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Development and Validation of an HPLC-DAD Method for the Simultaneous
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Abstract — SPB-206 is being developed as an anti-obesity functional ingredient and is prepared by mixing hot-water extracts
of Artemisia annua L. and Taraxacum platycarpum H. Dahlstedt. In this study, we developed an HPLC-DAD method for the
simultaneous quantification of scopoletin (for A. annua) and chicoric acid (for T. platycarpum), which were selected as marker
compounds for the quality control of SPB-206. Method validation was performed by assessing specificity, linearity, accuracy,
precision (repeatability and reproducibility), and limits of quantitation in accordance with the Ministry of Food and Drug Safety
(MFDS) guideline. The developed method showed high specificity, with no interfering peaks observed at the retention times
of the two marker compounds in the sample matrix. The calibration curves exhibited excellent linearity, with coefficients of
determination of 0.9998-1.000 for scopoletin and 0.9999-1.000 for chicoric acid. The method also demonstrated acceptable
accuracy, with recovery ranges of 96.0—102.7% for scopoletin and 97.2—100.8% for chicoric acid. The repeatability, expressed
as relative standard deviation, was 0.665-0.791% for scopoletin and 0.903—1.235% for chicoric acid, while the reproducibility
was 2.006% and 1.022%, respectively. The limits of quantitation were determined to be 0.078 pg/mL for scopoletin and 0.344
pg/mL for chicoric acid. These results indicate that the developed HPLC-DAD method is suitable for the simultaneous quan-
tification of scopoletin and chicoric acid in SPB-206 and can be applied as a practical quality control method for this mixed

extract.
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AlgxlE — 4ol AFE-3F SPB-206 (A% 5.:SPB206-

250705-01)2 GF-2=dllol] Az 2|Z|5fe] ket Z1S A}

£33t} SPB-206 Aol AREE FEe A8 A ¥

B FE ALY AEE AR FEAZ AMSH |
E

& tdEelM Fsid e, Eax FgelM
Pt 30%7F H=5 7Pk AR F5F
© 2 ARE3E scopoletine Sigma-Aldrich (St. Louis, MO, USA;
Cat. No. S2500)114] +43F 3L, chicoric acide Chengdu
Biopurify Phytochemicals Ltd. (Chengdu, Sichuan, China;
Cat. No. BP0343)°ll4] T4 3F3itt. HPLC 4ol AR&8-3F
7187+ Thermo Fisher Scientific (Waltham, MA, USA)I4]
TA3H e, o] FA HVAZ ARE-3F trifluoroacetic acid
(TFA)= Sigma-Aldrich Korea (St. Louis, MO, USA; Cat.
No 1003795984)0l141 4813t Eol2~= Expe-CB UV90
Z254 AZFAI(MIRAE ST Co., Ltd; Anyang, Korea)s
o]-g-ste] A x313iTt.

HPLC #4=71 —HPLC 4> Agilent 1260 Infinity
HPLC system (Agilent Technologies, Santa Clara, CA, USA)<-
o]-g-ste] T si3iet. ¥4 ZH-2 INNO Cl18 column (4.6
x 250 mm 1D., 5 pm, YoungjinBiochrom, Seongnam, Koreay2-
AREEIoH, A 2EE 27°CE FAISIITE ol
0.1% trifluoroacetic acid (TFAYS &3t ©ol2(A)}
0.1% TFAS g3t methanol (B)S AH&-351th. AETE-
345 nm=Z AL, F42 1.0 mL/min, Y 20 uL=
ATt o] F FETHlE 271 B 10%elA] Al&bste]
1032714 B 20%, 40:27FA] B 29%, 703714 B 32%7} =
T2 Z7MAY. o1F TIENE 758714 B 100%S A
ato] AHPS MAT 5, 75,5800 27127020 B 10%2 57
Al713L 80%7HA] ESHA ZATH Table I).

HEEZMo| =X| — Scopoletin ¥ chicoric acid FFEZ
ZFz} 2.00 mg® 23] @o} 20 mL eIl ¥
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Table I. HPLC condition for the simultaneous analysis of sco-
poletin and chicoric acid

Time (min) Solvent A (%) Solvent B (%)
0.0 90 10
10.0 80 20
40.0 71 29
70.0 68 32
71.0 0 100
75.0 0 100
75.5 90 10
80.0 90 10
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50% methanol®l] o3 ZH2} 100 pg/mL 2] TEgdo 2
SISt 7 Y NS 50% methanol2 ]4]8F -, scopoletin
5 chicoric acid®] ¥ =7t 24H7F A7 F= Welol T
S SHREENS AN oM, o]5 W0l AIF
ol B 7l w= W= 9 A sielnh. 2A g F5
8912 0.45 pm membrane filter= 3¢+ & F2]of] ALg-3}

Algi899o| =X - SPB-206 % 40 mgS AU3] Lo}
20 mL F39Z2}239) Y3 50% methanol 15 mLE 718t
T 30%7F 229523519} ©]%F 50% methanolS 715}
BA7IA] 9 T, 045 um membrane filterZ2 o 7}5}]
A8 0 = ARg-aI3T.

