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Quality Assessment of Ijung—tang Preparations Using a HPLC Analysis
Woo—Ram Ha', Jin—Hyung Park, Dong—In Yun, Jang—Cheon Lee, Jung—Hoon Kim~

Division of Pharmacology, School of Korean Medicine, Pusan National University.
Yangsan, Gyeongnam 50612, Republic of Korea

ABSTRACT

Objectives : Ijung—tang (IJT) is a traditional herbal formula and has been used to treat digestive diseases such
as abdominal pain, vomiting, and diarrhea, IJT consists of four herbal medicines, Ginseng radix, Atractylodis
rhizoma alba, Zingiberis rhizoma, and Glycyrrhizae radix et rhizoma, containing various bioactive compounds,
Quality assesment of IJT preparations was performed by analytical method for determining marker compounds,
Methods : Determination of seven marker compounds in IJT preparations was quantitatively conducted by high—
performance liquid chromatography equipped with a diode—array detector. The marker compounds were separated
on a reversed—phase C18 column and the analytical method was successfully validated. Chemometric analysis was
performed to compare IJT water extracts and commercial IJT granules,

Results . Limit of detection and limit of quantification values were in the ranges of 0.093-2.649 ug/mlL and
0.283-8.027 ug/mlL, respectively, Precisions were 0,30-3.87% within a day and 0,23-2,35% over three consecutive
days. Recoveries of the marker compounds ranged from 87.35—107.05%, with relative standard deviation (RSD)
values { 6.15%, Repeatabilities were < 1,20% and < 1.71% of RSD value for retention time and absolute peak area,
respectively, The results from quantitative analysis showed that the quantities of seven marker compounds of
IJT samples varied, as were found in principal component analysis and hierarchical clustering analysis,
Conclusions : The analytical method developed in the present study was precise and reliable to simultaneously
determine marker compounds of IJT, Therefore, it can be used for the quality assessment of IJT preparations,

Key words : IJjung—tang, Quantitative analysis, Method development, Principal component analysis, Hierarchical
clustering analysis
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WA oFejahg Rurt Eln Qe ma mshigel o2
SFNE 7HEE ARE o]85te] FUEE, HAAMEZY AgHE
2%, Wog3} vgA R a3t Qldm 2aso] gt

A g2 AFB|Atel A JuE, FERo, B 5 ohE Al
Foz AYS FEokr ou, A FJAE] ARgSh=
R IHIA BANLS 8 4% WLE tha wu|g Aot
=3, gebAle] A HEE yehhs ohe] He-gol
1994 27.79%14 2006°l= 1.94%71A] Fasta Ql=d],
ol TS| &' sHe R FAAE ABeHA] U= A
oulst= Aoz, olF A Hdder BFPA|, Eggol
oE Bd EE ofae] fig B4 Sol RuHcH’. Ed
F49Y #24 9A AR dE A=E FJEAT=H F
83 A3 ot & 4 Qo

|, HPLCE B3 318k £43} chemonetric statisticse=
iekx{ure] ERA | g o)1 it} Diode—array detector
E= mass speetrometry 59 BE717F 2EE 145 A
FZotE 789 (high performance liquid chromatography;
HPLO)E &8 A% W o8 2] gt B4 94 BF &
Aol AYE Qlar, olof Hste] FAZ 7WHA FHEA
(principal component analysis; PCA)2} A&Z #3EA
(hierarchical clustering analysis; HCA)Z o]-&3}o] stk
U EASHE Thekt HE) SeHE o) neh Evdow Bt
g3 ek,

mabs] 2 dAFolAe A FFEL U= Bty A-EAY
E4E vus R} megel A A A, W,
HEEo] X FAHEQl ginsenoside Rgl, atractylenolide III,
6—gingerol, glycyrrhizic acid, ononin, isoliquiritin,
liquiritin  § & 759 A&S 445t HPLCE °l&% &
ABARS g9st 7 AR & BAS Adsd 1
23 FAEEA(PCAT AFH FFEA(HCA) Y AT
He S8ste] By AN ey AL HaiAS
A &3t

