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Determination of Glycyrrhizic Acid Content and Anti—-Diabetic Effect
of Glycyrrhiza uralensis Depending on Cultivation Region

Da Eun Jang, Jin Song, In Guk Hwang, Sang Hoon Lee,
Jeong—-Sook Choe, and Kyung-A Hwang

Functional Food & Nutrition Division, National Academy of Agricultural Science,
Rural Development Administration

ABSTRACT This study investigated the glycyrrhizic acid content and anti-diabetic activities of Glycyrrhiza uralensis
(GU) depending on the cultivation region (Jecheon, Youngju, Gokseong, China, and Uzbekistan). Glycyrrhizic acid
accuracy recovery and intra- and inter-day precisions (RSD%) of the method were calculated at 99.10~107.07% and
3.92 and 6.31% for GU samples, respectively, whereas the limits of detection and quantitation were 0.14 and 0.20
pg/mL. Anti-diabetic activity was measured by a-glucosidase and glucose uptake. GU (20 g) was extracted with 70%
ethanol at 70°C for 6 h. The Jecheon and Gokseong GU showed good inhibitory activity compared to the control.
The Jecheon, Youngju, and Uzbekistan GU ethanol extracts (100 pg/mL) showed glucose uptakes (in C,Ci» myotube)
of 124.19, 127.18, and 126.92%, respectively, compared to the positive control. In conclusion, these methods were
validated for detection of glycyrrhizic acid in GU, and the results indicate that GU might have potential anti-diabetic

activities.
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B Ao AFEE £5ES glycyrrhizic acid(Sigma-
Aldrich Co., St. Louis, MO, USA)= A=A 2S5 93]
water(Fisher Scientific Korea Ltd., Seoul, Korea)ol =

o 1 mg/mlL7}t S8 %% TFLANS A%3 T oA 4
o7 3|43l 77 F%(3.9, 7.8, 15.6, 31.3, 62.5, 125,
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Table 1. HPLC/DAD operating condition for glycyrrhizic acid in Glycyrrhiza uralensis

Parameter Condition
Instrument Waters 2489 Separation Module (Waters Co., Milford, MA, USA)
Detector Waters 2489 Photodiode Array Detector
Wavelength 251 nm
Column X-Bridge C18 (4.6 X250 mm, 3.5 um, Waters Co.)
Column temperature 30°C
Sample temperature 15°C
Flow rate 0.6 mL/min
Run time 40 min
Injection volume 10 pL
Time A: 0.5% phosphoric acid in water (v/v) B: 0.5% phosphoric acid in acetonitrile (v/v)
Initial 60 40
15 60 40
Mobile phase 16 40 60
28 0 100
32 60 40
40 60 40
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214 A (linearity)< glycyrrhizic acid £F89S 1 mg/
L s&=2 Ax3la, water2 7.8~500 pg/mL &%= (77
)R 63] o] v G 514 A B4 & = gigh
of sl HFHE A & Fahs ol &3t A%
Zhdste] AMAES FAstelT
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WA (precision) A5 AAAF ZF%E quality control
AlEE o] g3l aFFol HHA R 53] why AFste o
Wit S st staAgs AAtegla, 5¢ 53t shFo
13]4 3 RHE o) AEste] o] 1k A3e] dx

AR 23] HHE(F 12
) FE3FY. FF0] TaH FEELS AFA(No. 42,
Whatman International Ltd., Maidstone, UK)el|l ¢t &
3 & 3| AAFEFH7](EYELA CCA-110, Tokyo Rikakikai
Co., Tokyo, Japan)Z 40°Coll A %3} ths o] & 34 =
TR AL el HE Tz FEE] Agsde 54
% A7 z7](lshine Lab, Suwon, Korea)& AF&3}o] A
X ¥ -70°C Yol Byste] AEd A&l 54
Az ZFx 70% A& FFE2 dimethyl sulfoxide
(DMSO)= &4 3te] 100 pg/mL sk=2 A8kl

