
Introduction

The phosphorylation-dephosphorylation of signal 
transduction protein plays a critical role in cell immune 
responses. Calcineurin (CN), a unique Ca2+/calmodulin-
dependent Ser/Thr protein phosphatase, is ubiquitously 
expressed in mammals, especially high in brain and 
immune system. It is a heterodimer consisting of the 
catalytic subunit A (CNA) and the regulatory subunit B 

(CNB), which both play an important role on regulation 
of immunity (Rusnak & Mertz, 2000).

It is clear that CN could regulate the phosphoryla-
tion level of nuclear factor of activated T cells (NF-AT), 
thereby regulating the translocation of the cytosolic com-
ponent of NF-AT to the nucleus. NF-AT is one of several 
transcription factors, which is required for T cell-specific 
expression, IL-2 gene activation, and protein synthesis. 
IL-2 is an essential factor for most T cells proliferation 
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Abstract
Context: Calcineurin (CN), a unique protein phosphatase, plays an important role in immune regulation. Our 
laboratory has established an effective molecular drug-screening model based on CN activity.

Objective: Our aim is to search for an effective immunosuppressant from Glycyrrhiza uralensis 
(Leguminosae).

Materials and methods: As guided by CN inhibitory test, an active compound was purified and identified 
as glycyrol. Immunosuppressive activity of glycyrol in vitro was assayed by T lymphocytes proliferation 
and mixed lymphocyte reaction (MLR). In addition, delayed-type hypersensitivity reaction (DTH) and skin 
allograft test in vivo were also carried out. Further, we have investigated the effect of glycyrol on phorbol 
12-myristate 13-acetate (PMA)/ionomycin (Io)-stimulated IL-2 expression in Jurkat cells.

Results: The enzymatic assay showed glycyrol (IC
50

 = 84.6 μM) inhibited calcineurin activity in a dose-
 dependent manner. Glycyrol, at the non-cytotoxic concentration, significantly inhibited proliferation of 
murine spleen T lymphocytes induced by Concanavalin A (Con A) and mixed lymphocyte reaction (MLR) 
in vitro. In addition, mice treated with glycyrol had shown the dose-dependent decrease in delayed type 
hypersensitivity (DTH) and prolonged the graft survival by 59% compared to the control group (*p < 0.05). 
RT-PCR showed glycyrol suppressed IL-2 production in a concentration-dependent manner.

Discussion and conclusion: Our results show the immunosuppressive activity of glycyrol and this activity 
should be due to its inhibitory effect on CN activity, thereby suppressing IL-2 production and regulating T 
lymphocytes. Thus, glycyrol could be a candidate for development as a novel immunomodulatory drug.
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and differentiation. Therefore, CN is a critical signaling 
enzyme in the processes of T lymphocytes activation. It 
has been proved that cyclosporin A (CsA) and tacrolimus 
(FK506) are the common immunosuppressants through 
inhibiting the activity of calcineurin in this way above 
(Fruman et al., 1992). In other words, CN can serve as a 
common target enzyme for screening immunosuppres-
sive drugs.

The immunosuppressive drugs CsA and FK506, which 
both inhibit calcineurin when complexed with their 
specific cytoplasmic receptors – cyclophilin and FK506-
binding protein (FKBP), respectively (Bierer et al., 1993; 
Clipstone & Crabtree, 1993; Steffan et al., 1996), have 
revolutionized transplantation medicine, but their ther-
apy effects were limited in large part by their side effects 
including nephrotoxicity and neurotoxicity (Hong & 
Kahan, 2000), and therefore the new immunosuppressive 
drugs are expected to be developed. Suppression with 
immune response from the natural products has becom-
ing a hot issues recently at the traditional drug discovery 
pattern area (Hong et al., 2005; Cerqueira et al., 2003; Tae 
et al., 2006; Fumihide et al., 2007).

