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ABSTRACT Objective: Quercetin is a phytoestrogen that exerts both in vitro agonistic and antagonistic activities on estrogen receptors. 
The present study evaluated the in vivo estrogen-like activity of quercetin on the reproductive organs of female rats. For 
this purpose, a partial estrogen agonist tamoxifen (TMX) and an estrogen antagonist fulvestrant (FLV) were used to mimic 
and antagonize the effects of estrogen on uterine tissue, respectively. 4-Vinylcyclohexene dioxide (VCD) was used to induce 
primary ovarian failure in rats. 

Materials and Methods: In experiment 1, immature female rats (21–22 days old) were treated with a vehicle (control), 
quercetin (10, 30, and 90 mg/kg), 10 mg/kg of quercetin (Q10)+TMX, Q10+ FLV, 17β-estradiol (17βE), 17βE+TMX, 
or 17βE+FLV. In experiment 2, prepubertal female rats (28–29 days old) were treated with a vehicle (dimethyl sulfoxide), 
VCD-alone, VCD+Q10, or VCD+17βE. A uterotrophic assay and histological analysis of uteri were performed. The partial 
estrogen agonist TMX and the estrogen antagonist FLV were used to mimic and antagonize the effects of estrogen on uterine 
tissue, respectively. VCD was used to induce primary ovarian failure in rats.

Results: In immature female rats, the uterine weight was significantly higher in animals treated with Q10 compared to those 
treated with the vehicle. Although TMX did not result in a significant change, FLV significantly decreased the uterine weight 
in Q10-treated rats. In prepubertal female rats, the uterine weight significantly decreased in VCD±Q10- or 17βE-treated 
animals compared that in VCD-treated animals. Although the endometrial thickness was unchanged in Q10-treated animals, 
it was significantly decreased in the Q10+FLV-treated animals. VCD significantly decreased the endometrial thickness, which 
was prevented by Q10. 

Conclusion: Quercetin may have a dose-dependent and biphasic effect on the uterus by modulating estrogen receptors.
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INTRODUCTION

Estrogens are steroid hormones that influence the growth, differentiation, and functioning of many target organs 
including the male and female reproductive organs. Estrogen is implicated in the development of breast, ovarian, 
endometrial, and prostate cancer, while estrogen deficiency has been associated with osteoporosis, neurodegen-
erative diseases, cardiovascular disease, and obesity (1). It induces several cellular changes on binding to an intra-
nuclear binding protein called the estrogen receptor (ER). There are two main forms of ERs, ERα and ERβ, with 
distinct tissue expression patterns (2). 

Quercetin is a phytoestrogen belonging to the flavonol subclass of flavonoid compounds, and it exerts many po-
tential beneficial effects on human health. It is found in a variety of fruits and vegetables, particularly in onions (3). 
Several in vivo and in vitro studies have suggested a wide range of biological effects of quercetin including anti-
oxidant (4, 5), anticancer (6, 7), antihypertensive (8), anti-inflammatory (9), and antimicrobial (10) effects. Several 
phytoestrogens have been suggested to bind to and activate ERα and ERβ. However, there are inconsistent results 
in the literature regarding the effects of quercetin on ERs. Quercetin has shown agonistic or antagonistic activity 
on these receptors. Initial studies on the estrogenic activity of quercetin have reported only anti-estrogenic effects 
on an estrogen-sensitive breast cancer cell line (MCF-7) (11), while subsequent studies have found that quercetin 
exerts both estrogenic and anti-estrogenic effects in a dose-dependent manner (12, 13). 

Because there are at least two receptors for estrogen in the target tissues and as they have different functions, se-
lective ER modulators (SERMs), including tamoxifen (TMX), have been developed. TMX exerts estrogen agonistic 
(at the bone and uterus) or antagonistic effects (at the breast) depending on the tissue and receptor subtype (14). 



Fulvestrant (FLV) is a complete ER antagonist with no agonistic 
effects. The co-administration of FLV with estradiol or TMX has 
been shown to prevent the maximum and partial uterotrophic ac-
tivity induced by estradiol and TMX (15, 16).

Vinylcyclohexene diepoxide (VCD) is an occupational chemical 
causing the selective destruction of ovarian primordial and primary 
follicles in rats and mice by accelerating natural atresia (17). 

The present study evaluated the in vivo estrogen-like activity of 
quercetin on the reproductive organs of female rats by a uterotro-
phic assay and histological analysis.

