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Shaoyao-gancao-tang, a Chinese medicinal formula consisting of peony and licorice has been used for the treat-
ment of dysmenorrhea for thousands of years. The purpose of the present study was to demonstrate the analgesic
and uterine relaxant effects of isoliquiritigenin (ISL), a flavonoid isolated from the roots ofGlycyrrhiza glabra (a
type of licorice). In vitro, isoliquiritigenin caused concentration-dependent inhibition of spontaneous contraction
of isolated rat uterus and the contraction induced by various types of stimulants, such as acetylcholine (Ach,
10mM), KCl (40mM) and oxytocin (1mU/mL). The uterine contractile response to cumulative concentrations
of CaCl2 was blocked by 0.1 and 1mM of isoliquiritigenin. The isoliquiritigenin-induced relaxation was partly
inhibited by the nitric oxide synthase (NOS) inhibitor Nv-nitro-L-arginine methylester (L-NAME, 100mM) and
the COX-1/COX-2 inhibitor indomethacin (10mM). In vivo, isoliquiritigenin could cause a significant reduction
in the acetic acid-induced writhing response and hot-plate test at the high dose. These results indicate that isoli-
quiritigenin, a flavonoid isolated from the roots ofGlycyrrhiza glabra, not only has a spasmolytic effect on uterine
contraction, which is in relation to Ca2+ channels, NOS and COX, but also an effective activity in reducing pain.
Copyright © 2012 John Wiley & Sons, Ltd.
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INTRODUCTION

Primary dysmenorrhea is defined as pain during menses
in the absence of an identifiable pathological lesion.
This menstrual pain can be associated with nausea,
vomiting, diarrhea and headache. It is highly prevalent
among adolescent girls and causes significant disruption
in the quality of life and absenteeism. The cause of dys-
menorrhea remains unclear (Davis and Westhoff, 2001;
Marjoribanks et al., 2003). However, available data
show that the pain associated with primary dysmenor-
rhea can be caused by hypercontractility of uterine
muscle (Dawood, 2006). Several factors may be
involved in the uterine hypercontractility including:
ovarian steroids, cervical obstruction, pituitary hor-
mones and most notably prostaglandins. For this reason,
successful treatment of this disorder has been achieved
with drugs that reduce uterine hypercontractility.
Glycyrrhiza glabra L., formerly known as licorice or

sweetwood, native to the Mediterranean and certain
areas of Asia, is a tall shrub of the Leguminosae family
(Olukoga and Donaldson, 1998). Historically, the dried
rhizome and root of this plant were employedmedicinally
by the Chinese, Egyptian, Greek, Indian and Roman civi-
lizations as an expectorant (Loosen and Kenter, 1955). In
traditional Chinese medicine, licorice roots have been
documented in Bencao Gangmu (the Compendium of
MateriaMedica) as one of themost often used constituent
herbs, and have been prescribed for the treatment of
diseases ranging from common cold to dysmenorrhea
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(Zhai, 2003). Morever, the effect of licorice root in
regulating uterine function has also been recorded in Yi
Zong Jin Jian, one of the most famous ancient Chinese
medical books. In modern literature, it is reported that
Shakuyaku-kanzo-to (Shaoyao-Gancao-Tang), a formula
including licorice, can be used for the treatment of
dysmenorrhea (Shibata et al., 1996). However, it is not
known which active ingredients in licorice can improve
the syndrome of primary dysmenorrhea.

