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Introduction
Numerous studies have demonstrated that hormonal replacement 

therapy (HRT; estrogen plus progesterone) increases the risk of breast 
cancer [1-5]. Since 2000 the use of HRT has decreased substantially in 
the general population of some Western countries, such as Germany. It 
was found a corresponding decline, noted in breast cancer incidence 
between 2000 and 2005 [6]. This finding clearly reflects the positive 
relationship between HRT and the incidence of breast cancer [7]. 
Observations from the Nurses’ Health Study (NHS) [8] and the Million 
Women Study (MWS) [2] suggest an association between estrogen and 
breast cancer [9]. By contrast, the Women’s Health Initiative (WHI) 
[1] did not detect a higher level of risk in an estrogen-only (estrogen
replacement therapy; ERT) group. Beral et al. [10] suggested that HRT
is associated with a greater increase in the risk of breast cancer than
ERT [10], suggesting the possibility of additional mechanisms involved. 
When considering the risk of breast cancer and the associated benefits
of ERT in postmenopausal women, the impact of ERT on the quality
of life, bone metabolism, and cardiovascular functionality should
be assessed because the benefits associated with ERT may outweigh
the risks in healthy postmenopausal women [11]. Determining such
risks and associated benefits is difficult, and depends on individual
circumstances [12]. The mechanisms of initiating versus promoting

Abstract
Objective: In January of 2013, the National Institute of Health and Clinical Excellence of United Kingdom have 

announced that taking tamoxifen for five years could reduce breast cancer risk, include positive family history or 
chronic estrogen and phytoestrogen users. However, routinely oral intake of tamoxifen for breast cancer prophylaxis 
on high risk women is occasionally difficult because of its potential side effects. The intention of this study is to prove 
transdermal delivery by using minimal dose of tamoxifen and phytonutrients for breast protection.

Methods: We retrospectively studied 2795 breast MRI images from Taiwanese women and classified them 
as either healthy or unhealthy according to BI-RADS categories. A subgroup of the study patients had received 
estrogen supplements containing estrogen components or phytoestrogen for at least 3 months. Based on breast MRI 
analysis, these 2 groups were compared and found significant different. The overuse of estrogen or phytoestrogen 
supplements can increase breast glandular tissue proliferation, as reflected in MRI images. Such proliferation may 
increase the risk of future breast cancer. We also studied the efficacy of tamoxifen and the phytonutrients to inhibit 
proliferation of mammary glandular cell, as well as their transdermal absorption in animal models.

Results: We demonstrated cell proliferative change of normal breast cells (MCF-10a) under estrogen treatment. 
For studied of transdermal absorption by topical application, we used Franz cell with artificial skin membrane to 
demonstrate positive transdermal diffusion using animal urine/feces, blood samples and subcutaneous skin retention 
for HPLC analysis. 

Conclusion: We successful demonstrate the transdermal absorption of topical application of tamoxifen and 
phytonutrients; it may help to reduce breast cancer development in regular estrogen and phytoestrogen users.

hormone-sensitive cancer types, particularly of breast cancer, are not 
fully understood [13-15].

Many Taiwanese women have been restrained from using ERT 
because they were alerted of the risk of breast cancer. However, it is 
a common misconception that plant-based food supplements (such 
as phytoestrogen) and Chinese herbs assist postmenopausal women 
in avoiding breast cancer risks, especially among Taiwanese women 
[16-18]. Furthermore, refraining from estrogen, plant-based foods, 
and Chinese herb use does not guarantee that women will be free from 
exogenous estrogen influences. Environmental estrogen pollution is 
also a factor because steroidal estrogen is constantly excreted into the 
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environment. Pregnant women may excrete 10 μmol/d of estrogen, 
including estradiol and estrone. Chicken manure can contain more 
than 1 μmol/g of hormones (including estrogen), and other animals, 
such as cows, swine, horses, and goats, also excrete large amounts of 
estrogen. It is possible that environmental estrogen observed in water 
sources such as lakes and other water bodies can contaminate public 
drinking water supplies [19].

According to our clinical observation, magnetic resonance imaging 
(MRI) of the breast is extremely sensitive in detecting lesions and 
can identify the abnormal statuses of proliferation, angiogenesis, 
and microvascular permeability that occur in early breast neoplasm 
formation. In this study, we retrospectively reviewed breast MRI 
images of patients with a known estrogen and phytoestrogen intake 
to investigate a possible associated cancer risk. We used MRI results 
to assess the effect of estrogen and phytoestrogen on breast glandular 
tissue. 

