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Abstract

Use of the dietary supplement quercetin is on the rise. Because previous studies imply an 

inhibitory effect of quercetin on male fertility, we explored the effects of this flavonoid on fertility 

in female mice. Birth outcomes, and ovarian morphology in 4-week-old offspring, were assessed 

in mice receiving dietary quercetin (5 mg kg−1 day−1) for 9 months during two breeding periods: 

from 2 to 6 months (prime reproductive age) and 8 to11 months of age. Quercetin increased birth 

spacing, leading to a 60% reduction in the number of litters, but enhanced folliculogenesis in 

ovaries of female offspring. While in young females quercetin caused an almost 70% increase in 

litter size, in older animals this effect was reversed. Consistent with the inhibitory activity of 

quercetin on the enzyme transglutaminase 2 (TG2), genetic ablation of TG2 in mice mirrors the 

effects of quercetin on birth outcomes and follicular development. Further, TG2-null mice lack 

responsiveness to quercetin ingestion. Our study shows for the first time that dietary quercetin can 

cause reduced reproductive potential in female mice and implies that TG2 may regulate ovarian 

ageing.
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Introduction

Dietary bioflavonoids represent a large class of polyphenolic compounds found in most 

plants. Many flavonoids, including quercetin (3,3′,4′,5,7-pentahydroxyflavone), are 

reported to possess strong antioxidant properties and to have beneficial health effects. 

Accumulating evidence that dietary bioflavonoids are beneficial for health and longevity 

(Wojcik et al. 2010) combined with the recent classification of quercetin as generally 

recognised as safe (GRAS) has led to a widening use of quercetin as a food supplement in 

the general population including people of reproductive age. However, the impact of 

quercetin on fertility and reproduction requires further investigation.

The effects of quercetin on male fertility as studied in vitro and in vivo are controversial, 

ranging from a demonstrated impairment of male fertility both in humans and animal models 
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(Aravindakshan et al. 1985; Khanduja et al. 2001; Ranawat et al. 2013), to the use of 

quercetin as an alternative drug for the treatment of male infertility (Taepongsorat et al. 
2008). The ability of this flavonoid to stimulate intense redox activity in human spermatozoa 

in vitro was proposed to underlie the aetiology of male infertility induced by quercetin 

(Bennetts et al. 2008). In contrast to the multiple investigations on the effects of quercetin on 

male fertility, its effects on female reproduction are less studied.

Among the pleiotropic effects of quercetin is its ability to inhibit the activity of enzyme 

transglutaminase 2 (TG2; Beazley et al. 2013a). TG2 is a ubiquitous calcium-dependent 

enzyme that catalyses protein cross-linking, polyamination or deamidation (Lorand and 

Graham 2003).Women with coeliac disease, an autoimmune disorder targeting TG2 (Özgör 

and Selimoglu 2010), experience a variety of reproductive disorders contributing to 

unexplained infertility; however, the mechanisms contributing to this remain unclear. TG2 is 

present in the endometrial epithelium where it participates in adhesion and migratory events 

during embryo implantation (Fujimoto et al. 1996; Kabir-Salmani et al. 2005). In addition, 

TG2 regulates various signalling cascades, including the canonical β-catenin pathway 

(Beazley et al. 2012) that has been implicated in regulating ovulation (Fan et al. 2010; 

Usongo et al. 2012).

The goal of this study was to explore the effects of dietary quercetin supplementation on 

female fecundity and fertility in mice, both during their prime reproductive age (2–6 months 

old) and as they near reproductive cessation (8–11 months old). Moreover, accounting for 

the ability of quercetin to inhibit TG2 as well as TG2-dependent signalling (Beazley et al. 
2012; Beazley et al. 2013a), we also investigated the role of TG2 in quercetin effects on 

female reproduction. Our data suggest that consumption of quercetin has unwanted mild 

effects on female fertility, mediated at least in part by TG2, raising awareness about the 

long-term use of this dietary supplement in females of reproductive age.

