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Quantitative Analysis of the Marker Components in Glycyrrhizae
Radix et Rhizoma by Processing Method
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Glycyrrhizae Radix et Rhizoma has been extensively used by human beings as a medicinal herb as well as
natural sweetener. In this study, we performed quantification analysis of three major constituents including
liquiritin, glycyrrhizin, and glycyrrhetinic acid in the 70% ethanol extracts of non-processed Glycyrrhizae Radix
et Rhizoma and processed Glycyrrhizae Radix et Rhizoma using a high-performance liquid chromatography
coupled with photodiode array detector. The analytical column for separation of the 3 constituents used a
Gemini C18 column kept at 40°C by the gradient elution of two mobile phase. The amounts of liquiritin,
glycyrrhizin, and glycyrrhetinic acid in non-processed Glycyrrhizae Radix et Rhizoma were 2.57%, 3.52%, and
not detected. After processing by roasting, the best roasting temperature and time of iquiritin, glycyrrhizin,
and glycyrrhetinic acid were 160C-15 min (2.46%), 160C-15 min (3.67%), and 240C-15 min (0.76%),

respectively.

Key words : Glycyrrhizae Radix et Rhizoma, Pocessing Method, Liquiritin, Liquiritigenin, Glycyrrhizin,
Glycyrrhrtic acid
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Table 1. HPLC Condition for Benzo(a)pyrene Analysis

Item

Condition

Detector (nm)

Column

Column oven (°C)
Flow rate (mL/min)
Injection volume (uL)
Mobile phase

Fluorescence detector

(Excitation wavelength

Supelcosil LC-PAH (5

37
1.0
10.0

: 294 nm, Fluorescence wavelength : 404 nm)

um, 4.6 x 250 mm)

Acetonitrile : Water (8 : 2)

0o N

HO ! HO

Liquiritin

OH
Oww
OH

HOOC

HO
HO

HOOC

HO

OH

Glycyrrhizin Glycyrrhetinic acid

Fig. 1. Chemical structures of main compounds in Glycyrrhizae Radix et Rhizoma.
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Table 2. HPLC Condition for Quantitative Analysis

Item Condition

Detector (nm) 254, 275

Column
Column oven (°C) 40
Flow rate (mL/min) 1.0

Injection volume (uL) 10.0

Gminin Ciz (5 um, 4.6x250 mm)

A : 1.0% acetic acid in water

B : 1.0% acetic acid in acetonitrile

Mobile phase

0-20 min, 15-40%

B, 20-40 min, 40-55% B, 40-45 min,

55-100% B, 45-50 min, 100% B, 50-55 min, 100-15% B

2) F5o % A 24
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acid FFF] W BE&A2 FAE A28
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3
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Fig. 2. Macroscopic picture of non—processed
Glycyrrhizae Radix et Rhizoma.
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160°C ) . 240C
5 ‘ | . .
10min |
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Fig. 3. Macroscopic pictures of the processed Glycyrrhizae Radix et Rhizoma produced
by ‘plain stir-baking’ with various times and temperatures (160C-5min, 160C-10 min,
160C-15 min, 180C =5 min, 180°C-10 min, 180C~-15 min, 200C~-5 min, 200C-10 min,
200C-15 min, 220C-5 min, 220T-10 min, 220C-15 min, 240C-5 min, 240C-10 min,
and 240C-15 min).

1 2 3 <4 5 © 7 8 o 1011 12 13 14 15 16 17 18

Fig. 4. TLC chromatogram of reference standards and Glycyrrhizae Radix et Rhizoma
and its processed products. 1: liquilitin, 2: glycyrrhizin, 3: Non-processed Glycyrrhizae
Radix et Rhizoma, 4: 160C-5min, 5: 160C-10 min, 6: 160C-15 min, 7: 180C-5 min, 8:
180C-10 min, 9: 180C-15 min, 10: 200C-5 min, 11: 200C-10 min, 12: 200C-15 min,
13: 220C-5 min, 14: 220C-10 min, 15! 220C-15 min, 16: 240C-5 min, 17: 240T-10
min, 18: 240C-15 min
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Table 3. The Results of Loss on Drying, Ash, and Acid-insoluble Ash for the Glycyrrhizae