Applying tamoxifen on normal women with a risk of breast cancer 
has already been advocated [20,21]. In January of 2013, The National 
Institute of Health and Clinical Excellence of United Kingdom have 
further announced that taking tamoxifen for five years could reduce high 
risk group with family history of the disease and chronic estrogen users. 
However, using tamoxifen to inhibit endogenous or exogenous estrogen 
effects is occasionally difficult because of its potential side effects. Since 
its introduction for clinical use in the early 1970s, synthetic anti-estrogen 
tamoxifen citrate has been shown to contribute to controlling human 
breast cancer and recurrence. Although its mechanisms of action and 
pharmacology are not completely understood, tamoxifen appears to act 
predominantly by blocking the action of estrogen by binding to ERs. 
Clinical trials of tamoxifen for 1 to 2 years in primary breast cancer 
patients have shown consistent beneficial effects on disease-free survival 
[22]. However, the gynecologic side effects of tamoxifen are diverse and 
reflect the complexity of its mechanism of action; the most frequently 
reported side effects are hot flashes. The most concerning gynecologic 
side effect is endometrial disease in postmenopausal women [6]. Locally 
applying tamoxifen to reduce the risk of breast glandular tissue damage 
caused by estrogen and phytoestrogen is potentially reduces the dose-
dependence systemic effects of tamoxifen by minimizing its associated 
adverse effects. Searching for phytonutrients to prevent estrogenic-
induced breast cancer is an alternative method for reducing the side 
effects of using chemical anti-estrogen drugs. According to Veprik et 
al. [23] combining phytonutrients (carotenoid derivatives, polyphenols, 
and isothiocyanates) significantly inhibits estrogen response element 
(ERE) transactivation in breast cancer cells. In this study, we focused 
on the efficacy of tamoxifen and phytonutrients by examining the in 
vitro mammary glandular cell-proliferative response to estrogen. 

Furthermore, we designed a local drug delivery system for 
tamoxifen and phytonutrients to develop methods for observing their 
efficacy of skin penetration and accumulation. 

Material and Methods
Total study population and comparison group

We collected retrospective data from 2795 MRI images of women 
who visited the Breast Health Center at Taipei Medical University 
between December 2008 and July 2012. The retrospective study 
was approved by an independent ethics committee of our university 
hospital with certification by the Institutional Review Board (IRB), 
approval No. 201103011 (Taipei Medical University, Joint IRB). Women 
who received an MRI around the time of menstruation (3 day before, 

up to 7 day after) were excluded to reduce the possibility of endogenous 
estrogen affecting the image results.

Experimental group

The experimental group formed a subgroup within the total study 
group. A total of 150 cases of women who had visited the clinic between 
September 2010 and July 2012 were selected for the experimental 
group. These women reported having received estrogen supplements 
containing mimicked estrogen components or estrogen, plant-based 
foods (such as phytoestrogen) and Chinese herbs, including isoflavone, 
royal jelly, evening primrose oil, yam extract, four-agent soup (si wu 
tang), placenta extract, ginseng, and others [24], for at least 3 months 
prior to their MRI.

Image acquisition

Pre-enhanced and post-enhanced subtracted images were obtained, 
and enhanced curve analysis was performed. All imaging studies were 
performed on a 1.5 T dedicated spiral breast MRI system (Aurora 
Systems, USA). For the screening procedure, the patients were placed in 
a prone position, feet first, on the table inside the DBMRI machine. The 
breasts were fitted and positioned using a breast transmission-receiving 
(TR) coil. Off-resonance spiral image mode was used. A gradient echo 
with 10 ms of TR and a T2-weighted spin echo with 2.5 ms of TR were 
acquired. The echo time was 5 ms for RODEO and 120 ms for the T2 
sequences. The matrix size was 512×512, and the slice thickness was 1.1 
mm. The field of view of each station was from 20 to 36 cm. Sequences 
were performed before and after infusing 0.2 mmol/kg of Magnevist 
(Bayer-Schering Pharma AG, Germany), administered as a bolus dose 
with a power injector, followed by a 20 mL saline flush. Post-processing 
of data was displayed using Aurora Cad 4.0 (Aurora System, North 
Andover, MA, USA).

BIRADS grading of breast MRI interpretations

The Breast Imaging-Reporting and Data System (BI-RADS) was 
used, and interpreting BRMRI involved adopting the standards of the 
ACR BIRADS-MRI lexicon [25-27]. Image results scored as either a BI-
RADS category I or II imply an interpretation of normal and benign 
findings, with no risk of malignancy. If the image result is scored as 
category III (probably benign), category IV (suspicious abnormality), 
category V (highly suggestive of malignancy), or category VI 
(malignancy already known), these interpretations indicate that the 
patient is at risk of malignancy.