Our group had focused on the immunosuppressant 
screening of the natural products; especially on the 
diverse group of CN inhibitors which showed immu-
noregulatory activity as mediated through interaction 
with cell immune systems both directly and indirectly. 
In the preliminary study, the ethyl acetate (EtOAc) 
extract of Glycyrrhiza uralensis (Leguminosae) (Saitoh, 
et al., 1976; Toshio, et al., 2002) was characterized as a 
potent CN inhibitor. When EtOAc extracts were purified 
further, the inhibitory effect of obtained fractions on CN 
activity increased. As guided by CN inhibitory tests, the 
most active component was obtained and identified as 
glycyrol, a prenylated coumestan in G. uralensis, but no 
study on the immunomodulatory activity of glycyrol has 
been reported.

In this study we first tested the inhibitory effect of gly-
cyrol on purified CN activity further. Then, to explore its 
immunomodulatory activity, we mainly investigated Con 
A-stimulated murine spleen lymphocytes proliferation, 
MLR in vitro, and also DTH, allogeneic skin graft rejec-
tion in vivo. Finally, we investigated the effect of glycyrol 
on PMA/Io-stimulated IL-2 expression in Jurkat cells to 
explain the mechanism of the immunosuppressive activ-
ity of glycyrol.

Methods

Extraction and isolation of glycyrol

G. uralensis was purchased from Tongrentang Chinese 
Medicine Pharmaceutical Group (Beijing, China), 
and authenticated by Jing Luo of the Department of 
Biochemistry and Molecular Biology, Beijing Normal 

University, where a voucher specimen has been 
deposited.

The powdered roots (1000 g) were extracted with 
ethanol:H

2
O (70:30, v:v), yielding 300 g of extract. The 

ethanol extract was then partitioned between water and 
ethyl acetate, yielding 40 g of ethyl acetate extract. The 
EtOAc soluble extract was purified subsequently by silica 
gel (800 g) chromatogram with gradient petroleum ether-
EtOAc (100% petroleum ether to 50% EtOAc), and 69 
fractions were obtained. As guided by CN inhibitory test, 
fraction 26-28 (50 mg) was the most active extract and 
then was recrystallized with methanol to yield glycyrol 
(20 mg). The structure of glycyrol (3,9-dihydroxy-1-meth-
oxy- 2-isopentenylcoumestane) (Figure 1) was identified 
by comparing its spectral data (MS, 1H- and 13C-NMR) 
with that reported in the literature (Saitoh & Shibata, 
1969). Copies of the original spectra are obtainable from 
the correspondence author. Glycyrol was dissolved in 
a small volume of dimethyl sulfoxide (DMSO) for CN 
activity assay, lymphocytes proliferation assay and IL-2 
mRNA expression assay in vitro. Glycyrol was dissolved 
in ethanol and polyoxyethylene castor oil (Cremophor 
EL), which is a solubilizer in a saline-alcoholic solution 
(Gelderblom, 2001) for in vivo assay.

Assay of phosphatase activity of purified calcineurin

The CN catalytic subunit CNA, regulatory subunit CNB 
and calmodulin (CaM), were obtained and purified fol-
lowing the described approach (Liu et al., 2005). The 
phosphatase activity of CN was detected in the assay 
buffer: 0.2 μM CNB, 0.6 μM CaM, 0.5 mM MnCl

2
, 0.1 mM 

CaCl
2
, 1 mM DTT, 20 μM phosphopeptide 32P-RII in 

50 mM Tris-HCl (pH 7.4 at 30°C). The reaction was initi-
ated by mixing CNA (6.4 nM, 10 μL) and glycyrol (10 μL of 
different concentrations) for 10 min in an ice bath, then 
adding 10 μL assaying buffer with 10 μL phosphopeptide 
32P-RII and incubating in a water bath at 30°C for 20 min. 
The vehicle control was 2% DMSO, which didn’t show any 
inhibitory effect. The subsequent procedures proceeded 
as previously described (Wang et al., 2007).

