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Improving fertilization rates in IVF
using rutin and quercetin in
preculture medium or through
oral administration

Hiromitsu Tanaka* and Satona Ichihara

Faculty of Pharmaceutical Sciences, Nagasaki International University, Sasebo, Nagasaki, Japan

Fertility rates are declining in livestock such as cattle, and more than one in five
Japanese couples have undergone infertility treatment or are currently infertile.
Improving the fertilization rates of domesticated animals is imperative for improving
their productivity and maintaining valuable lineages. In this study, the effects of rutin
and quercetin on fertility and pregnancy rates were investigated by incorporating
these compounds into the preculture medium for in vitro fertilization (IVF) or
administering them orally to mice. The addition of rutin and quercetin to the
preculture medium increased the IVF fertilization rate by more than twofold. Oral
administration of rutin and quercetin to aged male and nulliparous female mice
improved pregnancy outcomes. These findings have important implications for
the non-invasive treatment of infertility.
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Introduction

Almost all dairy and beef cattle in Japan are bred through artificial insemination using
frozen semen, and the fertility rates of artificially inseminated cattle have declined in recent
years (1). Low fertility results in prolonged non-pregnancy periods and reduced productivity,
and is therefore a critical issue that directly impacts animal husbandry profits. Infertility is
defined as the inability to conceive after >12 months of regular sexual intercourse without the
use of contraceptive methods (2), and the infertility rate of couples without children in Japan
has risen to 28.2% (3). As of 2015, 18.2% of Japanese couples had reportedly undergone or
were undergoing infertility testing (3). The identification of conditions that promote efficient
artificial insemination or in vitro fertilization (IVF) would benefit human infertility treatment,
animal husbandry, and the conservation of rare animal species. Research concerning infertility
caused by oxidative stress has primarily been conducted using experimental animals (4).
Vitamin C, vitamin E, and flavonoids are natural antioxidants. Among the flavonoids, rutin
and quercetin exhibit particularly strong antioxidant activity and are now classified as vitamin-
like substances, having previously been referred to as vitamin P (5). Citrus fruits, including
mandarin oranges and lemons, buckwheat noodles, red wine, and green tea, are popular
sources of flavonoids. Rutin is a water-insoluble polyphenol found in buckwheat, onions, and
asparagus. Quercetin, the aglycone moiety of rutin, is abundant in onions, asparagus, and
sunny lettuce and demonstrates antioxidant properties. Rutin and quercetin inhibit free
radical-mediated oxidation through a three-stage process: superoxide anion formation,
hydroxyl radical production via the Fenton reaction, and lipid peroxy radical formation (6).
In previous studies, plant extracts that improve fertilization rates when included in precultures
for IVF in mice were identified (7-9).
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Rutin and quercetin are safe, natural compounds that have been
consumed for many years and are approved for human use without
restrictions on concentration (10). In this study, the effects of rutin and
quercetin on sperm were evaluated using similar methods, and the
impact of oral administration of EubioQuercetin (Alps Pharmaceutical
Ind. Co., Ltd., Gifu, Japan) on fertility in aged mice was assessed.

Methods
Animals

All animal experiments were performed in accordance with the
Guidelines for the Care and Use of Laboratory Animals and were
approved by the Institutional Committee of Laboratory Animal
Experimentation and the Research Ethics Committee of Nagasaki
International University (ID no. 161). This article does not include any
studies involving human subjects performed by the authors. C57BL/6 |
and Institute of Cancer Research (ICR) mice were purchased from
Japan SLC (Shizuoka, Japan). ICR mice were selected because they are
gentle and have good breeding characteristics. The mice were provided
unrestricted access to clean water and food and were housed under
specific pathogen-free conditions in the animal experimentation
facility of Nagasaki International University, with temperature and
lighting maintained under controlled conditions throughout the
experimental period.