Radix et Rhizoma and its Processed Products

Loss on drying (%) Ash (%) Acid-insoluble ash (%)
Code \jean @® SD  RSD (%) Mean (%) SD RSD (%) Mean (%) SD RSD (%)
KP 12.0% ©|3f 7.0% ol 2.0% ol
GR1 _ 7.11 008 114 46 01 19 0.7 01 73
GRZ 254 004 138 46 00 10 0.7 00 42
GR3 697 004 058 45 01 13 0.7 00 7.1
GR4 002 000 1.36 50 00 08 0.8 01 84
GR5 513 004 0.84 57 01 13 11 00 47
GR6  6.63 012 185 44 00 08 0.7 00 40
GR7 619 002 037 50 00 09 0.7 00 58
GR§ 518 0.0 201 46 00 08 0.7 01 82
GR9 035 001 173 49 00 08 08 01 100
GRIO 511 011 2.14 51 00 08 0.7 00 52
GRI1 054 002  2.80 48 01 11 0.7 00 10
GRI1Z 509 0.1 209 53 00 04 08 01 73
GRI13 145 003 199 55 00 05 08 01 82
GR14 063 001 154 52 00 03 09 01 75
GRI5 057 001 224 59 00 04 10 01 60
GRI6 562 0.6 2.78 66 00 01 12 01 81

GR1: Non-processed Glycyrrhizae Radix et Rhizoma, GR2: 160C~-5 min, GR3: 160TC-10
min, GR4: 160C-15 min, GR5: 180C-5 min, GR6: 180TC-10 min, GR7: 180C-15 min,
GR8: 200T-5 min, GR9: 200C-10 min, GR10: 200TC-15 min, GR11: 220C-5 min, GR12:
220C-10 min, GR13: 220C-15 min, GR14: 240°C-5 min, GR15: 240C-10 min, GR16: 24
0T-15 min.
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Liquiritin 6.25-400.00 pg/mL, glycyrrhizin
7.81-500.00 pg/mL 2 glycyrrhetinic acid
3.13-200.00 pg/mLe] % HSA HIFAE
P& o FAAF (7)) el 0.99980]14 0=
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JERISIT (Table 4). 443
ol gate] 7+ B 27HEAA

l1qu1r1t1n, glycyrrhizin ¥ glycyrrhetinic acid

T 37HA el skl AFwAE AAsgle
o5 11.74%, 31.94% % 49.55%14 2

2y A& A0}t (Fig. 5). ¥4 A3 7% 9 %27+
%9 liquiritin, glycyrrhizin % glycyrrhetinic
acid?] & 0.16-2.57%, 0.50-3.52% 2 &

HE-0.76%= 27k Yebstt) (Table 5).

Table 4. Calibration Graphs of Three Compounds

Correlation

Component Linear range (ug/mL) Regression equation® o 5
coefficient (r*)
Liquiritin 6.25-400.00 y = 18579.89x + 22019.11 0.9999
Glycyrrhizin 7.81-500.00 y = 7864.66x — 11797.73 1.0000

Glycyrrhetinic acid 3.13-200.00

y = 13065.95x + 30684.69 0.9998

dy: peak area (mAU) of compounds; x: concentration (mg/mL) of compounds.
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Fig. 5. HPLC profiling of Glycyrrhizae Radix et Rhizoma and its processed products at

the detection wavelength of 254 nm (A) and 275 nm (B). 1: Non-processed Glycyrrhizae
Radix et Rhizoma, 2: 160C-5 min, 3: 160C-10 min, 4: 160C-15 min, 5: 180°C-5 min, 6:
180C-10 min, 7: 180TC-15 min, 8: 200C-5 min, 9: 200C-10 min, 10: 200C-15 min, 11:
220C-5 min, 12: 220C-10 min, 13: 220C-15 min, 14: 240C-5 min, 15: 240°C-10 min,

16: 240C-15 min.
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Table 5. Analytical Results (%) of the Three Marker Compounds in Glycyrrhizae Radix et

Rhizoma and its Processed Products

Content (%)

Code Liquiritin

Glycyrrhizin

Glycyrrhetinic acid

Mean SD RSD (%) Mean

SD RSD (%) Mean SD

RSD (%)