O

O

O

O

OH

HO

H3C CH3

CH3

Figure 1. Chemical structure of glycyrol (MW = 366.367).
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Preparation of murine spleen lymphocytes

BALB/c mice were obtained from the Department of 
Laboratory Animal Science (Peking University Health 
Science Center, China), about 6-8 weeks old (20 ± 2 g). 
Murine spleen lymphocytes were prepared as described 
previously with minor modification (Feng et al., 2003). 
BALB/c mice were sacrificed by cervical dislocation, 
and their spleens were collected in complete Roswell 
Park Memorial Institute (RPMI) RPMI 1640 (Sigma, St. 
Louis, MO), which was minced with surgical scissors and 
passed through a fine steel mesh to obtain the single cell 
suspension. The erythrocytes were lysed with ammonium 
chloride (0.75%, w/v). After centrifugation (1000 rpm 
at 4°C for 5 min), the resulting cells were washed three 
times with phosphate buffered saline (PBS, PH = 7.4) 
and resuspended in complete RPMI 1640. Cell numbers 
were counted with a hemocytometer by Trypan blue dye 
exclusion technique, and cell viability exceeded 95%. The 
obtained cells were used in the lymphocytes proliferation 
experiment.

Effect of glycyrol on the proliferation of lymphocytes 
in vitro

Lymphocyte proliferation induced by T cell mitogen Con 
A (0.2 μM, Sigma) in vitro was determined by MTT assay. 
Spleen lymphocytes were seeded into 96-well plates at 
2.5 × 107 cell/mL in 100 μL complete medium, thereafter 
Con A and RPMI 1640 medium containing various con-
centration glycyrol (3, 6, 12, 30, and 60 μM) were added 
giving a final volume of 200 μL. The control group was 
treated with RPMI 1640 medium containing only 0.1% 
DMSO, which did not cause any toxic effects. The plate 
was incubated for 72 h at 37°C in 5% CO

2
 atmosphere, 

and then the cell viability rate was measured by standard 
MTT colorimetric assay (Mosmann, 1982).

Mixed lymphocyte reaction in vitro

BALB/c mice and C57BL/6 mice were sacrificed for 
spleen lymphocytes preparation as described above. 
BALB/c spleen lymphocytes were cultured in 96-well 
plates at 3.2 × 106 cells/well in the absence or in the pres-
ence of C57BL/6 spleen lymphocytes at 3.2 × 106 cells/
well, which was pretreated with Mitomycin-C for 40 min 
at 37°C, plus different glycyrol preparations (3, 6, 12, 30, 
and 60 μM), and RPMI 1640 medium with 0.1% DMSO as 
the control group. After 72 h of incubation, proliferation 
was determined by MTT assay as described above.

Delayed-type hypersensitivity in vivo

Delayed-type hypersensitivity (DTH) response was 
evaluated by priming the BALB/c mice with sheep red 
blood capsule (sRBC)/20g body weight (b.w.) injected 

subcutaneously in the neck on day 0. A group of 50 mice 
were divided into five groups and were injected intra-
peritoneally with glycyrol (10, 20, and 40 mg/kg), CsA 
(40 mg/kg) or vehicle (saline solution containing ethanol 
and Cremophor EL) on day 0. Then, sensitized mice were 
challenged with 1 × 109 sRBC/20g b.w. injected subcuta-
neously on the left hind footpad on day 5, with an equal 
volume of saline on the right hind footpad as control. The 
increase in the footpad swelling was measured after 24 h 
using Vernier Calipers (Beijing, China).The results were 
expressed as the increase of footpad thickness. After the 
experiment, the mice were sacrificed as described above, 
and their spleen lymphocytes numbers were counted.

Effect on skin allograft survival in a murine model 
in vivo

Male mice (BALB/c) were engrafted with skin grafts from 
male donor mice (C57BL/6) according to an adaptation 
of the methods of Billingham and Medawar (1951). After 
the skin allograft, the mice were injected intraperito-
neally daily for 10 days with glycyrol (20 mg/kg), CsA 
(20 mg/kg) or vehicle (saline solution containing etha-
nol and Cremophor EL), and graft rejection time (GRT) 
was recorded by daily observation of epithelial skin layer 
survival.