MATERIALS and METHODS

Study animals and treatments
Sprague–Dawley female rats were supplied by the Medical and 
Surgical Experimental Research Center of Eskisehir Osmangazi 
University. All animals were housed in a room at 22°C in a 12-h 
light/dark cycle. Tap water and a pelleted commercial diet were 
available ad libitum throughout the study. The experiments were 
conducted in accordance with the Animal Care and Use Commit-
tee of our institution, and approval was obtained from the local 
ethical committee (date: 04/26/2011; protocol no: 190-1). 

Experiment 1: Immature female rats
Immature female rats (21–22 days old) weighing approximately 
35–40 g were randomly divided into nine groups comprising six ani-
mals each. The control group (C) received a vehicle [20% dimethyl 
sulfoxide (DMSO)) (Sigma- Aldrich, St. Louis, MO, USA)/water, and 
quercetin groups (Q10, Q30, and Q90) were treated with quercetin 
(Sigma- Aldrich, St. Louis, MO, USA) at doses of 10, 30, or 90 
mg/kg/day, respectively. Quercetin was used at a dose of 10 mg/
kg/day for the remaining experiments because it was the minimum 
quercetin dose that induced a significant uterine weight increase. 
An additional two groups of animals, Q10+TMX and Q10+FLV, 
received either TMX (Sigma-Aldrich, St. Louis, MO, USA) (2 µg/kg/
day) or FLV (Sigma-Aldrich, St. Louis, MO, USA) (5 mg/kg/day), 
respectively, in combination with 10 mg/kg of quercetin. TMX is a 
partial estrogen agonist and FLV is a complete estrogen antagonist; 
these were used to mimic and antagonize the effects of estrogen on 
uterine tissue, respectively. The remaining three groups of animals, 
i.e., 17β-estradiol (17βE), 17βE+TMX, and 17βE+FLV, were treat-
ed with 4 mg/kg/day of 17βE alone or in combination with either 
TMX or FLV. All test substances were perorally administered for 3 
days using an oral gavage tube. 

Experiment II: Prepubertal female rats with primary ovarian 
failure 
Prepubertal female rats (28–29 days old) weighing approximately 
50–60 g were randomly divided into four groups comprising six 
animals each. Intraperitoneally, 2–3 mL of DMSO was injected 
for 15 days to the control animals (DMSO group). VCD (Fluka, 
Buchs, Switzerland) dissolved in DMSO was injected to the second 
group of animals (VCD group) at a dose of 60 mg/kg/day for 15 
days. For rats, VCD injection at a dose range of 40–80 mg/kg has 
been shown to cause ovotoxicity by selectively targeting primor-
dial and primary follicles (18, 19). Twenty-four hours following the 
last VCD injection, the third (VCD+Q10) and fourth (VCD+17βE) 
groups of animals were treated with 10 mg/kg/day of quercetin 
and 4 mg/kg/day of 17βE, respectively, by oral gavage for 4 days. 

Uterotrophic assay
Twenty-four hours following the last dose in each experiment, the 
overnight-fasted animals were weighed, and 1 mL of venous blood 
was withdrawn by cardiac puncture under ether anesthesia. Blood 
samples were collected in dry tubes, and serum samples obtained 
by centrifugation were stored at −20°C until analysis. The ani-
mals were sacrificed by an overdose of anesthetics, and the uteri 
were quickly removed, trimmed of fat and connective tissue, and 
weighed. Then, the uteri were cut into two pieces: one of the piec-
es was used for a histological examination and the other for the de-
termination of the ratio of uterine dry weight to uterine wet weight 
(UDW/UWW). Uterine dry weights were measured after drying the 
uterine piece in an oven at 60°C for 12 h. 

The ratio of uterine wet weight to body weight (UW/BW) in mg/g 
and UDW/UWW in mg/mg were determined, and the percentage 
of body weight increase (BW%) were calculated using the following 
formula:

BW%= (post-experiment body weight−pre-experiment body weight) 
×100/pre-experiment BW.

Uterine and Ovarian Histology
The uterus and ovary were fixed in 10% neutral buffered formalin 
immediately after weighing. They were dehydrated at room tem-
perature for 24 h and embedded in paraffin. The tissues were then 
sectioned to a thickness of 5 µm and mounted on slides. These 
sections were stained with hematoxylin and eosin (H&E), and his-
topathological changes were examined under a light microscope 
(Olympus U-PM-TVC).