Classification of healthy vs. unhealthy breast interpretations

We used a simple classification system in which the “healthy” images 
(no risk of malignancy) received an MRI rating of BI-RADS categories I 
and II, and the “unhealthy” images (with risk of malignancy) were rated 
as BI-RADS categories III, IV, V, or VI.

Cell culture

Human mammary epithelial cells (MCF-10A) were purchased from 
the American Type Culture Collection (BCRC, Taiwan). MCF-10A 
cells were cultured in phenol red-free low-calcium DMEM/F12 (Gibco, 
USA) supplemented with Chelex-100-treated (Bio-Rad Laboratories, 
Richmond, CA) fetal bovine serum (FBS) (10%). The cell line was 
plated separately in 75 cm2 culture flasks in a humidified incubator (5% 
CO2, 95% air, 37°C).

The MCF-10A cell line media were changed every 2 days. When the 
cells approached 85% to 90% confluence, they were washed twice with 
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Ca- and Mg-free phosphate buffered saline (PBS, pH 7.3), and then 
trypsinized using 0.5% trypsin and 5.3 mM ethylenediaminetetraacetic 
acid (EDTA, Gibco-BRL) in PBS for 10 minutes at 37°C. Trypsinization 
was stopped by adding a culture medium to the serum. After 
centrifugation, the dissociated cells were resuspended in the same 
medium and subcultured in 75 cm2 culture flasks at a ratio of 1:5 flasks.

Cell-Proliferative change of MCF-10A under estrogen 
treatment Observed under a microscope (20X And 100X) and 
measured using colorimetric XTT

A colorimetric XTT assay is used as an indicator of cell 
proliferation, which is determined according to its mitochondria-
dependent reduction to formazan. The cells were plated at a density 
of 4×106 cells/well into 24-well plates for 24 h, treated with various 
concentrations of estrogen (0 μM, 10 μM, and 100 μM), and followed 
by first to third day of treatment. The cells were washed 3 times with 
PBS, and XTT (1 mg/mL) was added to the medium for 3 h before 
the supernatants were collected. The absorbance was read at 450 nm by 
using an spectrophotometer (ELISA, Gemini XPS Molecular Devices, 
Sunnyvale, CA, USA).

Demonstrating tamoxifen and phytonutrient concentration 
to inhibit cell proliferation of MCF-10A under the effect of 
estradiol

Tamoxifen, methanol (HPLC grade), and phosphoric acid (>99%) 
were purchased from Sigma-Aldrich (St Louis, MO, USA). The 
phytonutrients (including epigallocatechin gallate (EGCG), epicatechin 
gallate (ECG), epigallocatechin (EGC), and epicatechin (EC)) were 
purchased from the Compson Trading Company, Ltd. (Taipei, Taiwan, 
ROC).

According to the described method and the result of estradiol 
concentration, the colorimetric XTT assay was used to demonstrate that 
tamoxifen concentration is capable of inhibiting the cell proliferation of 
MCF-10A. 

Both tamoxifen (10 μM and 100 μM) and the phytonutrients (in 
different concentrations) are used against estradiol concentrations of 
100 μM and 10 μM, respectively.

Transdermal and Phytonutrient Absorption Experimental 
Model Using Franz Cells with Artificial Skin Membranes

Cellulose acetate membrane discs (Hoefer, USA) were soaked 
in PBS (pH 7.4) for at least 16 h. Cellulose acetate membranes that 
contained glycerin were rinsed once with a receptor fluid before 
being placed onto the receptor. The membranes were hydrated and 
sandwiched between 2 glass microscope slides and submerged in the 
receptor fluid in a Petri dish to prevent creasing or folding when wet. 
Air bubbles trapped within the interface of the membrane and receptor 
were abandoned. The donor compartment was covered and closed 
tightly by using a pinch clamp.

Using a Franz cell apparatus covered with or without BIOCERAMIC 
materials, the donor cells were sealed with Parafilm, and the apparatus 
circulation was maintained at 37°C with continuous stirring. An 
ethanol/phosphate buffer (50:50, v/v) was used as a receptor cell buffer 
for tamoxifen. We collected 200 μL of the receptor buffer through the 
sample port using a pipette, and an equal volume of the buffer was 
replaced. The drug content was then assessed using HPLC methods, 
described as follows.