0| ™I} —Scopoletin & chicoric acid FF83}
SPB-206 A]&]-g-91¢] HPLC 2rtE1 S v w3t 7t
A F4w F=2e] WFF A7 E UV spectrumrs: 218131
O AFEN F T 7] XA TR el o gt 7Hd
AR5 AESIAT

E|MM "It — Scopoletin 3 pg/mL % chicoric acid 20 pg/
mL =2 ETEFEN-S 50% methanolE THA| 8451
SN FEO] FF8YS AT FAIEEA S EFste]
HPLC 48 F3sl9om, 7t 558 93 WA o]8-314
AFAE A8t 89 e] A F 242 33 uks
YA, AEAFE)7F0.990 ©]31A] E13I T

HEr gt —Aoes 2TEE HA7ME o835k 3
7Fslath. SPB-206 Al8-8 % scopoletin} chicoric acid
TEE 7|F0R 7F AR 50, 100 E 150% ol slFshe
THEFEALS F/1EI) Blankes EFEFE il
50% methanols &L H7kele] AT FETE
NS H71ek A FEAT} blankelld P T Aol=
olgste] BFES AEaldlon, dHe] HFE 33| vk
TP

HUN "I — A2 viEAd 2 Aldg e R st
Bkt A2 thE F 24T 242 tE Al Yl o
2 HPLC % AYS AM8-3led SPB-206 A8 594
© =2 53] A 2 BT 7F BRI el 53] vke
4 Ayfe] A FFH2Krelative standard deviation, RSD)YS
HHEA 0 2 ARttt AP 7 AR Ak Bt
TS o83t A EFHALR 78T

s &8 — A=A (limit of quantitation, LOQ)=
AL 718719 ydH o FFHAE o] &3t AHE3t
At 24 AFAEe] 2E8AE Il e A5
FAS Ao, FFgde] A4 F FA42 33] b
& ettt J&sAle A
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FAe] ydH mFUAH (o)t
Hit 71871(S)E o]&3k] LOQ = 100/S2] 2ol w2} Al
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Scopoletin} chicoric acide= 3}8} FZ9} 0|23} EAJo] A
2 thEr, SPB-206%l= 7 AFAE o¢olE HEo 23
FolA Frefgh ohest Aol A SAg webA] T A
EATY AE e} FH vjER A AR fe] S
S arefete] A2 AT

T ARG A A S A flsie
FET=29 UV spectrume FA3IAT. Scopoletin
230 nm % 345 nm F-2o|A T3-S eERA 2| chicoric
acide= °F 220 nm ¥ 330 nm 24 F4E deERTH
(Fig. 1). 7 4% 25 9ubg 990x -3 veplloy,
AT YN = ANE T A Ao 53] A et
A F0] ARl Aol oj it ¥hA 345 nmolA=
scopoletin?} chicoric acid’} BF HZE 212 H, SPB-206 A|
A& wo]2RRIE BlwA QPgA o g fA|=HUTt. o9
345 nm= HF HAEdor Aol

o] Aol 7EE 5528 5 scopoletin
ARREA 285 A} FLH 74 o5 HA)= deionized
water (0.1% trifluoroacetic acid), 71 ©]%& 3B} methanol
(0.1% trifluoroacetic acid)= A tATt? sl 271 SPB-

10 N

20601 -8-3F & chicoric acidS X33+ F XA FH
EY A AJRe] B S AEsi o5 2 2 T

Tl 2718 AT

T 2702 27 f§718v BlEd T A EARe] &
SHE e TSR dAR 2 HESINTE 1 A3}, 2]
methanol H]&-2 10%= AA31aL, scopoletin?} chicoric
acid’} §& %= 7710l 4= methanol B]-&o] &1s1A| Z7}
SIEE 2718 AT HEHO=E ol Be 27
10%91141 Al=Fate] 10827F4] 20%, 4057FA] 29%, T0%7HA]
32%7F H=S ST ©1F- BE 100%= S7H A 24
S A3 U 7] 20 R Bsle] E3MAZtK(Table I).
oY AEE MO R F ARAATY HE H el A
g B 278 AT FE 220 F3ex 27C,
AZ3 345 nm, §% 1.0 mL/min 2 4% 20 pLE 3}
S} s 27194 scopoletin} chicoric acid®] M5 Al
e Z17F 42,05 2 653507 RN o, F X FAHELS
TR T EE R glo] HEEe AS ERIsktkFig. 1).
olel ¥ =713 SPB-2062] A #AdEel e BAxdos
skt

