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Abstract — Fine dust has emerged as seriously hazardrous particles, which can cause respiratory and cardiovascular diseases.
Thus, we have developed a natural complex extract consisted of Codonopsis lanceolata (Siebold & Zucc.) Trautv., Platycodon
grandiflorum A. De Candolle, and Glycyrrhiza uralensis Fischer in the ratio of 3 : 5 : 2, which have a beneficial effect on respi-
ratory system. In this study, simultaneous quantitative analysis of marker compounds, lobetyolin, platycodin D, and glycyrrhizic
acid in the natural complex extract was developed and validated with high performance liquid chromatography-photodiode
array detector. The marker compounds were shown in a large linearity with a correlation coefficient (R?) of 1.000. The limit
of detection (LOD) of lobetyolin, platycodin D and glycyrrhizic acid were 5.40 pug/mL, 3.94 pg/mL and 5.86 pg/mL, respectively.
The limit of quantification (LOQ) of lobetyolin, platycodin D and glycyrrhizic acid were 16.36 pg/mL, 11.94 pg/mL and 17.75
pg/mL, respectively. The content analysis revealed that the amounts of lobetyolin, platycodin D, and glycyrrhizic acid were
0.039+0.013 mg/g, 0.337+0.048 mg/g, and 1.171+0.003 mg/g, respectively, in the natural complex extract. Therefore, these results
could be used as basic data for the standardization and quality control of the natural complex extract.

Keywords — HPLC, Simultaneous quantitative analysis, Codonopsis lanceolata (Siebold & Zucc.) Trautv., Platycodon grandiflorum

A. De Candolle, Glycyrrhiza uralensis Fischer
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Y'Y (Codonopsis laceolata(Siebold & Zucc.) Trautv.)<
Z5EI| &3l thadA 28] JIFAER I+, T,
Y5 s Hels 2EoR o]gsith Y gye &
T (HIE), =), s @), ATiE), 29 30H%)0l
F5o] Qom0 g 1 ghatsl 1Y) ek Fo] S E
HIEAT HZ Gy s FEE0] nAHbA = Qg
42 AT Ba AT mEbA] 2 AR 7
As EYE Y F7lel 715488 B 3571 4
AAET=S 7N
x20] FA4JE9 glycyrrhizic acide @48 gdeix] 2
JASP a7 RaE Rl o, 73 9] /3821 platycodin
= FETY R P FAaksl? g anrt dEA
QT HE o] A EAR®O 2 e lobetyolin'e &2}
kel gapyt Hojd Aoz By E wl Qi) wEha dats)
2 & a37F Barxo] o FAE<QI platycodin D,
glycyrrhizic acid, lobetyolin® 47, 7%, B4 9] A3+
© 2 77t HAA ST

Mg AAEFFZ29 F2HAY 7IES gtz
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Table 1. Conditions for HPLC analysis of natural complex extract

i)

2 Zgtated 23] 7IS) FEslal s5sl 598 R
T FENS 35 brixE 3|4 slo] Az

Aok & 17| — & ARA0lAM Ay, A7, Hxe] AFEE
S = lobetyolin, platycodin D, glycyrrhizic acidE Z+2t A}
L3190, A FAEE-S Chengdu Biopurify Phytochemicals
(Chengdu, China)l|l4] T+43F3Att.

E24S 98l WatersAHMilford, MA, US)2] 2695 HPLC
system< ©]-§3Fo] 4313 2™, detector= WatersAt<]
996 Photodiode Array DetectorS A}-8-3to] =4 313ich 4
&2 Phenomenex(Torrance, CA, USA)AFS] Gemini NX-
C18(4.6 mm x 250 mm, Spm)E AH8-5151 . 557 ]= Biotage
(Uppsala, Sweden)AF2] V-10 TouchE AH&-3}91o.m, 2]

