KA wEask A304 A3E (20159 59)
Kor. J. Herbol. 2015 ; 30(3) : 19-24

ISSN 1229—1765(Print), ISSN 2288—7199(0nline)
http://dx.doi.org/10.6116/kjn.2015.30.3.19.

FoFA| Al HPL-19] F432Y AL
AR, e enizie, o), ARF

UHPLCE o] &3 22 3

ok

dgita

o5t}
Development of Quality Control Method for a Novel Herbal Medicine, HPL—1 using UHPLC
Se—Gun Kim#, Ramakanta Lamichhane, Kyung—Hee Lee, Hyun—Ju Jung*

Department of Oriental Pharmacy, Wonkwang University, Iksan 570-749, Korea

ABSTRACT

HPL—1, a novel herbal medicine which is composed of five herbs such as Kalopanacis Cortex,
Chaenomelis Fructus, Raphani Semen, Atractylodis Rhizoma and Pulvis Aconiti Tuberis Purificatum, was
developed for treatment of osteoarthritis, This study is aimed to develop analytical method for consistent quality

Objectives :

control of HPL—1 and validate chromatographic method,

Methods : Chromatographic analysis was performed using ultra—high performance liquid chromatography —
diode array detector (UHPLC—DAD) equipped with RP—amide column, column oven, and auto sampler. Marker
compounds [protocatechuic acid, chlorogenic acid, liriodendrin, 3,5—dicaffeoylquinic acid, S—D—(3—O-sinapoyl)—
fructofuranosyl—a—D—(6— O—sinapoyl)glucopyranoside and benzoylmesaconine] were separated by step gradient
elution of acetonitrile and 0.1% phosphoric acid/water. The method validation was evaluated by quantitative
validation parameters of linearity, accuracy, precision, limit of detection (LOD) and limit of quantification (LOQ)
according to KFDA guideline,

Results : An optimized method for six marker compounds in HPL—1 was established by UHPLC—DAD, The correlation
coefficient (RZ) with each calibration curve was greater than 0,99, The LOD and LOQ® were within the range of
0.008—0.090 and 0.023-0.274 pg/mlL, respectively. The relative standard deviation (RSD) of intra— and inter—day
variability were less than 4.0%. The result of recovery test was range from 93.3—106.3% with RSD < 4.0%.
Conclusions : These results suggest that the quantitative UHPLC method is precise, accurate,
quality evaluation of HPL—1, The method may also contribute to improve quality of crude drug preparations

used for treatment of various diseases,

effective for

Key words : Herbal medicine, quality control, UHPLC—DAD
A E == YR Aoz onH s FELY FoE 7
27} FeA T Yoy’ 44 Fo 7&’—‘1, 4 Fol Tt
om7|&e e A, P TLE Ut HAS ARE T H|AHROIEA AR, 2HIRO|EA AA, I
go| F7tEo] 2026W@ole S uhEte] 654 ol &=RIjAG7t SFoteE)lA ZEAA & 9 T, "IA A g 59 Bz
AR QAT wlFe] 20%8E 2 Ao APHL Y. T ge Y Aoz A A, oo FAREA
23t ARz HolEHA AW, FF, SWEET 22 =9U4 Ueh}s Bzkg o aslslda 7|7 Besiolx obd Al
Ao wAe] Z7tEo] AHE)H EAZ QAEL gon B eaAHe sqE 4 gt HARS AR Musie] TpEY

3l Eud(osteoarthritis) = WA w2 <ddt] 7Ol AmAE AUsigch HPL-1e F4 2HAY SRR
o] 43 $57 BHe AN FUTL dol Ae d

*Corresponding author : Hyun—Ju Jung. Department of Oriental Pharmacy, Wonkwang University, Tksan 570—749, Korea
- Tel ¢ +82-63—-850—6814 - E—mail : hyun104@wku.ac kr

#First author : Se—Gun Kim, Department of Oriental Pharmacy, Wonkwang University, Iksan 570—749, Korea
- Tel @ +82-10-9505—-2597 - E—mail : kimsegun@gmail com
- Received : 27 April 2015 - Revised : 26 May 2015 - Accepted : 27 May 2015



