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Abstract---Glycyrrhiza glabra is a herbal plant used for treatment of
many infertility diseases. Its roots, a common herbal source, are
described to soothe fetuses in pregnant mice, but there isn't enough
research to know if it's safe to take during pregnancy and its effects
on implantation factors. This study examines the impact of the growth
factors betacellulin (BTC), heparin-binding epidermal growth factor,
and activin A hormone on embryonic development after oral
administration of Glycyrrhiza glabra aqueous extract to mice. In line
with clinical use, an aqueous extract of Glycyrrhiza glabra roots was
prepared. Pregnant mice were randomly assigned to one of four
groups: Two mice groups 8 and 28 weeks old treated with water as a
negative control, mice aged 8 weeks old treated with aqueous extract
from one of two groups for 10 days, and mice 28 years old treated with
aqueous extract for 10 days. On study groups, the parameters of
certain implantation factors such serum progesterone and Activin A
hormones, Heparin-binding epidermal growth factor and betacellulin
(BTC) growth factor were evaluated. The four groups had substantial
differences in parameters. The results clearly show that mice treated
with Licorice (Glycyrrhiza glabra) extraction (G group) at ages 8 and
28 weeks had significantly higher levels of progesterone hormone and
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heparin binding growth factor than healthy controls, and the results
revealed that mice treated with Licorice extraction (G group) of age 8
and 28 weeks had greater BTC implantation factor levels than healthy
control mice.

Keywords---glycyrrhiza glabra, implantation factor, activin A, heparin
binding, epidermal growth factor.

Introduction

Infertility affects one out of every six couples globally, and is considered as the
inability to get pregnant following a year of unprotected sexual intercourse
(WHO,2016). Female disorders contribute for around half of the causes of
infertility in couples (Vander, Borght and Wyns, 2018). Infertility in women can be
caused by a range of issues, including hormone abnormalities, Endometriosis,
premature ovarian failure (POF), hyperprolactinemia (excess prolactin), uterine
fibroids, and pelvic inflammatory disease (PID),polycystic ovary syndrome (PCOS).
are all disorders caused by hormonal imbalances (Mustafa et al., 2019). The
medicinal herbs considered can enhance fertility in a number of ways, including
by stimulating the hypothalamic—pituitary—gonadal axis (HPG axis) and interfering
with estrogen receptors. The herbal plants can also prevent sexually transmitted
bacterial, viral, and fungal infections, as well as inflammatory responses,
hypersensitivity, and autoimmune diseases, by providing optimal nutritional
circumstances for ovulation, implantation, uterine embryo tolerance, and fetal
development ( Bazm et al., 2019; Jiang et al., 2019). For many years, licorice
(Glycyrrhiza glabra) has been used to cure a variety of ailments. Licorice has been
shown to have a variety of biological effects, including significant antioxidative,
antifatigue, antibacterial, antiviral, antiproliferative, and estrogenic action in
various studies. As a result, some research have indicated that licorice extract
might be used to treat infertility (Shamsi et al., 2020). Thus, this study aimed to
evaluate the effect of G. glabra extraction on implantation factors that may effect
on embryo developments in mice model.

Materials and Methods

Provide Plant collection: Glycyrrhiza glabra was taken from numerous locations in
Baghdad/Iraq throughout its blossoming season. It was assigned a classification
based on a reference to medicinal plant classification. The herbariums also
identified and recorded a voucher specimen of the plant. of the University of
Baghdad's College of Sciences. The roots of plant specimens were separated from
their shoots, cleaned in tap water, and dried for seven days in the shade
(Harborne, 1984).

Glycyrrhiza glabra extraction

AL-approach Saadon's was used to extract flavonoids, protein, and non-protein
extracts from the Glycyrrhiza glabra plant (Abed AL-Saadon, 2005).
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Animals Experimentation

Forty fertilized White female mice weight 19 to 23 grams were purchased from the
University of Baghdad's, College of Veterinary Medicine. The animals had access
to food and water and were housed in standard cages (a typical laboratory pellet
diet). The animal housing had a 12-hour light/dark cycle and had a temperature
range of 24 to 29 °C. The investigation's protocol was approved by the
institutional animal ethics committee (IAEC).

