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in Yijin-tang by HPLC-PDA
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ABSTRACT

Objectives : Yijin-tang has been used in the treatment of gastrointestinal diseases such as irritable bowel
syndrome, gastritis, and gastric ulcer. In this study, a high-performance liquid chromatography (HPLC) method
was established for simultaneous analysis of six compounds, liquiritin, glycyrrhizin, hesperidin, 6-gingerol,
homogentisic acid, and 3,4-dihydroxybenzaldehyde in Yijin-tang, a traditional Korean herbal medicinal preparation.

Methods : A Gemini C18 column was used for the separation of six constituents at 40°C. The mobile phase
using gradient elution consist of two solvent systems, 1.0% acetic acid in water (A) and 1.0% acetic acid in
acetonitrile (B). The flow-rate was 1.0 mL/min and injection volume was 10 ug. The detector was a photodiode
array (PDA) detector set at 254 nm and 280 nm.
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Results : The calibration curves of six compounds showed good linearity in various concentration ranges (R?
>0.9997). The limits of detection (LOD) and limits of quantification (LOQ) were 0.028 —0.192 ug/mL and 0.093
—0.540 pg/mL, respectively. The RSD (%) of the intra and inter day validations were 0.03—0.84% and 0.05
—1.00%, respectively. Recovery was 96.14 —01.90% and RSD (%) was less than 1.5%.

Conclusions : The established simultaneous analysis methods will help management to improve the quality of

Yijin-tang.

Keyword : Yijin-tang, HPLC-PDA, Validation, Simultaneous determination
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Fig. 1. Chemical structures of six compounds in Yijin-tang.
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Table 1. Solvent Gradient Conditions for HPLC-PDA

Analysis
Final time (min) Solvent A* Solvent BY
0 90 10
35 35 65
45 0 100
50 0 100
55 90 10
70 90 10

*A: 1.0% acetic acid in water, TB: 1.0% acetic acid in acetonitrile
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enzaldehyde= 0.16—20.00 pg/mL, liquiritin
< 0.78—100.00 ug/mL, hesperidin 2.34—
300.00 pg/mL, glycyrrhizin® 1.56—200.00
ng/mL 2 6—gingerol 0.16—20.00 pg/mL
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Fig. 2. HPLC chromatogram of a standard mixture (A) and Yijin-tang (B) at 254 nm (I) and 280 nm (Il). Homogentisic acid (1),
3,4-dihydroxybenzaldehyde (2), liquiritin (3), hesperidin (4), glycyrrhizin (5), and 6-gingerol (6).

“HGe FHE SAEAY AT (2) Add A7t
(1) XA HEHA D A — P59 homogentisic acid, 3,4—dihydro—
sy BAMS EYE peak areaftd F xybenzaldehyde, liquiritin, hesperidin, glycy—
L2 o] gal A AT A3 ARAF () rrhizin 2 6—gingerol®] retention time¥} peak
= 0.9997 ol o2 wjg- Fugh AAdS BAh area ¢k 34 27 65 A gk RSD (%) #t
AEFA L} AFAAE 0.028-0.192 pg/mLo} °] 0.3% 2 1.05% o= %33 AAHLS Ve
0.093-0.540 pg/mL= Z}2} Lebskt} (Table 2). Wt (Table 3).

Table 2. Calibration Curve, UV Wavelength, Linear Ranges, LOD, and LOQ of The Six Compounds

Compound UV (nm) Range (ng/mL) Slope Intercept R2 LOD* (ug/mL) Loqt (ug/mL)
Homogentisic acid 280 0.39-50.00 7617.16 1201.58  1.0000 0.164 0.546
3,4-Dihydroxybenzaldehyde 280 0.16-20.00 44446.41 2140.37 1.0000 0.028 0.093
Liquiritin 280 0.78-100.00 15843.78  5047.46  1.0000 0.062 0.206
Hesperidin 280 2.34-300.00 17306.90 34306.60 0.9997 0.055 0.184
Glycyrrhizin 254 1.56-200.00 7054.21 4765.25  1.0000 0.144 0.480
6-Gingerol 280 0.16-20.00 5820.81 397.28 1.0000 0.192 0.640

*LOD: limits of detection, TLOQ: limits of quantification
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Table 3. Repeatability of Six Compounds in Yijin-tang

Retention time (min)

