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Evaluation of the In vitro Activity of Glycyrrhiza Cultivar Roots
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ABSTRACT

Background: Glycyrrhiza radix (licorice root) have been used as an oriental medicine material for long time, and its protective
effects on oxidative stress, inflammation and cognition deficit have been recently reported. However, the cultivation of Glycyrrhiza
species as medicinal crops is associated with some problems such as low productivity and early leaf fall, etc. To resolve this prob-
lems, Glycyrrhiza cultivars have been developed by direct hybridization of each Glycyrrhiza species by Korean researchers. The
present study was conducted to compare the Glycyrrhiza cultivar radix (Dagam, Sinwongam and Wongam) for their anti-oxidation,
anti-inflammation, and cognition improvement effects and levels of liquiritin, isoliquiritigenin and licochalcone in order to select an
excellent cultivar as a material resource.

Methods and Results: For evaluating the inhibitory efficacies of the Glycyrrhiza cultivar extracts on oxidative stress and inflamma-
tion in BV2 cells, we measured their reactive oxygen species (ROS) production and nitric oxide (NO) release after treating them
with lipopolysccharide. The scavenging activities on 2,2-diphenyl-1-picrylhydrazyl (DPPH) and peroxynitrite (NOO") radicals were
evaluated. Cell proliferation and N-methyl-D-aspartate receptor (NMDAR) inhibition were analyzed. The total phenol, liquiritin,
isoliquiritigenin and licochalcone A content in the extracts of the three culivars were quantified. Furthermore, the correlation coeffi-
cient between the activities and contents of total phenol, liquiritin, isoliquiritigenin and licochalcone A were also calculated. The
results indicated that Sinwongam exhibited potent anti-oxidant, anti-inflammatory and NMDAR inhibititory activities. Sinwongam
also showed higher total phenol and licochalcone A contents than the other cultivars. Among the three cultivars, Dagam exhibited a
positive effects on NO release inhibition, cell proliferation and contents of liquiritin and isoliquiritigenin.

Conclusions: Sinwongam is expected to be the most useful resource as a functional material for anti-oxidation/anti-inflammation
and cognition improvement among the three studied licorice cultivars.
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Fig 1. Specimens of Glycyrrhiza cultivars.
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Ciocalteu reagent®} NaCO;= Thermo Fisher Scientific
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dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide ~(MTT),
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(LPS), dimethyl sulfoxide (DMSO), penicillin & streptomycin
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Fig. 2. UV spectrum of the standard compounds (A; liquiritin, B; isoliquilitigenin, C; licochalcone A).
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Fig. 3. HPLC chromatograms of the standard compounds
dissolved in 3 mg/mé of 50% ethanol (A); liquiritin, (B);
isoliquilitigenin and licochalcone A.
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Fig. 4. HPLC chromatograms of liquiritin from Glycyrrhiza
cultivar extracts. (A); Dagam, (B); Sinwongam, (C);
Wongam.
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Fig. 6. Inhibition activity of Glycyrrhiza cultivar extracts
on reactive oxygen species. BV-2 cells (5 x 10*
cells/well) in 96-well plate were treated with the
cultivar extract samples at 2.5, 5.0 and 10.0 ¢g/ml in
serum free media and with serum free media for
control experiment for 24 hours. The reaction wells
were treated by LPS treatment (0.5 pg/m) for 12
hours. After all of the treatments, the fluorescence of
the plate was measured via DCFDA staining. (-); LPS-
untreated experiment, (+); LPS-treated experiment.
LPS means Ilpopolysaccharlde A; Dagam, B;
Sinwongam, C; Wongam. Statistical ana ysis was
performed using Student’s t-test (*p < 0.05; **p <
0.01; ***p < 0.001).
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Fig. 7. Comparison of inhibition activity on reactive oxygen
species between Glycyrrhiza cultivar extracts and
vitamin C. BV-2 cells (5 x 10* cells/well) in 96-well plate
were treated with the cultivar extracts at 5 pg/m, vitamin
C (Vit. C) as positive control at 100 yg/mé and with serum
free media for control experiment for 24 hours. The
reaction wells were treated by LPS treatment (0.5 zg/mf)
for 12 hours. After all of the treatments, the fluorescence
of the plate was measured via DCFDA staining. (-); LPS-
untreated experiment, (+); LPS-treated experiment. LPS
means lipopolysaccharide. ~ Statistical ~analysis was
performed using SAS program. Values are means +
standard deviation (n =4) and those with different
alphabet are significantly different at p < 0.05 by
Duncan’s Multiple Range Test (DMRT).