Materials and methods

Animal maintenance and breeding

C57BL/6 mice or transglutaminase 2 (TG2)-null mice (a kind gift from Robert Graham, 

Victor Chang Cardiovascular Institute, Darlinghurst, NSW, Australia) were maintained 

under controlled lighting (12 : 12 h light : dark) and temperature (22°C) with ad libitum 
access to food and water. All animal experiments were approved by the Animal Care and 

Use Committee at the University of Maryland Medical School and were conducted in 

accordance with the National Institute of Health (NIH) guidelines for the care and use of 

laboratory animals.

For breeding experiments, 2-month-old nulliparous female C57BL/6 mice or TG2-null mice 

were housed 2 : 1 with proven males (four females and two males in total of each genotype 

for each condition tested; power = 0.87). To determine the effects of quercetin on female 

reproduction and fertility, breeding cages were randomly assigned to receive either quercetin 

(Quercegen Pharma, Boston, MA, USA) or an equal volume of dimethylsulfoxide (DMSO; 

Sigma-Aldrich, St Louis, MO, USA) vehicle via drinking water. This dose of quercetin is 

sufficient to block TG2 activity in vitro (Beazley et al. 2012) and to prevent β-catenin 

Beazley and Nurminskaya Page 2

Reprod Fertil Dev. Author manuscript; available in PMC 2016 July 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



activation in vivo (Beazley et al. 2013a). Quercetin was prepared as a stock solution at 80 

mgmL−1 in DMSO. Dosage was determined by monitoring water consumption over a 3-

week period (Table 1) and using the calculation 80 mgmL−1 quercetin × average volume 

water consumed per animal per day (mL)/average weight per animal (kg) to determine the 

amount of quercetin stock to add to drinking water. Based on these data, animals received 

either 5mg kg−1 day−1 quercetin or DMSO vehicle 0.05% v/v in drinking water. For each 

dam, the number of litters and litter sizes were recorded. From these data, the time between 

successful pregnancies (birth spacing) was calculated. Resulting offspring were weighed 

weekly until 4 weeks of age at which time animals were killed and ovaries were harvested 

from female offspring for morphometric and histologic analyses.

Ovarian histology and follicle counting

To determine the effect of quercetin treatment on folliculogenesis, ovaries were harvested 

from one 4-week-old female offspring per litter born to either untreated control dams or 

quercetin-treated dams, both wild-type and TG2-null genotypes. These female offspring 

were receiving quercetin during the first 3 weeks of life either via drinking water or mother’s 

milk (De Feo et al. 2006) and then for 1 additional week after weaning in drinking water. 

Collected ovaries were weighted and then fixed in 4% paraformaldehyde, embedded in 

Optimum Cutting Temperature (OCT; Electron Microscopy Sciences, Hatfield, PA, USA) 

freezing medium and serially sectioned at 10-νm thickness. Haematoxylin and eosin 

staining (H&E) was performed according to standard protocols. Ovarian follicles were 

analysed on every 10th serial section through the ovary using a Leica DMIL microscope 

with attached SPOT-RT camera (Diagnostic Instruments, Sterling Heights, MI, USA). 

Follicles were counted and classified as primordial (Po), primary (Pr), secondary (Se) or 

antral (An) based on the following characteristics: primordial follicles were defined as 

oocytes surrounded by a single layer of flattened granulosa cells; primary follicles were 

defined as oocytes surrounded by a single layer of cuboidal granulosa cells; secondary 

follicles were defined as oocytes surrounded by two or more layers of cuboidal granulosa 

cells and antral follicles were defined by the presence of an antrum. The abundance of each 

type of follicle in quercetin and control ovaries was normalised to total ovarian area and 

reported as a percentage of control (control = 100%).