Effect on general behavior and maximum dose 
 tolerance in mice

In the preliminary experiment, mice treated with glycyrol 
at a maximum drug concentration of 20 mg/mL did not 
show mortality, so the maximum dose tolerance (MDT) 
test was carried out subsequently. Forty mice were 
divided into two groups, and administered intraperi-
toneally (i.p.) with glycyrol (400 mg/kg, three times on 
day 1) or vehicle (saline solution containing ethanol and 
Cremophor EL), respectively. The mice were observed for 
changes in reactivity, gait, motor activity, respiration rate, 
etc., especially mortality was recorded over a one-week 
period.

Reverse transcriptase (RT)-polymerase chain reaction 
(PCR) for interleukin (IL)-2 mRNA expression assay in 
Jurkat cells

Jurkat cells (human T-lymphocyte line) were used in this 
study, which has been proved to express CN, largely in 
the recent report (David et al., 1996). They were cultured 
in RPMI 1640 at 37°C (5% CO

2
) as described above. The 

cells were pre-incubated in a cell culture flask filled with 
3 mL RPMI 1640 (at 4 × 106 cells/flask) in the presence of 
various concentrations of glycyrol (20, 40 and 60 μM) or 
1 μM CsA (positive group) for 6 h. The control group was 
treated with RPMI 1640 medium only containing 0.1% 
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DMSO, which did not cause any toxic effects. Phorbol 
12-myristate 13-acetate (PMA, 25 ng/mL) and ionomycin 
(Io, 1 μg/mL) were then added to the media, and cells 
were further incubated for 4 h and collected by centrifu-
gation (1000 rpm, 5 min).

Total RNA was prepared from collected cells, and 
2 μg of total RNA was reversely transcribed into cDNA 
according to the manufacturer’s instructions (TaKaRa, 
Japan). PCR primers used were designed according to 
the recent report (Wang et al., 2008). Briefly, β-actin for-
ward, 5-CCT CTGACGTCCATCATCTA-3; β-actin reverse, 
5-ATCTTCTGCTGCCGTC GCTT-3; IL- 2 forward, 5-GT-
CACAAACAGTGCACCTACTTC-3; IL-2 reverse, 5-TGA-
TATTGCTGATTAAGTCCCTG-3.Thirty cycles of PCR were 
performed, with each cycle consisting of denaturation at 
95°C for 30 s, annealing at 60°C for 30 s and extension at 
72°C for 30 s. PCR products were then separated by 1% 
agarose gel electrophoresis and visualized with ethid-
ium bromide. The gel image was captured on an Image 
Analysis System (Bio-Rad, Hercules, CA, America).

Statistical analysis

All the results were presented as the mean ± SD. The 
OriginPro7.0 statistical software was employed to analyze 
the data and draw plots. One-way analysis of variance 
(ANOVA) and subsequent Dunnett’s two-sided post hoc 
tests were used to determine the statistical significance 
of differences between means by SPSS13.0.

Results

Inhibition of calcineurin activity by glycyrol

The inhibition of CN activity by glycyrol was investigated 
by using phosphopeptide 32P-RII as a substrate in this 
work. The results showed glycyrol at the concentration 
of 10-150 μM inhibited CN in a dose-dependent man-
ner in the enzymatic assay (IC

50
 = 84.6 μM, Figure 2). The 

result demonstrated glycyrol had an inhibitory effect on 
calcineurin activity, which suggested glycyrol may have 
influence on immune reaction.

Effect of glycyrol on the inhibition of Con A-stimulated 
proliferation and MLR

We investigated the effect of glycyrol on spleen lym-
phocytes in vitro by measuring their proliferation level. 
As expected, Con A-stimulated lymphocyte proliferation 
was several fold above the baseline control (data not 
shown). Glycyrol at the concentration of 60 μM and lower 
had no toxic effect on the lymphocytes in the absence of 
mitogen after 72 h cell culture, and Trypan blue assay test 
showed that the cell viability exceeded 95%. As shown 
in Table 1, the Con A-induced lymphocyte proliferation 

was suppressed by glycyrol, and inhibitory effect was in 
a dose-dependent manner. Glycyrol at the non-cytotoxic 
concentration of 60 μM significantly inhibited prolifera-
tion of spleen T lymphocytes induced by Con A (9–79%), 
which suggested that glycyrol had a strong effect on 
T cell proliferation in vitro (Table 1). As shown in Table 2, 
lymphocyte proliferation in mixed lymphocyte reaction 
(MLR) had demonstrated cultures of spleen cells of 
BALB/c mice stimulated with C57BL cells were decreased 
by 21.51%, 73.12%, and 78.19% at the concentration of 12, 
30, and 60 μM, respectively. The IC

50
 value of glycyrol for 

inhibiting Con A-induced lymphocyte proliferation and 
MLR, determined by a logistic regression analysis, were 
18.8 and 23.3 μM, respectively.

