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Introduction

Glycyrrhiza infl ata Batal (Leguminosae) has 
been used as a source of licorice. Licorice is 
widely applied in pharmaceutical and food indus-
try (Tomoda et al., 1990). The root of this species 
contains glycyrrhizin and fl avonoids (Haraguchi 
et al., 1998). Licorice has had a high market de-
mand due to its high medicinal value, whereas the 
licorice resources in the world regions are limited 
(Rauchensteiner et al., 2005). Plant in vitro culture 
is an alternative source for the production of val-
uable secondary metabolites. Hairy roots cultures 
are valuable sources of medicinal compounds. 
The interest in hairy roots is due to their ability 
to grow fast without an external supply of any 
plant growth regulator. Many studies reported in 
vitro culture of licorice including callus, suspen-
sion, hairy roots, and whole plant cultures (Arias-
Castro et al., 1993; Ayabe et al., 1990; Henry and 
Marty, 1984; Hayashi et al., 1988; Li et al., 2000; 
Shabani et al., 2009; Toivonen and Rosenqvist, 
1995; Wang et al., 2010; Wongwicha et al., 2008; 
Yang et al., 2007). However, there are only a few 
studies on the production of glycyrrhizin from in 
vitro cultures of licorice. Previously, we induced 
callus of licorice and successfully detected glycyr-
rhizin in the callus by the competitive enzyme-

linked immunosorbent assay (ELISA) using anti-
glycyrrhizin monoclonal antibody (Wongwicha et 
al., 2008). As an extension of this approach, hairy 
roots of G. infl ata were established and glycyrrhi-
zin production was determined.

It is known that sucrose can affect the growth 
rate and secondary metabolite production in 
plant tissue cultures (Dicosmo and Misawa, 1995). 
Therefore, optimal conditions for hairy roots cul-
tures must be established for the production of 
biomass and secondary metabolites. Furthermore, 
biotic and abiotic elicitors are used to stimu-
late secondary metabolite production in various 
plant cultures. Elicitation by methyl jasmonate 
and salicylic acid has increased the production of 
glycyrrhizin in whole plant cultures of G. glabra 
(Shabani et al., 2009). The effectiveness of elicita-
tion depends on a complex interaction between 
the elicitor and the plant cell and on elicitor 
specifi city, cell line, and environmental conditions 
(Smetanska, 2008). In addition, the concentration 
of elicitor is a factor that strongly affects the in-
tensity of the response, which varies according 
to the plant species. To enhance the capacity of 
G. infl ata hairy roots for glycyrrhizin production, 
elicitor treatment was investigated to obtain ap-
propriate elicitation conditions that allow the 
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production of a higher content of glycyrrhizin. 
In the present study, we report the conditions for 
optimizing cell growth and glycyrrhizin produc-
tion and the infl uence of elicitors on glycyrrhizin 
accumulation in hairy roots cultures of G. infl ata.

Material and Methods

Chemicals

Glycyrrhizin was purchased from Wako Pure 
Chemical (Osaka, Japan). Chitosan was obtained 
from Fluka Chemical (Buchs, Switzerland). Me-
thyl jasmonate and 2,2’-azino-bis-(3-ethylbenzo-
thiazoline-6-sulfonic acid) (ABTS) were obtained 
from Wako Pure Chemical. Salicylic acid was ob-
tained from Sigma (St. Louis, MO, USA). Peroxi-
dase-labeled anti-rabbit IgG was purchased from 
MP Biomedicals (Solon, OH, USA). Glycyrrhi-
zin-HSA and anti-glycyrrhizin MAb were ob-
tained from Graduate School of Pharmaceutical 
Sciences, Kyushu University, Fukuoka, Japan. All 
other chemicals were standard commercial prod-
ucts of analytical grade.

