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Abstract: This study investigated the effect of 10 or 100 mg/kg/day quercetin on the uterus of ovariectomized adult 
female rats receiving sex-steroid replacement regime mimicking changes in hormonal profiles during the reproduc-
tive cycle. Following seven days of treatment with estrogen and progesterone with or without quercetin, uteri were 
harvested for histological and proliferative cell nuclear antigen (PCNA) protein and mRNA expression and PCNA 
protein distribution analyses. Our findings indicated that co-administration of 10 mg/kg/day quercetin with estro-
gen and progesterone caused a significant decrease in the size of uterine lumen and epithelial heights with lower 
PCNA protein and mRNA expression as compared to estrogen plus progesterone-only treatment (P < 0.05). Con-
comitant treatment with estrogen and progesterone with 100 mg/kg/day quercetin resulted in a marked increase 
in the number of glands with increased PCNA protein and mRNA expression. Significantly higher PCNA distribution 
was observed in the stroma and glands as compared to estrogen plus progesterone-only treatment (P < 0.05). In 
conclusion, at 10 mg/kg/day, quercetin affects uterine morphology but not proliferation, however at 100 mg/kg/
day, quercetin induced significant stromal and glandular proliferation which could predispose the uterus towards 
neoplastic development. 
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Introduction 

Quercetin, a flavanoid present in food sources 
such as apples, berries and onions and in bev-
erages such as tea and red wine has been 
reported to possess many health effects on 
multiple organ systems [1]. Quercetin is known 
to exert a strong antioxidant [2], anti-inflamma-
tory [3], anti-carcinogenic [4], anti-viral [5], car-
dioprotective [6] as well as estrogenic [7] and 
anti-estrogenic [8] effects. This plant-derived 
compound was able to bind at high affinity to 
type-II estrogen binding site, resulting in inhibi-
tion of estrogen-regulated cell growth and pro-
liferation [9]. At high dose, quercetin has also 
been reported to bind to type I estrogen recep-
tor, which trigger various tissue estrogenic 
effects [10]. In view of this, quercetin has been 
classified as phytoestrogen [11].

Uterus is a highly dynamic organ which mor-
phology changes throughout phases of the 

reproductive cycle [12]. In the first half of the 
cycle, under estrogen influence, extensive tis-
sue growth and proliferation occur while in the 
second half of the cycle, under progesterone 
influence, active glandular secretion with stro-
mal decidualization prepare the uterus for 
embryo implantation [13]. Following ovulation, 
uterus acquires a receptive state [14]. Intro- 
duction of estrogen or progesterone-like com-
pounds either synthetic or plant-derived may 
induce morphological changes during both 
phases of the cycle therefore could affect nor-
mal uterine growth, development and function 
[15]. These changes may result in failure of the 
embryo to implant, predisposing female to infer- 
tility. Some exogenous plant-related com-
pounds may also induce hyperplastic changes 
which could trigger neoplastic development 
[16]. 

We hypothesized that quercetin affect morphol-
ogy and proliferation of the uterus. This argu-
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ment was supported by a recent evidence 
which indicated that the outer scale of onion, 
known to contain a high amount of quercetin 
and diadzein, induced morphological changes 
in the uterus in mice [17]. However, the active 

compounds responsible for mediating these 
effects were not identified. Our study therefore 
aimed to investigate quercetin effect on uterine 
morphology and proliferation to confirm the 
involvement of this compound in mediating 
changes in the uterus during the normal repro-
ductive cycle. While low amount of quercetin 
can be obtained from food source, high amount 
of this compound can be obtained through the 
consumption of quercetin-rich dietary supp- 
lement.

