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Abstract

A reported increase in the incidence of infertility following high genistein intake could be related to
alteration in the normal fluid volume and morphology of the uterus in adult female. In view of this,
we investigated the effect of this compound on fluid secretion, fluid volume and morphology of the
uterus in post-pubertal rats. Methods: Ovariectomised SD rats were treated with |17-3 oestradiol
(E) (0.8 X 10 mg/kg/day) and genistein (0.5, 5, 10, 25, 50 and 100 mg/kg/day) for three days.
Following drug-treatment, in-vivo uterine perfusion was performed and the rate of fluid secretion
and the volume of fluid in the uterus were determined via changes in weight (pl/min) and F-dextran
concentration of the perfusate respectively. The animals were then sacrificed and the uteri were
removed for weight determination, morphological analyses and proliferative cell nuclear antigen
(PCNA) expression analyses by Western blotting. Results: Subcutaneous genistein treatment
resulted in a dose-dependent increase in fluid secretion rate, fluid volume and uterine wet weight.
Treatment with 100 mg/kg/day genistein resulted in a remarkable increase in the rate of uterine
fluid secretion, the volume of the uterine luminal fluid as well as the circumference of the uterine
and uterine glandular lumen suggesting an excessive fluid accumulation. Meanwhile, there were
evidence of glandular hyperplasia and an increase in the expression of PCNA following treatment
with 50 and 100 mg/kg/day genistein. Conclusion: High genistein intake could potentially cause
adverse effects on the uterus by inducing excessive fluid secretion and accumulation as well as
hyperplasia.
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1. Introduction

Isoflavone genistein, present in high amount in
soy-derived food products [1], possesses weak estro-
genic activity due to its partial binding to the oestro-
gen receptor-f (ER-B) [2]. The importance of genistein
in female reproduction has drawn lots of attention
lately due to the reported adverse effects. Nowadays,
genistein can be found as a dietary supplement con-
sumed by women mainly in the developed world.
Soy-derived isoflavone supplements which contain
high amount of genistein include a concentrated ex-
tract of soy isoflavones (Novasoy®200) [3] and a low

fat protein product such as PRO-FAM 932 soy protein
isolate (SPI) [4]. High genistein consumption has been
proposed to adversely affect the reproductive func-
tions in female based on the reported high incidence
of infertility in sheeps fed with a specific species of
clover, ‘Trifolium subterraneum’, known to contain high
amount of isoflavone content [5]. Meanwhile,
genistein-related infertility has also been reported in
the captive cheetah fed with 50 mg/kg/day soy-based
diet containing high amount of genistein [6]. In hu-
mans, however, no adverse effects on the reproduc-
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tive functions have been documented despite of high
isoflavone consumption among the Japanese women,
at an average of 0.232 umol/L/day [7].

From the literature review, most reports de-
scribing the adverse effects of genistein on female
reproduction were obtained from the studies in
pre-pubertal animals [8-15]. Treatments with 0.5, 5
and 50 mg/kg/day genistein in neonatal mice have
resulted in a dose-related abnormal and prolonged
oestrous cycle in their post-pubertal period [13]. In
addition, their fertility rate was also found to be re-
duced [16]. Meanwhile, treatment with 100
mg/kg/day genistein in neonatal mice was also
found to cause the development of histopathological
features in the uterus later in adult life [16].
Genistein-induced infertility was reported to be due
to uterine abnormality rather than poor embryo qual-
ity or abnormal plasma sex-steroid levels [13]. In view
of this, the mechanisms underlying genistein effect on
the uterus that leads to infertility warrant detail in-
vestigations.

There is a possibility that this compound could
affect the volume and composition of the uterine fluid
which will ultimately result in an unfavourable uter-
ine environment for many reproductive processes to
occur. In addition, genistein was also reported to af-
fect the morphology of the uterus which could also
interfere with the reproductive processes [17].
Changes in uterine morphology could delay or inhibit
the transformation of the endometrium into a recep-
tive state, resulting in failure of embryo to implant
[18]. Currently, only few studies have reported on the
changes in the uterine morphology which include
alteration in the thickness of the endometrium and
epithelial heights following high doses of genistein
treatment [19]. We hypothesized that high genistein
intake could induce uterine fluid secretion as well as
cause changes to the morphology of the uterus which
will ultimately interfere with the reproductive pro-
cesses. In addition, these changes could also lead to
other pathological consequences on the uterus. The
aim of this study is therefore to investigate the effect
of various doses of genistein on uterine fluid secretion
and morphology in adult female uterus in order to
explain some of the reported adverse effects related to
this compound.