Effect of glycyrol on DTH response to sRBC

The effect of glycyrol on cellular immune response in vivo 
is shown in Figure 3A. The body weight and the absolute 
weights of thymus, spleen and inguinal lymph nodes 
were also determined in these groups. All organs showed 
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Figure 2. Inhibition of CN activity by glycyrol. The phosphopeptide 
32P-RII was used as a substrate. The CN activity is shown as percent-
age of control group in the normal condition. The data represent 
mean ± SD of three independent experiments. The degree of freedom 
between groups is 10, as well as 22 within groups.

Table 1. Inhibition of Con A-induced lymphocyte proliferation by 
glycyrol in vitro.

Groups Concentration (μM) OD
570

 value Inhibitory rate (%)

control 0 0.262 ± 0.004 —

+glycyrol 3 0.250 ± 0.006 —

6 0.236 ± 0.004* 9.92

12 0.134 ± 0.013** 48.96

30 0.094 ± 0.008** 64.21

60 0.055 ± 0.003** 79.01

Data are the mean ± SD of three separate wells. *p < 0.05, **p < 0.001 
versus control group. The degree of growth inhibition was calculated 
by the following equation: Inhibitory rate (%) = [(OD

570
 of glycyrol 

group − OD
570

 of control group)/OD
570

 of control group] × 100. The 
degree of freedom between groups is 5, as well as 12 within groups.
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no reduction in their weights after treatment with gly-
cyrol (data not shown). The results showed that glycyrol 
had a dose-dependent effect on DTH response against 
sheep red blood capsule (sRBC), and mice treated with 
40 mg/kg glycyrol have shown a similar decrease in DTH 
(***p < 0.001) at 40 mg/kg CsA (***p < 0.001). After the 
experiment, the mice were sacrificed, and their spleen 
lymphocyte number was counted. The results (Figure 3B) 
showed glycyrol also inhibited spleen lymphocyte 
number in sRBC-treated mice in vivo, and the effect was 
also dose-dependent. Therefore, it was suggested that 
glycyrol had strong inhibitory effect on cellular immune 
response DTH through decreasing spleen lymphocyte 
number.

Inhibition of the allogeneic effect in a mouse model

We have studied the inhibition of the allogeneic effect in 
a mouse model of rejection of skin transplant. Glycyrol 
prolonged significantly the graft survival by 59% with 
respect to the control group (*p < 0.05, Figure 4). As 
a positive control, the immunosuppressant CsA was 

employed, which increased graft survival time by 41% 
in graft survival similarly (*p < 0.05). The results showed 
glycyrol had a slightly stronger effect on the allograft sur-
vival than CsA.

Effect on general behavior and maximum dose 
 tolerance in mice

Compared with the control group, mice treated with gly-
cyrol at a maximum tolerance dose of 400 mg/kg (i.p.) 
did not show any difference in gross general behavior as 
described previously, and also no mortality was observed 
over observation period of seven days. Based on the 
results, it was suggested that the maximum tolerance 
dose of glycyrol is greater than 400 mg/kg (i.p.).

Effect of glycyrol on PMA/Io-stimulated IL-2 
production

PMA (protein kinase C activator) and ionomycin (cal-
cium ionophore) can stimulate IL-2 production in T cells 
by mimicking the signals via T-cell receptors (Truneh 
et al., 1985; Astoul et al., 2001). We examined the effect 
of glycyrol on PMA/Io-stimulated IL-2 mRNA expression 
in Jurkat cells and found that glycyrol suppressed IL-2 
expression in a concentration-dependent manner, par-
ticularly, glycyrol at 40 and 60 μM (Figure 5). The result 
indicated that the addition of glycyrol resulted in inhibi-
tion somewhere downstream of the Ca2+ increase and/
or protein kinase C activation, thereby suppressing IL-2 
production.

