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Abstract: Naringenin is present abundantly in citrus fruits and is one of the natural alternatives to synthetic estro-
gen, but the mechanism of how naringenin functions is not well known. Our study revealed that the relative estro-
genic potency of the substances was E2 > genistein > naringenin. Naringenin (at 5 yM) was found to repress both lu-
ciferase activity and pS2 mRNA expression, which was induced by E2 (at 0.1 uM) or genistein (at 5 pM). Naringenin,
as well as E2 and genistein, was found to modulate the transcription of pS2 and TGFB3 in T47D-KBluc cells through
an estrogen receptor-dependent mechanism. Results of our study indicated that naringenin was a weak estrogen
agonist that exhibits anti-estrogenic effect in estrogen-rich states and estrogenic activity in estrogen-deficient states

in T47D-KBluc breast cancer cells.
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Introduction

Estrogen is an important regulating hormone
associated with physiological processes of
female reproductive system. Synthetic estro-
gen is administered to menopausal women
who are deficient in estrogen to prevent osteo-
porosis or to relieve vaginal dryness and hot
flashes [1, 2]. However, long-term administra-
tion of synthetic estrogen places women at risk
for several health disorders including endome-
trial cancer, breast cancer, cardiovascular dis-
orders, and so on [3]. Various attempts have
been made to find natural replacements for
estrogen to minimize the shortcomings of syn-
thetic estrogen as its administration carries
both benefits and risks [4, 5].

Flavonoids, the so-called phytoestrogens, are
well known as natural estrogen analogues and
are found in abundance in roots, flowers, fruits,
and stems of plants [1, 6-8]. Many studies
aimed at using flavonoids commercially as
drugs are in progress. Naringenin, which
belongs to the flavanone family, is present
abundantly in citrus fruits. Modern research
has found naringenin to possess anti-carcino-
genic activity, anti-atherogenic effect, anti-

inflammatory effect, anti-oxidant effect, and so
on [9-12].

A recent paper suggested that naringenin is
capable of both estrogenic and anti-estrogenic
activities [13]. However, the mechanism of how
naringenin functions and its interaction with
other substances are poorly known. We investi-
gated the effect of naringenin on estrogen
receptor activity in T47D-KBluc breast cancer
cells to understand naringenin’s interaction
with potent estrogen agonists and to confirm
the mixed antagonist/agonist effect of narin-
genin.

Materials and methods
Materials

Hormones and chemicals: 17B-Estradiol (E2),
genistein, naringenin, and MTT (3-[4,5-dimeth-
yl-2-thiazolyl]-2,5-diphenyl-2H-tetrazolium bro-
mide) were purchased from Sigma (St. Louis,
MO, USA). ICI 182 780 was obtained from
Calbiochem (San Diego, CA, USA). E2 was dis-
solved in ethanol prior to application and both
genistein and naringenin were dissolved in
dimethyl sulfoxide (DMSOQ). The luciferase assay
system was purchased from Promega (Madison,
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WI, USA). PRMI1640 media and dextran char-
coal-stripped fetal bovine serum (cs-FBS) were
purchased from Hyclone (Logan, Utah, USA).
Plastic wares used for cell culture were pur-
chased from Corning (NY, USA). The First Strand
cDNA Synthesis Kit and the 2x SYBR Green
PCR Master Mix were purchased from MBI
Fermentas (Hanover, MD, USA) and Applied
Biosystems (Foster, CA, USA), respectively.

Breast cancer cells and cultures: The T47D-
KBluc human breast cancer cell line and the
ERa-negative MDA-MB-231 cell line were pur-
chased from the American Type Culture
Collection (Rockville, MD, USA). The T47D-
KBluc cells, which are derived from T47D cells,
express the estrogen-responsive construct
estrogen response elements (ERE) (B-globin)-
luciferase. TA7D-KBluc cells express both ERa
and ERB and exhibit an estrogen-responsive
pattern of growth. These cells were routinely
maintained in RPMI 1640 medium supplement-
ed with 10% FBS and 100 units/m (1%) penicil-
lin/streptomycin; the medium was changed
every 3 days.