Statistical analysis

Power analysis to determine sample size was calculated using G*Power software V.3.1 (Faul 

et al. 2007). Statistical analyses were performed using Student t-test for two groups 

(SigmaStat, V.2.03; SPSS, Chicago, IL, USA) comparing the quercetin treatment groups to 

controls. Data were tested for normality as well as equal variance. For groups of three or 

more, one-way analysis of variance (ANOVA) was used. Data are presented as mean ± 

s.e.m.

Results

Birth outcomes in quercetin-treated mice

To determine the effects of quercetin on female reproduction and fertility, breeding cages 

were randomly assigned to receive 5 mg kg−1 day−1 quercetin in DMSO or an equal volume 
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of DMSO vehicle via drinking water (Fig. 1). Control and quercetin-treated animals were 

allowed to breed during two breeding periods; B1 when females were 2–6 months old 

followed by B2 when females were 8–11 months old. During a 2-month resting period (R1) 

between these breeding periods, males were removed from the cages and allowed to breed 

with untreated females to test whether a 4-month-long quercetin exposure affected male 

fertility (Fig. 1, dashed box). Birth outcomes including the dates of birth and numbers of 

pups per litter born to each female were recorded during each breeding period.

Quercetin had no effect on maternal bodyweight after the first 2 weeks of treatment (Fig. 2) 

or after 4 months of treatment (Fig. 2), during the resting period between breeding periods. 

However, we did observe a significant decrease in the number of litters born to both young 

and aged quercetin-treated females compared with age-matched control dams (Fig. 3a). 

Females in the B2 period may represent those at the onset of reproductive senescence as the 

number of litters born to them, normalised to the duration of breeding, was reduced by 

~80% compared with young females in both control (grey bars) and quercetin-treated 

females (black bars; Fu et al. 2013). These data indicate that quercetin does not alter the 

onset of reproductive senescence. The significant 58.3% quercetin-dependent decrease in 

litter number in young females during the first breeding period (Fig. 3a) was accompanied 

by a similar 61.9% increase in the spacing between successful births (from 3.6 ± 0.2 weeks 

in control females to 5.8 ± 0.8 weeks in quercetin-treated females, P<0.001; Fig. 3b), 

accounting for the observed reduction in litters born to quercetin-treated females and 

suggesting reduced reproductive potential in quercetin-treated female mice regardless of age.

Quercetin promotes increased fecundity

To determine whether quercetin treatment also impacts fecundity, we next examined the 

average litter size in quercetin-treated and control untreated females. In the control female 

mice the average number of ~5 pups per litter remained constant throughout both breeding 

periods, regardless of the age of the females (Fig. 4a, grey bars). In contrast, in quercetin-

treated females we observed a significant increase in pups per litter (from 4.9 ± 0.7 to 7.7 

± 0.5, P<0.05) in young females (Fig. 4a, B1) and a significant decrease (from 5.2 ± 0.2 to 

3.0 ± 0.1, P<0.01) in aged females (Fig. 4a, B2). This dual response in young and old 

females suggests that females receiving quercetin may be producing more mature follicles 

early but fewer follicles as they age.

The increase in litter size observed in young quercetin-treated females suggests enhanced 

follicular development. However, it was not feasible to examine both birth outcomes and 

ovarian histology in the breeding dams, as the dams were near cessation of oestrus when we 

concluded the breeding studies (see Fig. 3a). Therefore, we took an indirect measure to 

determine the potential for quercetin treatment to affect folliculogenesis by examining 

ovarian histology in 4-week-old female offspring born to quercetin-treated mothers and 

treated with quercetin until ovaries were collected.

The birthweight and growth of the offspring during post-natal development up to 4 weeks of 

age were not affected by quercetin (Table 2). However, analysis of the offspring revealed a 

significant increase in ovary weight (Fig. 4b) in quercetin-treated mice compared with the 

control, although no visual gross abnormalities were noted. Next, we examined the stages of 
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follicular development in female offspring using H&E-stained serial sections of ovaries. 