E0|M —Scopoletin 2 chicoric acid £33¥ =83} SPB-
206 A13-8-4¢] HPLC AZrHETRH S Hlwste] 439
Eo]dg 71ttt SPB-206 AlE-8-Hol|A] scopoletin 2
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Fig. 1. HPLC chromatograms of scopoletin and chicoric acid and their UV spectra. (A) HPLC chromatogram of the scopoletin—
chicoric acid mixed standard solution; (B) HPLC chromatogram of SPB-206; (C) UV spectra of scopoletin; (D) UV spectra of

chicoric acid.

chicoric acide E3RFEY 3 FU3
A=A}, =3 BFEZA SPB-206 A F
A3 E-2] UV spectrum?- H] w8 A3} 52
Hepll o, = A2 #F-EARE 790
SRIF)A] ATHFig. 1). WA 2 FAHS
scopoletin 2 chicoric acid®] 7l 25}sh
2o g FRI=Unt

ZM4 — SPB-206°1 ¥l scopoletin B chicoric acid®]
FFES yElsle] 7 AEe] AAA BA n Wols MAsly]
t}. Scopoletine 0.1875-3.0 ug/mL, chicoric acid= 1.25-
20.0 pg/mLe] F% WA 2zt 57 o] TR
© zA|EIlom, AL 33] uiale] 2Pl B A}
scopoletin & chicoric acid®] ZAAAGFEr= ZHE 0.9998-
1.000 2 0.9999-1.0000.2 8215 S{Th(Table 1I). 5 435 =
T ARS S HAA ABAIT 0.990 ©1de] TS 5
Zofod, -89 FES} 9= WA 7ol S5 Aol
FRI= AT

Mt _Bxdo] A= TFEZ H7PHS 0] 835
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chicoric acid

ol 8l

4 0.75 ng/mLE 37819391, chicoric acid= 2F 2.5 pg/mLE
Z|EoZ 125,25 ¥ SugmlE F7FEd. AE A3
scopoletin®] Hvt F]5E&S 99.5%HNoH 3|5E W=
96. 0—102 7%i e} AOAC 7}°lﬁﬁ}<ﬂ4 100 ppm ==
3& 7120 90-107%F RSt Chicoric acid®] Y+
382 98.8%N oM 38 W= 972 100.8%2 &2l
o] AOAC 7Iol=a1e19] > 0.1% 5 358 7]5¢] 95—
105%% 2313 UH(Table III). wWEbA] & 2208 SPB-2062]

A 373421 scopoletin & chicoric acid g #oll 3et 45}
=S e o s ddEdit

HUY - BAY] UGS A B Qe R i

sto] Frlsiitt. M= te 7 2427 2447t & HPLC

| AHS ARS-ste] T el SPB-206 A1A-8-H2 53] ut

E —*. stem, 7k EAAke] Wk B4 Aol that g

A 2} (relative standard deviation, RSD)YS HH2-A o 2 Ak
FOom, T 847} 7k Ashe] FTHEZHAHRSD)E A
Aoz yrislich

4 A7}, scopoletin®] ¥HE/3-2 RSD 0.568-0.824%%
Uehtom &g RSD 1 955%; 1At o= AOAC

rﬂL 1~
% o )
3 rL

7ho]=2119] 100 ppm 7 7155901 RHEA 5.3% 2 A A
8.0% °JUIE sl @J%Olﬂr Chicoric acid®] HHE-d2

RSD 0.918-1.085%, #1342 RSD 0.968%% LEFL O™,
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Table II. Linearity of the HPLC-DAD method for scopoletin and chicoric acid

Kor. J. Pharmacogn.

Linearity of scopoletin

Repetition No Range (ug/mL) Regression equation r2
1 y = 75.281x + 0.3652 1
2 0.1875 -3 y =75910x — 0.7124 0.9998
3 y = 77.149x — 0.6057 1
300 300
y=75.281x+ 0.3652 y=7591x-0.7124 y =77.149x - 0.6057
Rz=1 R?=10.9998 Rz=1
200 200
100 100
0 @
1 2 3 1 2 3 0 1 2 3
Linearity of chicoric acid
Repetition No Range (ug/mL) Regression equation r
1 y =72.807x — 1.0878 1
2 1.25 - 20 y = 72.696x — 6.0886 0.9999
3 y = 73.248x — 3.8905 1
1600 1600 1600 R
y=72.807x - 1.0878 y = 72.696x - 6.0886 y =73.248x - 3.8905
1200 R2=1 1200 R2=0.9999 1200 R>=1
800 800
400 400
0 & (U
0 5 10 15 20 5 10 15 20 0 10 15 20

Table III. Accuracy of the HPLC-DAD method for scopoletin and chicoric acid using the standard addition method

Repetition No.