Methods

Determination of cell viability (MTT assay):
Cells were cultured in 96-well plates (3 x 103
cells/well) in RPMI 1640 media containing 10%
cs-FBS for a period of 24 hours, during which
they were treated with the vehicle and the
respective substances (such as E2, genistein,
and/or naringenin). The MTT solution (2 mg/ml)
was then added to each well, and the cells were
then further incubated for 4 hours at 37 °C.
Further, 150 puL of DMSO were added, and the
absorbance of the solution at 570 nm was
measured. Values were expressed as (absor-
bance as a percentage of the value of vehicle
controls of the six replicate assays) * (standard
error of the mean).

Luciferase assay: Cells were seeded in 24-well
plates at an initial concentration of 1 x 10°
cells per well in a 5% CO, atmosphere at 37 °C.
Prior to this treatment, cells were cultured in
RPMI 1640 medium supplemented with 10%
cs-FBS for 1 day. To investigate the effects of
the added substances for estrogenic activity in
T47D-KBluc cells, E2 (at concentrations of
0.001, 0.01, 0.1, and 1 uM), genistein (at con-
centrations of 0.01, 0.1, 1, and 10 yM), narin-
genin (at concentrations of 0.01, 0.1, 1, and 10
uM), and IClI 182 780 (at concentrations of
0.01, 0.4, 1, and 10 uM) were each adminis-
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tered to cells, which were then incubated for a
period of 24 hours. To investigate the interac-
tion between naringenin and E2 or genistein,
cells were treated for 24 hours with E2 (at a
concentration of 0.1 uM) or genistein (at a con-
centration of 5 yM) in combination with narin-
genin (at concentrations of 5 and 10 uM). To
demonstrate that E2, genistein, and naringenin
modulate luciferase activity through an estro-
gen receptor-dependent mechanism, cells were
treated with E2 (at a concentration of 0.1 uM),
genistein (at a concentration of 5 uM), or narin-
genin (at a concentration of 5 yM) in conjunc-
tion with ICI 182 780 (at concentrations of 0.1,
1, and 10 uM) for 24 hours.

Before harvesting, the cells were washed twice
with PBS, after which 100 pL of the lysis buffer
was added to each well; the plates were then
stored at a temperature of -70 °C for 3 hours.
The cell lysates were then transferred to 1.5
mL Eppendorf tubes and centrifuged at 12,000
rom for 10 min. From this solution, 60 pL of the
supernatant was taken to assess luciferase
activity with a Berthold luminometer, and
another 10 pL was used for protein determina-
tion. Luciferase activity was normalized accord-
ing to protein concentration. Values were
expressed as (mean value of induction as a
multiple of the value of vehicle controls of four
replicate assays) * (standard error of the
mean).

RNA extraction and RT-PCR analysis: Cells (5 x
10%) were seeded onto each 60-mm culture
dish with RPMI 1640 medium supplemented
with 10% CS-FBS. After one day of incubation,
T47D-KBIluc cells were treated with each of the
substances at their respective concentrations;
E2 (at concentrations of 0.001, 0.01, 0.1, and
1, uM), genistein (at concentrations of 0.001,
0.1, 1, and 10 uM), and naringenin (at concen-
trations of 0.001, 0.1, 1, and 10 uM) to deter-
mine whether the expression of endogenous
pS2 and TGFB3 transcripts is modulated by E2,
genistein, or naringenin for one day. To investi-
gate the effect of the treatment with ICl 182
780 on endogenous pS2 transactivation by E2,
genistein, and naringenin and the effect of
treatment of naringenin on endogenous pS2
MRNA expression induced by E2 and genistein
in TA7D-KBIluc cells, cells were treated for 24
hours with E2, genistein, naringenin, and ICI
182 780 in the following combinations and
concentrations: E2 (at 0.1 yM) with naringenin
(at 5 uM), genistein (at 5 pM) with naringenin
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Table 1. Oligonucleotide primer sequences used in the study