Currently, it was reported that themajor bioactive com-
ponents of licorice root are flavonoids and pentacyclic
triterpene saponins, including liquiritin, liquiritigenin,
isoliquiritigenin, liquiritin apioside, glycyrrhizin and gly-
cyrrhizic acid (Kamei et al., 2003). Isoliquiritigenin,
2,4,4′-three hydroxy chalcone from licorice (Cao et al.,
2004), has been shown to have various biological activ-
ities, such as antiallergic (Kakegawa et al., 1992), estro-
genic properties (Tamir et al., 2001), attenuating brain
injury in cerebral ischemia-reperfusion (Zhan and Yang,
2006), regulating gastrointestinal motility (Chen et al.,
2009; Sato et al., 2007). However, there is no study show-
ing its uterine relaxant effect and the analgesic activity.
Morever, it is completely unknown which active ingredi-
ents in licorice can improve the syndrome of primary
dysmenorrhea. Based on previous observations and the
folk usages of licorice, it was decided to study the possible
action of isoliquiritigenin on the relaxant effect and the
analgesic activity.
MATERIALS AND METHODS

Animals. Virgin female Wistar rats (180–220 g) and
female ICR mice (20–25 g) were provided by the Ex-
perimental Animal Center of Wuhan University. They
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were housed under conditions of constant temperature.
Food and water were available ad libitum. All animal
studies were approved by theAnimal Research Commit-
tee of Wuhan University and maintained in accordance
with Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC).

Preparation of isoliquiritigenin. The roots of Glycyrrhiza
glabra used in this study were collected in Yili, Xinjiang
Province, China and authenticated by Dr Mingxi
Jiang, Wuhan Botanical Garden, Chinese Academy of
Sciences. The extraction and identification of isoliquiri-
tigenin were identical to that described previously
(Zhan and Yang, 2006). The purity of the extracted
isoliquiritigenin was determined to be greater than
99% based on analysis using HPLC with UV absorb-
ance detection and liquid chromatograph-mass spec-
trometry (LC-MS).

Drugs and chemicals. Acetylcholine, oxytocin, aspirin,
No-nitro-L-arginine methyl ester (L-NAME), dimethyl-
sulphoxide (DMSO), glibenclamide, indomethacin,
phentolamine, propranolol and diazepam (Sigma
Chemical Company, St Louis, MO). All chemicals used
were of analytical grade. All drugs and reagents were
dissolved in distilled water. In in vitro experiments, isoli-
quiritigenin was dissolved in DMSO, and serial dilutions
were made in double-distilled water. The final concen-
tration of DMSO did not exceed 1% and had no effect
on the muscle contraction. In in vivo experiments, isoli-
quiritigenin was suspended in 0.6% sodium carboxy-
methyl cellulose (CMC-Na).

Isolated uterine preparation and measurement of
tension. Female rats were pretreated 24 h before the
experiment with 17b-oestradiol benzoate (100 mg/kg,
subcutaneously) according to the method of Hughes
and Hollingsworth (1995). After being killed by cervical
dislocation, their uteri were quickly excised. As strips
obtained from uterine horns were supposed to be better,
each uterine horn was cut into rings of 5–10mm long.
After the removal of excess tissue and fat, the isolated
tissues were transferred separately to organ baths
continuously aerated (95% O2 and 5% CO2), filled with
warm (37 �C) 20mL of Locke solution of the following
composition (mM): NaCl 120, KCl 4.6, CaCl2.1.5,
MgSO4 1.2, KH2PO4 1.0, NaHCO3 25, glucose 11. The
solutionwas prepared freshly on a daily basis. Contractions
were recorded isometrically by a force-displacement trans-
ducer (JH-2-50 type, China) connected to a polygraph
(Model BL420E+, Tai Meng, Chengdu, China). Tissues
were allowed to equilibrate for 60min during which the
solution was changed at 15min intervals and maintained
under optimal tension of 1–2 g prior to initiation of the
experimental protocol.

Study of the effects of isoliquiritigenin on spontaneous
uterine contraction.After equilibration, isoliquiritigenin
was added cumulatively to the organ bath with the
concentration in the range 0.5–1000 mM, in order to
examine the relaxant effect of isoliquiritigenin on the
spontaneous contraction of uterus. The effect of each
concentration on the tonic contraction was observed
for about 2min.
Copyright © 2012 John Wiley & Sons, Ltd.
Study of the effects of isoliquiritigenin on oxytocin,
acetylcholine and KCl-induced uterine contraction. To
study the effect of the compounds on an agonist-induced
contraction, the tissues were precontracted with oxytocin
(1mU/mL), acetylcholine (10mM) or KCl (40mM) separ-
ately for 5min and reached a peak of contraction before
various concentrations of isoliquiritigenin (0.5–1000mM)
were cumulatively added to the organ bath. Each different
concentration of isoliquiritigenin was added 2min after the
former to observe the effects. The relaxant potencies of
isoliquiritigenin were expressed as the relaxation rate.