Plant materials

G. infl ata seeds were obtained from the Insti-
tute of Botany, Mongolian Academy of Sciences, 
Ulaanbaatar, Mongolia. The seeds were washed 
with sterile distilled water and surface-sterilized 
in 10% sodium hypochlorite for 15 – 20 min. After 
being washed three times with sterile water, the 
seeds were immersed in 70% ethanol for 1 min 
and then germinated on hormone-free Murashige 
and Skoog (MS) medium containing 3% sucrose 
(w/v) at pH 5.5. Germination started within 5 d 
and plantlets were used for hairy roots induction.

Hairy roots induction

Young stems and leaves of G. infl ata in vitro 
plantlets were infected with Agrobacterium rhizo-
genes ATCC 15834. Before infection, the bacteria 
were cultured in yeast extract broth (YEB) me-
dium at 25 °C for 48 h. The 2- to 3-cm long ex-
plants of stems and leaves were infected with A. 
rhizogenes and cultured on MS medium without 
any antibiotic at 25 °C for 48 h, then transferred 
to half-strength (½) MS medium with 500 mg/l 
cefotaxime (CF). At 2-week-intervals, infected 
segments were transferred to ½MS medium with 
300 mg/l CF and 100 mg/l CF, respectively. Trans-
formed roots were grown in fl asks containing 

30 ml of ½MS medium. The hairy roots were sub-
cultured every 2 weeks into fresh medium.

Growth rates and effects of sucrose on 
glycyrrhizin accumulation in hairy roots

For study of the growth rate, fully grown hairy 
roots (0.5 g) were subcultured into 125-ml fl asks 
containing 30 ml of ½MS liquid medium supple-
mented with 3% (w/v) sucrose. The medium was 
agitated on a rotary shaker (100 rpm) and main-
tained at (25 ± 1) °C under a photoperiod of 
16 h with a light intensity of 80 μmol/(m2 s) white 
fl uorescent light. Hairy roots were harvested, and 
their dry weight (wt) and glycyrrhizin content 
were determined every week. Various contents 
of sucrose (0 – 12%, w/v) were used to examine 
the effect on hairy root growth and glycyrrhizin 
production. After the fourth week of culture, dry 
weight and glycyrrhizin content of the hairy roots 
were determined. Each experiment was done in 
triplicate.

Elicitor preparation

Elicitation was carried out with chitosan (Chi), 
methyl jasmonate (MJ) or yeast extract (Y). The 
chitosan solution (10 mg/ml) was prepared by 
adding glacial acetic acid drop-wise to chitosan 
at 60 °C within 15 min (fi nal content 2%, v/v). 
Then the mixture was diluted with de-ionized 
water, adjusted to pH 5.5, and sterilized by auto-
claving. A methyl jasmonate (10 mM) stock solu-
tion was prepared in 40% (v/v) ethanol and then 
fi lter-sterilized. The yeast extract was dissolved 
in de-ionized water to afford a stock solution of 
100 mg/ml which was autoclaved.

Elicitor treatment

Hairy roots were subcultured into an 125-ml 
fl ask containing 30 ml of ½MS liquid medium, 
pH 5.5, and grown using a light intensity of 
80 μmol/(m2 s) for 16 h/d at 25 °C under agitation 
(100 rpm) to study the effect of the elicitors. After 
14 d of culture, various concentrations of elicitors, 
i.e. methyl jasmonate (50, 100 or 200 μM), yeast 
extract (0.5, 1 or 2 mg/ml) or chitosan (50, 100 or 
150 mg/l), were added to the cultures. Then, hairy 
roots were harvested after 1, 3, 5 or 7 d of elici-
tor treatment. All treatments were performed in 
triplicate.
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Sample preparation and glycyrrhizin analysis

Hairy roots were dried in a hot air oven at 
50 °C for 48 h and ground to powder. Dried pow-
der samples (50 mg) were extracted fi ve times 
with 0.5 ml methanol using a ultrasonic bath for 
15 min each time. The extracts were combined 
and evaporated at 60 °C. The residual solid was 
dissolved in 1 ml methanol. The extracted solu-
tions were diluted with 20% methanol for deter-
mination of glycyrrhizin by indirect competitive 
ELISA using anti-glycyrrhizin monoclonal anti-
body as described previously (Shan et al., 2001).