Gene oligonucleotides Sequence
GAPDH sense 5’-TGG GCT ACA CTG AGC ACC AG-3’
anti-sense 5-GGG TGT CGC TGT TGA AGT CA-3’
pS2 sense 5’-CCA CCA TGG AGA ACA AGG TGA-3’
anti-sense 5’-GCA GCC CTT ATT TGC ACA CTG-3’
TGFB3 sense 5’-ATGAGCACATTGCCAAACAGC-3’
anti-sense 5’-CAC TCA CGC ACA GTG TCA GTG A-3’
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Figure 1. Effects of 17B-estradiol (top, left), genistein (top, right), naringenin
(bottom, left), and ICI 182 780 (bottom, right) on luciferase gene expression
in T47D-KBluc cells cultured in cs-FBS-supplemented medium. Values are ex-
pressed as (mean value of induction as a multiple of the value of the vehicle
control of four replicate assays) + (standard error of the mean). The level of
luciferase activity was significantly different from the activity observed follow-
ing treatment (P<0.05). E2, 17B-estradiol; GEN, genistein; NAR, naringenin;
ICI, ICI 182 780.

(@t 5 yM), naringenin (at 5 uM) with ICI 182 780
(@t 1 uyM), E2 (at 0.1 uM) with ICI 182 780 (at 1
uM), and genistein (at 5 uM) with ICl 182 780
(at 1 uM). MDA-MB231 cells were treated with
naringenin (at concentrations of 0.01, 0.1, 1,
and 10 pM) for 24 hours to investigate the
effect of naringenin on the expression of pS2
and TGFB3 mRNA.

software.

Results

Statistical analysis

Real-time quantitative RT-
PCR was carried out using
an ABI PRISM 7000 Se-
quence Detection System
(Applied Biosystems, USA).
SYBR Green PCR Master
Mix (10 L), diluted cDNA (4
pyL), and 200 nM of the
primer set were used for
amplification in a final reac-
tion mixture volume of 20
uL. All the samples were
amplified in triplicates in a
96-well plate, and the
cycling conditions were as
follows: incubation for 2
minutes at 50 °C, incuba-
tion for 10 minutes at 95
°C, and 40 cycles at 95 °C
for 15 seconds, followed by
incubation for 1 minute at
60 °C. A comparison of the
effect of each substance
was done by calculating the
values of the threshold
cycle by normalizing the
average Ct value for each
substance according to the
value of the endogenous
control (GAPDH). The resp-
ective 2-Ct values were
then calculated, followed by
a statistical analysis of the
data as described previous-
ly [14]. Primers for real-time
quantitative analysis were
used as shown in Table 1.

Statisti significance was determined by the
Student’s t-test using Microcal Origin 5.0

Effects of substances on estrogenic activity

Total RNA was isolated from the T47D-KBluc
and MDA-MB231 cells with TRIzol as per the
manufacturer’s instructions. Total RNA (3-5 ug)
from three independent experiments in 20 uL
of reaction mixture was used for reverse-tran-
scription into cDNA using the First-Strand cDNA
Synthesis Kit as per the manufacturer’s instruc-
tions. The resulting cDNA was diluted 10-fold
and stored at a temperature of -70 °C.

in T47D-KBluc breast cancer cells expressing
both ERa and ER3

We used T47D-KBluc cells cultured in estrogen-
free cs-FBS-supplemented medium to elimi-
nate the effect of estrogen, which may be pres-
ent in FBS. Our experiments showed that E2,
genistein, and naringenin possessed estrogen-
ic activity and ICI 182 780 displayed anti-estro-
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Figure 2. Effects of treatment in conjunction with
naringenin, with E2 (top) and genistein (bottom) on
luciferase gene expression in T47D-KBluc cells cul-
tured in cs-FBS-supplemented medium. Values are
expressed as (mean value of induction as a mul-
tiple of the value of the vehicle control of four rep-
licate assays) = (standard error of the mean). The
level of luciferase activity was significantly different
from the activity revealed following treatment with
0.1 pyM 17B-estradiol or 5 uM genistein (P<0.05).
E2 only, 0.1 uM 17B-estradiol; E2+N(5), 0.1 uM
17B-estradiol with 5 yM naringenin; E2+N(10), 0.1
UM 17B-estradiol with 10 yM naringenin; G only, 5
UM genistein; G+N(5), 5 UM genistein with 5 uM
naringenin; G+N(10), 5 uM genistein with 10 yM
naringenin.