Discussion

Traditional Chinese medicine (TCM) is a very rich 
potential source for finding new drugs. In the course of 

Table 2. Inhibition of lymphocyte proliferation by glycyrol in MLR 
in vitro.

Groups Concentration (μM) OD
570

 value Inhibitory Rate (%)

control 0 0.093 ± 0.003 —

+glycyrol 3 0.09 ± 0.008 —

6 0.089 ± 0.07* 4.3

12 0.073 ± 0.001* 21.51

30 0.025 ± 0.003** 73.12

60 0.02 ± 0.001** 78.49

Data are the mean ± SD of three separate wells. *p < 0.05, **p < 0.01 
versus control group. The degree of growth inhibition was calculated 
by the following equation: Inhibitory rate (%) = [(OD

570
 of glycyrol 

group − OD
570

 of control group)/OD
570

 of control group] × 100. The 
degree of freedom between groups is 5, as well as 12 within groups.
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Figure 3. Effects of glycyrol on DTH response to sRBC. (A) Delayed type hypersensitivity (DTH) response was induced by immunization with 
1 × 108 cells/20 g body weight (b.w.), s.c. in the neck at day 0, challenge with 1 × 109 cells/20 g b.w., s.c. in the left hind paw at day 5 and evaluation of 
footpad thickness (Vernier caliper) 24 h after challenge. On day 0, mice were treated intraperitoneally and daily for five days with vehicle, glycyrol 
(10, 20, and 40 mg/kg), or CsA (40 mg/kg). (B)The mice were sacrificed, and their spleen lymphocyte number was counted. Values represent mean 
± SD of three independent experiments (n = 8-10/group in each experiment). **p < 0.01 and ***p < 0.001 versus vehicle.
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our screening efforts to discover novel, less-toxic immu-
notherapeutic agents derived from TCM targeted cal-
cineurin, the bioactive prenylated coumestane-glycyrol 
was isolated from G. uralensis. Like other isoflavonoids 
in the Leguminosae, such as isoflavone, pterocarpane, 
rotenoid, and coumaronochromone, coumestan pos-
sesses pronounced pharmacological activities (Shaw 
et al., 2002). For example, coumestane is one kind of 
phytoestrogen whose chemical structure presents simi-
larities with estradiol. Some in vitro experiments had 

demonstrated the estrogenic activities of coumestrol 
(one coumestane) capable of binding to blood steroid-
binding proteins and to estrogen receptors of target cells 
(Verdeal et al., 1980) and produce a protective effect 
against osteoporosis (Tsutsumi, 1995). It was generally 
agreed that at least one phenolic group and prenyl group 
were required for the antifungal/antimicrobial activity of 
flavonoid compounds (Denis & Ragai, 1996). Moreover, 
the presence of a prenyl group at the C-2 or C-4 of ptero-
carpans increased the anticancer properties (Gardenia 
et al., 2007). Although no particular pattern for structure–
activity relationship had been established in the previous 
studies, the presence of a prenyl group seemed to be an 
important structural requirement for biological activities. 
However, considering the first study on the immunosup-
pressive activity of glycyrol, further research should be 
devoted to the evaluation of their immunomodulatory 
effect of coumestane compounds which have similar 
structure to glycyrol.

As shown in the results section, glycyrol at non-cyto-
toxic concentration, suppressed T-cell proliferation in 
spleen lymphocytes induced by the T cell mitogen Con 
A and allotypic antigen in the mixed lymphocyte reac-
tion. Glycyrol also had an inhibitory effect on sRBC-DTH 
via influencing on spleen lymphocytes possibly in vivo, 
which was used for assessment of the effects of drugs on 
specific cell-mediated immunity. However, glycyrol had a 
weak effect on LPS-stimulated B lymphocyte proliferation 
in vitro and humoral antibody response to sRBC in vivo 
(data not shown). Previous studies (Rusnak & Mertz, 
2000) have shown calcineurin plays a critical role in the 
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process of T lymphocyte activation, it is reasonable to 
presume that glycyrol had immunosuppressive activity 
in vitro and in vivo mainly because of its suppression of 
T lymphocytes through its inhibitory effect on CN.

