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Simultaneous Determination of Liquiritin, Nodakenin, Hesperidin
and Glycyrrhizin in Bojungikgi-tang Using HPLC-PDA

Chang-Seob Seo, Jung-Hoon Kim and Hyeun-Kyoo Shin®
Herbal Medicine Formulation Research Group, Kovea Institute of Oriental Medicine, Daejeon 305-811, Korea

Abstract — Bojungikgi-tang has been widely used for enhancement of physical fitness in Korea. The convenient, simple,
and accurate high-performance liquid chromatography (HPLC) method was established for simultaneous determination of
four marker compounds, liquiritin, nodakenin, hesperidin, and glycyrrhizin in Bojungikgi-tang (Buzhongyigi-tang in Chinese,
Hochuekkito in Japanese), a traditional Korean herbal prescription. The column for optimizing HPLC separation was used
a Gemini C,g column at column oven temperature of 40°C with 1.0% (v/v) aqueous acetic acid (A) and 1.0% (v/v) acetic acid
in acetonitirle (B) by gradient flow. The flow rate was 1.0 m//min and the detector was a photodiode array (PDA) set at 254
nm, 280 nm, and 335 nm. Calibration curves of four components were acquired with 7 values >0.9999. The recoveries were
found to range 92.11~105.68% with relative standard deviations (RSDs, %) value less than 2.50%. The RSD values of intra-
and inter-day precision were 0.07~2.50% and 0.16~1.99%, respectively. The contents of liquiritin, nodakenin, hesperidin
and glycyrrhizin in Bojungikgi-tang were 3.85~3.92 mg/g, 2.27~2.32 mg/g, 4.14~4.19 mg/g, and 3.39~3.45 mg/g, respec-
tively. The established simultaneous analysis method will be effective for quality control of Bojungikgi-tang.

Keywords [1 HPLC-PDA, Bojungikgi-tang, simultaneous analysis, validation
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Fig. 1 - Chemical structures of four constituents in Bojungikgi-tang
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Qlet okl o] A|d w<(Dongguk University, Gyeongju,
Korea)=4-H 7PH RES 5 ALg319lom, Z17e] 4] shekdlE
9] ¥ (2008-KE12-1~2008-KE12-8)>- Sl=y3sto|stad 19l ek
WA AT gl Rkt

Alef - HPLC RiAs fI8te] 224 ARS-¢l liquiritin
3} nodakenin<>- NPC Biotechnology(Yeongi, Korea)ol| 4] 7-%!
3} © ™, hesperidin¥} glycyrrhizin Chengdu Biopurify
Phytochemicals Ltd.(Chengdu, China) 2} Wako Pure Chemical
Industries, Ltd.(Osaka, Japan)Z%-&] 22} 45kt 24 25
=49 £5E BT 98% oPdolsith. HPLC 45 ¢lsh =3
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Table I - Composition of Bojungikgi-tang

HO o N
LAYy
OH oo

Nodakenin

Glycyrrhizin

PDA detector (SPD-M20A)Z /d=|o] 9tk ¥4 datat=
LCsolution software(Version 1.24)5 o]-&3}lo] gl om, A
B FEE 8 BAAIARIY S 234 Ay AR 55 T2
(Cosmos 660, Incheon, Korea)s ARt

E=2Y9| =X -Liquiritin, nodakenin, hesperidin %
glycyrrhizin 5 459 XFFe] gt 27892 FAE Y83t
Al S5 F HEEE Fo] BT 1.0 mg/mie] s5% AR $
Wikl Rksisict.

B3| 258 Y Aol =N - BF7|Fe] FHIgiek)
£ Table [} Zo] A vlE&E W& & A5 oF; Table Ix1534)
=%k 35kg)dlo] F%7](Cosmos 660, Incheon, Korea)ol]l 21z,
5 AE9 109135 D2 F7Fsto] 100°CellA 24k A & 5
5 9 FA0x 3ko] °F 890.6 g & 2564%)° FEES ¢
oAtk HPLC w415 §l89] 355 200 mgs J23] 3t & &
S Yo 20mE 9= 3 syringe filter(0.2 um pore size, Woongki
Science, Seoul, Korea)slo] 7ol o2 &},