Materials and methods

Animals preparation

Three month-old adult female Sprague-Dawley 
(SD) rats, weighted 225 ± 10 g were housed in 

Figure 1. Low magnification image of the uterus in different treatment groups. A lumen in (E+P)+10Q is relatively 
smaller than E+P and (E+P)+100Q group. A significantly high number of glands could be seen in the (E+P)+100Q 
group. E+P = estrogen plus progesterone, (E+P)+10Q = estrogen plus progesterone with 10 mg/kg/day quercetin, 
(E+P)+100Q = estrogen plus progesterone with 100 mg/kg/day quercetin. L, lumen. scale bar = 100 µm

Table 1 . Ratio of uterine inner/outer circumfer-
ence between various treatment groups 
Groups Inner/Outer uterine circumference ratio
C 0.36 ± 0.09
E+P 0.511391 ± 0.16
(E+P)+10Q 0.441 ± 0.18*
(E+P)+100Q 0.513532 ± 0.1
A significant decrease in ratio was noted following treatment 
with 10 mg/kg/day quercetin but not 100 mg/kg/day quer-
cetin. *P < 0.05 as compared to E+P group.
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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 ± 2°C; with 5-6 animals per cage). Animals 
had a free access to soy-free diet (Harlan Diet, 
UK) and tap water ad libitum. All procedures 
were approved by the Faculty of Medicine, 
Animal Care and Use Committee (ACUC), Uni- 
versity of Malaya with ethics number: FIS/ 
01/12/2008 (NFK). Quercetin, estrogen, pro-
gesterone and peanut oil were purchased from 
Sigma Aldrich Co. (St. Louis, MS, USA). Bilateral 
ovariectomy was performed under isoflurane 
anesthesia. After surgery, animals were given 
intramuscular injection of 0.1 ml Kombitrim 
antibiotic to prevent post-surgical wound infec-
tion. Animals were divided into four (4) groups 
and were treated with sex-steroid replacement 
regime according to the protocol as described 
by Kennedy et al. [18] and Salleh et al. [19]: 

Group 1: 7 days treatment with peanut oil 
(vehicle).

Group 2: 3 days treatment with estrogen at 0.2 
µg/ml, a day without treatment followed by 3 
days treatment with 4 mg/rat/day progester-
one to mimic hormonal changes during repro-
ductive cycle [18, 19].

Group 3 and 4: Similar treatment as in group 2 
however with addition of quercetin at 10 [20, 
21] or 100 [22] mg/kg body weight/day daily 
for seven days period. 

All drugs were injected at least fourteen days 
after ovariectomy to eliminate the effect of 
endogenous sex-steroids [23]. Quercetin was 
dissolved in 0.1 ml DMSO which were serially 
diluted to achieve the desired final concentra-
tions prior to mixing with peanut oil. A day after 
the last day of treatment, rats were humanely 
sacrificed and uterus was removed for histolo-

placed into the molds prefilled with melted wax 
and cooled immediately at -60°C to harden the 
wax. Tissues were then cut into 5 µm sections 
and mounted onto glass slide. The slides were 
then stained with hematoxylin and eosin (H & 
E), visualized under a light microscope under 
magnifications of 4, 20 and 40 times. Inner 
luminal and outer uterine circumferences and 
heights (H) of luminal epithelia were measured 
by using NIS-Elements AR program. Epithelial 
heights were measured from the basolateral to 
the apical membranes. All images were cap-
tured using Nikon Eclipse 80i that was attached 
to a light microscope (Olympus, Japan). 

PCNA protein expression analysis by Western 
blotting

Whole uterine tissues were snapped frozen in 
liquid nitrogen and were then stored at -80°C 
prior to protein extraction. Following total ex- 
traction with PRO-PREP solution (Intron, Korea), 
equal amount of protein from each tissue lysate 
were mixed with a loading dye, boiled for 5 min 
and separated with SDS-PAGE 12%. Protein 
was then transferred onto a PVDF membrane 
(BIORAD, USA) and blocked with 5% BSA for 90 
min at room temperature. The membrane was 
exposed for 90 min to goat polyclonal PCNA pri-
mary antibody (Santa Cruz: sc-9857), at a dilu-
tion of 1:200 in PBS containing 1% BSA and 
Tween-20 overnight. The blots were then rinsed 
three times in PBS-T, 5 minutes each. The 
membranes were then incubated with anti-
goat, anti-mouse and anti-rabbit horseradish 
peroxidase (HRP) conjugated secondary anti-
body (Santa Cruz, CA, USA) at a dilution of 
1:500, for 1 hr. The membranes were then 
rinsed and subjected to Opti-4CN™ Substrate 
Kit (Bio-Rad, USA) to visualize the protein 
bands. Photos of the blots were captured by a 
gel documentation system and density of each 