GR1 2.57 0.01 0.43 3.52
GR2 2.18 0.01 0.59 3.15
GR3 2.06 0.03 1.40 2.62
GR4 2.46 0.01 0.28 3.67
GR5 1.90 0.01 0.32 2.75
GR6 1.89 0.01 0.39 3.22
GR7 1.29 0.01 0.63 2.71
GRS 2.23 0.00 0.14 3.53
GR9 1.46 0.02 1.47 3.27
GR10  0.97 0.01 0.89 2.61
GR11  1.37 0.02 1.35 3.44
GR1Z  0.81 0.01 0.97 1.86
GR13  0.50 0.01 2.38 1.44
GR14  0.95 0.01 1.02 2.50
GR15  0.30 0.00 0.58 0.72
GR16  0.16 0.00 0.69 0.50

0.03 0.77 ND* - -
0.05 1.56 ND - -
0.04 1.54 ND - -
0.02 0.55 ND - -
0.02 0.78 ND - -

0.03 0.98 ND - -
0.02 0.80 ND - -
0.02 0.50 ND - -

0.04 1.18 0.01 0.00 2.55
0.01 0.23 0.10 0.00 0.34
0.05 1.44 0.02 0.00 0.83
0.03 1.43 0.23 0.00 0.32
0.02 1.55 0.35 0.00 1.33
0.00 0.17 0.13 0.00 0.57
0.01 1.68 0.68 0.01 0.87
0.01 1.50 0.76 0.01 0.89

“ND means not detected.

GR1: Non-processed Glycyrrhizae Radix et Rhizoma, GR2: 160C-5 min, GR3: 160C-10 min,
GR4: 160°C-15 min, GR5: 180C-5 min, GR6: 180°C-10 min, GR7: 180C-15 min, GR8: 200T
=5 min, GR9: 200C-10 min, GR10: 200TC-15 min, GR11: 220C-5 min, GR12: 220°C-10 min,
GR13: 220C-15 min, GR14: 240°C-5 min, GR15: 240C-10 min, GR16: 240C-15 min.
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Ebwith ek A7k 2o wE AE
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240C-15% (GR16)AAE= Hxd 0.76%7}A
S7FrgAt). Wk ko] Ao g I5AL A
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EA(aEe w2 7+% F liquiritin, glycyrrhizin ¥ glycyrrhetinic acid®] =84 103

v.d2 &

oA A= digkebd 971 el 55 Q)
729 liquiritin® glycyrrhizin 5 A&l o
ato]l A1ZF (5, 10 2 158)3 &% (160, 180,
00, 220 % 240C)el whe} 24 & 49 F A
o] gFsts FA4stuA sl 2AE A
e % liquiritin®] &S 160T-15+, 20
C-5% 2 220C-5%004 2.46%, 2.23% 2
1.37% &2 2 YErtr. E3F glycyrrhizine] 74
% liquiritin?} o] o] 160T-15%, 20
0C-5% 2 220C-5%9A 3.67%, 3.53% %
3.44% &2 2 el Glycyrrhizino] |ol 9
A o] "ol WA E = glycyrrhetinic acid
o] = Rz AL APLFE wol A=
Rom 240T-16+0lA HA A 0.76%= 1+
Elron,  240TC-10%3  220C-15%¢A
0.68% % 0.35%°] =22 YERRTE

s

[\l

> Ao

o

VI. ALY 2

VRS 201295 AAAAT Aldow
A A FA ARG (RO001989) Q1 §-5= FheF
FE5S 9 TEHA= 2444 (D12030)9

1. AoFstuA A9l 3], Aok ME, 49
A}, pp.104-107. 2012.

2. gore|stu Az el A8, ghoke] st A
2982 20100 116-120.

3. Han SB, Gu HA, Kim SJ, Kim HJ, Kwon
SS, Kim HS, Jeon SH, Hwang JP, Park
SN. Comparative study on antioxidative
activity of Glycyrrhiza uralensis and
Glycyrrhizia glabra extracts by country
of origin. J Soc Cosmet Scientists
Korea, 39(1):1-8, 2013.

