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The citrus flavonone hesperetin inhibits growth of aromatase-expressing MCF-7
tumor in ovariectomized athymic mice☆
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Abstract

Aromatase is responsible for the rate-determining reaction in estrogen synthesis and is a prime target for treating estrogen-receptor-positive breast cancer.
Previous in vitro study has demonstrated that apigenin (APG), naringenin (NGN) and hesperetin (HSP) are three of the most potent natural aromatase inhibitors.
Because the enzyme inhibition could potentially block breast cancer development, we employed an established postmenopausal breast cancer model to examine
the chemopreventive effect of these flavonoids in vivo. Athymic mice were ovariectomized and transplanted with aromatase-overexpressing MCF-7 cells. Dietary
administration of HSP at 1000 ppm and 5000 ppm significantly deterred the xenograft growth, while a null effect was observed in mice treated with APG or NGN.
Further study illustrated that plasma estrogen in HSP-treated mice was reduced. Messenger RNA expression of the estrogen-responsive gene pS2 was also
decreased in the tumors of mice treated with 1000 and 5000 ppm HSP. On the other hand, western analysis indicated that cyclin D1, CDK4 and Bcl-x(L) were
reduced in the tumors. This study suggested that HSP could be a potential chemopreventive agent against breast carcinogenesis through aromatase inhibition.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction

Prolonged exposure to estrogen has been considered a risk factor
for breast cancer [1,2]. This causal effect of estrogen exposure was
supported in a transgenic model performed recently [3]. Estrogen can
be synthesized from cholesterol in several steps involving cyto-
chrome P450 (CYP) 19, and it can be hydroxylated into several
metabolites. Among the metabolites, 4-hydroxyestrogen retains the
cell proliferative properties of estrogen and can be further metabo-
lized into a carcinogenic moiety as demonstrated in animal models
[4–6]. CYP1B1 is responsible for the 4-hydroxylation of estrogen.
Therefore, agents that can suppress CYP1B1 and CYP19 may interrupt
the natural history of breast cancer development. In spite of its
mutagenic potential, estrogen has long been regarded as a cancer
promoter. It induces proliferation of breast cancer cells and alters Bcl-
2 family protein expression to the favor of antiapoptosis [7].

Estrogen receptor (ER) has been a target for the prevention and
treatment of breast cancer. Because of the increased amount of ER
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found in premalignant andmalignant breast tumor, ER is a prognostic
parameter of the disease [8]. Although alternate pathways have been
suggested, the receptor-mediated nuclear event is still the core of the
hormone's physiological action. Therefore, the antiestrogen tamoxi-
fen is usually administered as an adjuvant therapy for receptor-
positive breast cancers. Alternatively, CYP19 (aromatase) inhibitors
can be administered for purposes of targeting estrogen reduction. One
study has found that CYP19 inhibitors can be more effective than
tamoxifen in protecting against the development of contralateral
breast cancers [9].

CYP19 inhibition is a contemporary treatment for breast cancer.
Increased CYP19 expression has been demonstrated in breast cancer
tissue, and the estrogen concentration in the tissue is many times
higher than the circulation [10]. Santner et al. [11] and Yue et al. [12]
have illustrated that locally produced estrogen encourages tumor
growth. Lee et al. [13] and Hirose et al. [14] have shown that
polymorphisms in the CYP19 gene are associated with increased risk
of breast cancer.

Citrus flavonoids have been shown to be anticancer in cell culture
studies [15,16]. Citrus flavonoids and juices also inhibit mammary
tumorigenesis induced by 7,12-dimethyl-benz[a]anthracene in fe-
male Sprague–Dawley rats [17,18]. Hesperetin (HSP) and naringenin
(NGN) are flavonones found abundantly in citrus fruits and have
potential anticarcinogenic activity. Hesperetin prevents against 1,2-
dimethyl hydrazine-induced colon carcinogenesis in rats [19] and
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Fig. 1. HSP, NGN and APG Inhibited aromatase activity in vitro. MCF-7aro cells were
cultured and treated with HSP, NGN or APG for 24 hours before assaying for aromatase
activity. Structures of the flavonoids are shown in Fig. 1A. The flavonoids HSP, NGN and
APG could inhibit the aromatase with an IC50 value of about 5, 2, and 1μM, respectively
(Fig.1B). Values are means ± SE, n = 3.
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inhibited cell proliferation of breast cancer cells through inducing G1
phase arrest [20]. Apigenin (APG) is a flavonoid commonly found in
fruit and vegetables, and its anticancer properties have also been
documented. It inhibits the growth of breast cancer cells MDA-MB-
231 [21] and MDA-MB-453 [22] through caspase-3 activation and
apoptosis induction. Chen et al. [23] have also demonstrated its can
inhibit MDA-MB-231 xenograft growth in vivo.