Table 2. Luminal and glandular epithelial heights 
between various treatment groups 

Groups Number 
of glands

Luminal Epithe-
lial Height (mm)

Glandular Epithe-
lial Height (mm)

C 4 ± 1 8.55 ± 1.78 7.15 ± 2.11
E+P 13 ± 2 32.90 ± 3.28 13.35 ± 2.06
(E+P)+10Q 16 ± 4 15.81 ± 2.66* 9.01 ± 2.38*
(E+P)+100Q 24 ± 5* 25.43 ± 5.40 11.46 ± 3.65
The heights were significantly reduced following 10 mg/kg/day 
quercetin treatment. *P < 0.05 as compared to E+P group.

gy and protein and mRNA expression analy-
ses. No differences were observed in these 
parameters between DMSO and peanut oil 
only treatments. 

Uterine histology preparation

Uterine horns were immediately removed 
and fixed in 4% paraformaldehyde (PFD) at 
4°C for 4 to 5 hours. Tissues were then pro-
cessed through different grades of etha-
nol, incubated overnight in chloroform, 
transferred into paraffin wax for 3 hours, 
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band was determined by using Image J soft-
ware NIH Image J (version 1.46j; National 
Institutes of Health, Bethesda, MD, USA). The 
ratio of each target band/β-actin was calculat-
ed and was considered as expression levels of 
the target proteins. 

PCNA mRNA quantification by real time PCR 
(qPCR) 

Whole uterine tissues were kept in RNALater 
(Ambion, USA) solution prior to RNA extraction. 
Total RNA was freshly isolated from rat uteri by 
using RNeasy Plus Mini Kit (Qiagen, USA). Purity 
and concentration of RNA was assessed by 
using 260/280 UV absorption ratios (Gene 
Quant 1300, UK). Two steps Real Time PCR 
was used to evaluate gene expression with 
application of TaqMan® RNA-to-CT 1-Step Kit 
(Ambion, Austin, TX, USA) [24]. Reverse tran-
scription into cDNA was performed by using 
High Capacity RNA-to-cDNA Kit (Applied 
Biosystems, USA). Controls include amplifica-
tions performed on samples identically pre-
pared however with no reverse transcriptase 
(-RT) and amplifications performed with no 
added substrate. 

PCR program includes 2 minutes at 50°C for 
UNG activity, 20 seconds 95°C activation of 
ampliTaq gold DNA polymerase, and 1 minute 
denaturation at 95°C, 20 second and anneal-
ing/extension at 60°C for 1 minute. Denature 
and annealing was performed for 40 cycles. All 
measurements were normalized using GenEx 
software (MultiD, Sweden) followed by Data 
Assist v3 software from Applied Biosystems 
(USA) which was used to evaluate RNA fold 
changes. All experiments were carried out in 
triplicates. Data was analyzed according to 
comparative Ct (2-ΔΔCt) method.  

PCNA distribution analyses by immunohisto-
chemistry (IHC) and immunofluorescence

Uterine tissues were fixed in 4% paraformalde-
hyde (PFD) overnight before processing and 
dehydrated through increasing concentrations 
of ethanol, cleared in chloroform and blocked in 
paraffin wax. For IHC, tissues were cut into 5 
µm sections, deparaffinised in xylene, rehydrat-
ed in reducing concentration of ethanol. Tri 
sodium citrate (pH 6.0) was used for antigen 
retrieval, while 1% H2O2 in PBS was used to 
neutralize endogenous peroxidase. Sections 

