maintained in DMEM containing 10% 
heat-inactivated fetal bovine serum (FBS), supplemented with 1% 
Penicillin/Streptomycin. The cells were maintained in a cell 
incubator in a humidified atmosphere of 5% CO2 and 95% air at 
37°C. The MCF-7 cells were harvested and seeded into a 96-well 
plate at a density of 1×10

3
 cells/well in DMEM supplemented with 

10% FBS. The cells were allowed to attach for 48 h. The culture 
medium was removed and washed with phosphate buffer saline 
solution (PBS). Then, the medium was changed to phenol red-free 
DMEM supplemented with 7% dextran-coated charcoal FBS and 
the cells were incubated for another 48 h. After pre-treatment, the 
cells were treated with herbal extract solutions. The experimental 
cells were re-treated with herbal extract every 48 h. The cell 
proliferation was measured on the sixth day following the treatment 

(cell proliferation of positive control wells reached 90% confluence) 
using MTT assay (Zhao et al., 2005). The solution of 0.1 nM E2 was 
used as a positive control and 0.1% dimethyl sulfoxide as a 
negative control. The absorbance was measured at 570 nm with 
background subtractions at 630 nm using a microplate reader 
(Dynex/MRX microplate reader, Dynex Technologies, Inc., VA, 
USA). The relative proliferative effect was calculated with the 
following equation: 
 

Relative proliferative effect  % =  
Absorbance of sample

Absorbance of E2
× 100 

 

Yingngam et al.          6833 
 
 
 
Cytotoxicity study 
 
Cytotoxicity of herbal extracts was investigated in mouse fibroblast 
cells using MTT assay (Talebi et al., 2006). The cells were routinely 
maintained in DMEM, supplemented with 10% FBS, 1% 
Penicillin/Streptomycin, and were incubated in a humidified 
atmosphere of 5% CO2 at 37°C. The confluent cells were washed 
with sterile isotonic phosphate buffer saline solution and were 
trypsinized with 0.25% trypsin/EDTA solution. The cells were 
transferred in each well of 96-well plates. Doxorubicin HCl was 
used as a positive control. The cytotoxic effects were expressed as 
a percentage of cell survival as follows: 
 

Cell viability % =  
Absorbance of the tested sample

Absorbance of the medium only
× 100 

 
 
 
Protective effect against H2O2-induced oxidative stress 
 
The protective effects of selected phytoestrogenic extracts on the 
H2O2-induced oxidative stress were evaluated in mouse fibroblast 

cells using MTT assay (Jitsanong et al., 2011). The cells were 
seeded in a 96-well culture plate at density of 1 × 10

4
 cells/well. The 

cells were allowed to attach to the plate for 24 h and were then 
treated with various concentrations of those extracts for 2 h. After 
that, H2O2 (1000 µM final concentration) was added to the plate and 
incubated for an additional 24 h. The cell viability was measured 
using MTT assay. Cellular morphology was also observed under 
light microscopy after staining the cells with crystal violet. 
 
 
Statistical analysis 

 
Data of experimental investigation were analyzed by one-way 
analysis of variance. In all cases, a minimal level of significance 
was set at p<0.05 using SPSS software version 15 for Windows 
(SPSS Inc., Chicago, USA). 

 
 
RESULTS 
 
Evaluation of estrogen-like effect 
 
A total of 13 herbal medicines belonging to 7 families 
were selected for this search for extracts with potential 
estrogenic activity. Their traditional uses are listed in 
Table 1. These herbal medicines were extracted with 95 
%v/v ethanol with percentages of the obtained yields 
ranging from 3.26 to 15.40 %w/w (Table 1). The 
estrogen-like activity of 13 herbal extracts was examined 
in MCF-7 cells and the results are shown in Figure 1. Ten 
extracts exhibited a growth-promoting effect in MCF-7 
cells. The extract of P. candollei var mirifica gave the 
highest level in growth promoting activity. It significantly 
stimulated cell proliferation at concentrations of 0.1-50 
µ/ml (p<0.05) whereas higher concentration (100 µg/ml) 
suppressed the growth of such cells. The maximal 
proliferative effect of this extract was achieved at 50 
µg/ml which is higher than the effect displayed by 0.1 nM 
E2. The extract of P. granatum pericarp exhibited the 
lowest estrogen-like effect. Overall, the estrogenic activity 
of  all  test  extracts  could  be classified into 3 groups: (1)  
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Table 1. List of selected herbal medicines used for screening estrogen-like activity. 
 