genic activity in T47D-KBluc cells. E2, genistein,
or naringenin increased the luciferase activity,
whereas IClI 182 780 decreased the luciferase
activity in a concentration-dependent manner.
Figure 1 shows the individual effects of E2,
genistein, naringenin, and ICl 182 780 in T47D-
KBluc breast cancer cells.

Naringenin significantly repressed the activity
of luciferase, which was induced by 0.1 yM E2
or 5 uM genistein. The effects of E2-naringenin
or genistein-naringenin  co-treatment on
ER-mediated luciferase induction in T47D-
KBluc cells are displayed in Figure 2. ICl 182
780 dose-dependently repressed the lucifer-
ase activity, which was induced by E2, genis-
tein, or naringenin in T47D-KBluc cells (Figure
3).
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Figure 3. Effects of treatment, in conjunction with
estrogen antagonist ICl 182 780, with E2 (top), ge-
nistein (middle), and naringenin (bottom) on lucif-
erase gene expression in T47D-KBluc cells cultured
in cs-FBS-supplemented medium. Values are ex-
pressed as (mean value of induction as a multiple
of the value of the vehicle control of four replicate
assays) + (standard error of the mean). The level
of luciferase activity was significantly different from
the activity revealed following treatment with 1 M
17B-estradiol, 5 yM genistein or 5 uM naringenin
(P<0.05). E2, 1 uM 17B-estradiol; E2+I (0.1, 1, and
10), 1 uM 17B-estradiol with ICI 182 780 (0.4, 1, and
10 uM); G only, 5 uM genistein; G+ (0.1, 1, and 10),
5 uM genistein with ICI 182 780 (0.1, 1, and 10 uM);
N only, 5 uM naringenin; N+l (0.1, 1, and 10), 5 uM
naringenin with ICl 182 780 (0.1, 1, and 10 uM).

Expression of endogenous pS2 and TGFB3
mRNA modulated by E2, genistein, or narin-
genin in T47D-KBluc cells

Individual effects of substances: Transcriptions
of pS2 and TGFB3 were evaluated using quanti-

Int J Clin Exp Med 2013;6(10):890-899
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Figure 4. Effects of 17B-estradiol (top), genistein
(middle), and naringenin (bottom) on the expression
of pS2 mRNA in T47D-KBluc cells cultured in cs-FBS-
supplemented medium. Results are expressed as
(N-fold difference in target gene expression relative
to GAPDH gene expression). E2, 17B-estradiol; GEN,
genistein; NAR, naringenin; Cont, control; Conc, con-
centration.

tative RT-PCR, as described in Materials and
Methods. It was observed that E2, genistein,
and naringenin displayed estrogenic effects on
TA7D-KBluc cells cultured in cs-FBS-supple-
mented medium. E2, genistein, and naringenin
increased pS2 transcription in a concentration-
dependent manner (Figure 4), whereas they
decreased TGFB3 transcription (Figure 5).

Effects of co-treatment of substances: The
results of the co-treatment revealed that narin-
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genin (at 5 M) repressed pS2 mMRNA expres-
sion, induced by E2 (at 0.1 uyM) or genistein (at
5 uM), whereas ICl 182 780 (at 1 uM) repressed
pS2 transcription, induced by E2 (at 0.1 yM),
genistein (at 5 yM), or naringenin (at 5 pM)
(Figure 6).