Figure 2. PCNA mRNA fold changes in different treatment group. A 
marked increase in PCNA mRNA expression was observed following 
concomitant treatment of estrogen plus progesterone with 100 mg/
kg/day quercetin. Meanwhile, significant decrease in PCNA mRNA ex-
pression was also noted following co-administration of 10 mg/kg/day 
quercetin with estrogen plus progesterone. C = vehicle, E+P = estrogen 
plus progesterone, (E+P)+10Q = estrogen plus progesterone with 10 
mg/kg/day quercetin, (E+P)+100Q = estrogen plus progesterone with 
100 mg/kg/day quercetin. *P < 0.05 as compared to C. †P < 0.05 as 
compared to E+P.

In real-time PCR, amplified region 
of cDNA was probed with fluores-
cence-labeled probe. Specificity of 
primer and probe ensures that 
expression of target DNA was spe-
cifically evaluated. Real time PCR 
does not require time consuming 
post amplification gel electropho-
resis due to high sensitivity [24]. 
TaqMan probe has a sensitivity of 
100% and specificity of 96.67% 
and was capable of detecting as 
few as 50 copies of RNA/ml and as 
low as 5-10 molecules. The assay 
used (TaqMan®-Rn01514538-g1) 
amplifies 94 bp segment of PCNA. 
Target assay was validated in-silico 
using whole rat genome sequenc-
es and in-vitro using whole rat 
cDNA sequences which ensures 
target sequences were detected 
(Applied Biosystems, USA). GAPDH 
(assay number: Rn99999916-s1) 
was used as a reference or house-
keeping gene for endometrial tis-
sue as its expression was the most 
stable during oestrus cycle [25]. 
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were then blocked in 5% BSA for non-specific 
binding, prior to incubation with goat polyclonal 
PCNA primary antibody (Santa Cruz, USA) at a 
dilution of 1:200 in 5% BSA at room tempera-
ture for an hour.  After four times rinsing with 
PBS, sections were then incubated with bioti-
nylated secondary antibody for 30 minutes at 
room temperature, and were exposed to avidin 
and biotinylated HRP complex (Santa Cruz, US) 
in PBS for another half an hour. The sites of 
antibody binding were visualized by DAB 
(Diaminobenzidine HCl) (Santa Cruz, US) stain-
ing, which gave dark-brown stains. Sections 
were counterstained with hematoxylin for 
nuclear staining. In this experiment, non-
immune normal donkey serum was used as a 
negative control with no staining detected. For 
immunofluorescence, sections were blocked in  
10% normal rabbit serum (SC-2338) (Santa 
Cruz Biotechnology, Santa Cruz, CA) prior to 
incubation with PCNA primary antibody (Santa 
Cruz: sc-9857) (Santa Cruz Biotechnology, 
Santa Cruz, CA) at a dilution of 1:100 in PBS 
with 1.5% normal blocking serum at room tem-
perature for an hour. After three times rinsing 
with PBS, sections were incubated with rabbit 
anti-goat IgG-fluorochrome-conjugated second-

(Nikon Instruments Inc, Melville, NY, USA), 
exposure time and sensitivity were set prior to 
image capturing. At the outset of the session, 
part of the slide with no tissue (blank field) was 
viewed under the microscope and auto white 
balance was performed. Area of interest on the 
image was selected under hue-saturation-
intensity (HSI) mode and the total counts (fluo-
rescence spots) were obtained. Mean intensity 
of the counts (which could be restricted) was 
determined which represents average amount 
of protein expressed in the tissue. 

Statistical analysis

Statistical differences were evaluated by analy-
sis of variance (ANOVA). A probability level of 
less than 0.05 (P < 0.05) was considered as 
significant. Post-hoc statistical power analysis 
was performed and all values obtained were > 
0.8 which indicate adequate sample size. 
Meanwhile, Shapiro-Wilk test was performed to 
test for data normality with P values > 0.05 
which indicate normal distribution. For mRNA 
analyses, the number of samples used was six 
(6) samples while for immunofluorescence, four 
(4) samples were used per treatment group. 