2. Materials & Methods

2.1 Animals preparation

Three month-old adult female Sprague-Dawley
(SD) rats, weighted + 225g were housed in a clean and
well ventilated animal room with a standardized
conditions (lights on 12 hr from 06:00 hours to 18:00
hours: room temperature 24°C; with 5-6 animals per

cage), with free access to soy-free diet (Food Tech-
nology Division, Malaysia Agricultural Research In-
stitute, MARDI) and water free from dissolving en-
docrine-disrupting chemicals (EDCs) (Chemistry
Department, UM) since the time of weaning. All pro-
cedures were approved by the Faculty of Medicine,
Animal Care and Use Committee (ACUC), UM with
ethics number: FIS/01/12/2008 (NFK). Genistein
(G-6055) was purchased from LC Laboratories (Wo-
burn, MA, USA) with more than 99% purity which
appear as crystalline powder with light yellow color.
E, P, peanut oil and Flourescence-Dextran (F-Dextran)
marker (MW= 450 kDa) were purchased from Sig-
ma-Aldrich, UK.

Bilateral ovariectomy was performed under
isoflurane anesthesia. After surgery, the animals were
given intramuscular injection of 0.1 ml of Kombitrim
antibiotic to prevent post surgical wound infection.
The animals were then divided into nine groups (n=6
per group). The first six groups received subcutane-
ous genistein treatment at the following doses: 0.5, 5,
10, 25, 50 and 100mg/kg/day/body weight, for three
(3) consecutive days. In addition, another three
groups were treated with 0.8 X 10 mg/kg/day E, 1.6
mg/kg/day progesterone (P) and peanut oil (vehicle)
also for three days. E treated group acts as a positive
control known to induce proliferative changes in the
uterus [20]. Meanwhile, E and P treated groups were
used as positive controls known to induce uterine
fluid secretion and absorption respectively [21]. All
drug treatment were started at least ten days after
ovariectomy to eliminate the effect of endogenous
sex-steroid as previously described [22]. The drugs
were dissolved in peanut oil and were administered
via a subcutaneous injection behind the neck cuff. In
order to ensure maximum solubility, genistein was
first dissolved in 0.1 ml DMSO which was then di-
luted in series to achieve the desired final concentra-
tions prior to mixing with the peanut oil. Meanwhile,
0.1 ml DMSO alone was mixed with peanut oil and
injected into the ovariectomised rats to observe its
effects on the measured uterine parameters.

2.2 Determination of Uterine Wet Weight

Uterine horns were immediately excised after
the animals were sacrificed and a gentle external
pressure was applied on the uterus to squeeze out the
uterine fluid. The surrounding fat was trimmed and
the tissue was immediately weighed using electronic
balance (EL3002 METTLER TOLEDO).

2.3 In-vivo Uterine Perfusion

The animals were anaesthetized by intraperito-
neal injection of pentobarbital nembutal at
0.06ml/100g body weight prior to the experiment.
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The animals were confirmed to be fully anaesthetised
when no reaction was noted upon gentle pinching of
the foot which was then placed on a heat pad
throughout the experiment to maintain a constant
body temperature at 37°C. Two parallel incisions were
made at both flanks to expose the distal end of the
uterine horns. An inflow fine-bore polythene tube of
15 cm long (ID 0.38mm: OD 1.09mm) was inserted
into the uterine lumen and was tied in-situ at the
uterotubal junction. A ventral incision was made to
insert a 10 cm outflow tube with similar diameter
through a cervical incision and was tied in-situ at the
uterocervical junction. The inflow and outflow tubes
and the animal were at the same height to minimize
the gravitational effect. A Standard Infuse Harvard
Pump 11 Advance by HARVARD APPARATUS, USA
was used to deliver the perfusate at a constant rate of
1.3 pul/min [21]. The inflow tube was initially filled
with the perfusate prior to starting the perfusion. The
perfusion fluid contained the following: 110.0
mmol/L NaCl, 14.3 mmol/L NaHCOs, 1.0 mmol/L
NaoHPO,, 15 mmol/L KCI, 0.8 mmol/L MgSO,, 10.0
mmol/L HEPES, 1.8 mmol/L CaCl, and 5.5 mmol/L
glucose and at pH of 7.34 which were selected to
closely mimic the normal composition and pH of the
uterine fluid [21]. 1.0 umol/1 F-Dextran marker (mol.
wt. 450kDa) was dissolved into the perfusion fluid
which acts as a non-absorbable marker to detect any
changes in fluid volume. Perfusion was started and
maintained at a rate of 1.3 pl/min. Once perfusate
appeared at the end of the outflow tube, the collection
time was started. Fluid collection was made over a
period of 3 hours. The collecting tubes were partially
submerged into cold water and the tops were covered
to minimize evaporation.

The tubes were weighed using an electronic
balance (EL3002 METTLER TOLEDO) prior to and
after perfusate collection. The rate of uterine fluid
secretion was measured by determining the difference
between the weight of the tubes prior to and after
perfusate collection over a period of 3 hours.
F-dextran concentration was determined as follows:
samples were diluted 1:250 in PBS and mixed well in a
miniature cuvette which was then placed in a Hitachi
(F-2000) spectrophotometer which was set at a wave-
length of E,=488 nm, Ey=520 nm. The procedure was
repeated twice for each samples. Spectrophotometer
calibration was carried out by serial dilution of the
perfusate. Changes in F-dextran concentration (before
and after perfusion) reflect either an increase or a de-
crease in fluid volume which suggest that either se-
cretion or absorption takes place in the uterus.