Study on the effects of ion channel blockers on the
relaxation produced by isoliquiritigenin. To confirm the
calcium channel blocking (CCB) activity of the test sub-
stances, the cumulative concentration–response curves
of CaCl2 (0.01–10mM) were obtained in the absence
and presence of different concentrations of the test
material (isoliquiritigenin or verapamil) in a Ca2+-free
and K+-rich medium (Chen et al., 2009; Jabeen et al., 2009).

This medium was further replaced with K+-rich and
Ca2+-free Locke solution, having the following compos-
ition (mM): NaCl 120, KCl 80, CaCl2 1.5, MgSO4 1.2,
KH2PO4 1.0, NaHCO3 25, glucose 11 and EDTA 0.1. Fol-
lowing an incubation period of 30min, the concentration–
response curves (CRCs) of Ca2+ were constructed in the
absence and the presence of different concentrations of
the test materials.

To assess whether the spasmolytic activity of isoliquir-
itigenin was through K+ channel blockade, the uterus
strips were preincubated with an ATP-sensitive K+

channel inhibitor glibenclamide (1 mM). When the con-
tractile plateau was attained, isoliquiritigenin was then
added to obtain the concentration-dependent inhibitory
response in a cumulative fashion.

Study of the effects of receptor antagonists or enzyme
inhibitors on the relaxation produced by isoliquiritigenin.
Toestimate the possiblemechanisms of the uterine relaxant
effects of isoliquiritigenin, the uterus strips were precon-
tracted with oxytocin (1mU/mL), KCl (40mM) separately.
Then a cyclo-oxygenase inhibitor indomethacin (10mM),
a nitric oxide synthase inhibitor L-NAME (100mM),
an a-adrenoceptor antagonist phentolamine (300nM), a
b-adrenoceptor antagonist propranolol (300nM), respect-
ively, were added to the organ bath for 5min prior to
the addition of isoliquiritigenin.

Acetic acid-induced writhing test. This test was per-
formed using the modified method described by Fukawa
et al. (1980) and Ribeiro et al. (2000). The writhes were
induced by 0.6% acetic acid (10mL/kg i.p.). There were
three different doses (20, 40 and 80mg/kg) of isoliquiriti-
genin administered orally to each group of mice, 90min
before chemical stimulus. Aspirin (200mg/kg i.g.) as a
positive control was administered 60min prior to acetic
acid injection. Each mouse was placed in a transparent
observation box and the number of writhes was counted
for 30min after the acetic acid administration. The
number of writhes in each treated group was compared
with that of a blank control group (0.6% CMC-Na).

Hot-plate test. The hot-plate test was used to measure
the response latencies according to the method
described previously (Bastos et al., 2005). Each mouse
was placed singly on the hot plate at 55� 1 �C and the
Phytother. Res. 26: 1410–1417 (2012)



Figure 1. Example of original tracing shows the relaxant effects of
isoliquiritigenin (0.5–1000mM) on spontaneous contractions of
isolated rat uterus.

Figure 2. Concentration–effect curves of the relaxant effects of
isoliquiritigenin on the spontaneous rhythmic contractions of iso-
lated rat uterus. Each point is are the mean and the vertical lines
show the SEM (n=5) and each value of relaxation was standar-
dized as a percentage of the maximal response before the added
isoliquiritigenin.
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time for licking of the paws was recorded 90min after
the oral administration of the isoliquiritigenin in three
doses (20, 40 and 80mg/kg), the vehicle (blank control
group). Aspirin (200mg/kg i.g.) as a positive control
was administered 60min prior to the test. The time ne-
cessary for the initial response to the painful stimulus
(licking of the paws) was taken as defining the response,
and the latency time of licking was calculated after the
administration of the solutions. In order to minimize
damage to the animals’ paws, the cut-off time was 30 s.