Hesperetin, NGN and APG are aromatase-inhibiting flavonoids
with the highest potency as shown in previous in vitro studies [24,25].
However, the in vivo effects of these flavonoids have been under
scrutiny [26]. Employing a postmenopausal breast cancer model
developed by Yue et al. [27], the present study was designed to
address the aromatase inhibitory effects of these dietary flavonones
in vivo.
Fig. 2. HSP but not NGN or APG prevented growth of MCF-7aro transplant tumor.
Ovariectomized athymic mice were inoculated with MCF-7aro cells and treated with
HSP and androstenedione. Volume of the transplant tumor was estimated after
inoculation. Tumor sizes in mice receiving HSP are shown in Fig.2A. Groups labeled as
C, AD, AD+500, AD+1000, and AD+5000 are mice received solvent vehicle,
androstenedione injection, androstenedione injection and dietary HSP at 500 ppm,
1000 ppm, or 5000 pm, respectively. Values are means ± SEM, n=11 to 12. In Fig.2B,
groups labeled as AD, AD+5000 NGN, and AD+5000 APG are mice received
androstenedione injection, androstenedione injection and 5000 ppm NGN, or 5000
pm APG. Values are means ± SEM, n=4. Means labeled with (*) are significant (p b

0.05) lower than that of the group treated solely with androstenedione (AD).
2. Materials and methods

2.1. Chemicals

Hesperetin, NGN and APG were obtained from Indofine Chemical
Co., Inc. (Hillsborough, NJ, USA). Other chemicals, if not stated, were
purchased from Sigma Chemicals (St. Louis, MO, USA).
2.2. Cell culture

The breast cancer cell line MCF-7 was purchased from ATCC
(Rockville, MD, USA). MCF-7 cells stably transfected with human
CYP19 (MCF-7aro) were prepared as previously described [28]. The
stably transfected MCF-7 cells were maintained in MEM medium
(Invitrogen, Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (Invitrogen Life Technology, Rockville, MD, USA) and
the selection antibiotic 500 μg/ml G418 (USB, Cleveland, OH, USA).
Cells were incubated at 37°C under 5% carbon dioxide atmosphere
and routinely subcultured when 80% confluency was reached.
Hesperetin was administered in the solvent vehicle dimethyl
sulfoxide, and the concentration was limited to 0.1% v/v. Cell density
was seeded uniformly at 5×102 cells/mm2 in all experiments.

2.3. Aromatase assays

These assays were performed as previously described [29]. In brief,
MCF-7aro cells were seeded and allowed 1 day for attachment. Assays
were started by replacing the culture medium with serum-free
medium containing [1β-3H(N)]-androst-4-ene-3,17-dione (NET-926;
PerkinElmer Life and Analytical Sciences, Boston MA, USA) and HSP.
The final concentration of androstenedione was controlled at 25 nM,
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Fig. 3. Tumor, body and liver weight of mice cotreated with androstenedione and HSP.
Ovari-ectomized athymic mice were inoculated with MCF-7aro cells and treated with
HSP and androstenedione. The tumors were recovered and weighted at the day of
sacrifice (Fig. 3A).Their body weight was monitored from the first week after
inoculation (Fig. 3B), and liver wet weight was measured at the end of experiment
(Fig. 3C). Groups labeled as C, AD, AD+500, AD+1000, and AD+5000 are mice
received solvent vehicle, androstenedione injection, androstenedione injection and
dietary HSP at 500 ppm, 1000 ppm, or 5000 pm, respectively. Values are means ± SEM.