2.4 Uterine Morphological Analyses
A day after the last day of drug treatment, the

rats were humanely sacrificed and the uterine horns
were immediately removed and fixed in 4% para-
formaldehyde (PFD) at 4°C for 4 to 5 hours. The tis-
sues were then processed through different grades of
ethanol, incubated overnight in chloroform, trans-
ferred into paraffin wax for 3 hours, placed into the
molds prefilled with melted wax and cooled immedi-
ately at -60 °C to harden the wax. Tissues were then
cut into 5 pm sections and mounted onto glass slides.
The slides were then stained with hematoxylin and
eosin (H&E), visualized under a light microscope
under magnifications of 4, 20 and 40 times. The cir-
cumferences (C) of the uterine lumen and uterine
glandular lumen, the heights (H) of the luminal and
glandular epithelia as well as the thickness of the en-
dometrium and myometrium were measured using
NIS-Elements AR program. Epithelial height was
measured from the basolateral to the apical mem-
brane, while myometrial thickness was measured
from the beginning of the circular layer to the distal
margin of the longitudinal layer. Endometrial thick-
ness was measured from the apical membrane of the
luminal epithelia to the beginning of the circular layer
of the myometrium. Meanwhile, the mean circum-
ference from six of the largest glands was obtained
from each of the uterine section. All images were
captured using Nikon Eclipse 80i that was attached to
the light microscope (Olympus, Japan).

2.5 PCNA expression analysis by Western
blotting

Equal amount of protein were loaded for
SDS-PAGE electrophoresis, which were blotted onto
PVDF membranes (Bio Rad, USA). The blots were
then blocked with 5% BSA at room temperature for 90
minutes. This was then followed by incubation in a
primary mouse monoclonal antibody against PCNA
(Santa Cruz, USA- catalogue number: sc-25280) at
room temperature for 90 minutes at dilution of 1:1000
(200pg/ml). After washing with PBS-Tween, the blots
were exposed to horseradish peroxidase conjugated
secondary antibody (Santa Cruz, USA) at room tem-
perature for 60 minutes, at a dilution of 1:2000. The
bands produced were developed by using Optic 4C
(Bio Rad, USA). B-actin (abcam, UK) was used as a
loading control. The photos of the blots were captured
and the density of each band was determined by us-
ing Image ] software. Ratio of each band/ [ actin was
considered as the expression level of the target pro-
tein. Non immune normal rabbit serum was used as a
negative control. No bands were observed in this ex-
periment.

2.6 Serum Genistein Measurement

12-hours after the last genistein injection, blood
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was withdrawn from the tail vein and was then
placed into a gel separator tube. A duplicate of 50-pl
samples from each animal were analysed for serum
genistein concentration. Samples were mixed with
equal volumes of acetonitrile, sonicated for 10 min,
and centrifuged (15, 000 rpm for 10 min). Serum
samples were loaded onto a C-18 SPE column (] & W
Scientific, Folsom, CA, USA) and washed with 30 ml
of distilled water. The washed column was eluted
with 1.5 ml methanol, evaporated under vacuum with
centrifugation, and re-suspended in methanol for
HPLC analysis. Prepared samples were separated by
HPLC with a Nova Pak C-18 column (3.9 x 150 mm
column, 4-pm particles) by using a gradient solvent
system consisting of sodium acetate buffer (50 mM,
pH 4.8) and methanol (4:1) mixture and sodium ace-
tate buffer, methanol, and acetonitrile (2:2:1) mixture.
The flow rate was 0.5 ml/min at a temperature of
30°C. For isoflavone detection, a Waters Photodiode
Array (PDA) detector was used, with detection rang-
ing from 210 to 400 nm. The assay had a minimum
detection limit of 0.1 pmol /liter.

2.7 Statistical analysis

Data were reported as mean + SEM. One-way
analysis of variance (ANOVA) with Tukey’s post-hoc
comparison was used to compare between treatment
groups, where a level of p<0.05 was considered to be
statistically significant.

3. Results
3.1 Effect of Genistein on Uterine Weight

In figure 1, a dose-dependent increase in uter-
ine/body weight was noted with increasing doses of
genistein treatment. Genistein doses exceeding 10
mg/kg/day resulted in a significant increase in uter-
ine/body weight (p<0.05) as compared to control.
Treatment with 100 mg/kg/day genistein resulted in
10 folds increase while E treatment resulted in a
14-folds increase as compared to the control group.
Meanwhile, treatments with P and DMSO did not
cause any significant changes in this parameter as
compared to the control.