Rotarod test. The mice were placed on a rotarod
(Rotor-Rod System, Tai Meng, Chengdu, China). The
system’s diameter was 3 cm, divided into five equal com-
partments, rotating at a fixed 15 rpm (Yasuda et al.,
2005). Animals remaining on the rod in two successive
trials (24 h before the experiment) were selected for
drug testing. In this study, at 15, 30, 60 and 90min after
drug administration, the mice were placed on the spin-
ning bar of the rotor-rod system for 3min. When the
animal fell from the rotarod within 180 s, this was
defined as a positive effect (Nishino et al., 2008). The
following drugs were used: diazepam (20mg/kg), three
different doses (20, 40 and 80mg/kg) of isoliquiritigenin.
These drugs were suspended in 0.6% CMC-Na solution.
These drugs were prepared immediately before use and
were administered orally in a volume of 10mL/kg of
body weight.

Statistical evaluation of data. To adjust for variations be-
tween individual uterine strips, the relaxation produced
by each concentration of isoliquiritigenin was measured
and expressed as a percentage of relaxation of the
maximal contractile tension. The maximal contractile
tension before the added isoliquiritigenin was taken as
100%. The EC50 value was defined as the concentration
of isoliquiritigenin required to produce 50% of the
maximum response of elicited and spontaneous contrac-
tions, and it was determined for each curve by using a non-
linear least square fitting procedure of the individual
experimental data, and presented as pD2 (pD2=�logEC50).
The results were expressed as mean� SEM and statis-

tical differences were determined by the independent
Student’s t-test. Whenever a control group was compared
with more than one treated group, the one-way ANOVA
or two-way repeated measures ANOVAwas used. When
theANOVAmanifested a statistical difference, Dunnett’s
or Student–Newman–Keuls test was applied. Fischer’s
exact test was used for the statistical analysis of the results
from the rotarod test. A value of p< 0.05 was considered
to be significant in all experiments. Analysis of the data
and plotting of the figures were done with the aid of soft-
ware (SigmaPlot Version 8.0 and SigmaStat Version 2.03,
Chicago, IL, USA) running on a BenQ Joybook T31
computer.
RESULTS

Effect of isoliquiritigenin on spontaneous contraction

Isoliquiritigenin (0.5–1000 mM) relaxed nonstimulated
uterus contractions in a concentration-dependent man-
ner. Figure 1 shows a typical trace obtained with a
uterine horn, while Fig. 2 summarizes the relaxant effects
Copyright © 2012 John Wiley & Sons, Ltd.
of isoliquiritigenin on uterine horn preparations. The pD2
values were 4.42� 0.60 (n=5).
Effect of isoliquiritigenin on oxytocin-induced contraction

The uterine strips were precontracted with oxytocin
(1mU/mL) to produce approximately 80.0%–90.0% of
maximum contraction. Isoliquiritigenin (0.5 ~ 1000 mM)
relaxed the uterine strips precontracted by oxytocin in
a concentration-dependent manner (Figs 3, 4). All con-
tractions were completely abolished by the highest con-
centration of the isoliquiritigenin. The pD2 values were
4.27� 0.08 (n= 6).
Effect of isoliquiritigenin on acetylcholine-induced
contraction

Acetylcholine (10mM) caused rhythmic contractions of the
isolated rat uterus. Isoliquiritigenin (0.5–1000mM) caused a
significant inhibition on the amplitude of acetylcholine-
induced contraction in a concentration-dependent manner
(Figs 3, 4). All contractions were completely abolished by
the highest concentration of the isoliquiritigenin. The pD2
values were 4.60� 0.15 (n=5).
Effect of isoliquiritigenin on KCl-induced contraction