£ 93 BuOH+= Samchun Pure Chemical (Pyeongtaek,
KoreaAFol|A] 9] sted ARE-51S

=4 AE & - F)LHrAo =25 E A|FRk
2 10 g2 A 3] 7t BuOH 10 mLE
AR 71(1,000xg)%= A4 22 5te] BuOHS
SlaL. V-1055715 o83t w538t SR 55
MeOH 10 mLol| ¢ 0.5 um syringe filterZ o 3}3}
AN EE ARSI
M =X - Lobetyolin, platycodin D, glycyrrhizic
acid 0.5 mgS 8E 3] F#g T MeOH=E 717} 500 pg/mL
o] FEE ZAISITE A A4S flste] ZHIMeOHE
o]-g3}ko] 62.5, 125, 250 pg/mLE THAIZ 0 2 8|4 519) 3,
0.5 pm syringe filter2 oJF}ate] A FFEH 02 AR
5=

HPLC M= - 94, %, 27 HdFE=0l &
71
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Parameters

Conditions

Analytical column
HPLC system

Phenomenex NX-C18 (4.6 mm x 250 mm, 5 um)

Waters €2695 LC system

Detector Photodiode Array Detector
Injection volume 10 uL
Temperature 25 C
Wavelength lobetyolin, platycodin D (210 nm), glycyrrhizic acid (250nm)
Solvent A : acetonit.rile o
B : 0.04% trifluoroacetic acid in water
Time Solvent
(min) A (%) B (%)
. 0 20 80
Mobile phase
20 30 70
22 50 50
30 50 50
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Fig. 1. HPLC chromatograms of the natural complex extract and its marker compounds. (A) natural complex extract (210 nm), (B)
natural complex extract (250 nm), (C) lobetyolin (210 nm), (D) platycodin D (210 nm), and (E) glycyrrhizic acid (250 nm).
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nomenexAF2] Gemini NX-C18(4.6 mm x 250 mm, 5um)<
AHEBIA L, ©] 5 A acetonitrile (A), 0.04%(v/v) trifluoro-
acetic acid in water(B)E AH&-3}¢] gradient 4] 31512
™, flow rate= 1 mL/min, injection volume> 10 pL=Z 3}
ATk Al o] &3 UV 382 T3 ool A Aol
o2 9] lobetyolin, platycodin D= 210 nm, glycyrrhizic acid=
250 nmm 2.2 47 sto 413 THSuppl. Fig. 1).

=AY WaMlolM - 2Fe]okEdA oA IAlg o] of
F o] 7tol=eele] wt SolA, HAAd, AE3
Al R A, AL, FEd o] BAH deEdeld s
RS

£ 0] M (Specificity) — 3£ = 2 (lobetyolin, platycodin D,
glycyrrhizic acid)o] B2 £ 39 7H4 glo] & A& o]
HEEEAE ARrETHS Sl Al o= SRl

| MM (Linearity) — 3£F=2 <] lobetyolin, platycodin D,
glycyrrhizic acidS MeOHel| &3l 3t Z}2}F 500 pg/mL &
=7t HEE AZ o F, MeOHE ©]8-3 62.5, 125, 250
pgmLE TA 20 2 5] 8te] HPLC w4 ol AH&-3k3itt.
33] WHEgk FA4 AFE vt o R 3709 FEEH gk
A AR, AFL y=ax+ba : AFA 71€71,
b:ya¥H, x 1 AlEO] T,y : peak®] HA)e] FE|= s}
Fom, PN S vi o2 JAAF(RY) wS Takal =
A B S8l FAAS ddsisi

HESHAH(LOD) ¥ MEFsHA|(LOQ) &3 - Lobetyolin,
platycodin D, glycyrrhizic acid®] #H&7153 H4& Fx=9
AFFse Ha 25 IRIsh] 23l ofefe] 5719 2
uke}l &3 (LOD)9H 4 F3HA(LOQ)E S48k