Effect of naringenin on expression of pS2 and
TGFB3 mRNA in MDA-MB-231 breast cancer
cells

Naringenin treatment in MDA-MB-231 cells led
to no significant change in pS2 mRNA expres-
sion and a slight decrease in TGFB3 mRNA
expression (Figure 7).

Cell viability

TA7D-KBluc cells were exposed individually or
in combination to the substances for 24 hours
at the respective concentrations, and then MTT
assay was carried out. The results of the MTT
assay indicate that there was no proliferative
effect of substances on the cells (Figure 8).

Discussion

The incidence of osteoporosis rapidly increased
as rapid strides in medical technology have
contributed to an increase in the average life
span of a human. A major complication arising
out of osteoporosis is bone fracture, which may
produce a high morbidity in elderly people as
well as menopausal women. Synthetic estro-
gens are administered to women to eliminate
menopausal syndrome and prevent osteoporo-
sis, which is a common metabolic bone disor-
der in menopausal women. Because the long-
term administration of synthetic estrogen in
menopausal women can produce benefits as
well as the risk of serious health problems,
many studies have been carried out with the
aim of finding alternatives to conventional hor-
mone replacement therapy [1-3] and investiga-
tors needed reliable and rapid assays to iden-
tify hormone-related compounds, especially
agents with estrogenic activity. The important
factors to verify the estrogenic effect of sub-
stances include affinity with and activity on the
estrogen receptors (ERx and ERB), which
respectively possess different tissue distribu-
tion and biological end functions [15-18]. The
expression of estrogen-related genes is modu-
lated by estrogen receptors, which bind to the
ligand and then to the ERE [19]. By studying
this mechanism, the affinity of a substance to

Int J Clin Exp Med 2013;6(10):890-899
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Figure 5. Effects of 17p-estradiol (top), genistein
(middle), and naringenin (bottom) on the expression
of TGFB3 MRNA in T47D-KBluc cells cultured in cs-
FBS-supplemented medium. Results are expressed
as (N-fold difference in target gene expression rela-
tive to GAPDH gene expression). E2, 17(-estradiol;
GEN, genistein; NAR, naringenin; Cont, control; Conc,
concentration.

estrogen receptors and its agonist activity can
be examined. In an effort to create such an
experimental model, Pons et al. [20] produced
the MVLN cell line, which is derived from trans-
fection of MCF-7 cells with a fusion gene com-
bining an ERE and a luciferase gene. Using the
MVLN cell line, Demirpence et al. [21] evaluat-
ed the agonistic activity of various substances
on estrogen receptors. However, the method
employed by Demirpence et al. was limited due
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Figure 6. Effects of co-treatment on the expres-
sion of the mRNA in T47D-KBluc cells cultured
in cs-FBS-supplemented medium. Results are
expressed as (N-fold difference in target gene ex-
pression relative to GAPDH gene expression). E2,
0.1 uM 17B-estradiol; E2+I, 0.1 uM 17B-estradiol
with 1 uM ICI 182 780; E2+N, 0.1 uM 17 B-estradiol
with 5 uM naringenin; Gen 5 uM genistein; G+, 5
MM genistein with 1 uM ICI 182 780; G+N, 5 uM
genistein with 5 uM naringenin; NAR, 5 uM nar-
ingenin; N+I, 5 uM naringenin with 1 yM ICI 182
780; ICI, 1 uM ICI 182 780; CONT, control.

to its low sensitivity. Another published method
utilized the T47D-KBluc cell line, which is
derived from T47D breast cancer cells after
transfection with a plasmid combining three
EREs with a luciferase gene [22]. By measuring
substance’s influence of luciferase activity in
T47D-KBluc breast cancer cells, the agonist
activity of that substance on an estrogen recep-
tor can be evaluated with high sensitivity. We
investigated the effect of naringenin on estro-
gen receptor activity in TA7D-KBluc breast can-
cer cells, either alone or in conjunction with E2
and genistein (via E2-naringenin and genistein-
naringenin co-treatment).