KCl (40mM) caused tonic contraction and approxi-
mately maximum contraction of the uterine strips.
Phytother. Res. 26: 1410–1417 (2012)
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Isoliquiritigenin (0.5–1000 mM) exerted significant in-
hibitory effects on the amplitude of the contraction
induced by KCl (40mM) in a concentration-dependent
manner (Figs 3, 4). The pD2 values were 4.09� 0.06
(n= 5).
Effects of ion channel blockers on the relaxation
produced by isoliquiritigenin

To test the Ca2+-channel-blocking activity of isoliquiriti-
genin, in this experiment, pre-incubation of uterus tis-
sues with different concentrations of isoliquiritigenin
Figure 3. Original recordings show the effects of isoliquiritigenin
(0.5–1000mM) on isolated rat uterus. (A) Contractions provoked
by oxytocin (1mU/mL). (B) Contractions provoked by acetylcho-
line (10mM). (C) Contractions provoked by KCl (40mM).

Figure 4. Concentration–effect curves show relaxations induced
by cumulative concentrations of isoliquiritigenin (0.5–1000mM)
on isolated rat uterus pre-contracted with oxytocin (1mU/mL),
acetylcholine (10mM) and KCl (40mM). Each point represents the
mean�SEM (n=5–6) and each value of relaxation was standar-
dized as a percentage of the maximal response before the added
isoliquiritigenin.

Copyright © 2012 John Wiley & Sons, Ltd.
(1, 100mM, 1000mM; n=4) was made using a Ca2+-free and
high-K+ (60mM) solution. Then the Ca2+ concentration–
response curves were shifted to the right (Fig. 5A), simi-
lar to that produced by verapamil (0.1, 1mM; n=4;
Fig. 5B). In addition, it was estimated that the relaxation
effect of isoliquiritigenin was related to the K+ channel of
the muscle. However, pretreatment with glibenclamide
(1mM), an ATP-sensitive K+ channel inhibitor, did not
significantly affect the relaxations on spontaneous contrac-
tion elicited by isoliquiritigenin.
Effects of receptor antagonists or enzyme inhibitors on
the relaxation produced by isoliquiritigenin

After pretreatment with phentolamine (1 mM, a-adren-
ergic receptor antagonist) or propranolol (0.1 mM,
b-adrenergic receptor antagonist), the relaxations of
uterus strips on oxytocin-, KCl-induced contraction
elicited by isoliquiritigenin were not changed signifi-
cantly in the presence of these substances.

However, when tested on oxytocin-, KCl-induced con-
traction in the presence of indomethacin (cyclo-oxygenase
inhibitor), the relaxant effects induced by isoliquiritigenin
were significantly attenuated by 34.2%, 21.6%, respect-
ively. Similarly, L-NAME (NOS inhibitor) also attenuated
Figure 5. Concentration–response curves of Ca2+ constructed in
the absence and presence of increasing concentrations of (A) ver-
apamil and (B) isoliquiritigenin on isolated rat uterus preparations.
Each point represents the mean�SEM (n=4). *p<0.05, **p<
0.01 vs the control, repeated-measures ANOVA followed by Stu-
dent–Newman–Keuls test.

Phytother. Res. 26: 1410–1417 (2012)
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the relaxant effects by 29.0% on oxytocin-induced contrac-
tion but had no effect on KCl-induced contraction. The
data are summarized in Table 1.
Effect of isoliquiritigenin on acetic acid-induced
writhing movements in mice

