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a b s t r a c t

Glycyrrhizin (Gly), a major constituent of licorice root, has been used for the treatment of chronic liver
diseases in Japan. Reports have been contradictory as to whether Gly scavenges hydroxyl radicals and
superoxide anion radicals. We examined the radical scavenging abilities of Gly and glycyrrhezic acid (GA),
an aglycon of Gly. Gly and GA did not scavenge hydroxyl radicals or superoxide anion radicals, but both
scavenged 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals, in contrast to previous reports. The scavenging
abilities of Gly and GA might play a role in the treatment of chronic liver diseases.
Copyright � 2013, SciBiolMed.Org and Phcog.Net, Published by Reed Elsevier India Pvt. Ltd. All rights

reserved.
1. Introduction

Glycyrrhizin (Gly), a major constituent of licorice root, is known
to have anti-inflammatory,1,2 antiallergic,3e6 and antiviral7,8 activ-
ities, and has been used for the treatment of chronic liver diseases
by intravenous or oral administration in Japan. Many reports about
the biological action of Gly and its mechanisms have been pub-
lished.9e11 Gly acts as a radical scavenger in biological systems, such
as ischemiaereperfusion injury,12,13 macrophage-like cells,14 and
gastric epithelial cells.15 However, conflicting results have been
reported regardingwhether Gly itself scavenges radicals. Nagai et al
reported that Gly had a potent hydroxyl radical trapping action, but
did not trap superoxide anion radicals or 1,1-diphenyl-2-
picrylhydrazyl (DPPH).12 Akamatsu et al reported that Gly did not
reduce any reactive oxygen species generated in a cell-free
xanthineexanthine oxidase (XOD) system.16 Kato et al reported
that Gly only slightly scavenged superoxide anions generated by
hypoxanthine, and that the XOD reaction and did not scavenge
DPPH and NO radicals.14

Investigating whether Gly scavenges radicals is important to
determine the action mechanisms. In the present paper, we
describe the ability of Gly to scavenge radicals, including hydroxyl
radicals, superoxide anion radicals, and DPPH radicals. Our results
showed that Gly scavenged DPPH radicals. Gly administered orally
is hydrolyzed to glycyrrhezic acid (GA) by b-glucuronidase.17,18 We
also examined whether GA, an aglycon of Gly, scavenged radicals.
ai).
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2. Materials and methods

2.1. Materials

Gly (monoammonium salt) and hypoxanthine (Hyp) were pur-
chased from Wako Pure Chemical Industries Ltd. (Osaka, Japan).
XOD (from cow milk, 20 unit/ml) was obtained from Roche Di-
agnostics K.K. (Tokyo, Japan), diethylenetriamin pentaacetic acid
(DETAPAC) and 5,5-dimethyl-1-pyrroline N-oxide (DMPO) from
Dojindo Laboratories (Kumamoto, Japan), DPPH fromNacalai Tesque
Inc. (Kyoto, Japan), and 4-hydroxy-2,2,6,6-tetramethylpiperidine-1-
oxyl (TEMPOL) from SigmaeAldrich Co. (St. Louis, MO, USA). All
other chemicals were from commercial sources in the highest
available analytical grade.

2.2. Preparation of sample solution

Gly was dissolved in 10% ammonia water and diluted to the
desired concentration with water.

2.3. Hydroxyl radical scavenging assay

Hydroxyl radicals, generated by the Fenton reaction, were
trapped by DMPO, and the electron spin resonance (ESR) spectra of
DMPOeOH were recorded. The reaction mixture was prepared by
combining 50 ml of 0.5 mM FeSO4eDETAPAC in 100 mM phosphate
buffer (pH 7.4), 100 ml of various concentrations of Gly, 50 ml of
920 mM DMPO, and 50 ml of 0.1 mM H2O2 in 100 mM phosphate
buffer (pH 7.4) in the order listed for a total volume of 250 ml. One
minute after the addition of H2O2, ESR spectra were recorded on a
ished by Reed Elsevier India Pvt. Ltd. All rights reserved.
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Fig. 1. OH radical scavenging ability of Gly and GA. Data represent the mean with SD
(n ¼ 2e3). *p < 0.05.

Fig. 2. O2
� radical scavenging ability of Gly and GA. Data represent the mean with SD

(n ¼ 2e3).
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JES-TE300 spectrometer with a TE/AT system (JEOL Ltd., Tokyo,
Japan). Measurements were carried out at room temperature under
the following conditions: magnetic field of 336.1 � 5 mT, micro-
wave power of 5.00 mW, frequency of 9.42 GHz, modulation
amplitude of 0.063 mT, sweep time of 2.0 min, response time of
0.1 s, and received gain of �400. The intensity of the DMPOeOH
(DMPO spin adduct of the OH radical) signal was measured as a
ratio of the signal intensity at the lowest magnetic field to that of
manganese oxide used as an internal standard. A TEMPOL solution
was used for the primary standard of ESR absorption, and results
are shown as spin concentrations.