HPLC BM=A - 57T ] FoAAF AHFE4 S
)&l ShimadzuAle] LC-20A 8] =5 A28+ T}, Liquiritin,
nodakenin, hesperidin 2 glycyrrhizin 5 452 A& ¥el=

Latin name Amount (g) Company of purchase Source

Astragali Radix 5.625 Omniherb Jeongseon, Korea
Glycyrrhizae Radix et Rhizome 3.75 HMAX China

Ginseng Radix 3.75 Omniherb Geumsan, Korea
Atractylodis Rhizoma Alba 3.75 HMAX China

Angelicae Gigantis Radix 1.875 Omniherb Yeongcheon, Korea
Citri Unshius Pericarpium 1.875 Omniherb Jeju, Korea
Cimicifugae Rhizome 1.125 HMAX Hwasun, Korea
Bupleuri Radix 1.125 Omniherb China

Total amount 22.875
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Qe AR 28-S Gemini Co(5 um, 4.6x 150 mm, Torrance,
CA, USA) ZH& AR, AR s 40°Ci A8
H&0 10ml/m1Li ZHF o F5=2 10 Wit ol

7 1L0%(v/v) ZAke] 217} 3l =(A) oHIEUe EY(B)
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(B)=0/100(45%") — (A)/(B)=0/100(50%) — (A)/(B)=95/5(55%")
o} o) 7187] gz o R Sl 4 AE-S 254 nm,

280 nm 2! 335 nmellA 22t AESIITE
MM AHZ - B3V FAREAS A8 A Ao

thalo] 21412 (linearity), <] (range), 7153 (limit of detection;
LOD), J&35tA] (limit of quantitation; LOQ), RH5 (repeatability),
3]~ (recovery), 34 (precision) 2 A|A~EIA M (suitability)
52 waste] EAHS ASEIIY

7bh MM 3l e — Liquiritin, hesperidin W glycyrrhizin®]
AL 3.91~250.00 ug/m/, nodakenin® 7 AL 1.95~
125.00 ng/mi®] HLleA EFENE of-gato] 1= Ao of
o] 7714 o) sl 212t 2steit). A kAL A
WAFAE Talo] AxAE dxtslglon, AaAS gl 0.999

Ch 338 A8 - 33 3712 93 358 °
7]%1— }\]Eoﬂ *“X_]O]'_L_X]- o]»—— 9] ‘?AO}B]_E_ %QIJ,E__ ;q
25
o H

A
AEE 94 TR AR ¥ 24E

o B A1 - e 2 ; o
9 4% 27 W5 HE A A5 AR FAREEAE

|:||-) AIA%I&IE M AIE - 95 BAH A ARASA]L. o]
& (theoretical plate number; N), -8 (capacity factor;
k), 73t v1-E (relative retention; @) %! 2% (resolution; Rs)
o2 IS

712
7+%9) liquiritin@} glycyrrhmn, OJ*J &) glnsenos1de Rb1, &

Table II - Linear range, regression equation, correlation coefficients, LODs, and LOQs for marker compounds (n=3)

Compound Linear range(ug/ml/)  Regression equation (y=ax+b)* Correlation coefficient #*) LOD (ug/ml) LOQ (ug/mi)
Liquiritin 3.91~250.00 y=20514.0x-7654.6 1.0000 0.10 0.32
Nodakenin 1.95~125.00 y=37085.0x-13738.0 0.9999 0.08 0.26
Hesperidin 3.91~250.00 y=20889.0x-7846.3 1.0000 0.10 0.32
Glycyrrhizin 3.91~250.00 y=9010.1x-6021.0 1.0000 0.23 0.75

%y means peak area (mAU), x means concentration (ug/m/).
Table III — Recovery levels of the four components in Bojungikgi-tang
Compound Original amount (ug/m/) Spiked amount (ug/m/) Detected amount (ug/m/) Recovery” (%) RSD (%)