Scientific name Family Used part Traditional use Yield (%) 

P.  candollei var mirifica
a 

Leguminosae Tuberous root Treatment of post-menopausal symptoms 11.87 

L. usitatissimum
a 

Linaceae Seed Treatment of post-menopausal symptoms 15.78 

G.  max
a 

Leguminosae Seed Treatment of post-menopausal symptoms 11.20 

     

C. aeruginosa
b 

Zingiberaceae Rhizome 

Restoration of normal menstrual cycle 

Alleviation of menstrual symptoms 

Treatment of post-menopausal symptoms 

14.73 

     

C. quadrangularis
a 

Vitaceae Stem Improvement of bone fracture healing 9.02 

T. godefroyanum
b 

Leguminosae Root Restoration of normal menstrual cycle 10.40 

     

C. comosa
a 

Zingiberaceae Rhizome 
Alleviation of menstrual symptoms 

Treatment of post-menopausal symptoms 
15.35 

     

T.a foenum-graecum 
a
 Leguminosae Seed Increase inadequate breast milk supply 3.26 

P. granatum
a 

Punicaceae Fruit Revitalization of mature skin 15.40 

B. superba
b 

Leguminosae Root Rejuvenation 3.70 

T. cruciatum
b 

Vitaceae Whole part Treatment of hot flash in post-menopausal women 10.70 

C. argentatum
b 

Annonaceae Root Increase inadequate breast milk supply 3.26 

E. hirta
b 

Euphorbiaceae Whole part Increase inadequate breast milk supply 3.30 
 
a
Herbal medicine has been previously reported to contain phytoestrogens. 

b
Herbal medicine has not been reported to have estrogenic activity. 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

  
 
Figure 1. Effects of types and concentrations of 13 herbal extracts on the proliferation of MCF-7 cells (*p<0.05 versus 

the negative control (C)). The results are expressed as the relative proliferative effect of E2 (0.1 nM, 100%) (n=3).  
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Figure 2. Effects of types and concentrations of 10 herbal extracts on viability of mouse fibroblast cells. (*p<0.05, 

#p<0.01 and ††p<0.001 versus untreated cells) (n=3). 

 
 
 
strong estrogenicity (P. candollei var mirifica, L. 
usitatissimum, G. max), (2) moderate estrogenicity (C. 
aeruginosa, C. quadrangularis, T. godefroyanum, C. 
curcuma, B. superba), and (3) weak estrogenicity (T. 
foenum-graecum, P. granatum). The remaining 3 extracts 
namely T. cruciatum, C. argentatum and E. hirta were 
excluded from this study because they did not exert 
either proliferative or anti-proliferative effect in the cells. 
To evaluate the possible mechanism of the action of 10 
extracts on the growth of MCF-7 cells, co-treatment of the 
cells with each herbal extract plus estrogen receptor 
antagonist (10 nM ICI 182780) was examined. In the 
absence of this inhibitor, all extracts significantly 
stimulated the growth of MCF-7 cells in a dose-
dependent manner at all test concentrations (data not 
shown). Neither the cell treated with E2 nor herbal 
extracts in combination with ICI 182780 had any effect on 
the growth of the cells. These co-treatments led to a 
decrease in the value of the relative proliferative effect by 
almost 50% of E2 (p<0.05). The values obtained were not 
significantly different compared to those of untreated 
cells. These results indicated that the phytoestogenic 
substances in the extracts exerted their estrogenic 
activities through estrogen receptor pathways. 
 
 

Cytotoxicity study of herbal extracts 
 
The cytotoxicity of 10 herbal extracts was investigated in 
mouse fibroblast cells using MTT assay. Figure 2 
illustrates  the  cytotoxicity of those extracts in term of cell 
viability to untreated cells. Cell viability of doxirubin HCl 
(20 µg/ml, positive control) was about 70% for all 
experiments. Among 10 extracts tested, 8 extracts did not 
show detectable cytotoxicity over the tested concentra-
tions (1, 10 and 100 µg/ml). However, cytotoxic effects 
were observed when the cells were treated with high 
concentrations of C. aeruginosa extract (50 and 100 
µg/ml) and T. foenum-graecum (25, 50 and 100 µg/ml). A 
high concentration of P. candollei var mirifica (25 µg/ml or 
higher) could significantly stimulate the growth of the cells 
as compared to untreated cells with a cell viability of 
104.84±1.84% (p<0.05), 109.34±0.38% (p<0.05) and 
111.80±1.34% (p<0.01) for 25, 50 and 100 µg/ml. C. 
quadrangularis extract promoted the growth of cells to 
113.33±5.75% and 116.01±3.62% of control at 50 and 
100 µg/ml, respectively. C. comosa extract at 
concentrations between 10-50 µg/ml stimulated cell 
growths while no effect was observed at 100 µg/ml. At a 
low concentration (0.1 and 1 µg/ml), C. aeruginosa 
extract promoted cell growth. Four extracts of L. 
usitatissimum seeds, G. max seeds, T. godefroyanum 



roots and P. granatum pericarp showed no effect on the 
growth or death of the cells (p>0.05). Therefore, 9 
extracts represented as promising candidates for 
cosmetic use. T. foenum-graecum did not. 
 