Absolute ethanol (99.9%) was obtained from Mallinckrodt Baker 

B.V. (Deventer, The Netherlands). EMPLURA® (1,2-Propanediol) was 
purchased from Merck (Huhenbrunn, Germany). We used 10 mg of 
tamoxifen mixed with 50% (v/v) ethanol and 15% (v/v) EMPLURA® 
to form 1% tamoxifen (w/w) of the gel for the Franz cell experiment.

HPLC analytical methods

HPLC analysis was performed using a Waters 2487 HPLC UV-
Visible Detector (Milford, MA, USA) with a hand injector coupled with 
2 Waters 515 pumps, and Waters Millennium 32 software was used for 
peak data analysis. All of the samples were analyzed using a reverse-
phase C18 column (Inertsil C18 4.6×250 mm, 5 μm). Tamoxifen 
was detected at 238 nm, the mobile phase ratio (80:20) of methanol 
and phosphoric acid (0.1%, v/v) was membrane filtered (Millipore, 
0.2 μm) and degassed, and the flow rate was 1 mL/min. Quantitative 
measurements obtained using HPLC were expressed in maximum 
absorbance units (AU) [28]. In UV detectors, a beam of light passes 
through a certain width of liquid to be analyzed. The detector measures 
absorbance A of the sample, which is determined as follows:

A = - log (intensity of light emerging from the sample cell/intensity 
of light directed on the sample cell).

Analyzing the efficacy of topical use of tamoxifen/
phytonutrients in rat urine

The tamoxifen cream formulation was composed 10% by weight 
of tamoxifen citrate (Nolvadex) (AstraZeneca, London, UK), and the 
phytonutrients were mixed with 90% cream base components (paraffin 
oil/glycerin/DI water), respectively.

Six Wistar rats weighing approximately 300 g each were obtained 
from LASCO (Taiwan) and used to examine dermal absorption. 
Animal care was provided according to an approved protocol and 
the guidelines of the Taipei Medical University Institutional Animal 
Care and Use Committee. Conventional-flora rats (male, Wistar rats 
150-200 g) were also housed in our own laboratory in metabolic cages 
[29,30]. The Wistar rats were intraperitoneally injected with 30 mg/
kg of ZoletilTM and 5 mg/kg Xylazine until anesthesia was complete, 
and were then placed in the metabolic cages. The metabolic cages were 
designed to minimize contamination of urine by food and feces and to 
avoid contamination and dilution of urine by spillage. The dose level of 
tamoxifen employed in the study was 0.5 mg/cm2, applied as a cream 
(paraffin oil/glycerin/DI water) and administered to the skin of the 
shaved back. The treated skin was covered by gauze and protect suit, 
was used to prevent contamination and rats’ intake. The exposure times 
were 1, 2, 3, 4 and 5 days, and urine and feces were collected on each 
day. Urine of the collected samples (urine and feces) were selected and 
were analyzed using HPLC.

Analyzing the efficacy of topical use of tamoxifen/
phytonutrients in rabbit blood

This dermal absorption study entailed using New Zealand rabbits, 
which were placed in plastic cages. The dose level of tamoxifen employed 
in this study was 0.5 g/cm2, applied as a cream and administered to 
the skin of the shaved back. The treated skin was covered by gauze to 
prevent contamination and rabbits’ intake. Blood samples from the ears 
were collected on the first and fourth days. The collected samples were 
analyzed using HPLC, thus showing successively increased tamoxifen 
concentration in the blood.

As the analysis on rats’ urine above, a similar analysis was also 
performed on rabbits by using the phytonutrients and one of the main 
components.
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Purification of tamoxifen/phytonutrients from urine and 
blood, for HPLC Quantitative analysis