A3} Fig. 79 veRd wiel o] 7hx S4FF (S pugml)e]
&9l fluorescence intensity:= THE 101.8, 2197 65.0,
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gr|zol tiet 1t SAEES FEEY 2AHE Ielst
7] 913l DPPH izl st A3S st Aaox= o
5 ug/ml - 100 pg/mbz
AgE 2 SAEFTE FEE9 U FE=s ool
, Al97to] 93.3-1939] #he, 18la 97t
©] 95.8-40.8°] #S UERISTH (Fig. 8). ol#st A&
ICso (ug/mb)= SFsH A3, ot 580 725 ng/ml, A
7 Z2ZHo] 551 pyml 18)3 Q7 FEEo| 82.1 pg/ml 9
H FE2E F Al 7P
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. DPPH radical scavenging activity of Glycyrrhiza

cultivar extracts. Clycyrrhiza cultivar extracts at the
final concentration of 5, 10, 20, 50 and 100 ug/ml
were reacted with DPPH reagent for 3 minutes and
DMSO for control experiment was used. Optical
density of the reaction mixture was measured at
517 nm. A; Dagam, B; Sinwongam, C; Wongam.
Statistical analysis was performed using Student’s t-
test (*p < 0.05; **p < 0.01; ***p < 0.001).

AStEEH 2 sl BE 28-S S (Cao et al., 2017),
Nrf-antioxidant response element (ARE)-&iFs} ~Eg 2~ Al
S7REe] 235 SAstel el A3k A adE YeRliths
Astel SABIOH (Wu ef al, 2010), 3 7H] 7Hx SA=

Zof 3k MXE 2 chemical leveldllA] 3AE3} A8 3514
[e)

v}

o= gk A3, Aldido] dHor tE 5ol Hlsl 5
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Fig. 9. Inhibition activity of Glycyrrhiza cultivar extracts
on nitric oxide production. BV2 cells (2 x 10° cells/
well) in 48-well plate were treated with sample
extracts (at 2.5, 5, 10, 20 ug/ml) for 2 hours and with
serum free media as control. The wells were reacted
with 0.5 zg/ml LPS for 24 hours. Optical density of the
reaction supernatant was measured at 520 nm. (-); LPS-
untreated experiment, (+); LPS-treated experiment. LPS
means lipopolysaccharide. A; Dagam, B; Sinwongam, C;
Wongam. Statistical analysis was performed by usin
Student’s t-test (*p < 0.05; **p <0.01; ***p
< 0.001).

A2 HEE A
FZol gk HEAeS
2010; Yin et al, 2018)
A S skl
LPS Az A] k=
FEEY AfaHts &
ICso (1g/ml)= FERHS]

AF 2WAES] BV2 A|EA
nitric oxide (NO) A8/l thgh 7=
A8 NO Aol gk A aa=
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Fig. 10. Effect of Glycyrrhiza cultivar extracts on BV2 cell
proliferation. BV2 cells (2 x 10° cellsiwell) in 48-
well plate were treated with sample extracts (at 2.5,
5, 10, 20 pg/ml) for 2 hours and with serum free
media as control. The wells were followed by LPS
(0.5 pg/mf) treatment for 24 hours. After treatment
with 0.6 zg/mb MTT, the optical density of formazan
was measured at 540nm. (-); LPS-untreated
experiment, (+); LPS-treated experiment. LPS means
lipopolysaccharide. A; Dagam, B; Sinwongam, C;
Wongam. Statistical analysis was performed using
Student’s t-test (*p < 0.05; **p < 0.01; ***p
< 0.001).
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TH AEE FEE0] 20 gl o)Fe] FEoME AESA
< Uehie o= IRIEAT