Statistical analysis

Results are reported as the mean ± standard 
deviation (SD). The data were analysed statisti-
cally by analysis of variance (ANOVA), and the 
difference between the means of samples was 
analysed by the least signifi cant difference (LSD) 
at P < 0.01 level.

Results and Discussion

G. infl ata in vitro plantlets were infected with A. 
rhizogenes ATCC 15834. Transformed roots of G. 
infl ata were grown in ½MS liquid medium without 
hormones. The hairy roots grew vigorously in the 
medium and had characteristics of transformed 
roots such as fast growth and high lateral branch-
ing. As shown in Fig. 1, the growth pattern of G. 
infl ata hairy roots revealed that the hairy roots 
grew slowly in the fi rst week of culture. However, 
they grew faster during days 7 – 21. The maximum 
biomass of the hairy root culture was attained 

after nine weeks of culture [(0.29 ± 0.05) g/fl ask 
dry wt]. After eight weeks of culture, the colour 
of the hairy roots changed from light yellow to 
brown while their fresh and dry weight decreased 
after nine weeks. The pattern of glycyrrhizin pro-
duction was the same as that of the growth rate. 
The glycyrrhizin production gradually increased 
until it reached the maximum level in the fourth 
week of culture [(34.79 ± 4.11) μg/g dry wt], and 
thereafter the production rate slightly decreased 
(Fig. 2). From these results, addition of elicitors 
at day 14 of hairy roots culture was chosen for 
elicitation because this corresponded to the ex-
ponential phase of hairy roots growth.

Effects of sucrose on biomass and glycyrrhizin 
accumulation in hairy roots were studied. Fig. 3A 
shows that the biomass increased with an increase 

Fig. 1. Time course of the growth of hairy roots originated from G. infl ata cultured in liquid ½MS medium for 12 
weeks.
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Fig. 2. Time course of the glycyrrhizin content in hairy 
roots originated from G. infl ata cultured in liquid ½MS 
medium for 12 weeks.
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in sucrose content, and the maximum biomass 
was achieved when 12% sucrose [(0.42 ± 0.02) g/
fl ask] was applied. Glycyrrhizin accumulation was 
different from biomass accumulation. Without su-
crose, hairy roots produced a low yield of glycyr-
rhizin [(24.68 ± 3.87) μg/g dry wt]. These results 
confi rm that the production of secondary metabo-
lites is affected by the carbon source. The maxi-
mum of glycyrrhizin accumulation was obtained 
with 6% sucrose [(76.07 ± 6.82) μg/g dry wt]. Gly-

cyrrhizin accumulation gradually decreased when 
9% and 12% sucrose were applied (Fig. 3B). 
Maximum glycyrrhizin production per fl ask was 
also found with 6% sucrose [(28.78 ± 1.58) μg/
fl ask] (Fig. 3C). These results suggested that 6% 
sucrose was optimal for growth and accumulation 
of glycyrrhizin in G. infl ata hairy roots.

Production of secondary metabolites refl ects the 
adaptations of plants to abiotic and biotic stress. 
Elicitors are widely used to enhance the produc-

Fig. 3. Effects of sucrose on (A) biomass production, 
(B) glycyrrhizin content, and (C) glycyrrhizin produc-
tion per fl ask in G. infl ata hairy roots; * indicates statis-
tical signifi cances at P < 0.01.
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Fig. 4. Effects of (A) chitosan (Chi), (B) methyl jas-
monate (MJ), and (C) yeast extract (Y) on glycyrrhizin 
content in G. infl ata hairy roots; * indicates statistical 
signifi cances at P < 0.01.
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tion of such compounds in plant cell cultures. We 
have determined the effects of various elicitors 
at different concentrations on growth and glycyr-
rhizin production in G. infl ata hairy roots. There 
was no signifi cant difference in growth between 
the control and treated groups during elicitation, 
suggesting that the elicitors did not affect biomass 
production. As shown in Fig. 4A, chitosan treat-
ment did not signifi cantly change the content of 
glycyrrhizin. Moreover, glycyrrhizin contents de-
creased with the duration of the treatment. Thus, 
addition of chitosan is not suitable for enhanced 
glycyrrhizin production.