IL-2 production in T-cells is an index of immune power. 
When T cells are stimulated by PMA plus ionomycin, 
protein kinase C (PKC) and Ca2+/calcineurin-dependent 
pathways are activated (Truneh et al., 1985; Diehn et al., 
2002). These molecules subsequently activate various 
downstream protein kinases, leading to activation of 
transcription factors, such as NF-AT which is responsible 
for IL-2 gene expression. In the present study, we have 
investigated the effect of glycyrol on PMA/Io-stimulated 
IL-2 production in Jurkat cells and found that glycyrol 
indeed suppressed IL-2 expression (Figure 5), indicating 
that the action point of glycyrol should reside at least in 
the downstream of PKC activation or Ca2+ increase in the 
cells. Furthermore, since glycyrol inhibited the activity 
of a purified CN in vitro (Figure 2) and CN can regulate 
the phosphorylation level of NF-AT, the inhibitory effect 
of glycyrol on IL-2 production should be exerted via the 
inhibition of CN activity, thereby possibly regulating the 
activity of NF-AT.

Licorice (the roots and stolons of Glycyrrhiza spe-
cies) has been used by human beings for at least 4000 
years not only as sweetening agents, as flavor in chewing 
gum and as a depigmentation agent in cosmetics, but 
also in traditional medicine against ulcer, hepatitis and 
as an antitussive, etc. (Nomura & Fukai, 1998). Licorice 
isoflavonoids (including glycyrol) have shown potent 
antibacterial action against upper airway respiratory 
tract pathogens (Tanaka et al., 2001). In this work, it is 
the first time to report that glycyrol was an effective CN 
inhibitor showing immunosuppressive activity. What’s 
more, glycyrol significantly suppressed allogeneic 
skin graft rejection time in mice treated with glycyrol, 
as slightly stronger than CsA. It is possible that glycy-
rol could be beneficial for treating Graft-Versus-Host 
Disease (GVHD).

In Japanese patents (Azuma et al., 1994), it was con-
firmed that glycyrol and other derivatives were important 
components of skin-lightening agents and cosmetics, 
which suggested glycyrol could be expected to be rela-
tively safe for application to patients. Again, MDT tests 
showed that the maximum tolerance dose of glycyrol was 
more than 400 mg/kg which was 40 times as high as the 
lowest doses required to show pharmacological effects as 
described in in vivo tests. The result demonstrated glycy-
rol is weakly toxic in experimental treatment. However, 
more information about its toxicity and safety should be 
understood in long-term toxicity test and clinical trial 
before glycyrol is used as a new immunosuppressant.

Our findings that glycyrol, an effective CN inhibitor 
from natural products, has shown immunosuppressive 
activity in vitro and in vivo, can make it an attractive 

drug lead for searching for a novel class of immunosup-
pressant. At this point there are still some limitations 
in using glycyrol for clinical treatment, which include: 
1) the dosage of glycyrol isolated from licorice is still 
relatively low; 2) the solubility of glycyrol is not very 
good in aqueous media (such as blood serum) because 
of its low polarity; 3) the apparent safety over long-term 
administration of glycyrol hasn’t been tested. Thus, 
further chemical synthesis and modification of glycy-
rol are required to increase its dosage and solubility 
to generate a fully useful immunosuppressive drug. 
Alternatively, glycyrol could be used as a supplementary 
immunosuppressive drug in combination with other 
immunosuppressants.

Conclusion

The results from this study established that glycyrol 
exhibited low toxicity and compelling immunosuppres-
sive effects, which might be attributed to its suppressing 
IL-2 production and regulating T lymphocytes via inhib-
iting phosphatase activity of calcineurin. Further, better 
understanding of action of glycyrol may contribute to its 
exploitation as a therapeutic molecule in autoimmune 
and allergic diseases.
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