3.2 Effect of Genistein on Uterine Fluid Secre-
tion

In figure 2, a dose-dependent increase in the rate
of uterine fluid secretion was observed with increas-
ing doses of subcutaneous genistein treatment. The
rate of fluid secretion significantly increased follow-
ing treatment with genistein at doses exceeding
5mg/kg/day genistein as compared to control.
Treatment with 50 mg/kg/day genistein resulted in
1.5 times increased, while 100 mg/kg/day genistein
treatment resulted in 1.9 times increase in the rate as

compared to control. Treatment with P caused a re-
duction in the rate of uterine fluid secretion
(0.67ul/min) which was 1.42 times lesser than the
control, while DMSO treatment did not cause any
significant changes in the rate as compared to control.
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Figure I: The effect of 17B-oestradiol (E), progesterone (P),
peanut oil, DMSO and different doses of genistein : 0.5G (0.5
mg/kg/day), 5G (5 mg/kg/day), 10G(10 mg/kg/day), 25G (25
mg/kg/day), 50G (50 mg/kg/day) and 100G (100 mg/kg/day) on the
percentage increase of uterine over body weight. A
dose-dependent increasein this parameter was noted with in-
creasing doses of genistein treatment. Data was expressed as
mean + SEM, n=6. 1 (p<0.05 as compared to the control), * (p<
0.05) as compared to E.
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Figure 2: The effect of 17B-oestradiol (E), progesterone (P),
peanut oil, DMSO and different doses of genistein : 0.5G (0.5
mg/kg/day), 5G (5 mg/kg/day), 10G(10 mg/kg/day), 25G (25
mg/kg/day), 50G (50 mg/kg/day) and 100G (100 mg/kg/day) on the
rate of uterine fluid secretion (ul/min). A dose-dependent increase
in fluid secretion rate was observed with increasing genistein
doses. Treatment with 100G resulted in a significant increase in
the rate as compared to C and E. E acts as a positive control for
fluid secretion, while P acts as a positive control for fluid absorp-
tion in the uterus. Data was expressed as mean + SEM, n=6. }
(p<0.05) as compared to control, * (p< 0.05 as compared to E), }
(p<0.05 as compared to P).
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In figure 3, a dose-dependent decrease in
F-Dextran concentration was observed with increas-
ing doses of subcutaneous genistein treatment.
F-dextran concentration was significantly lower than
the control following treatment with genistein at
doses exceeding 5 mg/kg/day. 50 mg/kg/day
genistein treatment resulted in 10% reduction in
F-dextran concentration while the highest reduction
(-15 %) was noted following treatment with 100
mg/kg/day genistein. E treatment resulted in 12%
reduction in F-dextran concentration. P treatment
however caused an increase in F-dextran concentra-
tion (+26%) while treatment with DMSO did not re-
sult in any significant changes in F-dextran concen-
tration as compared to control.
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Figure 3 The effect of |7B3-oestradiol (E), progesterone (P),
peanut oil, DMSO and different doses of genistein : 0.5G (0.5
mg/kg/day), 5G (5 mgl/kg/day), 10G(10 mg/kg/day), 25G (25
mg/kg/day), 50G (50 mg/kg/day) and 100G (100 mg/kg/day) on the
uterine fluid volume as monitored by the percentage changes in
F-dextran concentration. Genistein treatment resulted in a
dose-dependent reduction in F-dextran concentration, which
indicates an increase in the fluid volume. Treatment with 100G
resulted in a significant decrease in F-dextran concentration as
compared to E. Under P effect, an increase in F-dextran concen-
tration was noted. Data was expressed as mean + SEM, n=6. }
(p<0.05) as compared to control, * (p< 0.05) as compared to E,
(p<0.05 as compared to P).
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treatment resulted in 4.18 times increase while P
treatment did not cause any significant changes in this
parameter as compared to control. Treatment with 100
mg/kg/day genistein resulted in 1.39 times in the
circumference as compared to E-treated group.
Meanwhile, DMSO treatment did not cause any sig-
nificant changes in the circumference as compared to
control. It was also noted that the thickness of the
myometrium increased with increasing doses of
genistein treatment. Genistein at 50 and 100
mg/kg/day caused a 1.75 and 2.07 times increase in
the myometrial thickness as compared to control. E
treatment resulted in 1.40 times increase—while P
treatment did not cause any significant changes in this
parameter as compared to control. The thickness of
the endometrium increased following treatment with
low genistein doses (0.5, 5 and 10 mg/kg/day) in a
dose-dependent manner, however the thickness was
reduced following treatment with higher doses of
genistein at 25, 50 and 100 mg/kg/day. P treatment
did not result in any significant changes in the endo-
metrial thickness as compared to control.

Table I: Analyses of the uterine luminal circumference (C),
myometrial and endometrial thicknesses following treatment with
different doses of genistein : 0.5G (0.5 mg/kg/day), 5G (5
mg/kg/day), 10G(10 mg/kg/day), 25G (25 mg/kg/day), 50G (50
mg/kg/day) and 100G (100 mg/kg/day), 17B-oestradiol (E), pro-
gesterone (P) and DMSO. A dose-dependent increase in the
circumference was noted with increasing doses of genistein
treatment. 100G treatment resulted in a remarkable increase in
the circumference of the uterine lumen. Meanwhile, myometrial
thickness increases with increasing doses of genistein. Endometrial
thickness however decreases following 50G and 100G treatment
as compared to lower genistein doses. Values represent mean *
SEM with n=6 per group. 1 (p<0.05 as compared to control), *
(p<0.05 as compared to E).