Fig. 4B shows the effect of methyl jasmonate 
on glycyrrhizin production in hairy roots. Glycyr-
rhizin production increased with the duration of 
the treatment (1 – 5 days) with 100 and 200 μM of 
methyl jasmonate. The highest glycyrrhizin accu-
mulation was found after 5 days in samples treat-
ed with 100 μM methyl jasmonate [(108.91 ± 1.15) 
μg/g dry wt, 5.7 times higher than the control]. 
Further increase in the incubation period signifi -
cantly reduced accumulation of glycyrrhizin. This 
may be due to the fact that longer elicitor contact 
leads to disturbances in cell permeability, osmotic 
condition, and changes in membrane potential 
(Vasconsuelo and Boland, 2007). These results 
indicate that methyl jasmonate was the most effi -
cient elicitor for the enhancement of glycyrrhizin 
in hairy roots cultures of G. infl ata. Our results 
reveal that exogenous application of methyl jas-
monate to the hairy roots culture stimulates the 
production of glycyrrhizin. These results corre-
spond to a previous study, which reported that 

methyl jasmonate increased accumulation of gly-
cyrrhizin in G. glabra whole plant cultures (Sha-
bani et al., 2009).

The effect of yeast extract on glycyrrhizin pro-
duction in hairy roots is shown in Fig. 4C. Yeast 
extract showed a positive infl uence on glycyrrhi-
zin production, but the yield was lower in com-
parison with methyl jasmonate. Glycyrrhizin ac-
cumulation was increased after adding 1.0 mg/ml 
yeast extract for 7 days [(34.88 ± 6.54) μg/g dry 
wt, 1.4 times higher than the control]. However, 
elicitation by the yeast extract did not show a 
signifi cant difference between treated roots and 
control roots. Karwasara et al. (2010) reported 
that yeast extract (50 mg/l) added to Abrus pre-
catorius cell cultures signifi cantly stimulated the 
glycyrrhizin accumulation after treatment for 2 
days. In our study, the effect of yeast extract on 
glycyrrhizin production was different from that in 
A. precatorius. This may be due to the difference 
in plant species, culture condition, and concentra-
tion of elicitor.

In summary, our results suggest that methyl jas-
monate was the elicitor most effectively enhanc-
ing the level of glycyrrhizin. The present results 
might be useful for enhancing the accumulation 
of glycyrrhizin in hairy roots cultures of G. infl ata.

Acknowledgements

This work was supported by a grant from Grad-
uate School, Khon Kaen University, Thailand and 
the Japan Society for the Promotion of Science 
(JSPS), Asian Core Program (Medicinal Plant 
Breeding Division), Japan.

Arias-Castro C., Scragg A., Stafford A., and Rodriguez-
Mendiola M. (1993), Growth characteristic of Gly-
cyrrhiza glabra cell suspension cultures. Plant Cell 
Tiss. Org. 34, 77 – 82.

Ayabe S., Takano H., Fujita T., Furuya T., Hirota H., and 
Takahashi T. (1990), Triterpenoid biosynthesis in tis-
sue cultures of Glycyrrhiza glabra var glandulifera. 
Plant Cell Rep. 9, 181 – 184.

Dicosmo F. and Misawa M. (1995), Plant cell and tissue 
culture: alternatives for metabolite production. Bio-
technol. Adv. 13, 425 – 453.