a—Glucosidase X{si&tA

Tz A eE FEE| Y3 a-glucosidase A3l FAlS
Lee 5(23)°] WS WE3lo] AA3HGIT}. Rat 7199] a-
glucosidase(Sigma-Aldrich Co.)E& 100 mM sodium
phosphate buffer(pH 7.0)ol &3f3] 0.5 unit/mL ==
WHE G489 50 plel A& 10 uLE #7138 %, micro-
plate reader(SpectraMax M5, Molecular Devices, LLC.,
Sunnyvale, CA, USA)E A}&-3}¢] 405 nmollA SH=E
SA3IGTE. o]ojA] 37°CelA] 5t RESAIZ]13L 5 mM 4-
nitrophenyl-a-D-glucopyranoside(pNPG, Sigma-Aldrich

X
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Co.) 50 uL= 7}8ke] 37°Coll A 557+ vk A AT 2% ub

< 405 nmell A FFEE A FFE HIZ R
2 A 245 AT
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M= v} myotube £35}

wk9-2 ZF5 A E(C2C12 myoblast)s= American Type
Culture Collection(ATCC; Manassas, VA, USA)S. 25
E] Eoftol Ad o ALE-3F9th C2C12 myoblast Al ¥+
10% fetal bovin serum(FBS; Invitrogen, Carlsbad, CA,
USA)¥} penicillin streptomycin(100 U/mL; Invitrogen)
S ¥383k Dulbecco’s modified Eagle’s medium(DMEM)
WA & AFE-8}e] 5% CO,, 37°CollA] w &3+ th Myoblast
AHe] C2C12 AIEZE WF3sle] confluent AE|7} =,
DMEM ®j#] o] 2% horse serum(Invitrogen)®} penicillin
streptomycin(100 U/mL)S % 7}3+ E3}ujA] = 1A 5}
myotube= ESHAIZATE 38} A2 & viR] &= 2wt} wlA
3 FRom, 4~54U3F 33t & HAF A-gsksiT

Glucose uptake EM T}

Glucose uptake &4 Z3 L glucosedl] 173 probedl!
2—[N-(7-nitrobenz-2-oxa 1,3-diazol-4yl) amino]-2-
deoxy(2-NBDG; Sigma-Aldrich Co.)E o]-&3slo] =43}
ArH24). #3171 ¢h5¥ C2C12 myotubeE PBSE A2 &
T serum-free DMEM.O. 2 247t w43k o} 7% ofjeb&
FEE 100 ng/mLE 3AIZE &< ATt o] % 1 uM
AEAL 10% B¢+ H2g F 50 uM 2-NBDGE #7718+
155 %ot uptakeES FE3FH T A 2o 2 2}7FE PBS
2 33] M &3 ¥ microplate readers AFE3}o] EFG =
excitation 485 nm, emission 535 nmell 4] glucose up-

take 84S S35

SHEN

FAE-A] & SPSS %57 3 2 13 (Statistical Package for
the Social Science, Ver.12, SPSS Inc., Chicago, IL,
USA)E o]&3te] 2} 33] o] vk Addste] Ho3 159
A2 AHESLaL glycyrrhizic acid 33 #4] A3+ Dun-
can’s multiple range test® 73 & /X0.05 oA
A& 7#AE T a-Glucosidase A3 &4 2 glucose
uptake &4 33] o] AASte] 4 AIAEE meant
standard error of mean® 2 A3 & 22 YeERS]
o} Student’s t-test& T3 F 7X0.05%1 F-¢ 240l
A= Ao & A THSPSS 12.0, IBM Co., Armonk,
NY, USA).
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Fig. 1. HPLC chromatogram and UV spectrum of glycyrrhizic acid standard solution (500 pg/mL) (A), Glycyrrhiza uralensis (Jecheon)

extract (B).