(e

I. Az 2 3y
1. AdA=s
mrige] A Rl AZE(Ginseng Radix:), Hift
(Atractylodis Rhizoma Alba), #E(Zingiberis Rhizoma),
H®(Glycyrrhizae Radix et Rhizoma) 5& FE3A|HSAL
gt oA FAES FUsIAT B BEHAE AS
F3EH J= 57 IAke] EATGUAALAE ARESHHT

2, Al

HPLC 2418 $J3ll X|#A3821 glycyrrhizic acid, isoliquiritin,
ononin(®J4} Chem Faces; Wuhan, Hubei, China), liquiritin,
atractylenolide I(¢}4+ Chengdu Biopurify Phytochemicals
Ltd.; Chengdu, Sichuan, China), 6—gingerol, ginsenoside
Rgl(o]A} Wako Pure Chemical Industries Ltd.; Chuo—Ku,
Osaka, Japan) §& TFYsto] ARSI, 2+ ARFREY
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+=EE BF 98% oMol 7 AEAZRY e Es=
Figure 1o Uit

HXof AMSE HPLC 559 acetonitrile®} water= J. T,
Baker Inc(Center Valley, PA, USA)o|A FYU3IH L,
trifluoroacetic acid(TFA):= Sigma—Aldrich(St,.
MO, USA)ollA Fdste] ARGsHT
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Figure 1. Chemical structures of the 7 standard compounds in
liung—tang (IJT)

3. HPLC ¥4=4

BXof AREE HPLC Al2ElE auto—sampler, degasser,
quaternary solvent pump, % diode—array detector (DAD)Z
FA= Agilent 1200(Agilent Technologies, CA, USA)o|t},
AYo 2= CAPCELL PAK C18 column(250x4.6 mm, 5
um: Shiseido, Japan)& ARG H, £X= 35CE €4
sHTh AR FQH2 10 ulolflal, UV AE719 o2
205, 230, 250, 280, 360 nmZ AA3}Hct,

HPLC £4o|lA o]FAR> 4 1.0 mL/min2 (A) 0.1%
TFA in Water, (B) Acetonitrile® AMESIHOoH, BE4ZAL
Table 13} Zt},

Table 1. Compositions of Mobile Phases for HPLC Analysis

Time (min) 0.1% TFA in Water (%) Acetonitrile (%)
0 95 5
1 95 5
5 90 10
10 90 10
12 85 15
16 85 15
18 80 20
22 80 20
25 77 23
31 71 23
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32 72 28
40 72 28
80 35 65
82 35 65
85 95 5
90 95 5

TFA, trifluoroacetic acid.

4, BFgAe| 24

Glycyrrhizic acid, isoliquiritin, ononin, liquiritin,
atractylenolide I, 6—gingerol, ginsenoside Rgl § 7%
o RF=AY FAE BYHA S8t g mo BT
1000 pg/mL 5=9] stock solutione ZA|5}o] 4Tof| B
stct ARg Aol FAste working solutiong XAt
Agatect,

5. Birpig ARY 9 HAY 2A

by AR Sy B AN 8 g, Hilt 8 g,

H 8 g HE 4 o9& BEsHA st 300 mLe] 13}
THREYG A SEEEEATe] YolFa, RANE 2
=24o] 7H5% tAd SPWEMS-DM, uHs7],
digRl=)ollAl 100TAlA 24759t BFFETI] AUk

BHE 4% e 3EAURT H €L FEE 200 mge
&3] Aty HPLCSEY water 10 mLE 3715t 20
mg/mLe] =2 ZAS & 0.2 um syringe filter(BioFact,
g E st HHo 2 ARESHAT

5%9] iy T H|AAA = 400 mge FEsHA A
5l HPLCSH9 water 10 mLE 3715k 40 mg/mL
SEZ ZAIR T, 2 um syringe filter(BioFact, tatyl=)
2 of7isied Folow AMgls

)

) ElMM(linearity), Z&ESHA(limit of detection; LOD),
2 MEFSHA((limit of quantification; LOQ)

A4 (linearity) R WHA(range)= 7F ARYLY &
Wslel Hstel 6714 el it WARAS Bz PP
25kt AAdE AR AAl(correlation coefficient,
g Fte] A4S Bt