Treatment of isoliquiritigenin led to a dose-dependent
reduction in the number of acetic acid-induced writhing
movements in mice (Fig. 6). The number of writhing
movements/30min in the 80mg/kg isoliquiritigenin
group was 9.2� 2.58, significantly lower than that of
the control 18.2� 4.01.
Figure 6. Effects of isoliquiritigenin on acetic acid-induced writhing
movements in mice. Mice were treated with aspirin (200mg/kg, i.g.),
isoliquiritigenin (20, 40 or 80mg/kg, i.g.) or the same volume of
vehicle (the control) before injection of 0.6% aqueous solution of
acetic acid (10mL/kg, i.p.). The number of writhes was counted
for 30min after acetic acid administration. Data are presented as
the mean�SEM (n=10). *p<0.05, **p<0.01 vs the control,
repeated-measures ANOVA followed by Student’s t-test.
Effect of isoliquiritigenin on hot-plate test in mice

In the hot-plate method, isoliquiritigenin considerably
increased the reaction time to the heat stimulus dose-
dependently (Fig. 7). Values were found to be significant
at 90min after treatment for all the doses. A maximal %
increase in the reaction time of 52.6% was observed at a
dose of 80mg/kg at 90min post-treatment. Aspirin at a
dose of 200mg/kg also showed a significant (p< 0.05)
increase in the reaction time with a maximal increase
of 47.7% at 60min.
Effect of isoliquiritigenin on rotarod test in mice

In the rotating rod test, isoliquiritigenin (20, 40, 80mg/kg)
had no skeletal muscle relaxant activity, whereas diaze-
pam had skeletal muscle relaxant activity in mice
(Table 2).
Figure 7. Effects of isoliquiritigenin on hot-plate test in mice.
Mice were treated with aspirin (200mg/kg, i.g.), isoliquiritigenin
(20, 40 or 80mg/kg, i.g.) or the same volume of vehicle (the control).
The latency time of licking was calculated after the administration
of the solutions. Data are presented as the mean�SEM (n=10).
*p<0.05 vs the control, repeated-measures ANOVA followed by
Student’s t-test.
DISCUSSION

Glycyrrhiza glabra is an official plant of the Chinese
Pharmacopeia (China Pharmacopoeia Committee, 2000),
which has been used to treat fevers, gastric ulcers, sore
throats, spasm, asthma, bronchitis, rheumatoid arthritis
and dysmenorrhea (Tanaka, 2003;Anon, 2005).As an ingre-
dient of Shakuyaku-kanzo-to (Shaoyao-Gancao-Tang), the
therapeutic effect of licorice on dysmenorrhea has also
Table 1. Relaxant effect of isoliquiritigenin in isolated rat uterus in the absence and presence of Nv-nitro-L-arginine methylester
(L-NAME; 100mM), indomethacin (10mM), phentolamine (300 nM), propranolol (300 nM) and glibenclamide (1mM)

Precontraction induced by KCl (40mM) Precontraction induced by oxytocin (1mU/mL)

EMAX pD2 EMAX pD2

Control 133.8�9.4 4.09�0.06 168.8�11.8 4.03�0.18
Indomethacin 104.4�1.4a 3.40�0.03b 111.0�3.6a 4.37�0.06
L-NAME 128.7�2.8 3.54�0.02b 119.7�5.2a 3.76�0.04
Phentolamine 134.1�7.1 3.95�0.06 162.5�6.2 3.88�0.08
Propranolol 132.3�3.1 3.95�0.05 154.7�7.1 3.71�0.05
Glibenclamide 138.8�6.4 4.09�0.06 166.1�15.5 3.81�0.07

Maximum relaxation effect (EMAX) and apparent agonist affinity constant (pD2) values of isoliquiritigenin on KCl-, oxytocin-induced contrac-
tions. Each value represents the mean�SEM (n=3–6). ap<0.05, bp<0.01 compared with the control, ANOVA followed by Student–
Newman–Keuls test.