 Tamoxifen was added as an internal standard to a 1 mL urine 
sample. Twenty milligrams of 2 M NH4OAc (pH 8.8) were added, and 
the mixture was allowed to stand overnight at 4TC. After centrifugation, 
the supernatant was filtered through a Nalgene type S filter unit (0.2 
gm; Nalgene). The filtrate was slowly applied to a 1.0×10 cm Amicon 
PBA-60 boronate affinity column (Amicon), equilibrated with buffer A, 
then washed with 30 mL of buffer A, which reduced the absorbance at 
254 nm of the eluate to 0.1-0.3. The column was further washed with 
15 mL of water and then eluted with 25 mL of 0.1 M HOAc to yield the 
boronate binding fraction. This fraction, which contained 75%-80% of 
the radioactive internal standard, was lyophilized and resuspended in 
1 mL of water. Fraction 1, containing thymine glycol and thymidine 
glycol, was purified using semipreparative HPLC, with a 5-Itm C18 
column (Inertsil C18 4.6×250 mm, 5 μm), which was run isocratically 
in water at 3 mL/min. Fractions of 2 mL were collected. Two peaks of 
urea or another metabolite (2.7 min) and a tamoxifen metabolite (4 
min) were pooled separately and concentrated using lyophilization 
(Savant centrifugal lyophilizer). Each Fraction 1 was further purified 
using the same column at 2.0 mL/min for and 2.5 mL/min with water 
as a mobile phase. Fractions of 0.5 mL were collected, tamoxifen was 
determined, and the fractions were pooled to yield tamoxifen Fraction 
2 and thymidine glycol Fraction 2. These fractions were lyophilized to 
dryness in a small test tube. 

Determination of tamoxifen/phytonutrients retention after 
topical application on rat’s skin

The dose level of tamoxifen employed in this study was 10 mg, 
applied as a cream administered to the shaved back of each rat’s skin. The 
treated skins were covered by gauze to prevent contamination and rats’ 
intake. The examination periods were scheduled on the first and fourth 
days after skin treatment, respectively, and the regional skin was then 
cleaned to extract possible residual tamoxifen/phytonutrient particles 
by using distilled water followed by 50% ethanol. After euthanization 
and isolating the regional skin, an appropriate, sensitive analytical 
technique of HPLC (mentioned previously) was then employed to 
quantify the extracted drug [31,32]. Such a technique was also used to 
quantify the in vitro retention of tamoxifen/phytonutrient in the full 
thickness of each rat’s skin.

Statistical analysis

All analyses were performed using SPSS statistical software. We 
used a one-sample binomial test to compare the outcomes of long-
term (at least 3 months) estrogen and phytoestrogen use (experimental 
group) versus the comparison group (study population). Statistical 
evaluations of data were performed using a paired t test. Datasets with 
a P value of <0.05 were considered significant. 

Results
Ratio of healthy to unhealthy images

We analyzed the results for all 2795 images of women who had 
received breast MRI screening at our hospital. We classified 50.86% of 
the images as healthy (BIRADS I, II); thus, unhealthy images accounted 
for 48.66% (BIRADS III, IV, V, VI) of our study population (Table 1 
and Figure 1) [7,33-36]. Within the total study group was a subgroup 
of 219 women who had reported taking estrogen or phytoestrogen 
regularly for at least 3 months. We retrospectively reviewed their MRI 
results and classified 34.67% of the breast images from this subgroup 

as healthy. Thus, for the subgroup who reported having taken estrogen 
supplements, 65.33% of the breast images were classified as unhealthy.

We used SPSS to perform a single-sample binomial test to compare 
the results of the estrogen users versus the overall study population. The 
results showed a statistically significant difference (P<.001), indicating 
that women taking estrogen or phytoestrogen supplements had a greater 
tendency to develop breast disease or unhealthy breast conditions. 

Based on our experience of assessing over 2000 breast-screening 
MRI images, we found that an intake of external estrogen is one factor 
that may enhance proliferative changes in breast glandular tissue. In 
the current study, cases among the subgroup (experimental group) 
included women who were using synthetic estrogen for HRT and 
others who used herbal supplements or Chinese herbs containing 
estrogen components or phytoestrogen. Our results indicated that 
natural supplements such as genistein, royal jelly, evening primrose oil, 

***Statistically significant at P<.001
Table 1: Comparison of MRI images from the study population and a subgroup of 
estrogen users. 

Healthy breast 
MRI results

(BIRADS I, II)

Unhealthy breast MRI 
results

(BIRADS, III, IV, V, VI)

P

All women screened 
(n = 2795)

1360 1435

Estrogen-like group 
(n = 150)

52 98 0.0010***

(a)

(b)

Figure 1: BIRADS grading of the study population (a) and a subgroup of 
estrogen users (b) Healthy breast (BIRADS I, II) MRI results as ‘A’ and 
unhealthy breast MRI results(BIRADS, III, IV, V, VI) as ‘B’.
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yam extract, and Ganoderma lucidum could stimulate breast glandular 
tissue in the same manner as HRT, yielding a positive proliferative 
change that was detectable in MRI images.

Figures 2 and 3 illustrate selected cases from our observations. As 
shown in Figure 2, the effects of estrogen or phytoestrogen intake are 
significant, causing a proliferative change or tumor development. Figure 
3 shows obvious improvement after the drug and supplement cessation. 