A 7AEo] AE3A (limit of detection; LOD) ¥ A3t
Al(limit of quantification; LOQE o2l 34 53) A
skt

LOD = 3.3 Xxstandard deviation of the response/slope
of the calibration curve

LOQ = 10 Xstandard deviation of the response/slope

of the calibration curve

2) H2M(precision) &M

AU (precision) A EAZE] gt 3714 F=(H5Z,
Z2n IED)E 7|ECE FFEHL WS HPICE &
Aty 2A3E Ho gt At EEHAHrelative standard
deviation, RSD, %S =3 H7lstgch U AU (intra—
day precision)}& Aol Y AEE 33 ol W S5t
oA AEEEA} ghoz FABIAY, 97t AU (inter—day
precision)2 Y A8E ZZ o2 IHEY oAl &3
gt A EEHA} o2 FASAT

3) 3l4=(recovery) &8

3|=&(recovery)s 5% AE(accuracy) 54 ZH2+
MR o2 71 =9 ARYEATE, LeE)S AR
A7kl B4 27| wet A8E 245ty 25 el
Tt E3E AROA FUKEE ABAPRY FEE A% &
39 FAE St ALk
[(detected
concentration) / spiked concentration) X 100]

s

Recovery(%) = concentration-initial

4) B2 M(repeatability) =X

aHEI HBEE A7 didt QEEA(repeatability)<
BEEHE 63 BHE FQot] WHI MBS AR WS
A EEH2Hrelative standard deviation, RSD, %)& 7|
Abste] ghelstgiTh,

FA BB M (principlal component analysis, PCA)T} A&
Z FXEA (hierarchical clustering analysis, HCA) 52
BAZ2IA R (ver, 3.1.1)'& o|g3te A=t

m Z2 3
1. ¥z 83

o] X FAJEQ] atractylenolide II, ginsenoside Rgl,
6—gingerol, glycyrrhizic acid, isoliquiritin, liquiritin %
ononind gt FAIEAE AAEH] {3 olFFY 71€7]
273 F5, UV AE33s 368ty £4& 2398k

o] EA o] 2R (. 5%(v/v) acetic acid7} T-&H waterd}
0.1%(v/v) TFA7} 89 waterE v|wdt 23}, Z+ peakyt
2250 ¥ 0.1%(v/v) TFAZ} 79 waterg o542
2389, 7187 2142 0.1%(v/v) TFAZ} /% water,
acetonitrile ©|-§sto] ThFet A@-E AA AAstATt

ARFEEY AT FS ERIste ginsenoside Rgl
205 nm, atractylenolide I+ 230 nm, glycyrrhizic acid
¢} ononing 250 nm, 6—gingerol® liquiritine 280 nm,
isoliquiritine 360 nm A oA Ztzt T3 A 45T

7708 AFBAGES0] T BN A EE=
slewl, Zole WA 95 AMgEc,
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Figure 2. Chromatograms of seven standard marker compounds
(A) at 205nm (A—1), 230nm (A—1l), and 325nm (A—Ill), and
llung—Tang(lJT) samples at a detection wavelength of UV 250nm
(B). 1, Ginsenoside Rg1; 2, glycyrrhizic acid; 3, 6—gingerol; 4,
atractylenolide Il ; 5. liquiritin; 6, ononin; 7. isoliquiritin,

2. B4 23

) ZM(linearity) - BHPl(range) X AESHAI(LOD) &
3

7709l EEE-o] thdt stock solutions= 6719 =&
slfoled il u&%am THe) BEEU HAo] et
oz FHAEW, 0.9996904 0.99982]

2) ™M2UM(Precision) ™7}

Z} EEEA EHf’P °‘1HX4E‘=_‘ 93 7D AdiEE
A
o

3) 3|4~8(Recovery) E7}

7+ BFEA0 ARE W IEEoyo 3|458Le 87.35%
—107.05%2] ¥Y2 A= on, AYEZHIHRSD, %)=
% olst2 A=t
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Table 2. Linear Equation, Correlation Coefficients (/2), LOD ,and
LOQ for the Marker Compounds in IJT Water Extract