g, x99 '] tiEixd Bag AR o)A
isoliquiritigenin 42 VCAM-1 &8 JAE F3 Iy

o] 9% <3} (Kwon et al., 2005) ¥ NF-«xB9} COX-2 #&
Al (Park er al., 2009) &35 WERTR= HA7h SI9)E H,
°ﬂ?-ﬂJ+°ﬂHE 3 71 SAEF0] 7.32- 8.64 gl &) S
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3. Z4x RYEZ FE2°| NMDA £24H Mo g1t
ol= W} AR Q1A &S et AF
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IZNA GFE Hole FOoRE HIEHJOERZ (Ahn ef
aZ., 2006; Cho et al, 2018) QIA &3 FHHAF A3iE<Q

NMDAR A 2813t
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2 F 7K %—%itl{— U= oMUiHUr HAHE AW 7)E
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Table 1. Inhibitory activities on peroxynitrite, NMDA receptor
and total phenol content of Glycyrrhiza cultivars extracts.

Peroxynitrite  Inhibition activity ~ Total phenol

Cultivar ascctatc;/nﬁ?i, on NI\(:A)D)AR at (G/i(éhliz;]gt of
12g/me) 50 ug/mb extract)”

Dagam 2.8+0.2° 41.0=1.8" 156.7+2.3°

Sinwongam 2.4x0.2¢ 61.0+1.8° 179.2+6.1°

Wongam 3.4%0.1° 45.9+5.5" 159.1+4.3°

*Values are means * standard deviation (n = 3) and those with
different alphabet within the same marker are significantly different at
p < 0.05 by Duncan’s Multiple Range Test (DMRT). "GAE; means
gallic acid equivalent.

2| 2y ot

& F7149l A7} Basithn A=,
4 Y% SNEBY 50| Fulis Y 2M A

Superoxide &°]& 12 &AGA] 59 P F
HE ke AEAG7T 2222 (Kim and Chung, 2002)
A2 SAEFS FEE] B TS HH 6] kst 24
o W& YIS A} S

A9 AF}, Table 19 vERA ko) Zlo] Zhx SA4E
=52 130.0-167.6 mg/g extracte] 9= %P%L%

E3] 21h7o] 167.6 mg/g extract= 7}3} 2 T
ok ol Adks Al 7K A2 SAEFS Solxe ’d
o] 7P} aHHo® s S Wiske Eﬂ 71"16 o=

S,E
ifle3 3’.% oN
o?i' &R ojo A

Akslgh o] 43k o] BRIl (Table 1, Fig. 6, Fig. 7,
Fig. 8).
5. X RUSEYE FES9| YR I iy

7zl FHFE liquiritin 217 H S a37ol] o) Y=3folw
Az axprt 71fE 729} isoliquiritigenine AR (25-
35)-amyloid® e AAAEAS o} Ld=xsjolme} 7S
A73E st gke] 8-S 2he Z o2 HAESIA, licochalcone
A= g F SR S A a3 dEA Qo
(Lee et al., 2012; Gao et al, 2013; Chen et al, 2017)
Tx SAEFLT FEENA ol T wEE eIV
$3l liquiritin, isoliquiritigenin % licochalcone A®l 3t %
FEAS ST

I A3, liquiritin®] Az SAAESE FEEO
10.42-19.07 mglg ext.2] FXE R, isoliquiritigenin

0.52-2.76 mg/g ext. @S RS, licochalcone A= 0.70 -
126 mg/g ext2] #S VERI= Hl, liquiriting} isoliquiritigenin
Sho = Tzl 71 =9ko™ | licochalcone ACIAE A7t
o] 7P} &2 FAE HATE (Table 2, Fig. 4, Fig. 5).
ZrzoA E2]E isoliquiritigenine nuclear factor erythroid
2-related factor (Nrf2)E B3l F53} A28 A=3o2H
4S5 7R QeEA g Wojol Fag A3S it

Table 2. Contents of liquiritin, isoliquiritigenin and licochalcone A
in the Glycyrrhiza cultivar extracts.