3.3 Changes in Uterine Morphology

In figure 4 and table 1, an increase in the uterine
luminal circumference was noted with increasing
doses of genistein treatment. At doses exceeding 10
mg/kg/day, the increase in the circumference was
higher than the control (p<0.05). Treatment with 50
mg/kg/day and 100 mg/kg/day genistein resulted in
4.65 and 5.82 times increase in the luminal circum-
ferences respectively as compared to control. E

Uterine luminal Myometrial Endometrial
Circumference (C) Thickness (um) Thickness (um)
(um)

Control 1763.50+80.58*  98.63+568*  219.77 +10.12*
05G  1504.61+6889*  67.74+7.43*  269.82 +12.84*
50G  1681.02+9151% 93141699 305939040
106 2697.83+102.32* 1196515417+ 382.12+18.75"
25G 2820.28+87.66% " 17342+875'  331.08+15.21"
50G 821557 +12545'  181.04+1025"* 344.74+19.06'
100G 10280.74 + 100.22*, " 204.59+9.43"* 34054 +14.21"
E 7380.28+89.65'  14830+7.11'  367.35+10.54'
P 1617.33+7225%  107.61+5.69*  256.16+9.16*

DMSO 1744.87 +85.28*

88.94 £ 8.92*

211.48 £ 13.09*
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Figure 4: Representative images of the uterine sections from OVX SD rats treated with (A) peanut oil (control), (B) 0.5G (0.5
mg/kg/day), (C) 5G (5 mg/kg/day), (D) 10G (10 mg/kg/day), (E) 25G (25 mg/kg/day), (F) 50G (50 mg/kg/day, (G) 100G (100 mg/kg/day),
(H) E, (I) P and (J) DMSO for 3 consecutive days. There was an obvious increase in the size of the lumen following 100G treatment.
Sections were stained with H&E, Magnification X4. L indicates uterine lumen. (G-genistein, E-173-oestradiol, P-progesterone), n=6 per

treatment group.

In figure 5, the number and size of the uterine
glands increased with increasing doses of genistein
treatment. Treatment with 100 mg/kg/day genistein
resulted in a significant increase in the number of
glands as compared to E, control, DMSO and lower
doses of genistein treatment (<50 mg/kg/day). The
average size of the glandular lumen also increased
with increasing doses of genistein treatment. Treat-
ment with 50 mg/kg/day and 100 mg/kg/day
genistein resulted in 2.30 and 2.64 times increase re-
spectively in the glandular circumference as com-
pared to control. P treatment resulted in an increase in
number but not the size of the glands, while treatment
with lower genistein doses (0.5, 5 and 10 mg/kg/day)
and DMSO did not cause any significant changes in
the number and size of the glands as compared to
control.

In figure 6 and table 3, the heights of the luminal
epithelia increased following treatment with 25, 50
and 100 mg/kg/day genistein as compared to control

(p<0/05). Treatment with 50 and 100 mg/kg/day
genistein resulted in 1.69 and 2.12 times increase in
heights respectively as compared to control. No sig-
nificant changes in heights were noted following
treatment with lower doses of genistein as compared
to the control and DMSO treated groups. Meanwhile,
treatment with P resulted in a significant increase in
the luminal epithelial heights as compared to control
(p<0.05). In general, the height of the glandular epi-
thelial was found to be lower than the height of the
luminal epithelia. Following treatment with 50
mg/kg/day genistein, glandular epithelial height
increased 1.6 times while 100 mg/kg/day genistein
treatment resulted in 2.16 times increase in height as
compared to control. Treatment with 100 mg/kg/day
genistein resulted in 1.24 times increase in heights as
compared to E treated group. No significant changes
in height were noted following treatment with lower
genistein doses and DMSO as compared to control.
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Table 2: Analyses of the circumference (C) of the uterine glan-
dular lumen and the average number of the glands in the uterine
section following treatment with different doses of genistein: 0.5G
(0.5 mg/kg/day), 5G (5 mgl/kg/day), 10G (10 mg/kg/day), 25G (25
mg/kg/day), 50G (50 mg/kg/day) and 100G (100 mg/kg/day),
|7B-oestradiol (E), progesterone (P) and DMSO. Values represent
mean * SEM with n=6 per group. The glandular luminal circum-
ference increased with increasing doses of genistein treatment.
Meanwhile, the average number of glands per cross section also
increased with increasing doses of genistein treatment. 1 (p<0.05