Com Wavelen Regression Range I‘Z }fg? I(f;}
pound gth equation (ug/mL) ml) i)
o y = 13,794x

Liquiritin ~ 280nm 1.88-60.00 0.9997 0.609 1.844
— 6.5234
. y = 37.552x
Ononin 250nm 0.31-10.00 0.9998 0.093 0.283
— 3.5393
Isoliquiri y=11411x
. 360nm 0.94-30.00 0.9997 0.273 0.827
tin — 2.7027
Ginsenos y = 1,7448x
. 205nm 7.81-250.00 0.9998 1.687 5.113
ide Rgl +0.0229
Glycyrrhi y = 4,3135x
T 250nm 15.63 - 500.00 0.9996 2.649 8.027
zic acid — 28,79
6—Ginger y = 8.3951x
280nm 1.88-60.00 0,9998 0.700 2,121
ol —3.7511
Atractyle y =19.671x
. 230nm 0.63-20.00 0.9997 0.264 0.801
nolide 1 —3.4248

LOD, limit of detection; LOQ, limit of quantification; y, peak area
(mAU); x, concentration of compound (ug/mL).

Table 3. Intra— and Inter—day Precisions of the 7 Marker Compounds
in IJT Water Extract

Intra—day (n = 3) Intra—day (n = 3)
Test
Compound conc, Ob=ery Precisi Accura Obeeoy Precisi Accura
ed ed
(ng/mL) on cy on cy
RSN U BN C) BN ) N (1)
(vg/mL) (ug/mL)

7.50 7.91 2,31  105.46 792 2.14  105.58

Liquiritin 15,00 14,39 1.91 95,91 14.37 1.77 95.82

30.00  30.21 0.30 100.68 30.21 0.28  100.70

1.25 1.32 2.66 105,52 1,32 2.35  105.36

Ononin 2.50 2.40 2.19 95.86 2.40 1.93 95.98

5.00 5.03 0.35 100.69  5.03 0.31 100.67

3.75 3.96 2.05 105,67  3.96 1.77  105.72

Isoliquirit

i 7.50 7.18 1,70 95.75 7.18 1.47 95.71
in

15.00 15.11 0.27 100.71 1511 0.23 100.71
31.25  29.71 3.87 95.06  29.72 2.33 95.10

Ginsenosi
62,50 64.82 2.66 103.71  64.80 1.60 103.68

de Rgl

125.00 124.23  0.46 99.38 124,23 0.28 99.39
62,50 64,77 1.11 103.64 64.09 0.68 102.54

Glycyrrhi
X 125.00 121.59  0.89 97.27 122,62 0.53 98.09

zic acid
250.00 251.14 0.14 100.45 250,79  0.09 100.32
7.50 7.84 3.17 104,51 7.90 2.62 105.33

6—Ginger
. 15.00 14,31 3.32 95.41 14,40 2.15 96.00

ol

30,00  29.99 2.05 99.96  30.20 0.34  100.67
2.50 2.63 2,38 105,13  2.64 2.19 105.70

Atractyle
5.00 4,77 2.54 95.34 4,79 1.81 95.72

nolide I

10,00  10.02 1,37 100,23 10.07 0.29 100,71

Conc., concentration; RSD,
relative standard deviation (%) = (SD/mean) X 100.
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Table 4. Recoveries of the 7 Marker Compounds in IJT Water Extract