Figure 3. PCNA protein expression in different treatment groups. A sig-
nificant increase in PCNA protein expression was noted following con-
comitant treatment of estrogen and progesterone with 100 mg/kg/day 
quercetin. Meanwhile, significantly lower expression of PCNA protein was 
noted following co-administration of 10 mg/kg/day quercetin with estro-
gen plus progesterone. C = vehicle, E+P = estrogen plus progesterone, 
(E+P) +10Q = estrogen plus progesterone with 10 mg/kg/day quercetin, 
(E+P)+100Q = estrogen plus progesterone with 100 mg/kg/day querce-
tin. *P < 0.05 as compared to C. †P < 0.05 as compared to E+P.

ary antibody (sc-2777) (Santa 
Cruz Biotechnology, Santa Cruz, 
CA) at a dilution of 1:250 in PBS 
with 1.5% normal blocking serum 
at room temperature  for 45 min-
utes. The slides were rinsed three 
times with PBS and were mount-
ed with Ultracruz Mounting Me- 
dium (Santa Cruz Biotechno- 
logy, Santa Cruz, CA) and counter-
stain to visualize the nuclei. All 
images were viewed by using a 
Nikon Eclipse 80i camera which 
was attached to a light micro- 
scope.

Fluorescence intensity measure-
ment

Immunofluorescence images we- 
re captured under standard con-
dition of illumination with the volt-
age chosen and photographs ta- 
ken at a fixed exposure time. Tiff 
images (1280 × 1024 pixels) 
were taken at objective lens mag-
nification of 40 × and 100 ×. By 
using NIS-Element AR program 
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Results

Uterine morphological changes

Figure 1 shows appearance of uterine cross 
sections at low magnification in vehicle-treat-
ed, estrogen plus progesterone and estrogen 
plus progesterone with addition of 10 mg/kg/
day or 100 mg/kg/day quercetin daily for seven 

consecutive days. Meanwhile, Table 1 shows 
the ratio of inner/outer uterine circumference 
in different treatment groups. Our findings indi-
cate that a slight but significant decrease in the 
ratio was observed following 10 mg/kg/day 
quercetin treatment however no significant 
changes in the ratio was observed following 
administration of 100 mg/kg/day quercetin as 
compared to estrogen plus progesterone-only 

Figure 4. PCNA distribution in the glands of different 
treatment groups. A-D: FTIC with DAPI staining and 
E: FTIC staining alone for PCNA. Fluorescence signal 
could be seen arising from the glands. The highest 
intensity could be seen arising from (E+P)+100Q 
group (D & E images). L, lumen; G, glands; S, stroma; 
M, myometrium. A = control, B = estrogen plus pro-
gesterone, C = estrogen plus progesterone with 10 
mg/kg/day quercetin, D & E = estrogen plus proges-
terone with 100 mg/kg/day quercetin.
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treatment. Table 2 shows the height of luminal 
and glandular epithelia which were significantly 
reduced following 10 mg/kg/day quercetin 
administration. A remarkable increase in glands 
number was noted following treatment with 
100 mg/kg/day quercetin (Figure 1; Table 2). 

Uterine PCNA mRNA expression

Figure 2 shows PCNA mRNA fold changes in 
uterine tissue homogenates in various treat-

ment groups. Our findings indicate that admin-
istration of 100 mg/kg/day quercetin resulted 
in an approximately four fold increase in PCNA 
mRNA expression as compared to estrogen 
plus progesterone-only treatment. However, 
PCNA mRNA expression was significantly 
reduced in the group which received estrogen 
plus progesterone with 10 mg/kg/day querce-
tin as compared to estrogen plus progesterone-
only treatment (P < 0.05).  