LOD = 3.3 x (o/p)
LOQ = 10 x (o/p)
(o: BFARL B ARAE] 7187])

rok

&t (Accuracy) H  E M (Precision) — lobetyolin,
platycodin D, glycyrrhizic acid®l] o] 3+ 4 &2 o] e} A
< A5 El v E4S 133t Intra-day teste
24717k oljel] 33] e S S AHE FHEFHAE +
A H718F AL, Inter-day tests T2 A3, o242}
7} 33 WS4 A2 3O FEAXHRSD%)E Fal 4

DASH 78k, A EEAAF Frel 3.00% oWl 7B 5

=

S AL T Qo BT,
st ]
(=]

YEA oY, 27, 429 AARRFEE) BHE
& AH9 T TES E¥E HPLC-PDATAREA S ©]
g3lo] E-23311 ). lobetyoline 31.25, 62.5, 125, 250, 500
pg/mL, platycodin D= 62.5, 125, 250, 500 pg/mL, glycyr-
thizic acid= 125, 250, 500, 2000 pg/mLe] T =2 243}
of dojzl ¥ THF ke ZHE Ho]Zstandard curve?] 3
AR 22 F3) lobetyolin, platycodin D, glycyrrhizic

47

50|4(Specificity) &2l - HdFE& AEE HPLCE
A A2vtEaddA g3 WEE AS 44
lobetyolin(12.7 &), platycodin D(21.7 i), glycyrrhizic acid
(25.6 F)oll 4= =0tk MeOHol| &8l 5le] A %3 F55
ZE HPLCE #43t azrfeadlolA 3 MEg A7k
Z}7} lobetyolin(12.5 ), platycodin D(21.7%), glycyrrhizic
acid(25.8 2yl AZE AL BFEEH S ARvtETH I} B
FFEE AR ARnEIHS vl W, e 22
o] 714 flo] i EAES] HEAIZI] AR ERIsHA
H(Fig. 1).

| MM (Linearity) B} —62.5~500 pg/mL H oA 47+
2] FE(62.5, 125, 250, 500 pg/mL)S 3uHEale] 7 2
FAA G (RHE ALYSFATE 2 A3} lobetyolin, glycyrrhizic
acid, platycodin D&] 74A57F 257 1.0002-2 F oyt 2]
A4S JERITHEFiE. 2).

HAE8HH(LOD) ¥ HEEHA(LOQ) &F - A =3H
(LOD)E LOD =33 x (a/B) (o : EFHZ}, p: AHFAI] 7]
$7))e) Alzke 2 Aoiz o n], 1 Azt lobetyolin 5.40 pg/nL,
platycodin D 3.94 pg/mL, glycyrrhizic acid 5.86 pg/mLS
2 el A 3 (LOQYE LOQ =10 x (a/p) (o : 3F
2L B AL 71274 Aoz dojxlen, o
A3} lobetyolin 16.36 pg/mL, platycodin D 11.94 pg/mL,
glycyrrhizic acid 17.75 pg/mLo-2 1%l tH(Table I).

&4 (Accuracy) ¥ E X (Precision) W7} -3F A
FEol et BFEA ] S 2S5 flsf wkad
S APsisint. Fidge] ld 4719] w24 62.5, 125,
250, 500 pg/mLS 7122 1] Intra-day$} Inter-day testS
33] wHEsle] AP E Ao, F FZHXHRSD%) w2 T
st A S At 2 A7 Intra-day 2} Inter-day
RF3.00% olstE 43 A8 S Veh ATk B g
Aol A= intra-day= 27 lobetyolin 99.72~100.86%,
platycodin D 97.40~101.17%, glycyrrhizic acid 99.34~101.05%
o] H2E YeRN S H, inter-dayl 4]+ lobetyolin 99.81~
100.51%, platycodin D 99.91~100.89%, glycyrrhizic acid
99.36~101.78%2] ®$1E YERN AT Table III).