Gross observations showed abundant antral (An) follicles in ovaries from quercetin-treated 

animals compared with control animals (Fig. 4c). Quantitative analysis of the number of 

follicles at different stages from at least 10 serial sections spaced 100 νm apart within each 

ovary revealed a significant increase in the number of antral (An) follicles in quercetin-

treated offspring, while both primordial (Po) and primary (Pr) follicles were similarly 

decreased (P<0.01, Fig. 4d). These data suggest that quercetin stimulates more rapid 

maturation of follicles at the expense of reducing the numbers of the earlier stage 

(primordial and primary) follicles. Further, the 70.2 ± 27.4% (P<0.05) increase in antral 

follicles closely mirrors the 69.9 ± 10.2% (P<0.01) increase in litter size in quercetin-treated 

females, indicating a potential relationship between increased folliculogenesis and the 

increase in litter size and supporting an overall increase in female fecundity in response to 

dietary quercetin.

No effects of quercetin on male potency at 5mg kg−1 day−1

Previous studies reported a decrease in male fertility in mice caused by higher doses of 

quercetin (20–400 mg kg−1 day−1; Aravindakshan et al. 1985; Khanduja et al. 2001; 

Ranawat et al. 2013). In the studies described here, both male and female mice in quercetin-

treated breeding cages were exposed to quercetin. Therefore, to determine whether the 

reduced litter production in response to quercetin might be due to a decrease in male 

fertility, the males from the B1 breeding cages (both exposed to 5mg kg−1 day−1 quercetin 

for 4 months and control untreated) were mated for 2 months with additional untreated 6-

month-old female mice (Fig. 1, dashed box). In these breedings, litter size and the spacing 

between successful pregnancies (birth spacing) were similar in cages with quercetin-treated 

and control male mice (Table 3), suggesting that the 4-month-long exposure to this low dose 

of quercetin did not affect male fertility.

Transglutaminase 2 mediates the effects of quercetin on birth outcomes

Previously, we showed that quercetin inhibits the enzyme TG2 and its downstream 

intracellular signalling including the β-catenin pathway (Beazley et al. 2012, 2013a), both of 

which have been implicated in fertility (Fujimoto et al. 1996; Tulac et al. 2003; Kabir-

Salmani et al. 2005; Fan et al. 2010; Liu et al. 2010; Usongo et al. 2012; Wetendorf and 

DeMayo 2012). We therefore reasoned that if quercetin effects involved the inhibition of 

TG2 then quercetin supplement would not affect fertility in TG2-null female mice. To test 

this hypothesis, male and female TG2-knockout mice were treated with quercetin and bred 

according to the same scheme as wild-type mice (see Fig. 1). In contrast to what we 

observed in wild-type mice, no difference in litter size, number of litters or time between 

successful pregnancies was observed in TG2-null animals during the early breeding period, 

in females that were 2 to 6 months old, and bodyweight at both 2 and 6 months old was not 

affected by quercetin treatment (Table 4). Similarly, detailed examination of ovarian 

histology revealed no difference in follicular development between quercetin-treated and 

control TG2-deficient females. However, in comparison to wild-type mice, genetic ablation 

of TG2 alone (in the presence or absence of quercetin) promoted a significant increase in the 

number of antral (An) follicles (Table 5), mirroring the effects of quercetin on wild-type 

females.
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Discussion

Quercetin is a major bioflavonoid in the human diet. In the United States, average daily 

intake of quercetin from plant food sources ranges from 25 mg to 210 mg (or 3 mg kg−1 

day−1; Harwood et al. 2007; Corega et al. 2014). Quercetin has been characterised as an anti-

oxidant and anti-inflammatory agent and preliminary research implies its beneficial effects 

on cancer, metabolic syndrome, the cardiovascular system and oral health (Huxley and Neil 