Copyright © 2012 John Wiley & Sons, Ltd. Phytother. Res. 26: 1410–1417 (2012)



Table 2. Effects of isoliquiritigenin and diazepam on skeletal muscle relaxant activity by rotarod test

Group Dose (mg/kg)

Number of mice fallen from the rotarod

15 30 60 90min

Control - 1/10 0/10 1/10 1/10
Isoliquiritigenin 20 0/10 1/10 0/10 0/10

40 0/10 0/10 1/10 1/10
80 1/10 0/10 1/10 0/10

Diazepam 20 8/10a 8/10a 9/10a 9/10a

Rotating-rod test was performed 15, 30, 60, and 90min after administration of 0.6% CMC-Na, isoliquiritigenin (20, 40, 80mg/kg) or diaze-
pam (20mg/kg). Significantly different from the control group at ap<0.01 (Fisher’s exact test).
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been reported (Shibata et al., 1996). In the present study,
it was shown that isoliquiritigenin, a flavonoid isolated
from the roots ofGlycyrrhiza glabra, produced an inhibi-
tory effect on the contraction of the isolated uterus and
attenuated the pain behavior of mice induced by a hot-
plate or acetic acid, which was in agreement with the
traditional use of the plant Glycyrrhiza glabra for the
treatment of dysmenorrhea.
In vitro, isoliquiritigenin inhibited both spontaneous

contraction and contraction induced by various types of sti-
mulants, such as acetylcholine (10mM), KCl (40mM) and
oxytocin (10mM) in the mM order of concentration. Differ-
ent channel-blockers were used in order to study the
underlying mechanism. ATP-sensitive (K-ATP) K+ chan-
nels have been identified in uterine smooth muscles (Park
et al., 2008). But in this study, no effect of glibenclamide
(an ATP-sensitive potassium channel inhibitor) on
isoliquiritigenin-induced relaxation was seen. Conse-
quently, it is suggested that the ATP-sensitive (K-ATP)
K+ channel pathway is not involved. High K+ (> 30mM)
is known to cause smooth muscle contraction through the
opening of voltage-dependent L-type Ca2+ channels, thus
allowing an influx of extracellular Ca2+ causing a contract-
ile effect; a substance causing inhibition of highK+-induced
contraction is considered as a blocker of Ca2+ influx (Liu
et al., 2008; Thaina et al., 2009). In rabbit jejunum,
isoliquiritigenin caused a dose-dependent spasmolysis
effect, which is usually mediated through calcium channel
blockade (Chen et al., 2009). In the present study,
isoliquiritigenin inhibited the contraction produced by
KCl on isolated uterus tissues, and also shifted the Ca2+

concentration–response curves to the right, accompanied
by the suppression of the maximum response, constructed
in a K+-rich and Ca2+-free medium, similar to that caused
by verapamil, a standard of calcium channel blockade, sug-
gesting that the relaxant activity of isoliquiritigenin was
through voltage-dependent L-type Ca2+ channel blockade.
But the spasmolytic effect produced by isoliquiritigenin at
a high dose (1mM) was stronger than that of verapamil,
so the possibility that relaxant activity of isoliquiritigenin
could be partially due to a blockade of other Ca2+ channels
cannot be excluded. On the other hand, the present study
also explored whether the [Ca2+]i response was due to
the activation of a- and b-adrenergic receptors, however,
the data showed that the spasmolytic effect may not
be related to these two receptors since phentolamine
(a-adrenergic receptor antagonist) and propranolol
(b-adrenergic receptor antagonist) did not block the relax-
ant effect displayed by isoliquiritigenin.
Nitric oxide is a known agonist of apoptosis, which

