
Abstract. Glycyrrhizin is a major constituent of Kanzo, a
popular herbal medicine used in food and cosmetics.
Glycyrrhizin alone did not stimulate nitric oxide (NO) or
prostaglandin E2 (PGE2) production by RAW 264.7 cells, but
modified lipopolysaccharide (LPS)-stimulated NO and PGE2
production in a bimodal fashion: it was stimulatory at lower
concentrations, whereas it was inhibitory at higher
concentrations. Electron-spin resonance spectroscopy showed
that glycyrrhizin slightly scavenged the superoxide anion
generated by hypoxanthine-xanthine oxidase reaction, but did
not scavenge the DPPH and NO radicals. The present study
demonstrates the concentration-dependent action of glycyrrhizin
on both PGE2 and NO production by activated macrophages.

We previously demonstrated that Kanzo effectively inhibited
nitric oxide (NO) production by lipopolysaccharide (LPS)-
stimulated RAW264.7 cells (1). Glycyrrhizin is a major
constituent of Kanzo, a popular herbal medicine used in food
and cosmetics. It has been reported that glycyrrhizin exhibited
antioxidant (2), anticarcinogenic (3), antihepatitis (4) and
antibacterial (5) activities. However, the study of glycyrrhizin
on macrophage function has been limited. In order to
understand whether glycyrrhizin exerts any anti-inflammatory
action, we investigated the effect of glycyrrhizin on the
prostaglandin E2 (PGE2) and NO production by LPS-
stimulated mouse macrophage-like RAW 264.7 cells.

Materials and Methods

Materials. The following chemicals and reagents were obtained from
the indicated companies: Glycyrrhizin (Wako Pure Chem. Ind.,
Osaka, Japan); Dulbecco’s modified Eagle’s medium (DMEM),
phenol red-free DMEM (Invitrogen Corp, Carlsbad, CA, USA); fetal
bovine serum (FBS; Gemini Bio-Products, Woodland, CA, USA),
hypoxanthine (HX), xanthine oxidase (XOD), diethylenetriamine-
pentaacetic acid (DETAPAC), LPS from Escherichia coli (Serotype
0111:B4), 3-[4,5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium
bromide (MTT), dimethyl sulfoxide (DMSO) (Sigma Chem. Ind., St.
Louis, MO, USA); 5,5-dimethyl-1-pyrroline-N-oxide (DMPO), 2-(4-
carboxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide
(carboxy-PTIO) (a spin trap agent), 1-hydroxy-2-oxo-3-(N-3-
methyl-3-aminopropyl)-3-methyl-1-triazene (NOC-7) (NO
generator) (Dojin, Kumamoto, Japan).

Assay for viable cell number and NO production. RAW 264.7 cells
were cultured in DMEM supplemented with 10% FBS in a 5%
CO2 incubator. RAW 264.7 cells were cultured for 24 hours in 96-
microwell plates in phenol red-free DMEM supplemented with 10%
FBS containing different concentrations (0-5 mM) of glycyrrhizin.
The NO concentration in the culture supernatant was determined by
the Griess method. From the dose–response curve, the concentration
that reduced the NO production by 50% (IC50) by LPS-stimulated
cells was determined. The related viable cell number of the attached
cells was determined by MTT method. In brief, the cells were
stained for 1 hour with 0.2 mg/ml MTT. The cells were then
dissolved in 0.1 ml DMSO and the absorbance at 540 nm of the cell
lysate was determined.

Assay for radical intensity. The radical intensity of test samples was
determined at 25˚C in 0.1 M Tris-HCl buffer (pH 7.4), 0.1 M
NaHCO3/Na2CO3 buffer (pH 9 or 10) or in 0.1 M KOH (pH 12.5),
using an electron-spin resonance (ESR) spectrometer (JEOL,
Tokyo, JES RE1X, X-band, 100 kHz modulation frequency).
Instrument settings: center field, 336.0±5.0 mT; microwave power, 8
mW; modulation amplitude, 0.1 mT; gain, 630; time constant, 0.03
s; scanning time, 2 minutes.
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The radical intensity was defined as the ratio of peak height of
radicals to that of MnO. To determine O2– produced by HX-XOD
reaction (total volume: 200 μl) [2 mM HX in 0.1 M phosphate
buffer (PB) (pH 7.4) 50 μl, 0.5 mM DETAPAC 20 μl, 8% DMPO
30 μl, PB 20 μl, sample (in H2O) 50 μl, XOD (0.5 U/ml in PB) 30
μl], the gain, time constant and scanning time were changed to 500,
0.1 s and 1 minute, respectively, after mixing (6, 7). For the
determination of NO radical, sample was added to the reaction
mixture of 20 μM carboxy-PTIO and 50 μM NOC-7 in 0.06 M PB,
pH 7.4. The gain and scanning time were changed to 250 and 2
minutes, respectively. The NO radical intensity was defined as the
ratio of peak height of the first peak of carboxy-PTI (8), which was
produced by the reaction of NO (derived from NOC-7) with
carboxy-PTIO, to that of MnO.