Zierau et al. [23] found naringenin to be having
no effect on estrogen receptors in both the
assay utilizing recombinant yeast strain and
the method involving MCF-7 cells expressing
ERa. Rub et al. [24] suggested that naringenin
might possess anti-estrogenic activity, as
inferred by naringenin’s repression  of

Int J Clin Exp Med 2013;6(10):890-899
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Figure 7. Effect of naringenin on the expression of
pS2 and TGFB3 MmRNA in MDA-MB-231 breast can-
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E2-induced increases in uterus weight and
pS2-LUC expression in rats. It was reported in
studies that involved a recombinant yeast
strain and HELa and COS-7 cells that narin-
genin possessed estrogenic activity [8, 19]. In
a study involving the BT-474 breast cancer cell
line, Zand et al. [25] suggested that naringenin
was an ER agonist; it increased the expression
of the pS2 protein, which was modulated by
estrogen receptor activation. Guo et al. [13]
suggested that naringenin possessed a double
directional adjusting function of estrogenic and
anti-estrogenic activities. There is still contro-
versy regarding the estrogenic activity of narin-
genin, either alone or in combination with other
estrogenic substances. EC 50 values of each of
substances were calculated through the use of
Microcal Origin 5.0 software, based on the RLU
(relative luminescence unit) data obtained
transactivation experiments performed on
T47D-KBLuc cells. EC50 values of E2, genis-
tein, and naringenin were 3.05921, 3.78468,
and 4.86498, respectively. Our results of trans-
activation experiments showed that E2, genis-
tein, and naringenin had estrogenic effects in
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the TA7D-KBluc cells, with the relative strengths
of estrogenic activity, in descending order of E2
> genistein > naringenin. Considering the
experimental results that naringenin sup-
pressed the elevation of luciferase activity,
which was induced by genistein or E2 in co-
treatment experiments (E2 or genistein admin-
istered in conjunction with naringenin), narin-
genin was a weak estrogen agonist of the
estrogen receptor.

The expression levels of two endogenous mark-
er genes, pS2 (a well-known estrogen-regulat-
ed protein) and TGFB3, were also analyzed
along with the ERE-mediated luciferase activity
for accuracy and reliability. The expression pat-
tern of endogenous pS2 and TGFB3 mRNA in
our study supported the results of the ERE-
luciferase assay and confirmed that E2, genis-
tein, and naringenin possessed estrogenic
activity in T4A7D-KBIluc cells cultured in cs-FBS
medium. The pS2 protein belongs to the trefoil
family, whose members are considered to be
proliferation regulators; trefoil proteins were
found to interact directly with epidermal growth
factor receptors and to activate the RAS/MEK/
MAP-kinase signal transduction pathway [26,
27]. It was well known that estrogen induces
both the transcription and translation of pS2 in
MCF-7 breast cancer cells. On the contrary, no
non-estrogenic compound to date has been
found to induce pS2 expression in MCF-7 cells.
Correspondingly, the expression of pS2 mRNA
is widely accepted and measured as a marker
of estrogenicity. It was demonstrated that the
transforming growth factor B (TGFB) family,
including TGFB1, TGFB2, and TGFB3, was a
pleiotropic cytokine group and that it played
key roles in tissue morphogenesis and growth
[27-30]. Members of the TGF[3 family are abun-
dant in reproductive tissues, whose develop-
ment and cyclic remodeling continue in post-
natal and adult life. Interestingly, it was
previously reported that TGF3 expression was
repressed by E2 in MCF-7 breast cancer cells.
However, unlike pS2, the expression of TGF(3
is modulated by non-estrogenic substances.
Knabbe et al. also reported that TGFB3 inhibit-
ed the growth of MCF-7 cells and that anti-
estrogens induced the secretion of TGFB33.