NO. (#) Homogentisic acid 3,4-Dihydroxybenzaldehyde Liquiritin Hesperidin  Glycyrrhizin  6-Gingerol
1 5.381 9.182 14.443 16.567 30.294 31.539
2 5.389 9.168 14.448 16.569 30.377 31.547
3 5.364 9.152 14.451 16.569 30.411 31.540
4 5.396 9.164 14.460 16.581 30.423 31.547
5 5.380 9.164 14.448 16.572 30.424 31.542
Mean 5.38 9.17 14.45 16.57 30.39 31.54
SD 0.01 0.01 0.01 0.01 0.05 0.00
RSD (%) 0.22 0.12 0.04 0.03 0.18 0.01
Peak area (mAU)
NO. (#) Homogentisic acid 3,4-Dihydroxybenzaldehyde Liquiritin Hesperidin  Glycyrrhizin  6-Gingerol
1 378777 880075 1570447 5138560 1398561 115519
2 381491 889091 1586619 5191365 1413436 116541
3 385475 901275 1607300 5251360 1431354 118311
4 385754 899334 1602554 5241496 1428181 118148
5 385752 896578 1600608 5229781 1426908 117944
Mean 383449.80 893270.60 1593505.60 5210512.40 1419688.00 117292.60
SD 3177.38 8708.72 15014.39 46215.69 13654.60 1214.88
RSD (%) 0.83 0.97 0.94 0.89 0.96 1.04
(3) 3¢5 A ¥ e EAHE o83 B 6714 A%
R AGAS FA) Ao GAE BE ARl take]l EARAS FAste] gES )
2 (liquiritin, hesperidin, glycyrrhizin % 5t 52 AxE A& t8ke] homogentisic
6—gingerol) & 3714]9] T2 AJEo] &w — acid®} 3,4—dihydroxybenzaldehyde® 7HZo] =
BRgsAl =l Horete] SFEAES Alge A7, A ke, liquiritin 4.22—4.38 mg/g, gl—
liquiritin® 97.34—99.58%, hesperidine 96.17 yeyrrhizing  6.67—6.70 mg/g, hesperidine
—96.43%, glycyrrhizin® 98.57—101.90% % 10.77—10.92 mg/g & 6—gingerol< 0.10—0.14
6—gingerol 96.94—99.76% HY = YEFS: mg/gl. 2 HEH AT} (Table 6).
RSD (%)= 257 1.5% o]tz WERsT (Table 4)
(4) B4 H7} v.A =

22 0.05—1.00%= L}E}wu}
(%) #hol 5% 1.6% ©]3t= <
3}t (Table 5).
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Table 4. Recovery of Four Marker Compounds (n=3)

Compounds oris:r:/'nflgnc'* Spi(';‘;‘/':ljnc' Df:tzri? ‘ Re?;‘;e"y sD T"i I)J
(ug/mL)
8.00 52.66 99.58 0.69 0.69
Liquiritin 44.69 19.00 62.96 97.34 1.32 1.36
38.00 82.13 98.52 0.34 0.34
20.00 129.80 96.37 0.74 0.77
Hesperidin 110.52 50.00 158.74 96.43 0.21 0.22
100.00 206.69 96.17 0.70 0.73
10.00 75.90 98.57 1.08 1.10
Glycyrrhizin 66.05 25.00 91.06 100.05 0.40 0.40
50.00 117.00 101.90 0.22 0.21
1.00 2.52.00 99.05 1.65 1.67
6-Gingerol 1.53 2.00 3.47.00 96.94 0.96 0.99
4.00 5.52.00 99.76 1.38 1.38
*Conc: concentration
Table 5. Precision of Four Marker Compounds (n=5)
Intra-day Inter-day
Compounds Spi(l:::l:ln(‘:l-o)nc. Observed Precision Observed Precision
Conc.* SD Conc. SD
(ug/mL) (RSD%) (ug/mL) (RSD%)
8.00 8.24 0.05 0.63 8.16 0.06 0.74
Liquiritin 19.00 18.57 0.06 0.32 18.64 0.07 0.35
38.00 38.17 0.02 0.05 38.15 0.02 0.06
20.00 19.88 0.07 0.33 20.00 0.09 0.46
Hesperidin 50.00 50.19 0.21 0.42 50.09 0.25 0.49
100.00 99.93 0.12 0.12 99.95 0.13 0.13
10.00 9.90 0.02 0.21 9.88 0.05 0.51
Glycyrrhizin 25.00 24.68 0.03 0.12 24.74 0.03 0.13
50.00 50.18 0.02 0.03 50.15 0.02 0.05
1.00 1.00 0.01 0.84 1.01 0.01 1.00
6-Gingerol 2.00 1.98 0.01 0.45 1.96 0.01 0.62
4.00 4.01 0.01 0.13 4.02 0.01 0.24