2003; Edwards et al. 2007; Egert et al. 2009; Beazley et al. 2013a, 2013b; Corega et al. 
2014; Sak 2014). In recent years, research on quercetin has evolved from animal 

experiments to human clinical studies and trials, and its popularity as a daily supplement is 

growing among the general population. The common daily dose of quercetin as a nutritional 

supplement is 10 mg kg−1 day−1 but can be even higher (Harwood et al. 2007). Despite 

accumulating reports on the beneficial effects of dietary quercetin there are also indications 

that in some conditions quercetin supplements should be used with caution. For example, 

quercetin regulates the activity of several enzymes involved in the metabolism of xenobiotics 

in the body and may therefore be contraindicated with some antibiotics. In addition, 

quercetin is a xenoestrogen (Kamel 2013) and may also affect oestrogen-dependent 

processes involved in reproduction.

Here we show that oral quercetin intake (5 mg kg−1 day−1) increases fecundity in young 

female mice, evidenced by an increase in litter size in females of prime reproductive age and 

increased folliculogenesis in female offspring. In contrast to younger females, in aging mice 

quercetin causes a decline in litter size, suggesting that increased fecundity in young females 

occurs at the expense of depleting ovarian reserves earlier. This is supported by the 

observation in female quercetin-treated offspring that a significantly increased number of 

antral follicles is associated with a significant decrease in primordial follicles. This change is 

a hallmark of ovarian reserve depletion leading to premature ovarian failure (Santoro 2003) 

and reproductive senescence.

In addition, we observed that the increase in litter size in young mice is associated with a 

reduction in the number of litters born and increased spacing between litters, suggesting a 

seemingly paradoxical effect of quercetin on female fecundity and fertility. In agreement 

with our findings, similar effects were also reported in female offspring of Wistar rats treated 

with 10 mg kg−1 day−1 quercetin, in which increased gestation length, a 10% reduction in 

pregnancy success rate and an increase in litter size (Johnson et al. 2009) were observed, 

although this study in rats did not report any statistical significance of the results. 

Nevertheless, an impairment of female fertility by low-dose quercetin (5–10 mg kg−1 day−1), 

which is relevant to dietary consumption by humans, has been observed in both species.

The effects of dietary quercetin on female fertility and fecundity are similar to the effects 

induced by genetic ablation of the quercetin-sensitive enzyme TG2. Thus, we observed a 

similar increase in the number of antral follicles in TG2-null ovaries (71.2 ± 10.8%, P<0.05) 

and in in quercetin-treated wild-type ovaries (70.2% ± 27.4%, P<0.05) compared with 

untreated control females. Further, loss of TG2 attenuates quercetin effects on female 

reproduction observed in wild-type mice, in agreement with quercetin acting via inhibition 

of TG2. A plausible mechanism for the involvement of TG2 relates to its ability to activate 
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the β-catenin signalling pathway (Beazley et al. 2013a), which in the normal ovary is 

associated with non-ovulatory follicles (Usongo et al. 2012) and can impair ovulation (Fan 

et al. 2010). Therefore, it can be proposed that blocking TG2-mediated β-catenin signalling 

with quercetin (Beazley et al. 2013a) may allow for enhanced ovulation; however, further 

studies will be necessary to directly establish the link between quercetin, TG2 and β-catenin 

in this process. Nonetheless, our findings potentially open an entirely new avenue of 

research as it is the first evidence of a role for TG2 in ovulation.

Of note, an autoimmune disorder targeting TG2, such as coeliac disease, is associated with a 

variety of reproductive disorders including unexplained early-onset of menopause (Özgör 

and Selimoglu 2010), although the pathogenesis of the TG2-associated reproductive 

disorders remains unclear. Consistent with a role for TG2 as a target of quercetin in 

ovulation, TG2-deficient female mice also showed a reduction in primordial follicles similar 

to quercetin-treated wild-type females, and aging TG2-null females lacked a sufficient 

number of litters for statistical analysis of litter size. Together these data suggest a potential 

mechanism for the association of TG2 with reproductive senescence.