Table 3: Analyses of the heights of the uterine luminal and
glandular epithelia following treatment with different doses of
genistein : 0.5G (0.5 mg/kg/day), 5G (5 mg/kg/day), 10G(10
mg/kg/day), 25G (25 mg/kg/day), 50G (50 mg/kg/day) and 100G
(100 mg/kg/day), |17B-oestradiol (E), progesterone (P) and DMSO.
Values represent mean * SEM with n=6 per group. A
dose-dependent increase in the epithelial heights was noted with
increasing doses of genistein treatment. 1 (p<0.05 as compared to
control), * (p<0.05 as compared to E).

as compared to control), * (p<0.05 as compared to E). ;t;;il,r;a:}gp(i:ll;lial Icl;le;i:;lﬁ: (lsrnlipithelial
Glandular luminal cir- Number of glands/cross Control 13.88+0.75* 11.25+0.71*
cumference (um) section gen 0.5 11.67+ 0.85* 10.48 + 0.80*
Control 77.26 +5.42* 10 +3* gen 5.0 11.06+ 0.93* 11.46 +0.62*
gen 0.5 79.77 + 4.50* 16 £ 4* gen 10 12.04+ 0.63* 11.75 £ 0.58*
* *
gen 5.0 77.90 £3.98 17+3 gen 25 17.07+ 0.371, . 13.67 £ 1.02*
gen 10 98.58+ 4.56* 15+ 3* gen 50 t ;
gen 25 129,904 4.77T 30+ 5+ 24.83+1.49 18.16+1.01
gen 100 t L
gen 50 19655 + 6 56* 39+ 6t 30.51+£0.88 2434+1.03,
=0 E t t
28.47 +1.25 19.60 + 0.98
gen 100 . - 51+8ft,*
22590675, P 17.05+ 0.82* 12.43+ 0.75*
E t 31+5¢%
207.34 £6.98 DMSO 14.10 = 0.66* 12.70+ 0.86*
P 80.52+ 4.76* 253, *
DMSO 77.05 £ 5.90* 13 +4*

Figure 5: Representative images of the uterine sections from OVX SD rats treated with (A) peanut oil (control), (B) 0.5G (0.5
mg/kg/day), (C) 5G (5 mg/kg/day), (D) 10G (10 mg/kg/day), (E) 25G (25 mg/kg/day), (F) 50G (50 mg/kg/day, (G) 100G (100 mg/kg/day),
(H) E, (I) P and (J) DMSO for 3 consecutive days. There was a remarkable increase in the number of uterine glands following 100G
treatment. Meanwhile, the size of the glands was noted to increase with increasing doses of genistein treatment. Sections were stained
with H&E, Magnification X20. L indicates uterine lumen. (G-genistein, E-17(3-estradiol, P-progesterone), n=6 per treatment group.
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Figure 6: Representative images of the uterine glandular epithelia and luminal epithelia under high power field (X40 for the luminal
epithelia and X100 for the glandular epithelia-in the upper right hand corner) from OVX SD rats treated with (A) peanut oil (control), (B)
0.5G (0.5 mg/kg/day), (C) 5G (5 mg/kg/day), (D) 10G (10 mg/kg/day), (E) 25G (25 mg/kg/day), (F) 50G (50 mg/kg/day, (G) 100G (100
mg/kg/day ), (H) E, (I) P and (J) DMSO for 3 consecutive days. The luminal and glandular epithelial heights increased with increasing doses
of genistein treatment. L indicates uterine lumen. G-genistein, E-17f3-estradiol, P- progesterone. Sections were stained with H&E. G
—uterine gland; M- mitosis, n=6 per treatment group.

3.4 Uterine PCNA expression

In figure 7, there was a dose-dependent increase
in the uterine PCNA expression with increasing doses
of genistein treatment. The expression of uterine 4
PCNA significantly increased following treatment
with genistein at doses exceeding 10 mg/kg/day as
compared to control. Treatment with 100
mg/kg/day genistein resulted in the highest in-
creased in PCNA expression (2.85 folds). This in-
crease was significantly higher than following E
treatment (2.30 folds). The molecular weight of
PCNA was detected at 34kDa.

w
s
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Figure 7: The levels of expression of uterine PCNA and the
representative image of the blot of total uterine homogenate 0
from ovariectomized rats treated with 0.5G (0.5 mg/kg/day), 5G c 0.56 56 106G 25G 50G 1006 E
(5 mg/kg/day), 10G(10 mg/kg/day), 25G (25 mg/kg/day), 50G (50

mg/kg/day) and 100G (100 mg/kg/day), |17B-oestradiol (E).

Treatment with 100G resulted in a significant increase in PCNA

protein expression as compared to E. The molecular weight of 34 kDa
PCNA was detected at 34kDa. G-genistein, n=6, Data was

expressed as mean * SEM, * (p<0.05) as compared to control, T B-actin
(p< 0.05 as compared to E).