 
Protective effect against H2O2-induced oxidative 
stress 
 
The   protective   effect   of   10   herbal  extracts   against  
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Figure 3. 

 

 

 

 
 

Figure 3. Protective effects of 10 herbal extracts on the H2O2-induced oxidative stress in mouse fibroblast cells. 

(C, 0.1% DMSO; H2O2, 1000 µM H2O2. p<0.05 versus   the negative control (C)) (n=3). 

 
 
 
oxidative stress induced by H2O2 was investigated in 
mouse fibroblast cells. Results showed that cell survival 
was slightly increased in a dose dependent manner 
(Figure 3). No significant increase in cell viability was 
observed for cells pre-treated with 1 µg/ml of all herbal 
extracts (p>0.05). However, the viabilities of cells pre-
treated with 10 µg/ml in L. usitatissimum and T. foenum-
graecum increased to 70.73±1.82 and 72.56±2.51% of 
control. The highest level for cell viabilities was observed 
when cells were pre-treated with 100 µg/ml herbal 
extracts. These results suggested that 10 herbal extracts 
could protect against cell death under oxidative stress. 
 
 

DISCUSSION 
 
The study was designed to search for herbal extracts with 
potential estrogenicity to be used as biologically active 
principles in cosmetic preparations. Of the 13 herbal 
extracts, 10 displayed a biphasic response in the growth 
of MCF-7 cells. The growth-promoting effect of these 
plants was blocked by co-treatment with ICI 182780. 
These screening results suggested that the 10 extracts 
had estrogen properties and could mediate their activities 
through the activation of estrogen receptors in these 
cells. P. candollei var mirifica, L. usitatissimum and G. 
max  showed  the  strongest  estrogenic  activity, followed 
by C. aeruginosa, C. quadrangularis, T. godefroyanum, 



C. comosa, B. superba, T. foenum-graecum and P. 
granatum. The differences in estrogenic activities of 
these herbs could be caused by their phytoestrogenic 
contents and chemical structures.  

Among the above-mentioned extracts, C. aeruginosa 
and T. godefroyanum were suggested as new herbal 
medicines having estrogenicity. This should be further 
confirmed for their estrogenicities with other assays 
because the results obtained from E-screen assay could 
exert through other pathways than those involving 
transcriptional activation of estrogen responsive genes. 
Three extracts, T. cruciatum, C. argentatum and E. hirta, 
showed neither proliferative nor antiproliferative effects 
on such cells, indicating they did not contain 
phytoestrogens. It was noted that the growth of MCF-7 
cells could either be stimulated or inhibited depending 
upon the tested concentration of the phytoestrogenic 
extracts. These findings were in agreement with previous 
reports. On the contrary, they inhibited the growth of both 
estrogen positive and negative cell lines at high 
concentrations (Bou et al., 2003).  

P. candollei var mirifica mediated its action at a very 
low concentration compared to other extracts, indicating it 
was the strongest estrogenic herb. The tuberous root of 
this herb has been traditionally consumed for 
rejuvenation      and     treatment     of    post-menopausal  
 
 
 
 
symptoms in Thailand. The data were in agreement with 
those reported by other researchers (Cherdshewasart et 
al., 2004). The high performance liquid chromatography 
(HPLC) analysis confirmed P. candollei var mirifica 
carried isoflavonoids as major components (puerarin, 
daidzin, genistin, daidzein, genistein, coumestrol) (data 
not shown).  Moreover, other researchers reported that 
its chromene (that is miroestrol, dexoymiroestrol) 
exhibited stronger binding affinity for estrogen receptor α 
than the isoflavonoids (Sugiyama et al., 2009). Thus, the 
high content of these isoflavonoids could contribute to its 
high estrogenic effect, explaining the higher estrogenicity 
of P. candollei var mirifica than other plants. 

The herbal medicines being used to restore normal 
menstrual cycles and alleviate menstrual symptoms in 
pre-menopausal women, such as L. usitatissimum, G. 
max, C. aeruginosa, C. comosa and T. godefroyanum, 
showed the ability to promote MCF-7 cell proliferation. L. 
usitatissimum and G. max extracts showed better 
estrogenicity than other herbs in this group. In nature, 
seeds of L. usitatissimum contain high content of lignans 
(that is isolaricinresinol, pinoresinol, secoisolariciresinol, 
matairesinol) which are recognized as potent 
phytoestrogens (Attoumbré et al., 2011). These 
compounds could bind to estrogen receptors in MCF-7 
cells, resulting in stimulated cell growth. The exact 
substances in C. comosa were not identified in this work. 
However, the presence of diarylheptanoids in rhizomes of 
C. comosa extract could be responsible for its 
estrogenicity (Suksamrarn et al., 2008). The extract 
obtained from pericarp of P. granatum displayed very 

weak estrogenic activity. This activity could be attributed 
to the action of their major phytoestrogenic compounds 
(that is luteolin, quercetin, kaempferol) (van Elswijk et al., 
2004). Moreover, ellagic acid, one of the components of 
this plant, has been shown to exhibit both estrogenic and 
anti-estrogenic effects in MCF-7 cells (Strati et al., 2009). 