Figure 5. PCNA distribution in the stroma in different 
treatment groups. (A-D) FTIC with DAPI staining and 
(E) FTIC staining alone for PCNA. Fluorescence signal 
could be seen arising from the stroma. The highest 
intensity could be seen arising from (E+P)+100Q 
group (D & E images). L, lumen; G, glands; S, stroma; 
E, epithelium. A = control, B = estrogen plus proges-
terone, C = estrogen plus progesterone with 10 mg/
kg/day quercetin, D & E = estrogen plus progester-
one with 100 mg/kg/day quercetin.
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Uterine PCNA protein expression

Figure 3 shows Western Blot images and ratio 
of PCNA/β-actin proteins in uterine tissue 
homogenates of rats receiving different treat-
ment. Our findings indicate that PCNA protein 
was expressed the highest in the group which 
received estrogen plus progesterone and 100 
mg/kg/day quercetin, consistent with the 
mRNA findings. However, in the group receiving 
10 mg/kg/day quercetin, PCNA protein expres-
sion was significantly lower as compared to 
estrogen plus progesterone-only treatment (P < 
0.05).    

Uterine PCNA protein distribution 

Figures 4 and 5 show the representative fluo-
rescence microscopic images of the uterine 
glands and stroma respectively in different 
treatment groups. Fluorescence signals could 

be seen in the group which received estrogen 
plus progesterone and estrogen plus progester-
one in the presence of 100 mg/kg/day querce-
tin. In estrogen plus progesterone treatment, 
the signals arise mainly from the glands, where-
as in the presence of 100 mg/kg/day querce-
tin, widely distributed high intensity signals 
could be seen arising from the glands and stro-
ma. Figure 6A and 6B show the mean fluores-
cence intensity in different treatment groups 
which was the highest in the glands and stroma 
following treatment with estrogen plus proges-
terone in the presence of 100 mg/kg/day quer-
cetin. Administration of 10 mg/kg/day querce-
tin however resulted in a significantly lower 
fluorescence intensity as compared to estrogen 
plus progesterone-only treatment (P < 0.05). 

Figure 7 shows immunoperoxidase staining in 
different treatment group. High number of 
PCNA -stained nuclei could be seen in estrogen 

Figure 6. Mean fluorescence intensity in different treatment group. The highest fluorescence intensity in both (A) 
glands and (B) stroma could be seen in the group which received estrogen plus progesterone in the presence of 
100 mg/kg/day quercetin. The intensity in the group receiving 10 mg/kg/day quercetin was significantly lesser than 
estrogen plus progesterone-only treatment group. C = vehicle, E+P = estrogen plus progesterone, (E+P)+10Q = 
estrogen plus progesterone with 10 mg/kg/day quercetin, (E+P)+100Q = estrogen plus progesterone with 100 mg/
kg/day quercetin. *P < 0.05 as compared to C. †P < 0.05 as compared to E+P.
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plus progesterone with and without 100 mg/
kg/day quercetin, with the latter relatively high-
er than the former. However low number of 
PCNA-stained nuclei was seen in estrogen plus 
progesterone in the presence of 10 mg/kg/day 
quercetin. 

Discussion

To the best of our knowledge, this study report-
ed for the first time the differential effects of 
quercetin at 10 and 100 mg/kg/day on uterine 
morphology and proliferation in ovariectomised 
rats receiving steroid replacement to mimic the 
hormonal changes during the reproductive 
cycle. Administration of 10 mg/kg/day querce-
tin has induced morphological changes in the 
stroma and epithelia that line the lumen and 
glands. At this dose however, no significant pro-
liferative changes was noted in the uterus as 

compared to estrogen plus progesterone-only 
treatment. Administration of 100 mg/kg/day 
quercetin did not cause a marked change in the 
size of the uterine lumen with the heights of 
luminal and glandular epithelia remains insigni-
ficantly different from estrogen plus progester-
one-only treatment. The number of glands how-
ever was markedly increased suggestive of 
glandular hyperplasic changes. 