C 0.5G 5G 10G 25G 50G 100G E
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3.5 Serum Genistein Level

In figure 8, there was a dose-dependent increase
in serum genistein level following increasing doses of
genistein treatment. Subcutaneous injection of 100
mg/kg/day genistein resulted in plasma level of 15.6
mM, which was 14 times higher than the level
achieved following 5 mg/kg/day genistein injection
(1.1 mM). Meanwhile, subcutaneous injection of 50
mg/kg/day genistein resulted in 65.8 times increase

in plasma genistein level as compared with
0.5mg/kg/day genistein.
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Figure 8: The serum level following subcutaneous treatment with
different doses of genistein : 0.5G (0.5 mg/kg/day), 5G (5
mg/kg/day), 10G (10 mg/kg/day), 25G (25 mg/kg/day), 50G (50
mg/kg/day) and 100G (100 mg/kg/day). Data were expressed as
mean + SEM, n=6.

4. Discussion

Despite of the reported adverse uterine effects
related to high genistein intake in the neonates [13],
the effect of genistein on the uterus of adult who
presumably have never been exposed or minimally
exposed to this compound during their pre-pubertal
life period has not been fully elucidated. So far, there
were only few studies which report on the effect of
genistein on the uterus following adult exposure to
this compound. These include an increase in the
uterine weight and thickness [20] and proliferation of
the uterine epithelial cells [20, 23]. In this study, we
have also demonstrated that treatment with genistein
has resulted in a dose-dependent increase in uter-
ine/body weight. In view that the effect of genistein
on the uterus of adult has not been fully discovered,
we therefore aim to investigate some of these effects
which could explain the increased incidence of infer-
tility related to high intake of this compound.

To the best of our knowledge, this study is the
first to reveal that genistein stimulates fluid secretion
in the uterus of female adult. Our findings indicate

that treatment with genistein at 25, 50 and 100
mg/kg/day resulted in a remarkable increase in the
rate of uterine fluid secretion as compared to control.
Meanwhile, the rate of fluid secretion following
treatment with 100 mg/kg/day genistein far exceed-
ed that following E treatment, which was known to
induce fluid secretion in the uterus [21]. Treatment
with P however resulted in a decrease in the rate of
uterine fluid secretion as compared to control. Any
changes in the fluid secretion rate will result in paral-
lel changes in the uterine fluid volume. Changes in
the fluid volume were reflected by changes in the
concentration of F-dextran, a non-absorbable, high
molecular weight fluorescence marker. F-dextran has
been used to investigate fluid volume changes in
various organs including colon [24] and uterus [21].
Following genistein treatment, a dose-dependent de-
crease in F-dextran concentration indicates increasing
amount of fluid in the uterine lumen. Meanwhile, E
treatment also resulted in a decrease in F-dextran
concentration. Treatment with P however resulted in
vice versa which indicates a reduction in fluid volume,
most likely due to P-induced fluid absorption in the
uterus [22]. The observed effects of genistein on the
rate of uterine fluid secretion as well as on the volume
of this fluid suggest that it could potentially affect
fertility via inducing changes in the normal volume of
the uterine fluid, thus this could explain the reported
increase in the incidence of infertility related to high
intake of this compound [5].

The findings from functional studies were sup-
ported by morphological evidences which indicate an
increase in the circumferences of the uterine and
uterine glandular lumens following treatment with
increasing doses of genistein. An increase in the lu-
minal circumference suggests an increase in the
amount of fluid in the uterine lumen. A marked in-
crease in the uterine luminal and glandular circum-
ferences as noted following treatment with 100
mg/kg/day genistein, indicates that excessive fluid
accumulates in the uterus under this condition. Other
evidence of genistein-induced fluid accumulation
include the observed decrease in the endometrial
thickness following treatment with high doses of
genistein (25, 50 and 100 mg/kg/day) which suggest
that excessive fluid in the lumen could result in com-
pression of the endometrial compartment. Thickness
of the myometrium however was not affected by the
increase in the amount of fluid in the uterine lumen.
Meanwhile, myometrial thickness was found to in-
crease with increasing doses of genistein, suggesting
that genistein stimulates myometrial hypertrophy,
consistent with the findings by Moller et al, [25]. Ex-
cessive fluid in the uterus may cause adverse effects
on multiple reproductive processes which include
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interference with normal sperm transport, fertiliza-
tion, embryo transport and implantation. Excessive
fluid accumulation could also inhibit the uterine clo-
sure mechanism, which is thought necessary to initi-
ate a close contact between the embryo and endome-
trial wall prior to implantation, especially in species
such as rodents and humans [26]. As a result of failure
of the uterus to ‘close’, implantation will not occur,
resulting in infertility. Other cases of infertility-related
excessive fluid accumulation in the female reproduc-
tive tract have been reported in hydrosalphinx, a
pathological condition related to an excess fluid in the
tubal lumen [27].