With respect to herbal medicines traditionally used as a 
galactogogue to increase inadequate breast milk supply, 
only T. foenum-graecum promoted the growth of MCF-7 
cells in a dose-dependent manner, while there was no 
observed effect for C. argentatum and E. hirta. This 
finding was in agreement with data reported by other 
authors that chloroform extract of T. foenum-graecum 
promoted the growth of MCF-7 cells (Sreeja et al., 2010). 
It induced the transcription of estrogen-responsive gene 
pS2 in MCF-7 cells (gene marker for assessing 
estrogenicity). Several bioactive compounds, such as 
formononetin, quercetin, and apigenin, and their 
derivatives could exert their estrogenic effects in such cell 
lines (Rayyan et al., 2010). 

Interestingly, the ethanolic extract of B. superba and its 
main isoflavones (that is prunetin, medicarpin, 
formononetin, 7-hydroxy-6-4´-dimethoxyisoflavone, 7,4´-
dimethoxyisoflavone, and hexacosanoic acid 2,3-
dihydroxy-propyl ester) showed weak estrogenic property 
in  recombinant  yeast  screening assay (Cherdshewasart  
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et al., 2010). It has been reported previously that B. 
superba could not promote the growth of MCF-7 cells 
(Cherdshewasart et al., 2004). This discrepancy could be 
caused by the difference in culture media used for testing 
the growth-promoting effect. In that study’s preparation, 
DMEM with phenol red and fetal bovine serum containing 
estrogens were used, different from this study in which 
phenol red-free DMEM and charcoal-coated dextran 
stripped fetal bovine serum were used. The phenol red 
can act as an agonist for estrogen receptor in MCF-7 
cells. To evaluate the estrogenic effect of herbal 
medicines, the estrogen or phenol red should be 
discarded from the culture medium. Thus, it should be 
possible to mention that the B. superba displayed 
estrogenic property because it exerts biphasic response 
in such a cell line and its active ingredient was previously 
identified as phytoestrogens (Cherdshewasart et al., 
2010). 

The safety of these plant extracts is an important task 
that needs to be first evaluated for possible cosmetic 
benefit. The preliminary evaluation for their cytotoxic 
effects was carried out in mouse fibroblasts. It is well 
documented that plant extracts possess low cytotoxicity if 
the relative viability of the cells after exposure to 100 
µg/ml extract is higher than 80% of negative control 
(Wang et al., 2006). Of the 10 tested extracts, C. 
aeruginosa and T. foenum-graecum were toxic on mouse 
fibroblasts by reduced cell viability lower than 80% of 
negative control at 100 µg/ml.  

The use of H2O2 has been reported as an alternative 
technique for studying the protective effect of herbal 



extracts against oxidative stress. Mammalian cells 
generally exposed to H2O2 exhibit apoptotic feature, such 
as shrinkage in their morphologies and nuclear 
fragmentations. Interestingly, pre-treatment of those 10 
extracts to the fibroblast cells prior to the addition of H2O2 
reduced the apoptotic cells as well as increased the 
percentage in cell survival. These findings indicated the 
potentially protective effect of herbal extracts against 
oxidative stress-induced cell death. The mechanism of 
these extracts should partly associate with their radical 
scavenging activities. Previous reports confirmed these 
findings that phytoestrogens or phytoestrogenic extracts 
protected cells from oxidative-induced cell death 
(Jitsanong et al., 2011). 
 
 
Conclusion 
 
This work demonstrated that 10 extracts exhibited 
estrogen-like effect in MCF-7 cells. These were P. 
candollei var mirifica, L. usitatissimum, G. max, C. 
aeruginosa, C. quadrangularis, T. godefroyanum, C. 
comosa, B. superba, T. foenum-graecum and P. 
granatum. All except T. foenum-graecum were promising 
candidates as active principles for anti-skin-ageing in 
post-menopausal      women.     These    herbal    extracts  
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exhibited either growth-promoting or -inhibiting 
properties. It was possible that the difference in 
estrogenic activity of all extracts was caused by the 
presence of differently estrogenic compounds. 
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