A

B

C

C AD

AD+50
0 H

SP

AD+10
00

 H
SP

AD+50
00

 H
SP

0

50

100

150

200

*

*
*

*

R
el

at
iv

e 
pS

2 
m

R
N

A
E

xp
re

ss
io

n

C AD

AD+5
00

 H
SP

AD+1
00

0 H
SP

AD+5
00

0 H
SP

0.00

0.01

0.02

0.03

0.04

0.05

*

U
te

ri
n

e 
W

ei
g

h
t 

(m
g

)
C AD

AD+5
00

 H
SP

AD+1
00

0 H
SP

AD+5
00

0 H
SP

0

10

20

30

40

* *
*

P
la

sm
a 

E
st

ra
d

io
l

C
o

n
ce

n
tr

at
io

n
 (

p
g

/m
l)

Fig. 4. Serum estradiol concentration, uterine weight, and the estrogen-responsive
pS2 mRNA expression in the MCF-7aro xenografts. Blood was drawn from the
animals at sacrifice, and estradiol concentration was quantified by ELISA (Fig. 4A).
Two estrogen-sensitive tissues were dissected and assayed. Uteri of the experimental
animals were weighed at sacrifice (Fig. 4B), and pS2 mRNA expression was quantified
in the recovered tumors (Fig. 4C). Groups labeled as C, AD, AD+500, AD+1000, and
AD+5000 are mice received solvent vehicle, androstenedione injection, androstene-
dione injection and dietary HSP at 500 ppm, 1000 ppm, or 5000 pm, respectively.
Values are means ± SEM, n=6. Means labeled with (*) are significantly different
from androstenedione-treated group (AD).
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and the reaction was incubated at 37°C for 1 h. An aliquot of the
medium was then mixed with equal volume of chloroform, followed
by a 10,000g centrifugation at 4°C for 10 min. The aqueous phase was
removed into a new tube containing 500 μl of 5% activated charcoal
suspension. After 30 min of incubation, an aliquot of the supernatant
fraction was taken out for scintillation counting. The protein content
of the cells, on the other hand, was determined by using a BCA kit
(Sigma Chemicals) after dissolving the cells in 0.5 mol/L NaOH.

2.4. Effect of dietary HSP on MCF-7aro tumor growth in nude mice

2.4.1. Experiment design
This mouse model for postmenopausal breast carcinogenesis was

adopted from Yue et al. [27]. Six-week-old female athymic mice were
acquired from the Animal Facility of Chinese University of Hong Kong.
The mice were ovariectomized and allowed 2 weeks to recover and
were fed semipurified and phytoestrogen-free AIN-93G diet. They
were randomly assigned into five regimens and transplanted with
MCF-7aro cells. Mice were treated with APG, NGN and HSP up to 5000
ppm mixed in diet, and androstenedione (0.1 mg dissolved in 50μl
corn oil) was injected subcutaneously every other day throughout the
experiment. Control mice received corn oil injection only. Before
transplantation, MCF-7aro cells were maintained in culture incubator
as described above. The cells were trypsinized and suspended in
matrigel matrix (BD Biosciences, San Jose, CA, USA) (10 mg/ml). A
total of 0.1 ml of cells (3×107 cells/ml) was injected into the two
flanks of the animal. The body weight, tumor size and food intake
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were monitored weekly throughout the study. Tumor volume was
measured by an electronic caliper and estimated according to the
following formula: π/(6×length×width×height), where length, width
and height were the three orthogonal diameters of the tumors. At the
end of the study, the mice were sacrificed by cervical dislocation.
Livers and uteri were weighed. Tumors and serumwere collected and
stored at −80°C until assayed. The procedure was approved by the
Animal Experimentation Ethics Committee, Chinese University of
Hong Kong.

2.5. Serum estradiol (E2) determination

Serum E2 concentration was measured using E2 enzyme-linked
immunosorbent assay (ELISA) kit (Cayman Chemical Company, Ann
Arbor, MI, USA). The samples were added into a 96-well plate coated
with antibody raised against E2. After incubation and development at
room temperature, the absorbance at 410 nmwas quantitated using a
microplate reader (FluroStar; BMG Labtechnologies GmBH, Offen-
burg, Germany). The amount of E2 could be read against a standard
curve constructed with the E2 standard provided in the kit.

2.6. Measurement of gene expression by quantitative real-time
polymerase chain reaction (PCR) assay

Frozen tumors were pulverized in a Dounce homogenizer. Liquid
nitrogen was constantly added to keep the tissue in the frozen state
throughout the homogenization. Total RNA was extracted from the
sample using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). First
DNA strand was synthesized from 3 μg of total RNA with oligo dT
primers and Moloney murine leukemia virus RT (M-MLV RT; USB
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Fig. 5. Messenger RNA levels of estrogen metabolism-related genes in MCF-7aro tumors. T
metabolism related genes was quantified by real-time PCR. Groups labeled as C, AD, AD+
injection, androstenedione injection and dietary HSP at 500 ppm, 1000 ppm, or 5000 pm, res
different from AD.
Corp., Cleveland, OH, USA). Target fragments were quantified by real-
time PCR, and a DNA Engine Opticon2 (MJ Research, Watertown, MA,
USA) was employed for this assay. Taqman-VIC MGB probes and
primers (Assay-on-Demand) and real-time PCR Taqman Universal
PCR Master Mix were all obtained from Applied Biosystems (Foster
City, CA, USA). Signals obtained for GAPDH were used as a reference
housekeeping gene to normalize the amount of total RNA amplified in
each reaction. Relative gene expression data were analyzed using the
2−ΔΔCТ method [30].
2.7. Western blotting