Design Experimentation

The white female mice were divided randomly into (4) groups giving the following
treatment for mice age 8 weeks old and 28 weeks old:

e Group 1: The control group was fed with 0.2 ml distilled water only, for
mice age (8) weeks old. .

e Group 2: Glycyrrhiza glabra (G) group: fed only with (25 mg/ daily) of
licorice extract dissolved in 0.2 ml of distilled water, for mice age (8)weeks
old.

e Group3: The control group was fed with 0.2 ml distilled water only, for mice
age (28) weeks old. .

e Group 4: Licorice Glycyrrhiza glabra (G) group: fed only with (25 mg/ daily)
of licorice extract dissolved in 0.2 ml of distilled water, for (28) weeks old.

Hormonal and implantation factors study

The levels of serum progesterone and Activin A were measured by Enzyme Linked
Immuno Sorbant Assay (ELISA) kits provided by Abcam Company. BTC was
evaluated through using ELISA Kit provided by CUSABIO USA. While Heparin
binding epidermal growth factor measured through using ELISA Kit obtains by
BIOVISION Company, USA. We used the manufacturer's directions about every
procedure.

Analytical statistics

For the statistical study, SPSS v.28.0 statistical analysis software was employed
(IBM Corp., Armonk, NY, USA). One-way analysis of variance (ANOVA) and
Dunnett's multiple comparison test were used to undertake statistical studies of
biochemical parameters. The Chi-square test and the Kruskal-Wallis test were
used to analyze specific biochemical testing. If the p value was less than 0.05, the
results were considered statistically significant.

Results

Figure 1 shows the results of progesterone hormone levels among study groups.
The results revealed a significant higher mean of progesterone hormone in mice
group treated with Glycyrrhiza glabra extraction (G group) of age 8 and 28 weeks (
0.094 and 0.137 ng\ml , respectively) compared to healthy control group of
corresponding ages (0.07 and 0.073 ng/ml , respectively) as shown in figure 1.
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Figure 1. Comparison the Levels of progesterone hormone between mice age 8
and 28 weeks old

The results of heparin binding growth factor levels among 8 and 28 mice age
groups has been shown in figure 2. The results revealed significantly higher
mean of heparin implantation factor in mice group treated with Licorice
extraction (G group) of age 8 and 28 weeks ( 43.9 and 44.7 ng\ml ,respectively)
than healthy control group of age 8 and 28 weeks (32 and 27.3 ng/ml)
respectively (Figure 2).
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Figure 2. Comparison the Levels of heparin binding growth factor between mice
age 8 and 28 weeks old

In figure 3,the results shown significantly higher increase of BTC implantation
factor in mice group treated with Licorice extraction (G group) in mice age 8 and
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28 weeks (0.601 and 0.506 ng/ml, respectively) compared to healthy non treated
group of age 8 and 28 weeks (0.419 and 0.417 ng/ml, respectively) as illustrated
in figure 3.
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Figure 3. Comparison the levels of Betacellulin (BTC) implantation factor between
mice age 8 and 28 weeks old

The results showed significantly higher level of Activin A hormone in mice group
treated with G- glabra extraction (G group) of age 8 and 28 weeks (142.4 and
148.2 ng/ml, respectively) than that in healthy control group of the same ages
(103, 88.3 ng/ml, respectively) as shown in figure- 4.
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Figure 4. Comparison the levels of Betacellulin (BTC) implantation factor between
mice age 8 and 28 weeks old
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Table 1 shows the results of embryonic grading score in mice age (8) and (28)
weeks old treated with Glycyrrhiza glabra extraction. The data found a significant
(p<0.05) improvement average number of embryos grade (1) (9 £0.57) of Gg group
compared with control group with age 8 weeks, followed by grade (2) (10 +0.42).
While the higher mean was grade (4) (16 £0.51), as shown in table 1. With mice
age (28) weeks, the results shows a significant (p<0.05) higher mean number of
grade (4) (15 £0.72) of Gg group compared with control group (16 +0.72), followed
by grade (3) (13 +0.60). While the lower mean number was grade (1) (10 £0.45)
(Table 1).