2.4. Superoxide anion radical scavenging assay

Superoxide anion radicals, generated by the Hyp-XOD system,
were trapped by DMPO, and the ESR spectra of DMPOeOOH were
recorded. The reaction mixture was prepared by combining 50 ml of
2 mM Hyp in 100 mM phosphate buffer (pH 7.4), 35 ml of 5.5 mM
DETAPAC in 100 mM phosphate buffer (pH 7.4), 25 ml of various
concentrations of Gly, 25 ml of 8.0 M dimethyl sulfoxide (DMSO),
15 ml of 9.2 M DMPO, and 50 ml of 0.2 unit/ml XOD in 100 mM
phosphate buffer (pH 7.4) in the order listed for a total volume of
200 ml. One minute after the addition of XOD, ESR spectra were
recorded, as in the hydroxyl radical scavenging assay, under the
following conditions: magnetic field of 336.4 � 5 mT, microwave
power of 8.00mW, frequency of 9.43 GHz, modulation amplitude of
0.063 mT, sweep time of 2.0 min, response time of 0.1 s, and
received gain of�320. The intensity of the DMPOeOOH (DMPO spin
adduct of the O2

� radical) signal was measured as described above.

2.5. DPPH radical scavenging assay

A mixture was prepared by adding 100 ml of various concen-
trations of Gly to 100 ml of 0.25 mM DPPH in ethanol. The mixture
was allowed to stand at room temperature for 30 min, and ESR
spectra were recorded under the following conditions: magnetic
field of 336.0 � 5 mT, microwave power of 5.00 mW, frequency of
9.42 GHz, modulation amplitude of 0.079 mT, sweep time of
2.0 min, response time of 0.1 s, and received gain of �100. The
intensity of the DPPH signal was measured as described above.

2.6. Statistical analysis

Data were analyzed using Student’s t test, and p values of less
than 0.05 were considered significant.

3. Results

The ESR signal of DMPOeOH, the hydroxyl radical adduct, was
observed in the reaction system, and the signal disappeared upon
addition of DMSO, a hydroxyl radical scavenger (data not shown).
The concentration of DMPOeOH did not decrease upon addition
of Gly, even at the final concentration 10 mM (Fig. 1). The spin
concentration of DMPOeOH increased with increasing GA
concentration.

The concentration of DMPOeOOH did not decrease upon addi-
tion of Gly, and similar results were obtained with GA addition
(Fig. 2).

The DPPH radical spectrum showed a pentad signal (Fig. 3). The
signal intensity was attenuated with increasing Gly concentration,
and nearly complete reduction of DPPH was observed at a Gly
concentration of 12.5 mM. GA showed a greater reduction of DPPH
than Gly, resulting in complete reduction at 2.5 mM (Fig. 4). The
concentrations corresponding to a 50% reduction in the signal in-
tensity of DPPH (EC50) were 2.18 mM Gly and 0.38 mM GA.
4. Discussion

Reports have been contradictory as to whether Gly reduces
radicals. Nagai et al reported that Gly reduced OH radicals, but not
O2

� or DPPH radicals, based on ESR measurements.12 Akamatsu
et al reported that Gly did not reduce O2

� or OH radicals in a cell-
free system.16 Kato et al reported that Gly reduced O2

� radicals
slightly, but did not reduce DPPH radicals.14

Our results showed that neither Gly nor GA reduced OH radicals;
instead, the concentration of radicals increased, in contrast to the
report of Nagai et al. They reported that 1 mM Gly trapped about
90% of DMPOeOH, but detailed experimental conditions were not
described. The amount of OH radicals generated by the Fenton re-
action would be much greater in our experiments than in the work
of Nagai et al. Our results showed that Gly or GA might activate the
Fenton reaction or produce OH radicals. Akamatsu et al reported an
assay of O2

� formation for the reduction of cytochrome c by
measuring absorbance at 550 nm; OH radicals were analyzed with
a gas chromatograph to quantitate the amount of ethylene formed
from a-keto-methiolbutyric acid.16 We estimated the amount of
O2

� and OH radicals as the DMPO adduct with ESR. Results showed
that Gly did not scavenge O2

� and OH radicals, consistent with the
report by Akamatsu et al. Thus, the differences between our results
and those of Nagai et al were likely due to experimental conditions,
not the assay method.



Fig. 3. ESR spectra of DPPH radicals in the absence or presence of Gly.
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Previous studies demonstrated that Gly did not reduce DPPH
radicals based on ESR and absorbance measurements.10e12 How-
ever, in our experiments, Gly reduced DPPH radicals at increased
Gly concentrations. Racková et al11 used a low Gly concentration of
0.6 mg/ml (714 mM). Nagai et al12 and Kato et al14 used Gly at 1 mM
and 12.2 mM, respectively. Although they did not describe the
detailed assay conditions, they may have measured DPPH imme-
diately after the reaction mixture was prepared. The reaction of
DPPH and Gly was not fast. Many investigators have measured the
reduction of DPPH 30 min after mixing the test sample and DPPH
solutions. The reaction of DPPH by Gly or GA began immediately
after mixing, reached about 50% after 1 min, and reached a plateau
after 30 min at room temperature (data not shown). Thus, we
recorded the ESR spectrum 30 min after mixing DPPH with Gly
or GA.