Measurement of PGE2 production. RAW 264.7 cells were
subcultured in 24-well plates and incubated with different
concentrations (0-970 μM) of glycyrrhizin in the presence or
absence of LPS (100 ng/ml). The culture supernatant was collected
by centrifugation and determined for the PGE2 concentration by EIA
kit (Cayman Chemical Co, Ann Arbor, MI, USA). To determine the
PGE2 concentration in the cells, cells were washed twice with cold
PBS without calcium and magnesium and lysed by sonication in PBS
containing 1% Triton® X-100. The PGE2 in the cell lysate was
determined by EIA Kit.

Results

Effect on NO production. Glycyrrhizin (0-4.9 mM) showed
no apparent cytotoxicity against RAW 264.7 cells (Figure 1).
The unstimulated RAW 264.7 cells produced small amounts
of NO (3.6 μM). By stimulation with 100 ng/ml LPS, NO
production was elevated up to 21.5 μM. The LPS-stimulated
NO production was slightly enhanced by simultaneous
addition of lower concentrations of glycyrrhizin (from 0.008
to 7.8 μM), with the maximum enhancement (166% of LPS

alone) at 0.03 μM. On the other hand, at higher
concentrations of glycyrrhizin (from 15.6 to 2000 μM), the
LPS-stimulated NO production declined dose-dependently,
with an IC50 value of 824 μM (Figure 2).

Radical scavenging activity. ESR spectroscopy
demonstrated that glycyrrhizin did not produce radicals at
pH 7.4-12.5 (data not shown), but scavenged dose-
dependently, but only slightly, the superoxide anion
generated by HX and XOD reaction. However, glycyrrhizin
did not scavenge the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) and NO radicals (Table I).

Effect on PGE2 production. RAW 264.7 cells spontaneously
produced PGE2, most of which was distributed in the
extracellular fraction rather than intracellular fraction (Figure
3), consistent with our previous report (9). By treatment with
LPS, the PGE2 production was significantly enhanced. Since
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Table I. Radical scavenging activity of glycyrrhizin

Glycyrrhizin (mM) Relative radical intensity (% )

O2– DPPH NO

0 100 100 100
0.36 100
0.49 91
2.4 97
3.7 100
4.9 80

12.2 101

Figure 1. Effect of glycyrrhizin on the viability of unstimulated and LPS-
stimulated RAW 264.7 cells. RAW 264.7 cells were incubated for 24
hours without (control) or with 100 ng/ml LPS in the presence of the
indicated concentrations of glycyrrhizin. The relative viable cell number
was determined by MTT method. Each value represents mean±SD of
three independent experiments.

Figure 2. Concentration-dependent effect of glycyrrhizin on the NO
production by unstimulated and LPS-stimulated RAW 264.7 cells. RAW
264.7 cells were incubated for 24 hours without or with 100 ng/ml LPS
in the presence of the indicated concentrations of glycyrrhizin. The NO
concentration in the medium fraction was determined. Each value
represents mean±SD from ten independent experiments.



the most of the induced PGE2 was recovered from the medium
fraction, this fraction was used in the subsequent experiments.
The stimulated PGE2 production was slightly enhanced above
the control level, with a maximum enhancement (126% of
control) at 240 μM. At higher concentrations of glycyrrhizin
(>486 μM), the PGE2 production declined, with an IC50 of
760 μM (Figure 4).

Discussion

The present study demonstrates that glycyrrhizin was
essentially nontoxic to RAW 264.7 cells up to 4.9 mM, but
bimodally modified the NO and PGE2 production by LPS-
stimulated RAW 264.7 cells. Glycyrrhizin slightly, but
significantly enhanced the production of both NO and PGE2
by LPS-stimulated RAW 264.7 cells at lower concentrations,
but instead inhibited NO/PGE2 production at higher
concentrations. This suggests the occurrence of a hormetic
response (10) in this system. The apparent decline of NO
production at higher concentrations of glycyrrhizin was not
simply due to the direct interaction with glycyrrhizin and
NO, since glycyrrhizin did not scavenge the NO radical.
However, the minor superoxide anion scavenging activity of
glycyrrhizin (Table I) may enhance the biological action of
NO, since superoxide anion and NO counteract each other
(Figure 2, Table I).

The inhibition of macrophage NO and PGE2 production
by higher concentrations of glycyrrhizin suggests its
possible role in anti-inflammatory action. It has been
reported that Glychyrrhizae radix (KZ) (0.1 mg/ml), which
is also one of the major ingredients of Rikko-san (RKS),
and Coptidis rhizoma showed an inhibition of COX-2
activity (11). We recently found that RKS selectively
inhibits COX-2, as compared with COX-1 (12). It has been
reported that iNOS is bound selectively to COX-2 and
activates COX-2 via S-nitrosylation, and that NO-mediated
activation of COX-2 was inhibited by disrupting the binding

of these two enzymes (13). Glycyrrhizin was indispensable
for activation of COX-2, but not for the increased
expression of COX-2 (14). It remains to be investigated
whether glycyrrhizin inhibits COX-2 activity or inhibits the
S-nitrosylation of COX-2.
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Figure 4. Concentration-dependent effect of glycyrrhizin on the PGE2
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treated for 24 hours with the indicated concentrations of glycyrrhizin in
the presence or absence 100 ng/ml LPS. The concentration of PGE2 in
the medium was then determined. Each value represents mean±SD from
three independent experiments.
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