Results of estrogen-enhanced proliferation of MCF-10A, 
observed under a microscope (100X) and measured using 
colorimetric XTT

Estrogen demonstrates the ability to stimulate the proliferation of 
MCF-10A cells. Morphological changes were observed under 100X 
power field of a microscope. According to the effects of morphological 

changes induced by estrogen under a microscope with a 20X and 
100X power field, there was more significant proliferative change by 
100 μM, compared to both 0 μM and 10 μM of estrogen doses. In 
addition, according to the colorimetric XTT assay, the percentage of 
cell proliferation differed significantly when the cells were treated with 
100 μM of estrogen to 10 μM and 0 μM (P<.05) (Figure 4a).

Results of tamoxifen/phytonutrient concentration inhibiting 
cell proliferation of MCF-10A under the effect of estradiol

Figure 4b and 4c show significant competitive antagonistic effect 
of tamoxifen (10 μM and 50 μM) and significant inhibitory effect of 
the phytonutrients (in different concentrations) on MCF-10a by using 
estradiol concentrations of 100 μmol and 10 μmol, respectively, and 
by using a colorimetric XTT assay. The results showed competitive 
antagonistic effects of tamoxifen (10 μM and 50 μM) on estrogen 

(b)

(a) (c)

(d)

Figure 2: (i) Shows normal signal and color mapping of breast epithelial tissue by performing breast MRI post-processing (straight arrows); (ii) after estrogen 
therapy or phytoestrogen supplements, a marked abnormal proliferative change of breast epithelial tissue with reddish and yellowish change under color mapping 
is shown (curve arrows); (a) estrogen therapy; (b) Chinese herb supplement; (c) Chinese herb (manly Chinese Angelica); (d) phytoestrogen supplement, probably 
a benign small mass (white arrow) with normal yelloish-reddish on color mapping before supplement. 
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(100 μM), inducing proliferative stimulation of breast epithelial cells, 
and positive inhibitory effects of phytonutrients on estrogen (10 μM), 
inducing proliferative stimulation of breast epithelial cells.

Results of transdermal absorption experimental model 
using franz cell with artificial skin/membrane of tamoxifen/
phytonutrients

This study examined the permeability of tamoxifen in transdermal 

drug delivery, using the Franz cell experimental model. The results 
showed that progress increased accumulation of drug through the 
artificial skin membrane, from the first to the sixth day. These results 
proved that tamoxifen particles, can pass through artificial skin and 
membranes without requiring a chemical enhancer (Figure 5a). In 
addition, a similar result also demonstrated on the phytonutrients 
(Figure 5b).

(a)

(b)

(c)

Figure 3: (i) During estrogen therapy or phytoestrogen supplements, diffusely 
proliferative change of bilateral breast epithelial tissue is represented by 
reddish and yellowish color parts on color mapping (curve arrows); (ii) after 
the drug and supplement cessation, MRI pictures show obvious improvement 
(straight arrows); (a) unknown dietary supplement (including Ganoderma 
lucidum); (b) royal jelly supplement; (c) hemical estrogen pills, and royal jelly 
supplement.

(a)

(b)

(c)

Figure 4: (a) Effects of proliferative change of MCF-10A cells measured by 
XTT induced by estrogen. There was more significant proliferative change by 
100 μM, compared to both 0 μM and 10 μM of estrogen doses. (b) Using 10 μM 
and 50 μM of tamoxifen to inhibit proliferative stimulation of estrogen of 100 μM 
on MCF-10a. (c) Using different concentrations of phytonutrients in descending 
order, to inhibit proliferative stimulation of estrogen of 100 μM on MCF-10a.
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Result of topical used of tamoxifen/phytonutrients that pass 
through on skin of rat

This study examined the ability of tamoxifen and phytonutrients to 
pass through the full thickness of rat skin by analyzing urine. The results 
were positive for tamoxifen, but the phytonutrients were undetectable 
in rat urine (Figure 6).

Results of topical use of tamoxifen/phytonutrient passing 
through rabbit skin 

This study examined the ability of tamoxifen and phytonutrients 
to pass through the full thickness of rabbit skin by analyzing venous 
blood. The results (Figure 7) were positive for both tamoxifen and 
phytonutrients, which could be detected in rabbit blood.

Result of tamoxifen/phytonutrient retention after topical 
application on rat’s skin

HPLC showed that positive retentions of tamoxifen (Figure 8a) and 
phytonutrients (Figure 8b) at the subcutaneous rat skins that maximally 
on the first day.