*Conc: concentration

77



Chstetol 5t BiR| st3| K| H21# 15 (20131 6F)
rmula Science (HFS) 2013:21(1):71-79

I
o)
g
g

Table 6. Contents of Six Compounds in Yijin-tang (n=3)

Compound
Homogentisic acid 3,4-Dihydroxybenzaldehyde Liquiritin
Batch
(“4:2’) SD RSD (%) Mean (mg/g) ) RSD (%) (":1:";‘;’) SD F({; E)
1 ND* - - ND - - 4.38 0.02 0.37
2 ND - - ND - - 4.22 0.01 0.12
3 ND - - ND - - 4.35 0.01 0.30
Compound
Hesperidin Glycyrrhizin 6-Gingerol
Batch
(“:1:75) SD RSD (%) Mean (mg/g) SD RSD (%) (“rfzi/’g) SD '?;?
1 10.92 0.01 0.05 6.70 0.01 0.09 0.14 0.00 1.62
2 10.77 0.01 0.08 6.67 0.01 0.11 0.10 0.00 3.52
3 10.89 0.01 0.08 6.70 0.00 0.06 0.13 0.00 3.56

*ND: Not detected

of various particle size. J Chromatogr A.
2002;949:217—-23.

=

Eoto] B gigk ASS A ) . Park YK, Row KH, Chung ST. Adsorption
FAEAYH SYS B kAo 43 characteristics and separation of taxol from
V| ZARZ AEE § S AR AR HT vew tree by NP—HPLC. Sep Purif Technol.

1. Kang DH, Row KH. Fractionation of soybean
phospholipids by preparative high—perfor—
mance liquid chromatography with sorbents

78

2000;19:27-37.

. Choi SM, Chung HJ, Yoon YS, Lee MY, Choi

HS, Sung HJ. Studies on the administration
of the quality of herbal medicine. J Korean
Oriental Med. 2000;21:99-112.

. Choi JG. Studies on standard analysis method f—

or herbal (oriental) medicine. Globalhealth—
care Co LTD. 2009.

Hur J. Donguibogam. Seoul:Namsandang.
2007:134.

. Jin SM. Taepunghyemin—whajegugbang.

Beijing:People’s Medical uPublishing Housse.
1985:141.
Lee JK, Seo CS, Jung DY, Kang KS, Shin



249

9] 391 : HPLC-PDAS o] &3 o] 2% % 6% Ao /24
Kim et al., Simultaneous Analysis of Six Compounds in Yijin-tang by HPLC-PDA

HK. Systematic studies on Yijin—tang(Erchen
—tang) for establishment of evidence based
medicine. J Orient Neuropsychiatry. 2010
;21:77—86.

8. Ji HC, Baek TH. A comparative study of

Pyeongwi—san, Ijin—tang and Pyeongjintang
extracts on indomethacin—induced gastric
mucosal lesions in mice. J Korean Oriental
Med. 2011;32:102—-17.

. Shin IS, Lee MY, Seo CS, Lim HS, Ha HK,
Shin HK. Yijin—tang,

formula

an oriental herbal
reduces ethanol—induced acute
gastric injury in rats. J Appl Biol Chem.

2012;55:197—-204.

10. Fumihiko K, Shin I, Yuhki S, Hiroki I, Ma

79

11.

12.

saharu T. The effect of nichin—to on plas
ma gut—regulatory peptide level in h— ealth
y human subjects. J Health Sci. 2005;51:172
-7.

Hong ND, Chang IK, Ryu SK, Kim CM. St—
udies on the efficacy of combined prepatation
of crude drugs. Kor J Pharmacogn. 1985;
16:26—31.

Hong ND, Chang IK, Kim JW, Ryu SK, Kim
NJ. Studies on the efficacy of combined
preparation of crude drugs (X X1I) — effects
of Yijin—tang on the digestive system and
isolated uterus. Kor J Pharmacogn. 1985;
16:73—80.