Table 2. Regression equation, limits of detection (LOD), and limits of quantitation (LOQ) of glycyrrhizic acid (n=6)
Regression equation Correlation coefficient (Rz) LOD (pg/mL) LOQ (pg/mL)
y=10.615x—20.464 1 0.14 0.20

A EA Al B8R sk BAAEES Agsta = A AHAFRIE 12 AHE 2 A4S Jeh

oA 5A 7k AQNA opdAE wekety] 93 AF i, AESAE 0.14 mg/mL, F#eHA+= 0.20 mg/mL

A% o]t}. Glycyrrhizic acid X203 A A4 % F5 FFo g BAYQTtHTable 2). 94 145 A4 I2nlE

olo] HPLC A=wE 1S wlaste] glycyrrhizic acid 2 RP-HPLO)E ©]&3te 7% meks 55 5 lig-

peak’} Ee]EE=XE Felslodvt. 1 A= Fig. 13 2o uiritin, glycyrrhizic acid®} glabridinS #4113+ Tian %

g2 240 714 §lo] Aol BEgor TEgdy) 7h (25)2] Aol A glycyrrhizic acid L%% A o] oA

Z FE 99 peak FAAIZro] 111802 UX 3o, FR)E 0.999701001, &A= 464 ng/mL=E KL

UV spectrum® &34 3% 251 nmoll A B &3] xS & HAg Ax 70% WEE FEES o0& }Oil liquid chro-

Q133 tH(Fig. 1). matography/mass spectrometry(LC/MS)E #2413} Liao

AL glyeyrrhizic acid T&&NS 7.8~500 ug/ 5(26)9] AT A= glycyrrhizic acid B5% Ao 4
mLe] 77l §% FFoR 63 o) v oAl 8]4 & HPLC BASR)7F 0.9991, AE8AE 0.031 pg/mLE B
B Aol 42 Hugew AAS A8l thFig. 2). o] 4tk oA ¥ glycyrrhizic acid A ] JaAF= &

7 1ol 2AFEE grolA L HESAE B A9 gEn e
oo Age noled, ot BANYA A&7 ret £4
5000.00 - y = 10.615x - 20.464 Z4 & zo)lxE FItFE ),
400000 | T 48 Anh= Table 39 o] glycyrrhizic acid®] 5%
©
:T;’ 3000.00 1 Table 3. Recovery of glycyrrhizic acid concentration
2000.00 Glycyrrhizic acid Recovery (%)
concentration (ug/mL)  Mean spV RSD?
o0 500 99.10 3.49 3.52
0.00 : w w w w w 250 106.01 4.89 4.61
0 100 200 300 400 500 600 125 107.07 8.32 777

Concentration (ug/mL)

Fig. 2. Calibration curve of glycyrrhizic acid standard solution.

YSD: standard deviation.
YRSD: relative standard deviation=100 X (SD/mean).
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Table 4. Precision of HPLC/DAD assay for glycyrrhizic acid
analysis for Glycyrrhiza uralensis

Glycyrrhiza uralensis Glycyrrhizic acid (mg/g)

(Jecheon) Intra-day” Inter-day”
Mean+SD" 16.08+0.63 17.67+1.12
RSD (%)” 3.92 6.31

SD: standard deviation.

2RSD (%): relative standard deviation=100 X (SD/mean).
3)Repeatability refers to the results of 5 independent determi-
nations carried out on a sample by analysing 5 replicates of
the sample on the same day.

4)Reproducibility refers to the results of 5 independent determi-
nations carried out on a sample by analyzing 5 replicates of
the sample at different periods of time.

¥ 3egS golslit. RSD(relative standard deriva-
tion):= 8% oW er, F=E = 125 pg/mLelA= 107.07
%, 250 ng/goll A= 106.01%, 500 ng/mLel A= 99.10%
9] F4HS Bt AOAC 7Fol=gel(2)d] WaH »5
of W I4E B9V AAE QoM 0.1~1% & ¥
o] 3 FEL 92~110%= B A A3 ge &3t ¥
A& FRlete] AgAdE HAF3Ilth Tian 5(25)°] A7l
A 0.5 mg/mL 5% glycyrrhizic acid T8 NS spik—
ing ko] 88.7%= & 3¢S HSAL, Liao 5(26)9
ATl M E 62.5~625 ng/mL WY T+ NS spiking
slo] 3] =Ho] 97.5% U S HaLsit).