Cultivar Liquiritin  Isoliquiritigenin  Licochalcone A
(mg/g of extract) (mg/g of extract) (mg/g of extract)
Dagam 19.07+0.31*  2.76%0.08% 0.70+0.07¢
Sinwongam  10.42%0.10°  0.52+0.01¢ 1.26+0.11°
Wongam  12.40+0.30° 1.03=0.01°  0.95+0.07"

*Values are means + standard deviation (n = 4) and those with
different alphabet within the same marker are significantly different at
p < 0.05 by Duncan’s Multiple Range Test (DMRT).
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Table 3. Correlation coefficients between total phenol, liquiritin,
isoliquilitigenin, lichochalcone A and activities in the
Glycyrrhiza cultivar extracts.

Biomarkers/ Total Liquiritin Isoliquiliticenin Licochalcon
Components  phenol q quitiE A
ROSscavenge ) 946 (921 0.921 -0.999%
(ICs0)
DPPH scavenge 5 a98 0376 0.375 -0.682
(ICs0)
Peroxynitrite 5 41 0905 0.104 -0.453
scavenge (ICs)
NO inhibition ) 54 9706 -0.707 0.406
(ICs0)
Cell viability (%)" -0.812  0.994 0.994 0.967
NMDAR 0.990 -0.831 0.830 0.975

inhibition (%)?

"?Tested at 20 pg/mé and 50 pg/ml, respectively. *Significant at 5%
level.

(Gong et al, 2015). w=hA, Zx
isoliquiritigenin®] &=Fo] 71 W
HE = U A= o=l

M= M 7

2 AEESH

ESl liquiritin T4 $-2°] f-=¥ 3AF oA itslzhe-
< B8l 9 FARRES UEillE ZleE HaEglon®

(Zhao et al., 2008) liquiritin®] o] =2 it FE2E9
P AW e I SHETY] FEEEY 5 e

o F= ool thek F7F ArF Hasitial AR EIT o]
o] AR el dx FFES] AE 2 A Al
o] AFATE p<0.05 FFoNA A= 2™ Table 390 Lt
ERf AT}
EFEE9 FA2A (ROS) Asls (ICs), DPPH
27% (ICsp) ¥ peroxynitrite 2275 (ICs0)S Fd =3}
-0.946, -0.898, -0.741¢] FAAAE, licochalcone A€
= -0.999, -0.682, -0.4532] AAAAE LERHo] F3
= 9 licochalcone A% o] &=&+= ROS, DPPH %
Peroxynitrite & 1Csy 32 AAAA 48 =90

NO AT (ICs)y liquiritinz} -0.706, isoliquiritigenin
 -0.707¢] FHAAE RS liquiritin? isoliquiritigenin &+
o] ESFE NO A A- 1G5 #h& Z4A71a et

=z

- OIFA| - M&s| - Het= - AW
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A NO A AN EHES ASA7E A
ZZEL 20 pg/ml oA 2] A
liquiritin®} 0.994] FAAAE R

kel

S Elsisint. =3,
TS & (%)l oA

%'L}— o E
isoliquiritigenin3=

™mo e

09949] ADAAZ Bo] o5 o Fo] £G4 X
208 2718 Yosle AL I % AN 22T 50

oM 7z FFES NMDAR Aols (%) FulE I
0.990¢] AFAIGE, licochalcone A &&= 0.9759] A=A
TE Kol o] 49 o] =255 NMDAR Alo] &34
7FS7HE RS AUTh

olygt AHE Tt itsl A AESoA Y] 24 B
NMDAR Aoi& 3 28] licochalcone A Tl E 21497+
FEEO UE FF FEE v8) €539 ¢S A94E B
AL 7122 FkelEEel Vit CRU 978 g3) gl
Atk 9, ot FEES 39 A4 9 AEFA SN 7P
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Fole R o WAY H|S=g G395 E318iA T
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