Increased endometrial epithelium thickness, hypertrophy in the 
uterus, increased number of mitotic cells, spindle-shaped cells un-
derlying the basal lamina, and cells with a dark nuclei were con-
sidered as findings of increased estrogenic activity. On the other 
hand, decreased endometrial epithelium thickness, cubic shape 
of epithelial cells, round-shaped cells underlying the basal lamina, 
cells with a round nuclei, and atrophic appearance of the uterus 
were considered as findings of the antagonistic characteristics of 
the test substances. In ovarian tissue, a decreased number of pri-
mordial follicles compared to the number in the control group was 
considered as ovarian failure. The number of primordial follicles 
was determined in every 40th section of the ovaries. 

Statistical analysis
Data are expressed as mean±SD. The results were analyzed on 
SPSS 17.0 (SPSS Inc.; Chicago, IL, USA) and one-Way ANOVA 
and multiple comparison test of Tukey. The significance level was 
set at p<0.05. 

RESULTS

Uterotrophic assay
In 21-day old immature female rats, initial body weights were not 
different among the groups. BW%, UW/BW, and UDW/UWW are 
shown in Table 1. 

BW% was significantly lesser in the Q10, Q90, Q10+TMX, 
Q10+FLV (p<0.01, in each), and 17βE+FLV (p<0.05) group than 
in the control group. UW/BW on day 4 was significantly higher 
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in the Q10 (p<0.01), Q30 (p<0.05), Q10+TMX (p<0.01), and 
17βE (p<0.05) groups and significantly lower in the Q10+FLV 
(p<0.001) and 17βE+FLV (p<0.001) groups than in the control 
group. Of note, UW/BW was significantly lower in the Q10+FLV 
group than in the Q10 group (p<0.001). UDW/UWW was signifi-
cantly lower in the Q10 (p<0.01) group than in the control group. 
The endometrial thickness was found to be significantly lower in 
the Q90 (p<0.001) group and significantly higher in the 17βE 
(p<0.001) group than in the control group. While the endometrial 
thickness did not change in the Q10 and Q10+TMX groups com-
pared to that in the control group, the thickness was significantly 
decreased in Q10+FLV (p<0.001) group compared to that in the 
Q10 group. Treatment with 17βE resulted in an increased endo-
metrial thickness (p<0.001) compared to control rats, which was 
significantly decreased in rats treated with 17βE+FLV (p<0.001). 

In 28-day old prepubertal female rats, initial body weights were not 
different among the groups. BW%, UW/BW, and UDW/UWW are 
shown in Table 2. 

BW% was significantly lower in the VCD (p<0.001), VCD+Q10 
(p<0.05), and VCD+17βE (p<0.001) groups than in the control 
group. UW/BW on day 20 was significantly lower in the VCD and 
VCD+Q10 (p<0.05, in each) group than in the control group. In 
the animals treated with 17βE after the completion of VCD in-
jections, UW/BW was significantly higher than those treated with 
10 mg/kg of quercetin (p<0.05). UDW/UWW was not different 
among these four groups. 

Histological findings
In 21-day old immature female control rats, the uteri were imma-
ture, endometrial epithelial cells were cuboidal-shaped and short 
in length, and connective tissue cells were few and had a round 
nucleus. The histological appearance of the uteri was not differ-
ent in 21-day old rats treated with Q10, Q10+TMX, Q10+FLV 
and 17βE+FLV compared to that of control animals. However, 
the uteri were hypertrophic, cells in the lamina propria of the 
endometrium were spindle-shaped and had a dark nucleus, and 
there were numerous mitotic cells in the animals treated with 17βE 

Table 1. Morphological and histological effects of the compounds on the uterus in immature female rats

   UW/BW  UDW/UWW Endometrial  
 BW% (mg/g)  (mg/mg) thickness (µm) 
 Mean±SD Mean±SD Mean±SD  Mean±SD