7V =91, atractylenolide I IJTO5S A&tz 7

Original ~ Spiked  Detected - oo o sieRe Bt i IRAA|(JTO1-1JT05) oAM= s
Compound (“m;’;‘ll; (am;"mmls (am}'ﬁf) ) @) FZEHT} isoliquiritin®} glycyrrhizic acidS A|LJst ZE
(I3 (I3 (I3 }
AAEANA o H2 o]l AEH UL
4.00 3.73 93,32 1.32
Liquiritin 18,74
8.00 7.33 91.61 1.83 Table 6. Quantification of the 7 Marker Compounds in IJT Samples
1.00 098 9845 091 Com Content (1g/mg)
Ononin 1.19 pound
900 Lo1 9564 337 WT0l  LT02 LT3  WTo4  WT05  LJT06
9,00 5,01 100,32 0.88 quirign 0428 0127 0483 0048 0155 0.529
Isoliquiritin 6.08 +£0.002 0,000 0003 +0000 +0,001 +0.004
4.00 3.78 94,40 0.48
onon 0.137 0050  0.112 0,023 0023  0.315
nonin
20.00 21.41 107.05 6.15 +£0.007 +0,001 +0.001 +0.001 +0.000 +0.003
Ginsenoside Rgl 36.73
40,00 37,47 93.68 3.45 Isoliqui 0,119 0,035  0.274 woa 0.043  0.120
i £0,001  +0,001  £0,000 £0,000  +0.000
80.00 72.34 90,42 0.46
Glycyrrhizic acid 159,19 Ginseno 1,763 0,130  1.898  1.039 1.168  2.393
160.00  139.76  87.35 0.32 side Rgl +0.065 +0.029 +0.074 +0.021 +0.030 +0.021
6 o] s 5.00 4.58 91.62 3.7 Glyeyrr 8,078 2455 12,111 5685  4.048 10,280
—Gingero 3 .. .
10,00 0.6 96.51 0.9 hizic acid 0,004 +0.077 +0.032 +0.005 +0,007 0,009
0.094 0.902
2.00 1.90 95.10 1.87 ) woq  <LoQ : LoQ ND :
Atractylenolide I 3,27 Gingerol +0.001 +0.002
4.00 4,08 101,96 0.33
Atractyle 0.029 0.123
] L . LOQ LOQ LOQ LOQ
RSD, relative standard deviation (%) = (SD/mean) X100. nolide Tl +0.001 +£0.001

4) B2 AM(repeatability) Z7t

BEEEH tig jEAY Hries wEE A gz
Aol st AJHFFHHRSD, WHLE e, HF
2.0% ol5t2 2=,

Table 5. Repeatabilty of the 7 Marker Compounds in IJT Water
Extract (n=6)

Repeatability (%, RSD)

Compound
Retention time (n=6) Absolute peak area (n=6)

Liquiritin 0.12 1.16
Ononin 1.20 1.40
Isoliquiritin 0.08 1.15
Ginsenoside Rgl 0.08 1.71
Glycyrrhizic acid 0.10 0.17
6—Gingerol 0.10 1.14
Atractylenolide 1T 0.09 1.06

RSD, relative standard deviation (%) = (SD/mean) X100.

3. Bibig Al W Eipig TAAel 4
NERE RFEA

O 0
Table 6ol w2, g g FE2E0JT06)A 7714
AFEGE F glyeyrrhizic acid7b 7Hg &2 S HIAAL,
atractylenolide WM< &&Fo] 7HY Rt AlwtEl= B
I A(IJTOI-IJTO5) ol % &A] glyeyrrhizie acid®] &eFo]

The average content is represented as mean =+ SD.

LJTO1-05, LJT granules from Korean manufacturers; LJT06, LJT
water extract from laboratory;

{LOQ, under the limit of quantification; ND, not detected.

E3 Mg A9 FEE2 Mg AR A8
A B2 ZolE Erh Liquiritin® 4 1, 1084~}
11.029], ononing A 2 30~Ft] 13,704, ginsenoside
Rgl2 & 1.26W~Fd 18.418i71A] AR FEEA =
A EFEAT}. Isoliquiritine Hiryg IGA F 1JT039014]
FUSA AY FEBHTE 2,284 ¥4 SHHYL, LJT04]
e BFEALOQeoIstY FHol 3= en, JT04E Al
e YA ZFA s L 1,0180~3 438717 A" S
EZ=o4 A &Ho] FHUo. Glycyrrhizic acid= IEA|
FoAdE LA T304 A FEEHET 1,184 =4
SRR, YA Aol 4 1 2480~Fd 4, 1284714
g FE2EA A Yeldth 6-Gingerol#} atractylenolide
M #ryg A 5 1JT037 [JT06S AlLlsta LOQeIsH]
ol Ugken], 3] 1JT059] 6-gingerol> H&E A ¢kt