The pulverized samples were sonicated in lysis buffer [phosphate-
buffered saline, 1% NP40, 0.5% sodium deoxycholate, 0.1% sodium
dodecyl sulfate (SDS), 40 mg/L phenylmethylsulfonyl fluoride, 0.5
mg/L aprotinin, 0.5 mg/L leupeptin, 1.1 mmol/L EDTA and 0.7 mg/L
pepstatin] with a cell disruptor (Branson Ultrasonics Corp., Danbury,
CT, USA) on ice for 30 s. Thirty micrograms of homogenized protein
was separated on 10% SDS–polyacrylamide gel electrophoresis and
transferred onto an Immobilon PVDF membrane (Millipore, Bedford,
MA, USA). Anti-CYP19 (Abcam plc, Cambridge, UK), anti-Bcl-xL, anti-
Bax, anti-Bak, anti-P21, anti-P57kip2, anti-cyclin A, anti-cyclin D, anti-
cyclin E (Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-actin
primary (Sigma Chem) and secondary antibodies conjugated with
horseradish peroxidase (Santa Cruz Biotechnology) were used for
protein detection. An ECL Detection Kit (Amersham, Arlington
Heights, IL, USA) provided the chemiluminescence substrate for
horseradish peroxidase, and the targeted protein was visualized by
autoradiography. The software ImageJ 1.37v (National Institutes of
Health, USA) was employed for optical density measurement.
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otal mRNA was extracted from tumors and messenger RNA expression of estrogen
500, AD+1000, and AD+5000 are mice received solvent vehicle, androstenedione
pectively. Values are means ± SEM, n=5 to 6 Means labeled with (*) are significantly
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2.8. Statistical analysis

For the in vitro studies, the data were analyzed by the software
package Prizm5 (GraphPad Software, Inc., San Diego, CA, USA). One-
way analysis of variance (ANOVA) with Dunnett's post hoc test was
used for multigroup comparisons. For the tumor volume growth data,
two-way ANOVA was employed for analysis.

3. Results

3.1. Enzyme inhibition assay

The chemical structures of HSP, NGN and APG highly resemble
each other (Fig. 1A). Hesperetin, NGN and APG inhibited
Fig. 6. Immunoblot of apoptosis and cell cycle-regulated genes in tumors. Expressions of cell cy
blot analysis. The corresponding optical density readings are shown below the image. The im
labeled with (*) are significantly different from AD.
aromatase activity with IC50 value of about 5, 2 and 1 μM,
respectively (Fig. 1B). Apigenin appeared to be the most potent
among the three tested flavonoids.

3.2. Effect of dietary HSP on xenograft growth in ovariectomized mice

An accelerated growth of MCF-7aro tumor was demonstrated in
mice treated with androstenedione injection (AD) as compared with
the control (C) group. Significant (Pb.05) deviation in tumor size
between these two groups was observed starting from day 50 until
sacrifice. Starting from days 65, 62, and 59 after implantation, the
respective tumor volumes in mice fed with 500, 1000 and 5000 ppm
HSPwere significantly (Pb.05) smaller than those in ADmice (Fig. 2A).
Subsequently, APG and NGN were also examined using the same
cle - (Fig. 6A) and apoptosis (Fig. 6B) - regulated proteins were determined by western
age is a representation of 3 to 4 independent experiments with similar results. Means
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model. However, dietary administration of 5000 ppm APG or NGN
failed to deter the xenograft growth (Fig. 2B). This experiment
demonstrated that the flavonoids' actions in vivo were different from
those in vitro. Feed intake was comparable among the treatment
groups (data not shown). The injection of androstenedione and diet
treatment appeared to be within the tolerable limit.

3.3. Murine body weight, and liver and tumor wet weights in HSP
treatment group

Similar to the estimated tumor volume result, the tumor weight
from mice treated with 1000 and 5000 ppm was lighter (Pb.05) than
that from AD mice (Fig. 3A).