Control  30.80±6.4 2.82±0.39 0.23±0.04 19.58±1.02

Q10 17.91±6.21** 3.85±0.50** 0.15±0.01** 18.40±1.74

Q30 25.10±2.86 3.80±0.76* 0.26±0.04 19.57±1.93

Q90 18.34±2.76** 2.38±0.51 0.37±0.08 13.38±0.78***

Q10+TMX 18.13±4.06** 3.84±0.51** 0.24±0.04 19.83±0.46

Q10+FLV 16.82±4.08** 1.22±0.26*** +++ 0.41±0.08 12.30±0.15+++

17βE 24.20±4.40 3.16±0.63* 0.20±0.04 26.38±1.84***

17βE+TMX 24.65±2.63 2.57±0.27 0.25±0.03 23.94±2.08

17βE+FLV 21.45±1.40* 1.25±0.25*** 0.38±0.18 11.93±0.19xxx

*:p<0.05, **:p<0.01,***:p <0.001 as compared to the control group
+++: p<0.01 as compared to the Q10 group
xxx: p <0.001 as compared to the 17βE group
BW%: percentage of body weight increase; UW/BW: ratio of uterine wet weight to body weight; UDW/UWW: ratio of uterine dry weight to uterine 
wet weight; Q: quercetin; TMX: tamoxifen; FLV: fulvestrant; 17βE: 17β-estradiol; SD: standard deviation

Table 2. Morphological and histological effects of the compounds on uterus in prepubertal female rats

   UW/BW  UDW/UWW Endometrial  
 BW% (mg/g)  (mg/mg) thickness (µm) 
 Mean±SD Mean±SD Mean±SD  Mean±SD

DMSO Control  94.86±8.37 3.30±0.78 0.33±0.07 21.0±0.63

VCD 42.84±17.19*** 1.83±0.66* 0.27±0.11 11.0±0.89***

VCD+Q10 58.17±19.87* 1.22±0.26* 0.27±0.11 19.1±1,37+++

VCD+17βE 40.40±3.05*** 2.41±0.86+ 0.27±0.10 28.7±2.49+++

*: p<0.05, ***: p<0.001 as compared to the control group
+: p<0.05, +++: p<0.001 as compared to the VCD group
BW%: percentage of body weight increase; UW/BW: ratio of uterine wet weight to body weight; UDW/UWW: ratio of uterine dry weight to uterine 
wet weight; VCD: 4-vinylcyclohexene dioxide; Q: quercetin; 17βE: 17β-estradiol
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and 17βE+TMX (Figure 1). The mean endometrial thickness was 
19.58±1.02 µm in control animals. Although it was not signifi-
cantly different in animals treated with Q10, a significant decrease 
was observed in animals treated with Q90 (p<0.001) and in those 
treated with Q10+FLV (p<0.001). As expected, the mean thick-
ness of the endometrium was significantly increased with the ad-
ministration of 17βE (p<0.001) and significantly decreased with 
the administration of 17βE+FLV (p<0.001). 

In 28-day old prepubertal female control rats (DMSO group), the 
uteri were immature, and endometrial epithelial cells were cuboi-
dal-shaped and short, and connective tissue cells were few and 
had a round nucleus. Although the histological appearance of the 
uteri was not different in VCD-treated animals, the uteri of animals 
treated with VCD+ Q10 and VCD+17βE were hypertrophic, cells 
in the lamina propria of the endometrium were spindle-shaped and 
had a dark nucleus, and there were numerous mitotic cells (Figure 
2). The mean endometrial thickness was 21.0±0.63 µm in the 
DMSO-treated control animals. The endometrial thickness was sig-
nificantly decreased in VCD-treated animals (p<0.001); treatment 
of animals with Q10 after repeated injections of VCD for 15 days 
significantly increased the endometrial thickness to a level close to 
that observed in control animals (p<0.001). On the other hand, 
the VCD+17βE (p<0.001) group showed a significantly increased 
endometrial thickness compared to the control group.   

The mean primordial follicle number in the ovaries of DMSO-treat-
ed 28-day old control rats was 8.71±0.76, and it was significantly 
decreased to 1.66±0.52 in VCD-treated animals (p<0.001). How-
ever, primordial follicle number was not different in 28-day old rats 
treated with VCD+Q10 and VCD+17βE compared to animals in 
the DMSO group. 

DISCUSSION

In the present study, we evaluated the effects of quercetin on the 
reproductive organs of 21-day old immature as well as in 28-day 
old prepubertal female rats with ovarian failure induced by VCD 
and found estrogen-like effects at relatively low doses (10 and 30 
mg/kg/day) of quercetin but no effects at higher doses (90 mg/
kg/day). 