4. Kim SJ, Kweon DH, Lee JH. Investigation

of antioxidative activity and stability of
ethanol extract of licorice roots
(Glycyrrhiza glabra). Korean J Food Sci
Technol., 38(4), 584-588, 2006.

5. Yoon TS, Cheon MS, Kim SJ, Lee AY,
Moon BC, Chun JM, Choo BK, Kim HK.
Evaluation of solvent extraction on the
anti-inflammatory efficacy. Korean J
Medicinal Crop Sci., 18(1), 28-33, 2010.

6. Wang W, Luo M, Fu Y, Wang S, Efferth
T, Zu Y. Glycyrrhizic acid nanoparticles
inhibit LPS-induced

mediators in 264.7 mouse macrophages

inflammatory

compared with unprocessed glycyrrhizic
acid. Int J Nanomedicine, 8(1),
1377-1383, 2013.

7. Yang XL, Liu D, Bian K, Zhand DD.
Study on in vitro anti—inflammatory
activity of total flavonoids from
Glycyrrhizae Radix et Rhizoma and its
ingredients. Zhongguo Zhong Yao Za
Zhi, 38(1), 99-104, 2013.

8. Ahn EY, Shin DH, Back NI, Oh JA.
Isolation and identification of

antimicrobial active substance from

Glycyrrhiza uralensis. Korean J Food

Sci Technol., 30(3), 680-687, 1998.

9. Park JH, Wu Q, Yoo KH, Yong HI, Cho

SM, Chung IS, Back NI. Cytotoxic effect
of flavonoids from the roots of
Glycyrrhiza uralensis on human cancer
cell lines. J Appl Biol Chem., 54(1),
67-70, 2011.

10. Feng Yeh C, Wang KC, Chiang LC,
Shieh DE, Yen MH, San Chang J.
Water extract of licorice had anti-viral
activity against human respiratory
syncytial virus in human respiratory
tract cell lines. J Ethnopharmacol.,
148(2), 466-473, 2013.



104

11.

12.

13.

14.

15.

16.

17.

18.

AKEXRER BREBWTH MXE H23% H1R

Adianti M, Aoki C, Komoto M, Deng L,

Shoji I, Wahyuni TS, Lusida MI,
Soetjipto, Fuchino H, Kawahara N,
Hotta H. Anti-hepatitis C  virus
compounds obtained from Glycyrrhiza
uralensis and other Glycyrrhiza
species. Microbiol Immunol., 58(3),

180-187, 2014.

Foloted T, G, AL, AFERAL,
p.62. 1994.

Lee JR, Jo MJ, Park SM, Kim SC, Park
SJ. Establishment of UPLC method for

analysis of liquiritingenin and studies

e

on the processing of licorice for
enhancement of liquiritigenin content.
Korean J Oriental Med Prescrip., 18(1),
145-154, 201.

Kim JS, Kim HJ, Ma JY, Kim JM.
Studies on the processing of herbal
HPLC analysis of

standard compounds of unprocessed-—

medicines (II) -

and processed herbal medicines - Kor
J Pharmacogn., 33(4), 305-307, 2002.
A, AFd, 5. ok 2A9 A
=& Mg, 994} pp.46-69. 2003.
Woo KS, Jang KI, Kim KY, Lee JB,
Jeong JS. Antioxidative activity of heat
treated licorice (Glycyrrhiza uralensis
Fisch) extracts. Korean J Food Sci
Techonl., 38(3), 355-360, 2006.
Hwang IK, Lim SS, Choi KH, Yoo KY,
Shin HK, Kim EJ, Yoon-Park JH, Kang
TC, Kim YS, Kwon DY, Kim DW, Moon
WK, Won MH. Neuroprotective effects
of roasted licorice, not raw form, on
neuronal injury in gerbil hippocampus
after transent forebrain ischemia. Acta
Pharmacol Sin., 27(8), 959-965, 2006.
A=) e s Az A3 AA.
&3 A%, 99l p.687. 2004.

19.

20.

21.

22.

* o e ol ek o
AR, AEF A A2011-265. 2011.
asropstoist el 3] ok eatsl. 49714 o

kA A 1 AL, ALEA p.1099.

Fhropstoi st o 8 ofid sl #1978
s L AE AdEx

A2011-42%. 2011.