Discussion
Among Taiwanese women, exposure to estrogen has increased in 

the form of Westernized diets rich in estrogen, an earlier pubertal age 
than in prior eras, delayed menopause, and obesity after menopause. 
Estrogen plays a role in promoting glandular cell proliferation, which 
increases the risk of breast cancer [18,37,38]. Some studies have reported 

(a)

(b)

Figure 5: (a) Increased transdermal diffusion of tamoxifen was observed after 
1, 2, 3 and 6 days (n = 3). (b) Increased transdermal diffusion of the combination 
of phytonutrients was observed after 1, 2, 3 and 6 days (n=3).

(a)

(b)

Figure 7: (a) Topical use of tamoxifen applied on the dorsal skin of rabbits 
after exposure times of 1, 2, 3, and 6 days. Blood samples were collected from 
the ears, and were analyzed using HPLC, showing successively increased 
tamoxifen concentration in the blood. (b) Topical use of the combination of 
phytonutrients applied on the dorsal skin of rabbits that exposure for 1 and 4 
days respectively and then collected for analysis were blood from ears, and 
were send for analysis by HPLC. The results showed the components from the 
combination of phytonutrients in the blood successively increased. 

Figure 6: Topical use of tamoxifen applied on the dorsal skin of rats after 
exposure times of 1, 2, 3, 4, and 5 days. Samples collected were urine and 
were analyzed by using HPLC, showing successively increased tamoxifen 
concentration in the excretion (n=3).
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(a)

(b)

Figure 8: (a) Topical use of tamoxifen applied on the dorsal skin of rabbits 
after exposure times of 1, 2, 3, and 6 days. Blood samples were collected from 
the ears, and were analyzed using HPLC, showing successively increased 
tamoxifen concentration in the blood. (b) Topical use of the combination of 
phytonutrients applied on the dorsal skin of rabbits that exposure for 1 and 4 
days respectively and then collected for analysis were blood from ears, and 
were send for analysis by HPLC. The results showed the components from the 
combination of phytonutrients in the blood successively increased. 

that dietary and nutritional factors account for approximately half of all 
breast cancer cases [18,39]. In the past, Asian diets may have facilitated 
a lower breast cancer rate, but in Taiwan this advantage has disappeared 
because of the adoption of Westernized diets, over-nutrition, and 
overuse of herbal or traditional Chinese herbal medicines or other 
supplements that mimic estrogen components or phytoestrogen 
[18,39]. Women with glandular proliferative disease of the breast are 
at almost twice the risk of malignancy compared with the general 
population (including women with non-proliferative lesions). The 
breast cancer risk for women with atypical hyperplasia (proliferative 
lesions) is 5 times greater than that for women with non-proliferative 
lesions. Women with atypical ductal hyperplasia and a family history of 
breast cancer are at 11 times the risk compared with women who have 
a non-proliferative lesion and without a positive family history [38]. 
Breast glandular cells contain cell membrane receptors for estrogen 
and other receptors for progesterone. Approximately three-fourth of all 
incidences of breast cancer are estrogen-receptor positive (ER-positive), 
which means that estrogen causes these tumors to grow. However, 
during malignant transformation, breast cancer cells do not distinguish 
between estrogen and phytoestrogen ingested by the patient [16,17,40]. 
Synthetic chemical estrogen (such as xenoestrogen) may take months 

to metabolize and pass out of the patient’s body. The use of chemical 
estrogen has been found to correlate strongly with an increased 
incidence of breast cancer. By contrast, most food-grade estrogen 
supplements or phytoestrogens are metabolized and pass out of the 
body in several days to weeks. Thus, short-term use of phytoestrogen 
may be poorly correlated with breast cancer incidence, but long term 
or overuse of the same products may not be safe. Although extracted 
from plant tissue, phytoestrogen supplements intended to reduce 
menopausal symptoms may not provide protection from breast cancer 
[12,16,17,40-43]. 