might participate in the initiation and control of
Copyright © 2012 John Wiley & Sons, Ltd.
menstrual bleeding (Johnson et al., 2004), and basal
NO release is involved in the synthesis of prostaglandins
(PGs), especially PGE2 (Siemieniuch et al., 2009). Pros-
taglandins have been reported to be mediators of the
regulation of the uterine contraction status, and primary
dysmenorrhea is related to a high level of menstrual pros-
taglandin release. The inducible, calcium-independent
form of the NO synthases (iNOS) activity in menstrual
phase endometria was about six times that of prolifera-
tive or late-secretory endometria (Chwalisz and Garfield,
2000). The induction of iNOS with the subsequent
release of NO appeared to enhance the production of
PGE2 by activation of cyclooxygenase at the site of
inflammation (Franchi et al., 1994; Xu et al., 2008). It
was reported that isoliquiritigenin can inhibit iNOS
expression (Kim et al., 2008). In order to evaluate the
participation of NO in the relaxing effect, uterus strips
were treated with L-NAME, a NO-synthase inhibitor
(100mM). It was found that L-NAME could decrease
the relaxant effects induced by isoliquiritigenin. This
result suggests that the inhibition of NOS may be
involved in the uterine relaxant effect of isoliquiritigenin.
Another possible alternative pathway could be the inhib-
ition of synthesis of PGs. The synthesis of PGs from
arachidonic acid is catalysed by the cyclo-oxygenase
(COX). Previous reports demonstrated that inhibition
of COX was able to suppress abnormal contractions in the
uterus (Ayar, 2007). At the protein and mRNA levels,
isoliquiritigenin was reported to reduce cyclooxygenase-2
(COX-2) in a concentration-dependent manner (Kim et al.,
2008). In the present study, isoliquiritigenin-induced relax-
ation of the uterus was inhibited by indomethacin, and this
effect was stronger than that of L-NAME, suggesting that
the uterine relaxant effect of isoliquiritigenin may be mainly
due to the inhibition of COX.

Since pain is the main syndrome of dysmenorrhea, the
following investigation was carried out to evaluate the
analgesic activity of isoliquiritigenin in vivo. The acetic
acid-induced writhing method and the hot-plate test
were the two animal models employed to investigate
the analgesic activity of isoliquiritigenin in this study.
The acetic acid-induced abdominal writhing model was
a visceral and inflammatory pain model. It was reported
that prostaglandin biosynthesis played an important role
in the nociceptive mechanism in this pain model (Pessini
et al., 2008) and isoliquiritigenin up-regulates antiinflam-
matory heme oxygenase-1 expression in RAW264.7
macrophages (Lee et al., 2009). In the current study,
acetic acid injection was reported to induce a character-
istic writhing response in the mice. Isoliquiritigenin at a
higher dose (80mg/kg) reduced significantly the number
Phytother. Res. 26: 1410–1417 (2012)



1416 Y. SHI ET AL.
of writhes induced by acetic acid, suggesting that isoli-
quiritigenin has an analgesic effect and a possible antiin-
flammatory activity via the inhibition of prostaglandin
synthesis.
As the hot-plate test measures the response to an

acute non-inflammatory nociceptive input, it was
selected to continue this investigation. It was found that
isoliquiritigenin caused a considerable prolongation of
latency times compared with the control values, suggest-
ing that isoliquiritigenin might also have an effective
activity in reducing the non-inflammatory pain. The
reduced nociceptive behavior of the animals treated
with isoliquiritigenin is not caused by skeletal muscle-
relaxant effect, as isoliquiritigenin at the same doses as
used in the hot plate and acetic acid-induced writhing
tests did not impair their performance in the rotating
rod test. Moreover, the oral administration of isoliquiri-
tigenin into the mice up to a dose of 6000mg/kg was
non-toxic as no mortality was detected (Chen et al.,
2009). Therefore isoliquiritigenin was quite safe and well
tolerated when given orally.
In conclusion, the present study shows that isoliquiri-

tigenin, isolated from licorice, the main component of
Copyright © 2012 John Wiley & Sons, Ltd.
Shaoyao-Gancao-tang, might contribute to the thera-
peutic activity in primary dysmenorrhea through not
only a relaxant effect on isolated uterus smooth muscle,
but also analgesic activity. The data obtained in this
study indicate that these effects are possibly via Ca2+

channels, COX and NO pathways. Taken together, the
findings of this study suggested that isoliquiritigenin, a
flavonoid isolated from the roots of Glycyrrhiza glabra
(a type of licorice), has the potential to be developed
into an effective drug for the treatment of primary
dysmenorrhea and various pain syndromes.
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