7.00 40.54 96.50 1.11
Liquiritin 33.79 16.00 50.70 105.68 0.41
32.00 63.26 92.11 0.30
2.00 13.75 100.56 1.53
Nodakenin 11.74 6.00 17.87 102.17 1.40
12.00 24.05 102.53 1.07
7.00 42.48 98.04 1.10
Hesperidin 35.62 16.00 51.76 100.87 2.39
32.00 68.51 102.79 1.34
6.00 65.12 100.65 1.24
Glycyrrhizin 59.08 15.00 73.67 97.24 1.57
30.00 87.92 96.14 1.11

“Recovery(%)=(Detected amount-Original amount)/Spiked amount x 100.
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Table IV — Repeatability of four components on retention time and

peak area
No. Retention time (min)
#) Liquiritin -~ Nodakenin ~ Hesperidin ~ Glycyrrhizin
1 17.801 18.729 19.809 33.441
2 17.801 18.725 19.807 33.965
3 17.792 18.712 19.791 34.251
4 17.801 18.718 19.796 34.465
5 17.817 18.734 19.814 34.648
6 17.81 18.74 19.803 34.756
Mean 17.80 18.73 19.80 34.25
SD 0.01 0.01 0.01 0.49
RSD (%) 0.05 0.05 0.04 1.43
No. Peak area (mAU)
#) Liquiritin -~ Nodakenin ~ Hesperidin ~ Glycyrrhizin
1 680048 423876 747940 526971
2 686308 416335 732530 528409
3 687137 427663 733038 525312
4 686782 421215 732341 525281
5 687010 419549 735255 525581
6 682687 422168 732161 523498
Mean 68499533 421801.00  735544.17 525842.00
SD 2945.01 3849.56 6177.58 1674.65
RSD(%) 0.43 0.91 0.84 0.32

9] nodakenin, 313 °] hesperidin %! A|& 2] saikosaponin A 5
652] 3ol tiste] FARRA S Arlstat sisict. sAREAE
A3l 1.0%(viv) ko] 212F 3 = (A) oHIEUe EY(B)
9] o]5idE ol g3te] 71E7] & 2o E BN 2UE A
st A3} 7+x 9] liquiritin?} glycyrrhizin, &< nodakenin %!
213 9] hesperidin 5 45& 4|93+ ¢14+] ginsenoside Rb13}
Al%9] saikosaponin A2 AZE0] HA| Q). whEbA] 2 A
o M+= triterpenoid+o] EARA UV Hado] ekslo] 71&9]
3177} 2= ginsenoside Rb1¥} saikosaponin AZ A £] 3t 4%

O O

Table V — Precision of four compounds in Bojungikgi-tang

Table VI - System suitability testing of four marker compounds

Theoretical ~ Capacity Relatiye Resolution
Compound  plate number  factor  retention ®s)
@) ®") (v
Liquiritin 37043 4.98 1.05 1.76
Nodakenin 26021 5.40 1.06 1.83
Hesperidin 24588 5.52 1.06 1.83
Glycyrrhizin 35547 10.19 1.83 22.91

o] Aol thste] FAREAM S AAIEHIT PDA A5 9>
glycyrrhizin 254 nm, liquiritin®} hesperidin 280 nm %
nodakenin- 335 nmel|A] 242} AESIATE ANollA ] 9= &
& Bl 9= wE-E AR UV &7 3Pd-s vlasto]
+213}9 ). Liquiritin, nodakenin, hesperidin % glycyrrhizin
4590 Aol uish ¥4 vFE AR 21043, 2191+,
22,96 4 39.81¢l 717+ AEEUCHEFg. 2).

2

ol o

2Ago| 2MY HESH % MEFsH|

Liquiritin, nodakenin, hesperidin % glycyrrhizin 5 452 /3
Fol thale] T aHA(yFH)} EFEN FEFH)E AFS
2%k A} g A5 wol 0.9999 oo & 1.000 77k
& sk A JERSITE Tk o]5 ARl i3t HESHA
} AeFskA| o] M= 0.08~0.23 pg/ml 2 0.26~0.75 ug/mi=
7}z LRk th(Table 1D).

o

A5 FAR e S Fels] 9t sl5& A8 Ay
liquiritin®  92.11~105.68%, nodakenin& 100.56~102.53%,
hesperidin 98.04~102.79% % glycyrrhizin®] 96.14~100.65%
2 Uepon, AtEEaste 45 B 250% v|vEe® L}
ERSICH(Table TI0).