IVF

IVFE was performed as previously described (11). Mature caudal
epididymal sperm cells (~8 x 10°) from each mouse (10 weeks old)
were incubated in 200 pL of human tubal fluid (HTF) medium
(LifeGlobal, Guilford, CT, United States) without bovine serum
albumin (BSA) and covered with paraffin oil. After 5 min, each sperm
suspension was transferred to conditioned medium for preincubation.
The control conditioned medium for sperm preincubation consisted
of HTF medium supplemented with 1 mg/mL polyvinyl alcohol (PVA;
Sigma, St. Louis, MO, United States) and 1.0 mM methyl-$-
cyclodextrin (MBCD; Sigma) (12). Aliquots of 20 pL of sperm
suspension in HTF medium without BSA were transferred to 20 pL of
each conditioned medium containing twice the concentration of PVA,
MBCD, and the test substance. The suspensions were incubated at
37°C in a humidified incubator under 5% CO,/95% air (motile sperm
concentration: ~10,000/pL). After 50 min, 2-4 pL of sperm from each
conditioned medium were used for insemination (final motile sperm
concentration: 150/pL). Motile sperm swimming at the periphery of
each drop were selected for insemination, as previously described (11).
The test substances included rutin (Fujifilm, Tokyo, Japan), quercetin
(Fujifilm), EubioQuercetin (a soluble flavonoid comprising 55%
quercetin-3-O-rutinoside, 30% L-arginine, 3% sodium ascorbate, and
12% hydrogenated starch; Alps Pharmaceutical Ind. Co., Ltd.), sodium
ascorbate (Fujifilm), and L-arginine (Fujifilm). The effect of each
compound on fertility was examined during the same time period.

Abbreviations: IVF, in vitro fertilization; ROS, reactive oxygen species.
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Female mice (10 weeks old) were superovulated by intraperitoneal
injection of 5 IU pregnant mare serum gonadotropin (Asuka Inc., Tokyo,
Japan) at 18:00, followed 48 h later by 5IU of human chorionic
gonadotropin (Asuka Inc.). Mice were euthanized 14 h after the second
injection. Cervical dislocation was performed immediately before the
experiment. Ovaries with oviducts were transferred to 30 mm dishes
containing 6 mL of paraffin oil (Nacalai Tesque, Kyoto, Japan) without
medium. Cumulus-oocyte complexes were collected from the ampullae
of the uterine tubes (not the uterus) and transferred under a
stereomicroscope to 200 puL drops of HTF medium covered with paraffin
oil. Four to six cumulus—-oocyte complexes were placed in each 200 pL
drop of HTF medium for insemination. A sperm suspension cultured in
conditioned medium was added to the insemination drops (Figure 1A).
At 24 h after insemination, the fertilization rate was determined as the
proportion of two-cell-stage embryos among all oocytes.

Oral administration

The mice were provided food and water ad libitum. The diet
consisted of 500 N Hi-Durability IRRD M/R (Japan SLC, Shizuoka,
Japan). Bait containing the test substance was prepared by mixing the
test substance with Hi-Durability IRRD M/R, as previously described
(13). Based on the average daily consumption of 5 g of bait by the mice
and referring to a previous mouse experiment (13), 6 mg of rutin or
quercetin were added to 5 g of Hi-Durability IRRD M/R. The 500 N
Hi-Durability IRRD M/R was moistened with hot water at 50°C and
combined with the test substance. The mixture was shaped into
clumps with a diameter of 3 cm, which were dried overnight at
80°C. To prepare bait containing EubioQuercetin, 6 mg of
EubioQuercetin were sprinkled onto lightly moistened Hi-Durability
IRRD M/R, which was then dried at room temperature before being
fed to the mice. Each mouse ingested about 6 mg (200 mg/kg body
weight) of rutin, quercetin, or EubioQuercetin per day.