Table 1
Embryonic grading score (blastula) after mating of female mice age 8 and 28
weeks old
Mice groups
Age 8 weeks old 28 weeks old
Blastu LSD
la Control Gg LSD value Control Gg
value
grades
?rade 9:0.42a 9:0.57a 1.263 NS S 035 101+045a 1.631*
Srade 9:0.42a 10%0.42a 1.502* ;g 051 154063a 2267+
grade  15:0.63a 0 *00% 083+ 19%099 y3u060a 1.381Ns
grade 171075a 16+051a 1944+ 10 F0T2 152072 o974

*Means having with the different letters in same row differed significantly
(P<0.05).

Discussion

The current study found that consuming licorice extract orally can raise levels of
progesterone and BTC levels and significantly accelerate mouse embryo
development, oocyte maturation, and fertilization rates. This study is harmony
with other studies that documented licorice extraction effects on implantation
factors and sex hormones such as progesterone, estrogens, and testosterone (AL-
Dujaily et al., 2009; Mohsin and Al-Dujaily, 2019). On other side, Armanini et al.,
(2004), documented that licorice treatment did not significantly alter progesterone
or LH levels. Progesterone plays an important factor in fertilization by signaling
human sperm as they travel through the vaginal system before to fertilization.
However, the receptor that is responsible for this pathway has yet to be
discovered (Saleem et al., 2014).

It has been reported that licorice root contains the active ingredients
formononetin and isoliquiritigenin , aid in IVF (Tung et al., 2015). Despite the fact
that Tung and colleagues the two phytoestrogens found here may aid with
fertilization because there is a tenuous link between estrogen and conception.
(Tung et al., 2015). Some of the 500 components in licorice extract are thought to
interact synergistically to enhance fertilization (Tung et al., 2015). It was observed
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in a mouse modal research that two different doses of licorice as an antioxidant
had a variety of positive effects on sex hormones and enhanced ovarian
morphology (Al-Dujaily and Ali, 2015). Also this study shows that licorice extract
causes significantly increase of activin A and heparin epidermal growth factor
levels in mice model with age 8 and 28 weeks compared to control group.
Researchers employed the HB-EGF to improve sperm fertility and embryo
development. It is accepted as a standard test for investigations on assisted
reproduction to employ mouse in vitro fertilization. (Wen et al., 2018). In most
tissues, including those of the female reproductive system, heparin-binding
epidermal growth factor exhibits pleiotropic biological roles. It is hypothesized to
have a role in endometrial receptivity and maturation, as well as facilitating
embryo growth and mediating implantation (Chobotova et al., 2005).

The improvement of Activin A level in current study was positively correlated with
embryonic development .It has been noticed that increase activin level interfere
with embryonic stem cells pluripotent and promote differentiation into specific
cell lineages (Li et al., 2010). Glycyrrhiza glabra treatment to mice for days that
increased the number of implantation sites might indicate modest doses of
licorice have an influence on embryo development (da Rocha et al., 2018).
Moreover, the current study found that oral administration of Licorice alone, the
embryonic grading score (blastula) and embryo grading were improved in mice
aged 8 and 28 weeks compared to the control group. This finding corroborated
prior theories about increased ova maturation, normal fusogenic process, and
early embryonic development. Licorice extracts may also boost the implantation
rate and normal embryonic growth, resulting in an increase in the frequency of
live births. It's possible that this is related to the progesterone enhancement
effect, as mean corpus lutum counts have increased greatly in Gg oral
administration groups, which is critical for embryo survival and pregnancy
maintenance Mohsin et al. (2019) . Thus, this could demonstrate the potential to
be used for aged mammals, such as humans, to improve ovarian capacity and
other reproductive fertility potential status while minimizing the cost and side
effects of using fertility drugs, which is compatible with other research conducted
by Mohsin et al. (2019) and Wahab et al. (2021). Licorice may serve as an
antioxidant or immunomodulator, influencing fertility and fetal development by
stimulating the synthesis of insulin-like growth factor (IGF-1) in target tissues.
IGF-1 is a key regulator of fetal organ development and growth (Hellstrom et al.,
2018).

Conclusion

In conclusion, giving a high dose of Glycyrrhiza glabra aqueous extract to adult
female mice decreases implantation loss and increase litter size. The results of
this research back up the traditional usage of licorice (Glycyrrhiza glabra) extract
to boost female fertility.
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