Evidence of hyperplasia was confirmed by 
immunofluorescence which revealed extensive 
proliferation in both glands and stromal which 
was reflected by high intensity PCNA signals. 
Similarly, immunoperoxidase staining also sup-
ports active stromal and glandular proliferation 
in the group which received 100 mg/kg/day 
quercetin treatment. Quercetin at 100 mg/kg/
day induced an approximately four fold increase 
in PCNA mRNA and two folds increase in PCNA 

Figure 7. PCNA immunoperoxidase-stained cell nuclei. High number nuclei staining could be seen in the group 
which received estrogen plus progesterone-only treatment and estrogen plus progesterone in the presence of 100 
mg/kg/day quercetin, with the latter has a relatively higher number of peroxidase reaction in the nuclei than the 
former. Stainings were mostly seen in the stroma. In E+P plus 100 mg/kg/day group, stainings were also seen in the 
glands. A = control, B = estrogen plus progesterone, C = estrogen plus progesterone with 10 mg/kg/day quercetin, 
D & E = estrogen plus progesterone with 100 mg/kg/day quercetin.
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protein expression in the uterus which con-
firmed active proliferation. A markedly high 
amount of cellular proliferation could trigger 
uterine neoplastic changes. In view of this, fur-
ther investigation is needed to investigate 
expression of neoplastic markers under high 
dose quercetin effect. In addition to quercetin, 
several other plant compounds including high 
dose (100 mg/kg/day) genistein was also 
found to induce proliferation of uterus [15] that 
could trigger neoplasic changes [16]. Therefore, 
it is possible that quercetin may also trigger 
neoplasia as both compounds shared similar 
phytoestrogenic properties. 

A significantly low PCNA expression following 
administration of 10 mg/kg/day quercetin indi-
cated that quercetin antagonized estrogen 
effect on the uterus. The morphometric analy-
ses indicated that the average heights of lumi-
nal and glandular epithelia were significantly 
lower in this group as compared to estrogen 
plus progesterone-only treatment which sug-
gest epithelial growth retardation. Meanwhile, 
the amount of fluid accumulated within the 
uterine lumen which was reflected by changes 
in the ratio of inner/outer uterine circumfer-
ence [26] was markedly reduced suggestive of 
decreased endometrial secretory function. No 
significant changes in these parameters were 
noted in the group which received 100 mg/kg/
day quercetin. These findings indicated that the 
anti-estrogenic of high dose quercetin was 
lesser than at lower doses. Estrogen is known 
to induce fluid accumulation while progester-
one induces fluid loss from the uterine lumen 
[26] in which disturbances to this precise regu-
lation could affect multiple reproductive pro-
cesses that may have significant impact on 
fertility. 

The reduced proliferation under 10 mg/kg/day 
quercetin may interfere with epithelial and stro-
mal growth and secretions of growth factors 
such as heparin-binding growth factor (HB-EGF) 
by the stromal cells [27]. Adequate stromal 
growth is essential for decidualization in prepa-
ration for implantation [28]. The reduced stro-
mal cells growth could affect their response 
towards sex-steroids [29]. Adequate growth is 
also essential for achieving receptive state 
required for implantation [14]. Retarded endo-
metrial growth may produce effect which 
resemble luteal phase defect, a pathological 
condition associated with failure of embryo to 

implant [30]. Despite of the effect that resem-
ble estrogen and anti-estrogen, quercetin was 
found to possess neither progesterone nor 
anti-progesterone-like effect. In view of this, it 
is highly unlikely that this compound might 
interfere with progesterone-induced uterine 
changes. 

In conclusion, this study has displayed dual 
effect of quercetin on the uterus. At 10 mg/kg/
day, quercetin displays predominantly anti-
estrogenic effect which could be due to the 
binding to type-2 estrogen receptor. A signifi-
cant inhibition on estrogen-induced changes by 
this quercetin dose is potentially useful as 
quercetin could be considered as oral contra-
ceptive agent. At high dose (100 mg/kg/day) 
intake such as that occur with quercetin-rich 
dietary supplement, the exaggerated estrogen-
ic activities rendered this compound a poten-
tial hazard that could trigger neoplastic 
development. 
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