Male C57BL/6 mice aged >1 year were paired with two 8-week-
old female ICR mice, forming 20 mating pairs. The gestation period
was 19 days. Ten pairs were fed bait containing the test substance, and
the other ten pairs were fed the standard diet. Female mice were
observed for pregnancy over a 2-month period. Additionally, two
female ICR mice aged >8 months were paired with 8-week-old male
C57BL/6 mice to form 20 pairs. These pairs were divided into two
groups: 10 pairs were fed bait containing the test substance, whereas
the remaining 10 pairs received the standard diet for 2 months
(Figure 1B).

Statistical analysis
Data are expressed as the mean + standard deviation. Statistical
analysis was performed using Student’s ¢-test and one-way analysis of

variance with Dunnetts or Tukey’s post hoc tests. In all analyses,
P < 0.05 was considered statistically significant.

Results

In previous studies, we identified plant extracts that improved
IVF fertilization rates in mice when added to precultures (7-9). In
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Schematic representation of the experimental procedure. Sperm from one mouse were incubated in HTF medium without BSA for 5 min to allow the
sperm clumps to disperse. The sperm were then transferred to modified HTF under specific conditions to activate them before use in insemination (A).
Aged mice underwent multiple pregnancies. One aged male mouse was mated with two young females, and two aged female mice were mated with
one young male. The male mice belonged to the C57/BL6 strain, and the female mice belonged to the ICR strain. Pregnancies of 10 pairs of mice were

Young C57/BL6

this study, the effects of rutin and quercetin on fertility were
evaluated using similar methods. The effect of each compound on
fertility was examined during the same time period. Rutin,
quercetin, and EubioQuercetin significantly improved fertilization
rates (
also significantly enhanced fertility, whereas L-arginine, another

). Sodium ascorbate, a component of EubioQuercetin,

component, did not affect fertilization rates. Next, we explored the
optimal effective concentrations of EubioQuercetin and sodium
ascorbate for enhancing fertility. The optimal concentration of
EubioQuercetin was >0.04 mg/mL ( ), whereas the optimal
concentration of sodium ascorbate was 0.02 mg/mL; higher
concentrations reduced fertility. High concentrations of ascorbic
acid may have unfavorable localized effects on sperm function. The
sodium ascorbate concentration in the medium was 0.00063 mg/

mL when EubioQuercetin was added at 0.02 mg/mL. No
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improvement in fertility was observed with sodium ascorbate at
this low concentration. The highest fertilization rate was observed
with EubioQuercetin, likely due to the synergistic effects of rutin
and ascorbic acid ( ). Subsequently, we evaluated the effects
of orally administered rutin, quercetin, and EubioQuercetin on
fertility in aged mice. Pregnancy was confirmed in 10, 20, and 30%
of females paired with older males consuming a diet supplemented
with quercetin, rutin, and EubioQuercetin, respectively
( ). Additionally, two female ICR mice aged >8 months
were crossed with 8-week-old male C57BL/6 mice. Pregnancy was
confirmed in 10, 20, and 30% of older females consuming a diet
supplemented with quercetin, rutin, and EubioQuercetin,
respectively ( ). The pregnancy rate of older female mice
fed the standard diet was 10% (
among the effects of the test substances on fertility improvement

). Precise differences
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could not be determined, but oral administration of the vitamin-
like substance quercetin and its glycosides clearly influenced
pregnancy rates in older female mice.

Discussion

Rutin and quercetin have been shown to exert a diverse range of
effects in animal experiments (5). Quercetin has been reported to

50%

2-Cell Embryos (%)

FIGURE 2

Effects of flavonoids on the in vitro fertilization (IVF) rate. Sperm from
aged BALB/cByJJcl mice were preincubated in conditioned medium
containing various compounds (0.02 mg/mlL). Fertilization rates
varied among aged BALB/cByJJcl mice. Asterisks indicate significant
differences in fertilization rates (n = 5, *p < 0.05).