SEEIL - Y, 47, Ao AAEFFEE TH
H 3% AR E] TS HPLC SAEAHE o] 83t
EAstien, 2 43 AAEGFEE 1g T lobetyolin
0.039+0.013 mg, platycodin D+= 0.337+0.048 mg, glycyrrhizic
acid= 1.171£0.003 mg®] A S &1kl th(Table
V).

T
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y=1441.4x +918.1
Ri=1
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Fig. 2. Calibration curves of lobetyolin (A), platycodin D (B), and glycyrrhizic acid (C).

Table II. Calibration curves, coefficients, LOD and LOQ of three compounds

Compounds Linear range (ug/mL) Regression equation R? LOD (upg/mL)  LOQ (ug/mL)
Lobetyolin y =36301x + 147113 1 5.40 16.36
Platycodin D 62.5~500 y = 1441.4x + 918.1 1 3.94 11.94
Glycyrrhizic acid y = 8462.3x + 45807 1 5.86 17.75

Table III. Precision and accuracy results of three compounds (n = 3)

Intra-day (n = 3)

Inter-day (n = 3)

Concentration
Compounds (ug/mL) Mean + SD RSD Accuracy Mean + SD RSD Accuracy
(ng/mL) (%0) (%0) (ng/mL) (%0) (%0)
62.5 63.04 + 1.54 2.44 100.86 62.82 + 1.82 2.89 100.51
. 125 124.84 +£2.20 1.77 99.87 124.94 £ 2.75 2.20 99.95
Lobetyolin
250 249.30 + 3.06 1.23 99.72 249.53 £ 2.19 0.88 99.81
500 500.33 = 0.39 0.08 100.07 500.21 + 3.78 0.76 100.04
62.5 60.87 £ 0.79 1.30 97.40 62.88 + 1.87 2.98 100.61
. 125 126.46 + 2.22 1.75 101.17 126.11 = 2.65 2.10 100.89
Platycodin D
250 250.66 + 3.27 1.30 100.26 250.70 £ 3.23 1.29 100.28
500 499.51 + 4.54 0.91 99.90 499.55 + 7.12 1.43 99.91
62.5 63.15 £ 0.48 0.76 101.05 63.61 = 0.94 1.49 101.78
Glycyrrhizic 125 125.34 £2.72 2.17 100.27 124.20 + 1.76 1.42 99.36
acid 250 248.35 £2.13 0.86 99.34 249.25 £3.29 1.30 99.70
500 500.66 + 5.26 1.05 100.13 500.44 + 3.62 0.72 100.09
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Table IV. The contents of three compounds in natural complex extract (n = 3)

Contents (mg/g)

Sample -
Lobetyolin

Platycodin D Glycyrrhizic acid

Natural complex extract 0.039 = 0.0126

0.337 + 0.048 1.171 £ 0.003

4 =

HPLC FAIREA S st on, 5o, 244, 4
A, B, e, BEAd 58 Bt ARl
ol AlFS Xt AAEFFE= A
#3421 lobetyolin, platycodin D, glycyrrhizic acid®] 3] =1

dAstH, hE =] 1M fle AR oS 8l
AT 3% AFAE] FHAT 2 BT 10002 412

Ue AFAS GRS ADA H7A = Intra-day,
Inter-day 250141 RSD(%) 3.00% ©]3}2 $-=3F A4S
RIS B AR FFZE2] lobetyolin, platycodin D,
glycyrrhizic acid®] &2 0.039+0.013 mg, 0.337+0.048 mg,
1.171£0.003 mg® =2 SRI= AT webA], & AFE Fat
FHE ARl 57 N AAEdFEEY] F4

Aol 712AEE 28 7HeE o s AdEn.
AL A
A= 20229 % FAaA7| G FAQ7IEHE

9] 2] 53}4H] S HR&D, $3268791)” AF €]
< ol Y ATA A,

ooy e

2

Al
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olg =3
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Suppl 1. HPLC-PDA chromatograms of lobetyolin (A), platycodin D (B), and glycyrrhizic acid (C).
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