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EXPERIMENTAL EFFECTS OF LICORICE SOLUTION ON FETAL MORTALITY AND

CLEFT LIP AND/OR PALATE IN 4/J MICE
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SYNOPSIS

Licorice dry root extract and its major compounds have been reported to exhibit varying degrees of

estrogen receptor agonism in various tissues in vitro and in vivo. We evaluated the effects of licorice

extracts on incidence of cleft lip and/or palate using A/J mice. The male and female A/J mice in the

experimental group were provided with a 0.89 mg/kg/day licorice solution instead of normal tap water for 2

weeks, then mated, and 18-day-old fetuses were removed and examined. The percentages of fetuses with

cleft lip and/or palate were 4.3% of 117 live fetuses and 8.9% of 101 live fetuses for control and

experiment groups. The experimental group had 8.1% more fetal resorption than the control group. There

was no significant difference in CL/P between the experiment group and the control group.
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INTRODUCTION

The genus Glycyrrhiza, commonly referred to as
licorice, is composed of about 30 species. G.glabra is the
most widely cultivated, although G.uralensis, G.inflata,
G.aspera, G.korshinskyi, and G.eurycarpa are also
commonly used. Known as the grandfather of herbs,
licorice has a long history of usage, and it has been
widely adopted as a flavor and sweetener for products as
diverse as tobacco, chewing gum, candies, toothpaste
and beverages!. In addition, dried licorice root has been
valued for its nutritional and medicinal values®, with
people in places as diverse as Turkey, Spain, Iraq, Russia,
Mongolia, North Korea and Japan using licorice
therapeutically. In the Japanese Pharmacopoeia, two
licorice species, G. glabra and G. uralensis, are listed

for use in root, powder and extract form.

Recent pharmacological studies of licorice have

demonstrated antioxidant activity i vitro®

5,6)

, as well as
antibacterial effects™® with some components of licorice
root exhibiting anti-ulcer, anti-inflammatory, anti-viral,
anti-atherogenic and even anti-carcinogenic properties®.
Licorice appears to be of particular relevance to research
and treatment for congenital anomalies such as cleft lip
and/or palate (CL/P) since root extract has been
reported to exhibit estrogen receptor agonism in certain
tissues”.

The incidence of cleft lip and/or palate is common
among humans, with prevalence of 1 per 500 to 1,000
live births®!?. Since the risk of CL/P recurrence within

the family is 28-40 times greater than the risk for the
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general population, it is believed that genetic factors
contribute to the development of this disorder, and it
has been suggested that non-syndromic cleavage in
humans is likely due to a combination of genetic and
environmental factors as described in a multifactorial
threshold model'2.

There have been multiple reports which indicate
estrogen has a preventive effect on CL/P. Fetal
expression with CL/P and cleft palate only (CPO) has
been reported in A/J mice, which are model animals for
spontaneous expression of cleft lip and palate at a rate
of 5-10%'?. It has been reported that a dose of 12.5
mg/kg estradiol benzoate, injected into A/J mice, has a
preventive effect on CL/P development'”. Licorice root
extract and its major active component, glabridin,
which is an isoflavan, exhibit varying degrees of
estrogen receptor (ER) agonism in various tissues in
vitro and i vivo'®.

The purpose of this study is to determine whether
administration of licorice extract to A/J/ mice that
spontaneously develop cleft lip and palate has the
effect of preventing CL/P and fetal mortality.

MATERIALS AND METHODS
1. Ethics

Aichi Gakuin University Animal Research Committee
approved all the #n v7vo studies in compliance with the
ethical principles of the Declaration of Helsinki (World
Medical Association, 2013).

2. Animal models

Eight-week-old A/J mice were purchased from (SLC,
Japan), and 48 mice (30 female and 18 males) were
housed at a temperature of 23 £ 1 C and a humidity of
60 + 10%. The mice were kept under 12 h day/night
cycle, and drink/food consumptions were checked at
daily observations.

3. Preparation of Licorice solution

Licorice root G.uralensis was purchased from
Daikoshoyaku, (Nagoya, Japan) (Figure 1). Three grams
of licorice root was boiled in 1 liter of tap water for 1
hour. After 1-hour of boiling, all licorice roots were
removed and the remaining solution was further boiled
to until the volume of the solution became 500 ml. The
twice-concentrated extract was stored in a sealed bottle
at 4 C and was diluted with the same amount of tap
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water to become 0.89 mg/kg/day.

4. Experimental conditions

The 16 female and 9 male mice of the control group
and the 14 female and 9 male mice of the experiment
group were separated into males and females and kept in
separate cages in the animal laboratory. The control
group mice were given tap water whereas the
experimental group mice were provided with 0.89
mg/kg/day of licorice extract. After 2 weeks, male and
female mice were mated overnight, and the day when a
vaginal plug was observed was taken as gestation day 0.
On the eighteenth gestation day, the pregnant mice were
sacrificed by cervical dislocation. Mice were fed licorice
solution until the day of sacrifice. Then the fetuses were
removed from the uterus, and the fetal deaths and
resorptions were examined and recorded. Live fetuses
were placed in physiological saline and their anatomy
observed under a stereoscopic microscope. Fetuses with
oral and maxillofacial defects were fixed in a mixed
solution as in previous research!®.