In this study, treatment with high genistein
doses (50 and 100 mg/kg/day) were also found to
induce remarkable changes to the uterine morphology
in which it caused an increase in the number of glands
as well as mitotic figures. These findings indicate that
high genistein doses stimulate hyperplastic changes
in the uterus. Evidences of uterine hyperplasia has
been reported following acute, high dose (53
mg/kg/day) [23] and chronic, low dose (1.6
mg/kg/day) genistein treatments [28]. Our findings
also indicate that treatment with high genistein doses
resulted in a significant increase in the expression of
PCNA, a marker for cellular proliferation [29]. This
confirmed the hyperplastic changes which have been
shown in the uterus from the morphological observa-
tions. Hyperplasia could lead to cancer development.
Recently, genistein has been shown to promote the
development of endometrial cancer in rats where
administration of 150 mg/kg/day of this compound
orally stimulates excessive epithelial proliferation
[30]. Similar study by Kakehashi et al, [30] also re-
ported that chronic genistein treatment has resulted in
an increase in the incidence of atypical hyperplasia in
the endometrium with a tendency for adenocarcino-
ma development. Meanwhile, chronic consumption of
150 mg/day genistein in human for 5 years has been
found to induce the development of endometrial hy-
perplasia [31], although its progression to cancer is so
far unknown.

In other tissues for examples the mammary
glands and vagina, high doses of genistein treatment
has also been found to increase the risk for cancer
development. Administration of genistein at 53
mg/kg/body weight in rats were found to induce
proliferation of the mammary glands epithelia [23],
while treatment with 150 mg/kg/day genistein has
been reported to increase the incidence of mammary
adenocarcinoma [30]. High genistein intake has been
reported to induce hyperplastic changes in the vagina
of neonates [32] and adult [23]. Apart from the ten-
dency for malignant transformation, epithelial hy-
perplasia could also affect normal endometrial de-

velopment, thus this could interfere with the process
of implantation [33]. Changes in endometrial mor-
phology as reported in Polycystic Ovarian Disease
(PCO), which was featured by a prolonged prolifera-
tive phase [34] have been proposed to affect fertility.
We speculate that hyperplastic changes in the endo-
metrium may inhibit its transformation into a recep-
tive state, therefore may interfere with implantation.
Apart from genistein, other environmental oestrogens
for examples bisphenol-A (BPA) and
p-tert-octylphenol (OCT) have been found to induce
changes in the uterine morphology [2], which could
also affect normal fertility.

Our findings have shown that the height of the
uterine epithelia increased with increasing doses of
genistein treatment. Following treatment with 100
mg/kg/day genistein, the height was twice of that
following low doses genistein treatment (<10
mg/kg/day). Previous studies have reported
genistein-induced increase in the epithelial heights.
Diel et al, [17, 20] reported that orally administered
genistein for 3 days at 50 and 100 mg/kg/day have
resulted in an increase in the thickness of the uterine
and vaginal epithelia. Schmidt et al, [2] meanwhile
reported that 3 days oral genistein administration at
100 mg/kg/ day did not cause any significant
changes in the uterine epithelial thickness, although it
resulted in an increase in the thickness of the vaginal
epithelia. Meanwhile, Diel et al, [19] reported that
subcutaneous genistein at 10 mg/kg/day did not af-
fect the epithelial height although it was found to de-
crease the uterine PCNA expression. Chronic, low
dose genistein treatment via subcutaneous injection at
1.6 mg/kg/day have also been found to induce hy-
pertrophy and hyperplasia of the uterine luminal and
glandular epithelia in rats[28]. The inconsistency in
these findings could be due to differences in routes
and duration of genistein treatment. Oral administra-
tion has been shown to produce lower effects as
compared to subcutaneous treatment, in which the
latter was found to result in higher plasma bioavaila-
bility [9] and greater tissue response [8]. Our findings
have also shown that treatment with E and P resulted
in a significant increase in the epithelial heights as
compared to control, which indicate that these ster-
oids are required for normal endometrial functions, as
have been previously documented.

What would be the mean plasma genistein con-
centration that produced these adverse uterine ef-
fects? From our study, the mean plasma level
achieved following subcutaneous injection of 50 and
100 mg/kg/day genistein were 7.9 and 15.5 uM re-
spectively. These levels were rarely achieved follow-
ing normal dietary exposure to soy isoflavone even in
the population who traditionally consumed high
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amount of soy-based products, in which the mean
reported level was 0.5 uM [35]. The highest plasma
genistein level was reported among the Japanese
women at 0.744 uM [7]. Plasma genistein concentra-
tion could reach up to 10 pM, as has been documented
in infant fed exclusively on soy-based formula [36].
Based on this observation, there is a possibility that
plasma genistein concentration in adult could reach
this level, mainly following consumption of
genistein-rich dietary supplements.

In conclusion, this study has provided evidences
on the effect of high dose genistein treatment on the
fluid volume and morphology of the uterus in adult.
Using rat model, we have shown that genistein stim-
ulates uterine fluid secretion and excessive fluid ac-
cumulation in the uterine lumen. Additionally, we
have also shown that high doses of genistein could
induce hyperplastic and hypertrophic changes in the
uterus. These effects show significance towards nor-
mal fertility where disturbances in the normal volume
of the uterine fluid and morphology of the uterus
could potentially cause infertility. In addition, mor-
phological changes that occur in the uterus could also
increase the risk of malignancy.
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