Quercetin at doses of 10 and 30 mg/kg, but not at the dose of 90 
mg/kg, increased UW/BW to the same level as that with 17βE in 
21-day old immature rats. While the co-administration of the par-
tial estrogen agonist TMX and 10 mg/kg of quercetin did not cause 

any significant change, the addition of the estrogen antagonist FLV 
to 10 mg/kg of quercetin significantly decreased UW/BW. There-
fore, it seems that quercetin exerts estrogen-like activity that does 
not change with TMX but that is inhibited by FLV. On the other 
hand, VCD treatment resulted in significantly decreased UW/BW 
and quercetin did not antagonize this effect of VCD in 28-day old 
prepubertal rats, suggesting that quercetin has estrogenic or anti-
estrogenic effects depending on the presence of estrogen. Both es-
trogenic and anti-estrogenic effects have been suggested for quer-
cetin in a dose-dependent manner (12, 13). In line with the results 
of previous studies (12, 20, 21), we found a dose-dependent effect 
of quercetin on the uterine weight. 

In histological sections from immature rats, 10 mg/kg of quercetin 
resulted in no difference in the endometrial thickness; however, 
90 mg/kg of quercetin resulted in a significantly decreased endo-
metrial thickness, suggesting that quercetin exerts no proliferative 
and antiproliferative effects on the uterus when used in low and 
high doses, respectively. In a recent study, Shahzad et al. (20) re-
ported an antiestrogenic effect for 10 mg/kg of quercetin via bind-
ing type-2 ER with no proliferative effect on the uterus. Although 
we found an antiproliferative effect for 90 mg/kg of quercetin in 
our study, the authors of that study found an estrogenic activity for 

Figure 1. The histological appearance of the uteri and endometrial thickness of immature rats from the control (a), 17βE (b), 
and 17βE+TMX (c) groups (40× magnification) 

a b c

Figure 2. The histological appearance of the uteri and 
endometrial thickness of prepubertal rats from the control 
(a), VCD (b), VCD+Q10 (c), and VCD+17βE (d) groups (40× 
magnification)

a

c

b

d
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100 mg/kg of quercetin, which can trigger estrogen-dependent 
cancer in humans (20, 21). Furthermore, the outer scale of onions 
known to contain quercetin has been found to induce morpho-
logical changes in the uteri of mice (22). However, these studies 
used adult animals and evaluated the effects of quercetin under the 
influence of estrogen and progesterone, which may have resulted 
in findings different from those in our study. In contrast, we used 
immature and prepubertal rats, which are free of the influence of 
the menstrual cycle. 

Phytoestrogens has been suggested to be SERMs, and they may be 
used in postmenopausal women for helping to reduce some health 
risks associated with the lack of estrogen (23, 24). Quercetin, 
which is a phytoestrogen, has also been found to stimulate both 
ERα and ERβ (11), with a higher capacity for stimulating ERβ (25). 

In the present study, VCD was used to induce a condition resem-
bling primary ovarian failure in prepubertal rats and to evaluate 
the possible beneficial effects of quercetin treatment on the uterus. 
VCD is an industrial chemical that selectively destroys primordial 
and primary ovarian follicles following 15 days of intraperitoneal 
(i.p) injection (18, 26). Moreover, VCD is known to induce apop-
totic processes similar to processes associated with atresia (26). We 
observed decreased uterine weight and decreased primordial fol-
licle number in the ovaries with repeated i.p. injection of VCD for 
15 days, all of which were prevented by 17βE but not by querce-
tin. The endometrial thickness was significantly decreased in VCD-
treated animals, which was prevented by both 17βE and, to to a 
lesser extent, by quercetin. These results also imply that the estro-
gen-like activity of quercetin depends on the presence of estrogen. 

Quercetin has been generally studied by in vitro test systems. How-
ever, it should be emphasized that unlike in vivo systems, in vitro 
test systems do not include absorption or other metabolic transfor-
mation processes, which can result in false-negative or false-positive 
results. Moreover, in vivo studies have usually tested the estrogenic-
ity of quercetin given in a mixture of phytoestrogens, which can 
result in additive, synergistic, or antagonistic interactions.

CONCLUSION

In conclusion, the results of the present study suggest that querce-
tin has a dose-dependent effect on the uterus. However, because 
the biological activity of this compound depends on many other 
factors, such as the route of administration, chemical form admin-
istered, endogen estrogenic status, and compound’s concentra-
tion, the use of quercetin as a dietary supplement may not always 
be beneficial and may even be harmful and increase disease risk 
in some situations. Therefore, further studies are needed to inves-
tigate the possible clinical benefits of quercetin in individuals with 
estrogen deficiency, such as in menopausal women, before giving 
dietary recommendations for quercetin. 
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