10.3389/fvets.2024.1506029

enhance antioxidant activity, reduce lipid peroxidation and oxidative
stress, prevent proapoptotic gene expression, increase testosterone
levels, and facilitate spermatogenesis (14). Spermatogenesis declines
with age in humans and domestic animals, leading to infertility (15,
16). Reactive oxygen species (ROS) have been reported to negatively
affect ejaculated sperm and fertilization (17), and it is plausible that
mature sperm are more vulnerable to ROS in aging males. Oocyte and
ovum maturity also decline with age, contributing to infertility (5).
These results suggest that the compound directly affects sperm during
in vitro fertilization. Because sperm exist in the extracellular
environment, they are particularly sensitive to ROS in the surrounding
medium. Rutin and quercetin have been shown to reduce sperm ROS
levels (18). Although we did not observe a decrease in ROS levels,
ROS in the medium may have contributed to the improved
fertilization rate.

Quercetin, a lipid-soluble small molecule, is passively taken up
into cells, which may enhance its ability to scavenge metabolic ROS
generated during sperm activity (5). The increase in fertility observed
in this study was highest with EubioQuercetin and lowest with rutin.
These results suggest differences in molecular stability and cellular
uptake efficiency. EubioQuercetin is a formulation designed to
stabilize quercetin and increase its water solubility, thus improving its
cellular uptake. Although quercetin is unstable in culture medium, it
may be taken up into cells in a concentration-dependent manner. The
aglycone of rutin may also be taken up into cells during its
decomposition process.

Quercetin is reportedly incorporated into extracellular vesicles
(EVs) and efficiently taken up by cells via EVs (19-21). Active material
exchange through EVs has been observed in sperm (22, 23). During
sperm preincubation, quercetin may be taken up by sperm via EVs.

FIGURE 3
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Pregnancy rate in aged mice fed EubioQuercetin. (A) Male mice aged >1 year, fed EubioQuercetin for 2 months, were mated with two 2-month-old
female mice. (B) Two 8-month-old female mice were mated with one 3-month-old male mouse. Ten of the 20 pairs of mice that produced no
offspring within 2 months were subsequently fed EubioQuercetin for 2 months.

Although quercetin is readily chemically decomposed in aqueous
solution, encapsulation in EVs may enhance its stability and
cellular uptake.

Both of these natural, low-molecular-weight compounds are
easy to administer orally and were shown to improve fertility in aged
mice in this study. EubioQuercetin, an easily absorbed preparation,
was particularly effective at improving fertility. Oral intake of
quercetin may also improve libido in both males and females by
increasing vitality (5). It is unclear whether the oral administration
of rutin and quercetin directly or indirectly influenced germ cell
differentiation. Although pregnancy was occasionally observed in
mice fed the standard diet, the total number of offspring per litter
tended to be low (data not shown). Quercetin is known to pass
through the placenta (24). Although it remains unknown whether
the amount of food taken orally in this study had a beneficial effect
on embryo development, our findings demonstrate that it did not
have a detrimental effect. Additionally, it may have directly or
indirectly protected aged oocytes (25). Quercetin is known to act on
the placenta. In this experiment, oral intake continued during
pregnancy, suggesting that quercetin exerted physical effects or acted
on the placenta to support pregnancy continuation, which might
otherwise have been compromised due to advanced maternal age
(25, 26).

In humans, lifestyle factors such as diet, smoking, and
environmental stress, which were not included in our experimental
design, are cited as factors contributing to infertility. However, studies
on human quercetin intake have identified a number of therapeutic
functions (5, 14, 27). As the present study showed efficacy in humans
at safe intake levels, we anticipate that this finding may be applied to
other animals. Because the results of our oral intake experiment on
mice are difficult to apply directly to human food intake, which occurs
via different methods, future studies should consider the dosage and
administration methods for other animals, including humans. Further

Frontiers in

evaluation of the kinetics and molecular mechanisms of rutin and
quercetin would be valuable for understanding and improving
animal infertility.

Rutin and quercetin increased the fertility rate when added to IVF
medium, and their oral administration improved fertility in
aged mice.

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.
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