5. Statistical analysis

Statistical significances between control and
experimental groups were evaluated using a one-way
analysis of variance (ANOVA), and the results were
analyzed using the adjusted chi-square test.

REsuLTS
1. Fetal deaths and mean number of fetuses

In the control group, 7 (5.6%) fetal resorptions
occurred among 124 fetuses from 16 dams, whereas in
the experimental group, 16 (13.7%) fetal resorptions

Fig. 1. Licorice root
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were observed among 117 fetuses from 14 dams. The
experimental group had 8.1% more fetal resorption than
the control group (Table 1). Mean numbers of fetuses
per litter were 7.8+1.8 for the control group and 8.4+1.8
for the experimental group respectively. The mean
weight of live fetuses was 0.65+0.05 g for the control
group and 0.58+0.08 g for the experimental group,
respectively. Each mouse drank approximately 0.89
mg/kg of extract solution per day.

2. The incidence rate of cleft lip and/or cleft palate
There were no significant differences in the incidence
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of CL/P between the experimental group (fed with 0.89
mg/kg/day of licorice solution) and the control group.
The incidence rate of CL/P was 8.9% (9 fetuses) among
101 live fetuses for the experimental group, and 4.3% (5
fetuses) among 117 live fetuses for the control group
(Table 2).

Among the 5 fetuses with CL/P in the control group, 4
fetuses had cleft palate only (CPO) and 1 fetus had
unilateral cleft lip and palate (UCLP). In the
experimental group, 7 out of 9 affected fetuses had CPO,
1 had bilateral cleft lip and palate (BCLP) and 1 had
UCLP (Figure 2).

Table 1. Mortality and mean weight of fetuses

Subject Dams Fetuses Average number of Live Fetal
fetuses per litter fetuses resorptions
n(+)  n#) n(+) n(+) n (+) (%)
Control group 16 124 7.8+1.8 117 7 (5.6%) (*)
Experimental 4, 447 8.4+1.8 101 16 (13.7%)

group

(*) p value < 0.05, with adjusted chi-square test

(+) n means number

Table 2. Comparison of incidence rate of cleft lip and/or palate among live fetuses

Subject Dams Live Unaffected Affected fetuses
fetuses fetuses
CPO UCLP BCLP
n (%) n (%) n (%)
Control 16 117 112 (95.7%) 5 (4.3%)
group
4 (3.4%) 1 (0.9%) 0(*)
Experimental 14 101 92 (91.1%) 9 (8.9%)
group
7 (6.9%) 1 (1.0%) 1(1.0%)

(*) p value < 0.05, with adjusted chi-square test

CPO: Cleft palate only
UCLP: Unilateral cleft lip and palate
BCLP: Bilateral cleft lip and palate
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A: Normal B: UCLP

A. Normal
B. UCLP: Unilateral cleft lip and palate

C: BCLP

C. BCLP: Bilateral cleft lip and palate
D. CPO: Cleft palate only

D: CPO

Fig. 2. A/ZJ mouse fetuses

DiscussIioN

Licorice root extract and its significant isoflavone,
glabridin, have exhibited varying degrees of estrogen
receptor (ER) agonism in different tissues 47 vitro and
in viwo'®. Congenital malformations are severe
congenital disabilities associated with substantial
morbidity and mortality, often with unknown causes.
Previous research reported that administration of 0.1
mg/kg (body weight) of Bisphenol-A (BPA), a
compound with an estrogen-like activity on animals,
resulted in lower prevalence of CL/P in A/J mice!'”. In
this study, licorice solution at 0.89 mg/kg/day did not
have an effect on the prevention of CL/P in A/4J mice.
However, since an in wvitro study has reported that
high levels of estrogen lowered the incidence of CL/P'®,
it seems possible that licorice may have a similar
estrogen-like effect if administrated appropriately.
Therefore, determining the dosage of licorice solution
that will increase estrogen level may help to suppress
the occurrence of CL/P. Because licorice root or licorice
extract is a plant product with possible estrogen
replacement effects, many American women consider
licorice root as a natural alternative to pharmaceutical
hormone replacement therapy. However, whether dose
and response are linearly associated should be
interpreted with caution and confirmed in future
studies. The most useful starting dose for drug
selection is to know the shape and average dose-
response curve of both the desired and undesired
effects. Although the dose of licorice solution used in
this study (approximately 0.89 mg/kg/day) did not
clearly show the desired effect, we hypothesize that the
development of CL/P might be suppressed if licorice
solution is used appropriately.

CONCLUSION

In conclusion, we investigated the effects of the
licorice extract on fetal mortality and cleft lip and/or
cleft palate with 241 fetuses of A/J mice. Unfortunately,
we did not get a conclusive result as we expected. The
licorice solution of 0.89 mg/kg/day used in this study
had no significant, and possibly even a negative, effect
on CL/P and fetal viability. More research with other
dosages of licorice should be performed.

The authors have no financial conflict of interest to
disclose concerning the paper.
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