DPPH reduction required Gly or GA at concentrations that were
100 times and 20 times, respectively, that of DPPH. One mole of
ascorbic acid or a-tocopherol, well-known reducing agents of
DPPH, reduces 2 mol of DPPH.19 Hence, the effects of Gly and GA on
DPPH reduction were not strong.

Whether the reducing abilities of Gly or GA play a role in bio-
logical systems is not clear. Further studies are currently under way
in our laboratory.
Fig. 4. DPPH radical scavenging ability of Gly and GA. Each point represents the mean
with SD (n ¼ 2e3). *p < 0.05.
Conflicts of interest

All authors have none to declare.
References

1. Finney RS, Somers GF. The antiinflammatory activity of glycyrrhetinic acid and
derivatives. J Pharm Pharmacol. 1958;10:613e620.

2. Tangri KK, Seth PK, Parmar SS, Bhargava KP. Biochemical study of anti-
inflammatory and anti-arthritic properties of glycyrrhetic acid. Biochem Phar-
macol. 1965;14:1277e1281.

3. Iida R, Otsuka Y, Matsumoto K, Kuriyama S, Hosoya T. Pseudoaldosteronism
due to the concurrent use of two herbal medicines containing glycyrrhizin:
interaction of glycyrrhizin with angiotensin-converting enzyme inhibitor. Clin
Exp Nephrol. 2006;10:131e135.

4. Ram A, Mabalirajan U, Das M, et al. Glycyrrhizin alleviates experimental allergic
asthma in mice. Int Immunopharmacol. 2006;6:1468e1477.

5. Shin YW, Bae EA, Lee B, et al. In vitro and in vivo antiallergic effects of Gly-
cyrrhiza glabra and its components. Planta Med. 2007;73:257e261.

6. Li XL, Zhou AG, Zhang L, Chen WJ. Antioxidant status and immune activity of
glycyrrhizin in allergic rhinitis mice. Int J Mol Sci. 2011;12:905e916.

7. Hattori T, Ikematsu S, Koito A, et al. Preliminary evidence for inhibitory effect of
glycyrrhizinonHIVreplicationinpatientswithAIDS.AntiviralRes. 1989;11:255e261.

8. Ashfaq UA, Masoud MS, Nawaz Z, Riazuddin S. Glycyrrhizin as antiviral agent
against hepatitis C virus. J Transl Med. 2011;9:112e118.

9. Kiso Y, Tohkin M, Hikino H, Hattori M, Sakamoto T, Namba T. Mechanism of
antihepatotoxic activity of glycyrrhizin, I: effect on free radical generation and
lipid peroxidation. Planta Med. 1984;50:298e302.

10. Beskina OA, Abramov AIu, Gabdulkhakova AG, Miller AV, Safronova VG,
Zamaraeva MV. Possible mechanisms of antioxidant activity of glycyrrhizic
acid. Biomed Khim. 2006;52:60e68.

11. Racková L, Jancinová V, Petríková M, et al. Mechanism of anti-inflammatory
action of liquorice extract and glycyrrhizin. Nat Prod Res. 2007;21:1234e1241.

12. Nagai T, Egashira T, Yamanaka Y, Kohno M. The protective effect of glycyrrhizin
against injury of the liver caused by ischemiaereperfusion. Arch Environ Con-
tam Toxicol. 1991;20:432e436.

13. Yokozawa T, Liu ZW, Chen CP. Protective effects of glycyrrhizae radix extract
and its compounds in a renal hypoxia (ischemia)ereoxygenation (reperfusion)
model. Phytomedicine. 2000;6:439e445.

14. Kato T, Horie N, Hashimoto K, et al. Bimodal effect of glycyrrhizin on macro-
phage nitric oxide and prostaglandin E2 production. In Vivo. 2008;22:583e586.

15. Oh HM, Lee SG, Park YN, et al. Ammonium glycyrrhizinate protects gastric
epithelial cells from hydrogen peroxide-induced cell death. Exp Biol Med.
2009;234:263e277.

16. Akamatsu H, Komura J, Asada Y, Niwa Y. Mechanism of anti-inflammatory
action of glycyrrhizin: effect on neutrophil functions including reactive oxy-
gen species generation. Planta Med. 1991;57:119e121.

17. Hattori M, Sakamoto T, Kobashi K, Namba T. Metabolism of glycyrrhizin by
human intestinal flora. Planta Med. 1983;48:38e42.

18. Akao T, Akao T, Kobashi K. Glycyrrhizin beta-d-glucuronidase of Eubacterium
sp. from human intestinal flora. Chem Pharm Bull. 1987;35:705e710.

19. Uchiyama M, Suzuki Y, Fukuzawa K. Biochemical studies of physiological
function of tocopheronolactone. 1. Yakugaku Zasshi. 1968;88:678e683.


	Radical scavenging ability of glycyrrhizin
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Preparation of sample solution
	2.3. Hydroxyl radical scavenging assay
	2.4. Superoxide anion radical scavenging assay
	2.5. DPPH radical scavenging assay
	2.6. Statistical analysis

	3. Results
	4. Discussion
	Conflicts of interest
	References