4, BAEA

ZA BB M (principal component analysis) 23}, principal
component 1(PC1) scoreo] &J3] IJTO1, IJT03, IJTO6L
negative PC1 scoreS YERH WHH, 1JT02, 1JT04, IJTO5+=
positive PC1 scoreE Bl Negative PC1 score?] Al 7}A]
My A2 PC2 scored] 93] thA] positive PC2 score
(IJTO1, 1JTO03)Q} negative PC2 score(IJT06)Z ¥ i,
2] negative PC1 score?] H3Zof| 771K X|®AEo] FokS
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ulF3, I % ginsenoside Rgl, 6—gingerol, liquiritin®]
IJTO62] negative PC2 scoreol, UMA| AESo] [JTO1Z}
1JT039] positive PC2 scoreo] QG u|i Ao 2 vehth

-2 -1 0 1 2
1 L L L

uTo3

Atractylenolide Il

0.4

— w

Glycyrrhizic acid

S_uToL
AN

soliquiritin
Ononin

0.0

PC2 (23%)

=
—Ginsenoside Rgl

-0.2

-0.4

—6-Gingerol
Liquiritin

LT06

-06 -04 -0.2 0.0 0.2 04 06
PC1 (71%)
Figure 4. Biplot of principal component analysis of IJT samples.

AlZEZ FH-E A (hierarchical clustering analysis) Z23%=
24EEA0] 239l SRR height 4 ofsiolA 27 2
JE(1JT01, IJT03, IJT06/IJT02, 1JT04, 1JTO5)2 WHIIL,
height 2 ZAollA] THA] FLE(1JTO1, 1JT06/IJT04, IJT05)E
Ui

Height

:ﬁ% -

Figure 4. Hierarchical clustering analysis of IJT samples.

1703

T2

104

1105
1101
1JT06

v, 2 #

= oFd et (A oD A R (A F L FFPA LA A|2015
—96%)ol| o3t g ETPAR|AAE F AFE 24 F
ginsenoside Rb13} H# AXAAF = glycyrrhizic acid®] &
7] ARQEE Tl TS I 5 e AR VA=
Utk 2 dFolx= #Hg AR AAY 45 B 9
A gl Rt oA goA ANGE ARGES
Z3sto] Bag RS AEAFER HES glycyrrhizic
acid, ononin, isoliquiritin, liquiritin, ##2] 6—gingerol,
AZ9] ginsenoside Rgl, Hifte atractylenolidell 5o sl
HPLCE ©]&% AFEAS AASIL, 2 AAE A&
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9] FF S ks Y8l ke FAdEol g AR
H1 Qs FAEEAT ASHZYEA 9HS o] gstant?,
= B4 Adal, #ggy d9 FEET AFY feEH
= Hig ZEHAA 7Y EEEH oigt d=FRfelrt
A vebdt diFE2e JEESo| Mg Y FE2EA
Al ARG B2 o] HEEA, E3] 6—gingerold}
atractylenolide M2 tjHE9] A A LOQ ©l3t= W
2 TFE HolAY HEHA g2 LR Hol AY FE=
THel F Aot T RS BT 5 AT, B FHE &
A Ay, g ARAAE 2R 2 B2 1 ¥,
g Y FE2EL o|ET AFoR "olA s EXE

L on|2 FAE BAATMAY mhyg g 2E5E0] i
A HPAe nls) AgAez g2 2L FAEHE AL
oA, FAE EX9] PCl scored|A] Hol= B39l n}
A7IAZ heigh 4 olstelA] 2ol A UL &, Hh
% Ag 22EL 1JT02, 1JT04, IJT059} o2 1&S A
rozn AEel Aol *e oz FlEH?

oerze ostd a% U AEAHA {8 faAT
PHAE Frste] AP UAE AR AP BAE B
slo] Hwie TR} oJofEo] FHE Ho] AEHoR §EH
ofof gt = ojerEozA UM Y% AWE Ueh)7]
ML BEekE Az o 2@ I3 EABY7}L L5Ho]
o SoRA|o] AS thkgh RS9 BNl gk o
22 3T glo] o EF| thoret AL FRetn e B
ofg}, 7]¢o] SUg Fore] ALo= AkA|, A, 1%,
A7) 2 zAEEe] weby E-o) Ak Zolzt ok,
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