In contrast to female fertility, we did not observe any effects of the 5mg kg−1 day−1 

quercetin treatment on male reproduction and quercetin-treated males produced the same 

progeny as control males when mated with untreated females. However, higher doses of 

quercetin were shown to be risky and reduced male fertility in mice (Aravindakshan et al. 
1985; Taepongsorat et al. 2008; Ranawat et al. 2013). A possible explanation for this 

discrepancy is in the chosen delivery method, with previous in vivo studies on male fertility 

employing intraperitoneal (Aravindakshan et al. 1985; Taepongsorat et al. 2008) or 

subcutaneous (Ranawat et al. 2013) injections of quercetin. In our studies, quercetin was 

delivered via oral consumption to mimic human dietary intake. Indeed, of the ingested dose 

of quercetin~53 percent is absorbed in humans (Walle et al. 2001) and close to 60 percent is 

absorbed in rats (Chen et al. 2005). Accordingly, total plasma concentrations of quercetin 

are ~0.2 νmol L−1 following oral intake of 1 mg kg−1 quercetin in both rodents and humans, 

with reported plasma concentrations in rats peaking at 51 νmol L−1 after 225 mg kg−1 oral 

dose (Manach et al. 1997) and in humans peaking at 0.3 νmol L−1 after ~1.5 mg kg−1 oral 

dose (Hollman et al. 1997). Therefore, our findings on the effects of oral 5mg kg−1 day−1 

quercetin on fertility in mice may be relevant to the effects of this bioflavonoid in humans.

In conclusion, our data support the proposition that some activities of quercetin and its 

metabolites may overshadow the beneficial effects of its supplementation in females of 

reproductive age, calling for further analysis of the clinical data to relate our findings in 

mice to humans.
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Fig. 1. 
Experimental breeding scheme for wild-type or TG2-knockout mice treated with 5mg kg−1 

day−1 quercetin (dark grey) or vehicle control (light grey). Breeding was monitored in the 

same females during two breeding periods, when the females were 2–6 months old (B1) and 

8–11 months old (B2). During the resting period (R1) females continued to receive quercetin 

or vehicle while males were removed and bred with untreated 6-month-old untreated 

females (dashed box). n = 4 females and 2 males for each of the following groups: 

quercetin-treated males × quercetin-treated females, vehicle-treated males × vehicle-treated 

females and quercetin- or vehicle-treated males × untreated females.
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Fig. 2. 
Quercetin treatment does not affect maternal bodyweight. Female dams receiving quercetin 

(5 mg kg−1 day−1; + Querc) or vehicle (− Querc) continuously via their drinking water were 

weighed 2 weeks after the start of quercetin treatment and again 4 months later between 

breeding periods. n = 4.
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Fig. 3. 
Dietary quercetin reduces fertility in female mice. (a) Number of litters born per dam, 

normalised to duration of breeding, during both early (B1) and late (B2) breeding periods 

and (b) time between the births of the litters during the early (B1) breeding period was 

recorded in female mice receiving quercetin (5 mg kg−1 day−1; + Querc) or vehicle (− 

Querc) continuously via their drinking water. n = 4. *P<0.05, **P<0.01, ***P<0.001.
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Fig. 4. 
Quercetin enhances follicle development. (a) Litter size was recorded in female mice 

receiving quercetin (5 mg kg−1 day−1; + Querc) or vehicle control (− Querc) continuously 

via their drinking water. n = 4. **P<0.01. (b) Ovary weight is increased in quercetin-treated 

female mice (n = 6) compared with control mice (n = 8). (c–d ) Follicle counts in serial 

sections of ovaries from control (n = 5) and quercetin-treated (+ Querc; n =5) female mice. 