To verify that modulation of luciferase activity
and transcription of pS2 mRNA and TGFB3
mMRNA were mediated by ER, the effect of the
estrogen-specific antagonist ICI 182 780,

Int J Clin Exp Med 2013;6(10):890-899
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Figure 8. Effects of the substances individually (top) and in combination (bottom) on proliferation of T47D-KBluc
cells. Values are expressed as (viable cell population as a percentage of the vehicle control population of six rep-
licate assays) + (standard error of the mean). Gen, genistein; Nar, naringenin; ICI, ICl 182 780; E2, 17B-estradiol;

Cont, control; Conc, concentration.

which was previously demonstrated to block
estrogen receptors in breast cancer cells, was
studied. As shown in Figures 3 and 6, ICl 182
780 repressed the effect of the added sub-
stances on luciferase activity and expression of
pS2 and TGFB3 mRNA in T47D-KBluc cells.
These results demonstrate that E2, genistein
and naringenin modulated luciferase activity
and expression of pS2 and TGFB3 mRNA via an
estrogen receptor-dependent mechanism in
T47D-KBIluc cells.

In addition, the effect of naringenin treatment
on expression of pS2 and TGFB3 mRNA in MDA-
MB-231 breast cancer cells, which are
expressed only in small amounts of ERB and
was devoid of ERa, was examined. Unlike the
increase in pS2 mRNA expression and the
decrease in TGFB3 mRNA expression by follow-
ing addition of naringenin in T47D-KBIluc cells,
no change in pS2 mMRNA expression and a slight
decrease in TGFB3 mRNA expression were
observed in MDA-MB-231 cells (Figure 8).
These results suggested that ERa acts as a
necessary mediator in the modulation of the
transcription of pS2 and TGF3 mRNA by narin-
genin and that naringenin modulates, to some
extent, TGFB3 mRNA transcription through acti-
vation of ERP regardless of the presence of
ERa. To examine the effect of the substances
used in the present study on cell proliferation,
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cells were exposed to each of the substances
for 24 hours at the respective concentrations
and then an MTT assay was carried out. The
results of the MTT assay confirmed that these
substances had no effect on cell proliferation.
The studies by Han et al. and So et al. had
shown a relationship between administration
of flavonoids and cell proliferation in the MCF-7
cell line. According to their findings, treatment
over 24 hours was necessary in order for a fla-
vonoid to manifest its influence on cell prolifer-
ation [31, 32]. Our study confirmed that estro-
genic activity was irrelevant to cell proliferation
within the first 24 hours of estrogen analogue
treatment.

Our study has some limitations. First, we didn’t
clearly reveal whether the effect of naringenin
is ERa-mediated or not because the experi-
ment using selective agonists of ERax and ERf
in combination with naringenin was not per-
formed. Second, we used a pure form of phy-
toestrogens which is not circulating in the body.
Result of our experiment using a pure form of
phytoestrogens is insufficient to reveal clinical
significance of naringenin because most of
phytoestrogens do not reach internal compart-
ments of humans in the pure (glycosides) form.
Finally, we did not perform the in vivo experi-
ment. Further experiment with animal may give
more information to us than in vitro experiment
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and may help to reveal clinical usefulness of
naringenin.

In conclusion, naringenin was a weak agonist
that differed from E2 or genistein in the poten-
cy of the functional response as an estrogen
receptor. A net decrease in the estrogen recep-
tor activity was observed as compared to that
observed with the E2 or genistein alone when
naringenin competed with the E2 or genistein
for receptor occupancy. Therefore, naringenin
was found to be able to act as a competitive
antagonist in the presence of a potent (or full)
agonist like E2 or genistein even though narin-
genin is an agonist. Naringenin is not an effi-
cient antagonist to activate estrogen receptor
but a partial agonist that can act as a competi-
tive antagonist in the presence of a potent (or
full) agonist. Clinical usefulness of naringenin
may be derived from its ability to augment defi-
cient estrogen activity while simultaneously
interrupting excessive estrogen activity. Our
study proposes that naringenin could be an
excellent agent in the treatment of disorders
related to sex hormones, as a new selective
estrogen receptor modulator. Further studies
are still essential to confirm whether naringenin
inhibits action of E2 and genistein on estrogen
receptors at effective and human serum
concentrations.
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