No significant differences in mice body weight (Fig. 3B) or liver
wet weight (Fig. 3C) were observed among the five groups. These
measurements in mice under APG and NGN treatments were not
different from those in the AD control group (data not shown).

3.4. Plasma estrogen levels, uterine weight and estrogen-responsive gene
expression in tumors of HSP-treated mice

3.4.1. Plasma E2
Increased E2 concentration in serum was seen in AD mice as

compared with controls, and the concentration was suppressed by
the coadministration of 1000 or 5000 ppm HSP in diet (Fig. 4A). The
increased serum E2 could be synthesized from androstenedione in the
tumor or the mouse tissues.

3.4.2. pS2 messenger RNA (mRNA) expression in tumor
pS2 expression was increased by 140-fold in AD mice when

compared to C mice (Fig. 4B). Dietary HSP treatment significantly
(Pb.05) inhibited pS2 expression induced by the exogenous
androstenedione.

3.4.3. Uterine wet weight
The uterinewet weight of ADmice was threefold heavier than that

of C mice. Dietary HSP treatment (500, 1000 and 5000 ppm) did not
significantly change the uterine wet weight (Fig. 4C). This result
suggested that HSP may have uterotrophic action, i.e., the chemical
interacted directly with uterine ER to prevent the uterine shrinkage.

3.5. Estrogen metabolism-related gene expression in tumors

Since the metabolism of E2 might also alter the amount in
serum, RNA expressions for genes that were crucial to such
metabolism were evaluated in the recovered tumors. CYP1A1
expression was significantly induced by androstenedione adminis-
tration, and cotreatment with HSP repressed the increase (Fig. 5A).
No change was observed in CYP1B1 (Fig. 5B) expression, whereas
COMT (Fig. 5C) and UGT1A1 (Fig. 5D) expressions were drastically
reduced by androstenedione treatment. Hesperetin coadministra-
tion did not revert any of these expressions.

3.6. Apoptosis and cell-cycle-regulated proteins

3.6.1. Cell cycle proteins
Cyclin D1 and CDK4 expressed in tumors of AD group were higher

than those in the C group, and the induced protein expressions were
mostly suppressed by 5000 ppm HSP treatment as shown in Fig. 6A.
On the other hand, P57kip2 in tumor was reduced by androstenedione
treatment, and HSP cotreatment reverted some of the hormonal
effect. We observed no statistical differences in the optical density

image of Fig. 6


1236 L. Ye et al. / Journal of Nutritional Biochemistry 23 (2012) 1230–1237
data of cyclin A, cyclin E and P21WAF1 protein expression among the
five groups (not shown).

3.6.2. Apoptotic proteins
Western analysis indicated that androstenedione administration

induced Bcl-xL expression (Fig. 6B); 1000-ppm and 5000-ppm HSP
treatment counteracted the induction. The proapoptotic protein Bax
was reduced by androstenedione treatment, and HSP cotreatment
had no effect on the expression (Fig. 6B). No changes were observed
for Bcl-2 and Bak protein expression (Fig. 6B).

4. Discussion

In the present study, we utilized an ovariectomized nude mouse
model to evaluate the effect of dietary HSP, APG and NGN on breast
carcinogenesis. Unlike their in vitro results, only HSP retained the
inhibitory effect in vivo. The observation that NGN and APG failed to
show their aromatase inhibition in vivowas consistent with that from
a previous report [26].

In the in vitro results of the present study, the aromatase-
inhibitory potencies of the three tested flavonoids were slightly
different. The C2 position of NGN is an sp3 instead of sp2
hybridization structure as seen in APG. This sole structural difference
between these two flavonoids might account for the reduced
potency in NGN. Hesperetin, on the other hand, has two structural
differences when compared to NGN. Hesperetin has a 3′-OH group
and a methoxyl group instead of hydroxyl group at the 4′ position,
and HSP was a less potent aromatase inhibitor than NGN in the
present study. However, the 4′ methoxyl group was not likely to be a
contributing factor. An analogous structure disparity at the 4′
position is seen in biochanin A and genistein, and our lab has
previously shown that biochanin A has a greater aromatase
inhibitory activity than genistein [31].