Added concentration of scopoletin (ug/mL)

0.1875 0.375 0.75
1 102.7 101.9 97.3
2 101.8 96.0 99.5
3 98.3 100.8 97.5
Mean (%) 100.9 99.6 98.1
Total Mean (%) 99.5
Range (%) 96.0 — 102.7
. Added concentration of chicoric acid (pg/mL)
Repetition No.
1.25 2.5 5
1 98.9 100.0 98.3
2 100.8 97.2 98.9
3 98.3 99.2 97.3
Mean (%) 99.3 98.8 98.2
Total Mean (%) 98.8
Range (%) 97.2 -100.8
AOAC 7Fo|=ER19] > 0.1% g 7121 ¥4 3.7% 4 SPB-2062] A|3E/dE-<1 scopoletin & chicoric acid “g ZFll
ANEAD 6.0%S THESITH(Table 1V). whehA] £ A2 A AU S 2= A= AdE
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Table IV. Precision of the HPLC-DAD method for scopoletin and chicoric acid

o Scopoletin Chicoric acid
Repetition No.
Analyst A Analyst B Analyst A Analyst B
1 0.351 0.363 2.598 2.596
2 0.353 0.367 2.610 2.589
3 0.352 0.360 2.581 2.559
4 0.348 0.366 2.527 2.614
5 0.354 0.366 2.585 2.562
Mean (mg/g) 0.352 0.364 2.580 2.584
Repeatability SD 0.002 0.003 0.028 0.021
RSD (%) 0.568 0.824 1.085 0.813
Mean (mg/g) 0.358 2.582
Reproducibility SD 0.007 0.025
RSD (%) 1.955 0.968
Table V. Limit of quantitation of the HPLC-DAD method for scopoletin and chicoric acid
The limit of quantitation (LOQ) for scopoletin
Repetition No Range (pug/mL) Regression equation e
1 y =75.281x + 0.3652 1
2 0.1875 -3 y =75910x — 0.7124 0.9998
3 y = 77.149x — 0.6057 1
Mean of slope (S) 76.113 Standard deviation of intercept () 0.485
LOQ (10 x o/S) 0.064
The limit of quantitation (LOQ) for chicoric acid
Repetition No Range (pug/mL) Regression equation I
1 y =72.807x — 1.0878 1
2 1.25-20 y = 72.696x — 6.0886 0.9999
3 y = 73.248x — 3.8905 1
Mean of slope (S) 72917 Standard deviation of intercept (o) 2.047
LOQ (10 x o/S) 0.281
MESHA| - Scopoletin} chicoric acid®] A FeHAl= A a4 B

el 712719F yAH e FEAAE o5t AHEsisitt
Scopoletin 0.1875-3.0 pg/mL, chicoric acid= 1.25-20.0
pg/mLe] %= WelolM 27 Fi ko] EdRFEAS
ZA|BIR on, A2 33] vHEste] 2PdsisiTt.

2 A3}, scopoletin®] A 7187] Hd-S 76.113,
ya¥e] BFHAR= 04852 YEPoH, o] ngoz
2=t A= 0.064 ug/mL‘RiE} Chicoric acid®]
AN 7187 Ha-S 72917, ya dH o] TFHARE= 2.047

o7 FRly] 1°iﬁ AFIAE 0.281 pg/mLE AHEH AT

(Table V). o]oll wjg} & A2 SPB-206 5 scopoletin
9 chicoric acidE A&7l SEe s 2he 202
SRI= AT

B A-ollA = SPB-2062] X343+ scopoletin} chicoric
acidE shte] EAxolA Ao AHFE 4 A= HPLC-
DAD #4198 7dstal. ool thgk AT dejvloldS
Tt & v‘f—’#‘ﬁ% 2| Fo| FEPAA A ks
771625 7154 95 AL Sz AlEAs 244 7t

o]= (2025 8Y; 5= E: ShllA-0769-08)1 e} So)4d,
24, Aete, A9 2 AFHAIE Hrlelanon, He=
2 A ] A= T 7ol =ollA AAIsk= AOAC 7]
= A8kt

AT Eld o] A3, SPB-206 A1 88 olA] scopoletin
2 chicoric acide EFEFZENT TS HEEA7IA

O
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3}sha 548 zk= scopoletin?} chicoric acidE 54190 &
o=t A3et A o2 AT Scopoletin chicoric acid
= 77t SPB-2069] 19 €lE<] J5ok £3FolA el
Ao, dsATollA HIvE 9 A A} o] AdkE
xgﬂ%]-/\go] By u} 011-4. o]E AR Z%Ekx% :43]1:4
SPB-2062] 918 2 Azeke] 7+ T4 7L Shske
& Zlog AddEn B3 F AFES 9Y
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=221=
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