. Intra-day Inter-day
Spiked conc. — —
Compound (ug/ml) Observed conc. Precision Accuracy Observed conc. Precision Accuracy
(ug/mi) (%) (%) (ug/ml) (%) (%)
7.00 6.70 1.00 95.70 6.84 1.87 97.76
Liquiritin 16.00 17.66 0.29 110.40 17.45 1.08 109.05
32.00 31.23 0.07 97.61 31.31 0.21 97.84
2.00 1.98 1.52 99.00 1.97 1.34 98.57
Nodakenin 6.00 5.99 0.53 99.87 6.10 1.22 101.62
12.00 12.01 0.09 100.06 11.96 0.32 99.63
7.00 6.85 0.70 97.86 6.89 0.69 98.38
Hesperidin 16.00 15.85 2.50 99.09 15.48 0.78 96.78
32.00 32.11 0.59 100.33 32.28 0.16 100.88
6.00 6.15 1.36 102.48 6.15 1.99 102.44
Glycyrrhizin 15.00 15.07 1.66 100.45 15.04 0.99 100.25
30.00 29.94 0.39 99.79 29.95 0.21 99.84

J. Pharm. Soc. Korea
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Fig. 2 — HPLC chromatograms of a standard mixture (A) and Bojungikgi-tang sample (B) at 254 nm (I), 280 nm (II), and 335 nm (II). Liquiritin

(1), nodakenin (2), hesperidin (3), and glycyrrhizin (4).

45 /450 v WA} HEE Al it wiEA =7
I AR 25 A EEA) 1.00% 2D 1.50% o= 247 ok
S35k HEEAS YERIQITH(Table IV).
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Table VII - Analytical results (mg/g) of the four compounds in Bojungikgi-tang

Content (mg/g)

B(a;;h Liquiritin Nodakenin Hesperidin Glycyrrhizin
Mean SD RSD (%) Mean SD RSD (%) Mean SD RSD (%) Mean SD RSD (%)
1 3.92 0.04 0.89 2.28 0.09 3.97 4.14 0.04 1.08 3.39 0.02 0.70
2 3.85 0.06 1.54 2.32 0.04 1.71 4.15 0.04 0.96 3.44 0.04 1.27
3 3.85 0.02 0.51 2.27 0.09 4.07 4.19 0.13 3.11 3.45 0.10 2.83
ZF A= 0.16~1.99%2] AEFAaE VeRigch du AR=RY
2} NG B AEEAA} 3.0% ol FE DY
< HERHSIUK(Table V). D28
WESE SIS 1) st wAEtae FEA - BAE, JRAL AL p. 279
(2003).

Liquiritin, nodakenin, hesperidin % glycyrrhizin 5 4%°]
R tjste] S)E EARAM ] A XEATA <z} F o
B 24588~37043, “(l‘:/'kolx}‘# 4.98~10.19, Al M
5 1.05~1.83 9 #EE 1.76~22.91% %715 Ack(Table
VD).

~

SlakE M

HPLC-PDAE o|g3lo] H5ol/1e & 452 Al tiato]
ARE FA BAMoR FEE FAsIT 9 A At
liquiritin®]  3.85~3.92 mg/g, nodakenin®| 2.27~2.32 mg/g,
hesperidin®| 4.14~4.19 mg/g ¥ glycyrrhizin®] 3.39~3.45 mg/

g% ERTHTable VII).
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RUN
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3} glycyrrhizin, &1 2] nodakenin % 3] 2] hesperidin &
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oFE A, M2 p. 91 (2006).

3) Chung, H. G. and Song, J. S. : 2008 National health insurance
statistical yearbook, National Health Insurance Corporation,
Health Insurance Review & Assessment Service, Seoul p. 290
(2009).

4) Bak, Y. H., Huang, D. S. and Shin, H. K. : The analysis of
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medical clinics. Korean J. Oriental Med. Prescription 18, 43
(2010).
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ekki-to suppresses development of dermatitis and elevation of
serum IgE level in NC/Nga mice. Drugs Exp. Clin. Res. 29, 81
(2003).
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