A2 Table 4914 ¢} 2] intra- ¥ inter-day &4
oA ek Azke] RSD gkel 747} 3.92, 6.31%= AOAC
Zhol =2kl QDN RFE = 5% olUe] Fhe Hof whEA
I AdAZo] FE3E Gt

ZtxE = glycyrrhizic acid MZEM
.

cyrrhizic acid $+55 53 A3 12.53~54.22 mg/g ¥
219} s YEdTE 53] FuiAY AHdAd fxE
16.98 mg/g, 7 A G- -=H|7]| 2~8H4iko] 54.22 mg/go
2 =2 FFS el tH(Table 5). wabA] 2 A9

Table 5. Content of glycyrrhizic acid from Glycyrrhiza uralensis
depends on cultivation regions

Cultivation regions Glycyrrhizic acid content (mg/g)”

Jecheon 16.98+0.35°
Yeongju 12.53+0.1 1Z
Gokseong 13.83i0.36b
China 37.82+0.20
Uzbekistan 54.22+0.92"

YValues with different small letters within a column are sig-
nificantly different (P<0.05) by Duncan’s multiple range test.

glycyrrhizic acid
B4 BE% 9 FAR}

=
Z Aow 7|}
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a4 45 gAY FE 2o A9 FEelA S
A dFRE AA Aol FTEEE oM BrstE
o FFELEE AAATIA & WA LETFo] F5 o
2% "G A5s st sk, olE Fd E ) X%
T FAE 24T F dokA7). uepA] 2 AT = At
A AH 70% o eHE Fx FEE a-glucosidase 442
A3 2 FEEY g9 a9E HAESAY -
Glucosidase &/do] AT, F x4 o] 53
ZolH, A9 a-glucosidase #4& 543 A3E Fig

33 2ol vkt il 58 #x T uirk AF, A
o] HxolA T (F AlmA )k vlulstols o =
< Ad LS Hol= Aow yeiston, Tt 92
7128 T B FolA]) Apol & HolA] ekt
Oh¢l Kim(27)9] & A5 gofA) A4

AE vehdle B0 I3 3o2 BRIt Weidner &
(28)°]] 93+ Zrxa)o|A] o} = FEZE F(amorfrutins) et
39w a9 e HAEE 54 AFE BIA Hx
33k a9t v oy E4Edo] EATS gl
a1, oo tigh Fr1AQl Ayl st ow Azt

Glucose uptake &

olgd E=wrt Z7kebd 7F 2 S M XA glucose

——

a-Glucosidase activity (U/mL)

0 T
CTRL Jecheon Yoengju Gokseong China Uzbekistan

Fig. 3. o-Glucosidase activity of ethanol extract from Glycyrrhiza
uralensis depending on cultivation regions. Vertical bars repre-
sents SEM (standard error of mean) of triplicates. Values with
the asterisk (*) are significantly different from the control by
Student’s t-test (P<0.05).
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Fig. 4. Effect of Glycyrrhiza uralensis ethanol extracts (depend-
ing on cultivation regions) on glucose uptake in C2C12 myotube.
Vertical bars represents SEM (standard error of mean) of tri-
plicates. Values with the asterisk (*) are significantly different
from the positive control by Student’s t-test (P<0.05).

transport®] &/ o] F7ksto] 5 glucosed M U2
Yot F glucose EEE RFETH24). olelgt A= 7t
oErE FE=o] X FF Sl v 7S A4St
7] 93ked glucose uptake A4S S35 Ay} 9%
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sk tH(Fig. 4).
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