(c) Representative sections of ovaries. (d) Quantification of the stages of folliculogenesis in 

serial sections through each ovary. Follicles were classified according to histomorphology 

as: primordial (Po), primary (Pr), secondary (Se) or antral (An). *P<0.05, **P<0.01.
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Table 1

Average weight and water consumption over a 3-week period by vehicle-treated (control) and quercetin-

treated (quercetin) wild-type or TG2-knockout mice

Parameter Wild-type TG2-knockout

Control Quercetin Control Quercetin

Bodyweight (g) 23.6 ± 1.2 24.1 ± 0.6 23.8 ± 0.1 22.6 ± 1.2

Water consumption (mL day−1) 3.2 ± 0.2 2.9 ± 0.3 3.1 ± 0.2 3.2 ± 0.1

Quercetin dose (mg kg−1 day−1) – 5.2 ± 0.3 – 5.7 ± 0.3

n = 3, all groups
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Table 2

Bodyweight of vehicle-treated (control) and quercetin-treated (quercetin) female offspring from birth through 

sexual maturity (4 weeks old)

Age (weeks) Bodyweight (g)

Control Quercetin P value

0.5 2.4 ± 0.3 2.8 ± 0.3 0.107

1 5.7 ± 0.4 5.6 ± 0.3 0.416

2 7.6 ± 0.9 6.6 ± 0.6 0.074

3 8.4 ± 0.8 9.1 ± 0.6 0.118

4 13.5 ± 0.1 13.2 ± 0.3 0.254

n = 8, control; n = 6, quercetin
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Table 3

Test of effect of quercetin on male fertility; birth outcomes in untreated female mice bred with male mice that 

were treated with quercetin (5 mg kg−1 day−1) or vehicle control

Birth outcome Control Quercetin P value

Litter size (pups per litter) 5.8 ± 0.9 5.7 ± 1.2 0.421

Birth spacing (weeks) 3.5 ± 0.3 3.6 ± 0.6 0.389

n = 4
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Table 4

Birth outcomes and bodyweight of female TG2-knockout mice receiving quercetin (5 mg kg−1 day−1) or 

vehicle (control) continuously via their drinking water

Parameter Control Quercetin P value

Litter size (pups per litter) 7.5 ± 0.4 7.8 ± 0.6 0.383

Litter number (litters per dam) 4.0 ± 0.7 4.3 ± 0.5 0.288

Time between litters (weeks) 3.7 ± 0.3 3.4 ± 0.1 0.116

Bodyweight (g)

 2 months old 24.1 ± 0.6 22.8 ± 1.2 0.162

 6 months old 30.3 ± 1.8 32.0 ± 2.5 0.368

Bodyweight of control or quercetin-treated TG2-null dams was recorded at the beginning and end of the 4-month breeding period. n = 4
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Table 5

Effects of quercetin on follicle development in wild-type and TG2-knockout animals

Stage of follicular development Wild-type TG2-knockout

Control n = 8 Quercetin n = 6 Control n = 5 Quercetin n = 4

Primordial 83.96 ± 16.59 36.27 ± 13.72* 35.33 ± 4.28** 32.50 ± 4.77**

Primary 95.98 ± 10.77 43.14 ± 11.23* 54.34 ± 7.14* 50.00 ± 5.27*

Secondary 212.53 ± 8.47 235.44 ± 6.00 226.00 ± 16.98 200.83 ± 23.28

Antral 70.08 ± 12.98 122.86 ± 23.82* 124.33 ± 9.86* 121.67 ± 10.96*

Follicle counts in serial sections spaced 100 νm apart through a 1-mm area (10 total sections counted) of ovaries from control and quercetin-treated 
female mice. Follicles were classified according to histomorphology as: primordial, primary, secondary or antral. Results are presented as mean 
number of follicles per animal at each stage in ovaries from control or quercetin-treated wild-type or TG2-null females.

*
P<0.05 and

**
P<0.01 for each group compared with untreated wild-type animals
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