As illustrated before [32], growth of MCF-7aro xenograft in this
model was stimulated by estrogen synthesized locally similar to most
postmenopausal breast cancers. Dietary HSP counteracted the
synthesis of estrogen and suppressed the xenograft growth. An
increase in circulating E2 level was observed in androstenedione-
induced mice, and HSP cotreatment reduced the hormone concen-
tration. The expression of estrogen-sensitive gene pS2 in the tumors
fully complied with the serum hormone concentration. However, the
uterine wet weight appeared to be consistent with the serum E2
concentration in AD mice only. In spite of reduction in serum E2, the
induced uterine weight was not reduced in HSP cotreatment groups.
This can be explained by the differential responsiveness of the tissues
toward estrogen and HSP. The weak estrogenic property of HSP was
also demonstrated (data not shown). Alternatively, the estrogen
concentration at the site of synthesis, i.e., the xenograft, should be
higher than that in the circulation. The concentration differences in
the tumors from HSP-treated mice were adequate to induce changes
in pS2 expression.

COMT and UGT1A1 facilitate the elimination of estrogen. Sup-
pression on COMT and UGT1A1 expression might partially contribute
to the increase of estrogen concentration and stimulate tumor growth
in groups treated with androstenedione. Walle and Walle [33] have
reported that flavonoids such as chrysin, acacetin, APG, luteolin and
diosmetin are inducers of UGT1A1. However, HSP did not suppress
the expression of UGT in the current study.

Previous study has demonstrated that HSP is an inhibitor of
CYP1A1 [34]. This enzyme hydroxylates estrogen and facilitates its
subsequent elimination. In the present study, HSP treatment
suppressed rather than increased CYP1A1 expression. This result
does not support the notion that HSP reduced the circulating estrogen
through deactivation or elimination.
Hesperetin has been shown to be able to induce G1 phase arrest in
MCF-7 cells [20]. Cyclin D1 is an important regulatory protein involved
in the G1 phase of cell cycle, and its expression is always increased in
many cancers [35]. Estrogen has been reported to induce breast cancer
cell proliferation via stimulating G(1)/S transition through increased
expression of cyclin D1 and CDKs [36]. The expression pattern of these
cell cycle proteins resulting from estrogen administration was
observed in AD mice. In addition, the CDK inhibitory protein P57Kip2

was down-regulated. The cotreatment of HSP could reverse the
expression of these genes.

Estrogen may also alter Bcl-2 family gene expression in favor of
cell survival [7,37]. Two estrogen responsive elements have been
located and demonstrated to be functional in the promoter of Bcl-2
[38]. Bak and Bcl-x are also down-regulated in estrogen-treated MCF-
7 cells [7]. Nevertheless, Bcl-xL was the only Bcl-2 family protein
altered in the xenograft. Differences in the growth conditions could
lead to the variation in expressions.

Many phytochemicals have been identified to be aromatase
inhibitors, such as biochanin A [31], isoliquiritigenin [39], butein
[40], resveratrol [41], mushroom extract [29], etc. Most of these
compounds have not been tested in animal model except
isoliquiritigenin and mushroom extract. Hesperetin is abundant in
citrus fruits and common for human consumption. It has the
advantage over the other compounds in the ease of isolation and
safeness for consumption.

The bioavailability of HSP in the present study was not known.
Because of the differences in time and amount of feed consumption,
the plasma level of HSP would vary over a large range in the 24-h
span. A pharmacokinetic study of hesperidin, the glycoside of HSP,
has been carried out in a rodent model [42]. Hesperidin is absorbed
in the form of HSP, and the majority would be conjugated to
glucuronide in plasma. The peak of plasma concentration of all HSP
metabolites is ∼0.8 μM at 4 h after oral dosing with 100 mg
hesperidin/kg. Another study has shown that the aglycone HSP
represents around 4% of total HSP metabolites in rodent plasma, and
the others are HSP-7-O-glucuronide (55%), HSP sulphate (2%),
homoeriodictyol (3%) and homoeriodictyol glucuronides (36%)
[43]. By extrapolating all these information, the highest possible
plasma concentration of unconjugated HSP in the 1000- and 5000-
ppm HSP groups should be around 0.2 and 1 μM, respectively, in the
current study. Yet, it is not known whether other metabolites of HSP
could inhibit aromatase.

In conclusion, our results demonstrated that dietary treatments of
HSP inhibited aromatase enzyme activity and suppressed prolifera-
tion of MCF-7aro cells in vivo. It prevented the xenograft growth by
down-regulating the expression of cyclin D1, CDK4 and Bcl-xL and
up-regulating p57Kip2 expression. Many of these genes were estrogen
responsive. Since this model has been developed for studying breast
carcinogenesis in postmenopausal women, HSP could be a potential
chemopreventive agent against such disease.
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