Haraguchi H., Tanimoto K., Tamura Y., Mizutani K., 
and Kinoshita T. (1998), Mode of antibacterial ac-
tion of retrochalcones from Glycyrrhiza infl ata. Phy-
tochemistry 48, 125 – 129.

Hayashi H., Fukui H., and Tabata M. (1988), Exami-
nation of triterpenoids produced by callus and cell 
suspension cultures of Glycyrrhiza glabra. Plant Cell 
Rep. 7, 508 – 511.

Henry M. and Marty B. (1984), Isolation of licorice 
protoplasts (Glycyrrhiza glabra L. var. typica Reg. 
et Hed.) from cell suspension cultures not producing 
glycyrrhetinic acid. C. R. Acad. Sci. Paris 3, 899 – 903.

Karwasara V. S., Jain R., Tomar P., and Dixit V. K. (2010), 
Elicitation as yield enhancement strategy for glycyr-
rhizin production by cell cultures of Abrus precato-
rius Linn. In Vitro Cell. Dev. Biol. Plant. 46, 354 – 362.

Li W., Asada Y., and Yoshikawa T. (2000), Flavonoid 
constituents from Glycyrrhiza glabra hairy root cul-
tures. Phytochemistry 55, 447 – 456.



428 W. Wongwicha et al. · Glycyrrhizin Production in Glycyrrhiza infl ata Hairy Roots Cultures

Rauchensteiner F., Matsumura Y., Yamamoto Y., Yamaji 
S., and Tani T. (2005), Analysis and comparison of ra-
dix glycyrrhizae (licorice) from Europe and China by 
capillary-zone electrophoresis (CZE). J. Pharmaceut. 
Biomed. 38, 594 – 600.

Shabani L., Ehsanpour A. A., Asghari G., and Emami J. 
(2009), Glycyrrhizin production by in vitro cultured 
Glycyrrhiza glabra elicited by methyl jasmonate and 
salicylic acid. Russ. J. Plant Physiol. 56, 621 – 626.

Shan S., Tanaka H., and Shoyama Y. (2001), Enzyme-
linked immunosorbent assay for glycyrrhizin using 
anti-glycyrrhizin monoclonal antibody and an east-
ern blotting technique for glucuronides of glycyr-
rhetic acid. Anal. Chem. 73, 5784 – 5790.

Smetanska I. (2008), Production of secondary meta-
bolites using plant cell cultures. Adv. Biochem. Eng. 
Biotechnol. 111, 187 – 228.

Toivonen L. and Rosenqvist H. (1995), Establishment 
and growth characteristics of Glycyrrhiza glabra 
hairy root cultures. Plant Cell Tiss. Org. 41, 249 – 258.

Tomoda M., Shimizu N., Kanari M., Gonda R., Arai S., 
and Okuda Y. (1990), Characterization of two poly-
saccharides having activity on the reticuloendothelial 
system from the root of Glycyrrhiza uralensis. Chem. 
Pharm. Bull. 38, 1667 – 1671.

Vasconsuelo A. A. and Boland R. (2007), Molecular as-
pects of the early stages of elicitation of secondary 
metabolites in plants. Plant Sci. 172, 861 – 875.

Wang G. R., Qi N. M., and Wang Z. M. (2010), Appli-
cation of a stir-tank bioreactor for perfusion culture 
and continuous harvest of Glycyrrhiza infl ata suspen-
sion cells. Afr. J. Biotechnol. 9, 347 – 351.

Wongwicha W., Tanaka H., Shoyama Y., Tuvshintokh 
I., and Putalun W. (2008), Production of glycyrrhi-
zin in callus cultures of licorice. Z. Naturforsch. 63c, 
413 – 417.

Yang Y., He F., Yu L., Chen X., Lei J., and Ji J. (2007), 
Infl uence of drought on oxidative stress and fl avo-
noid production in cell suspension culture of Glycyr-
rhiza infl ata Batal. Z. Naturforsch. 62c, 410 – 416.