The objective of the first part of this study was to prove the 
proliferative effect of estrogen and phytoestrogen on breast tissue by 
performing breast MRI and conducting cell line studies. The second 
part involved establishing a platform to show the significant proliferative 
changes of in vitro breast epithelial cell lines under the short-interval 
effect of estrogen. This platform may be used to show the ability of 
different anti-estrogen drugs (tamoxifen and phytonutrients), to inhibit 
the cell proliferation of MCF-10A cell lines. Although MCF 10A cell 
line is a non-tumorigenic human epithelial cell line with very low ER, 
we choose MCF 10A as our experimental cell type because it exhibited 
cell transformation effect by estrogen, through ER-β-mediated pathway 
[44]. Tamoxifen have found widespread use in the treatment of breast 
cancer, as well as preventive agent for breast cancer. It was proved that 
tamoxifen regulate the activity of other antioxidative enzymes, and 
afford chemoprotective benefit to ER-containing cells. There were some 
publications already studied on tamoxifen treatment on MCF-10A 
without estrogen pretreatment as control group [45,46]. Thus, we did 
not repeat this procedure, only focus on the ‘anti-proliferative effect’ on 
estrogen treated MCF-10A after tamoxifen treatment.

Besides, the intention of this study was to develop localized 
transdermal drug delivery method using minimal dose of tamoxifen 
and phytonutrients, to prevent breast epithelial cell transformation 
caused by systemic estrogen effects. Tamoxifen and phytonutrients are 
generally administered orally. Tamoxifen and phytonutrients undergo 
extensive hepatic metabolism after oral administration in people. 
Tamoxifen, despite being relatively effective when administered orally, 
may exhibits specific side effects such as appetite loss, abdominal 
cramps, nausea, and vomiting. Therefore, developing a therapeutic 
system to provide transdermal delivery is beneficial [47]. Previous 
research on tamoxifen has shown that no metabolic degradation of 
tamoxifen occurs in the skin; therefore, it is suitable for transdermal 
delivery [48]. Tamoxifen has an elimination half-life of 5 to 7 days, and 
its primary metabolite has an elimination half-life of 9 to 14 days. The 
metabolic and unchanged forms of tamoxifen can be obtained from 
excretion [47]. Our results are basically meet our initial expectations, 
tamoxifen and the phytonutrients were successfully pass through skin, 
slowly decreased concentration in skin and diffused to blood circulation. 
The result shown in Figure 6 reflected tamoxifen excreted into urine. 
There was increase in the amount of tamoxifen in rat urine but relative 
fluctuation with significant error bars are different days. We found 
tamoxifen available in urine is already met our expectation because 
the result reflected topical used tamoxifen capable of skin penetration, 
through blood circulation and finally renal excretion. There are two 
possible reasons for this imperfect result. Firstly, the tamoxifen in urine 
from rats’ skin may vary by individuals’ skin penetration efficiency due to 
different thickness. Secondly, the treated skin was covered by gauze and 
protect suit covered on rats’ skin, may cause drug absorption different 
on individual rats. Because this study demonstrated that tamoxifen can 
be transdermally administered and accumulate subcutaneously over 
10 days, it should be evident that topical application provides a more 
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effective distribution to breast glandular tissue. It is recommended that 
the minimal dose of tamoxifen application can be employed to inhibit 
mammary epithelial cell proliferation when possible, thereby reducing 
its side effects. 

In this study, we collected MRI images of the effect of chemical 
estrogen on women. We also determined that some plant-based foods 
(such as phytoestrogen) and Chinese herbs influence MRI images 
similarly. However, this study focused on the estrogenic effect but 
was limited by unknown mechanisms of plant-based foods (including 
phytoestrogen) and the Chinese herbs that affect breast epithelial cells. 
Furthermore, the metabolite mechanisms of each component of the 
phytonutrients are difficult to monitor. HPLC is limited to detecting and 
differentiating the components of urea in rat urine after its transdermal 
absorption. The level of EGCG in urine is usually undetectable in rats; 
therefore, we expect further investigation of the basic medical research 
related to this topic [49]. This retrospective study of breast MRI images 
demonstrated the similarity of cell proliferation induction of breast 
tissue between synthetic HRT and phytoestrogen. HRT or phytoestrogen 
supplement intake is crucial for postmenopausal women, localized 
protection of breasts against the systemic estrogen effect was the 
primary goal of this research. In this study, we showed that tamoxifen 
and a combination phytonutrients are effective in suppressing the 
proliferative effect of estrogen on the human breast epithelial cell line. 
In addition, tamoxifen and phytonutrients successfully pass through in 
vitro artificial and in vivo animal skin, and accumulate in subcutaneous 
skin for at least 5 days. Before clinical application, future work on 
chemical or surface modifications on the drugs to improve transdermal 
delivery efficacy is also valuable [50,51,52].

Conclusion
We believe that the application of tamoxifen and the combination 

of phytonutrients as a transdermal treatment have significant potential 
for preventing the estrogen-induced proliferative effect on breast cells 
that result from estrogen and phytoestrogen supplement use, thereby 
alleviating future breast cancer development and progression.
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