20 K H R ROB @ 5k — Vol. 30 No. 3, 2015

ZTEE ABAZ AREEHE DAY FAE(celecoxib) B} Z%
4 2FEI} 953 BIRHAAR A5 D #EG A
2o ARERE it (Kalopanacis Cortex), BIHI(IEE)E =
718 H50R)S AASH=s AM(Chaenomelis Fructus), Al
Zo] J7(fR)E Hote KEEPT-(Pulvis Aconiti Tuberis
Purificatum), 71G)E B3 st A AE HH7HA 3t
£ i1 (Raphani Semen), AY(#E)ZES 3= At
(Atractylodis Rhizoma) S 5714 k= A= 9l
tt, &2 doM+= HPL-1 $efAAle] dod g s 7|9
+ e /S Mg AAE HAse kARt
o} AEAES HASte UHPLC(ultra—high performance
liquid chromatography)S %3t EXHL stz 351
o BEAY dadoldS Aty BPAdE SEske FA
o AIAE FEES AR WdE ek FEHEE ¢g
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1. AJek

BAAYo] A3 MeOH, MeCN % H,Ox Burdik &
Jackson(Muskegon, MI, USA)AI®] HPLCHE &9iE ARE-
3}g 3 protocatechuic acid(1), chlorogenic acid(2), %
3,5— dicaffeoylquinic acid(4)= Sigma—Aldrich(St. Louis,
MO, USA)AL, benzoylmesaconine(6)2 Chromadex(Irvine,
CA, USAAIA FYU3tHe™ lirodendrin(3)E Fddidn
oFgttfst APs neRRE Fgutol ARgSoh f-D-
(3— O- sinapoyl)fructofuranosyl—a—D—(6— O-sinapoyl)
glucopyranoside (5)& T e FZ2ES ODS column
chromatography(®]5-4} ; MeOH : HoO = 50 : 50)¢} silica gel
column chromatography (¢4} ; CHCl; : MeOH : HO = 73
127:10, 3F)E AP RMES AAIBIEeH IE
9o gty 7z 27 wwsle] S F AmHRO
2 ARSI ARAECE AgH IREY sy

%%+ Figure 13} Zt},
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Fig. 1. Chemical structures of six marker compounds (1-6).

2, 247171 & =3

HPL—-1 AAEAS €)5lo] Agilent(Santa clara, CA, USA)
A9l auto sampler, column oven ¥ diode array detector”}
ZF2k=E] UHPLC 1290 infinity 2a2 ARSI Advanced
materials technology(Wilmington, DE, USA)AF?] Halo

RP—amide(2.7 um, 4.6 x 150 mm) ZAAL A&t
A FAE 1-59 UHPLC B42748 94 1.3 ml/min, FYF
4 uL, HEI 210 nm, FHELE 457T0qlen, o542
(A)0.1% HsPO,, (B)MeCN9| &aiE AM&sld (A)96—95%
J0-TE, 95-94%:7-16 B, 94-90%: 16—-17H, 90-86%
D 17-308, 86-80%; 30—42%, 80%: 42—-45Ro2 BA3}
gy ABAE 62 9<% 1.5 mL/min, 2YF 4 uL, AS
o 230 nm, AHLE 45ToI9eH, olFAE AFAHR
1-59] EXo] Argst Fdst LR (A)95-88%:0—4
B, 88%:4—10%, 88—80% ; 10—258c 2 AHAslglct,

3. HPL-19] A=

HPL-1& FA3H= 571A] kA % A (Kalopanacis
Cortex), A(Chaenomelis Fructus), FdF(Pulvis Aconiti
Tuberis Purificatum) 37}FA] SFFE 4(400 g) : 4(400 g)
11100 g9 FHHE FPStY 50%EtOHZ &ML
o, UMz HEF(Raphani Semen)@t Zifu(Atractylodis
Rhizoma)Z 2(200 g): 1(100 g)¢] FHFH|E Zdlste &
2 FES 4 282 25 um FEE Aisie] 42
T 60T olstillAd FAEFS HPL-1 ARAAE Az
stgon EYARE  (F)EA%(Jeonju, Korea)o2H

Bl Sk Aol A3

4, BHNE U B2 A=

HPL-1 AAS XFAAE 1-55% 50% MeOHE A}g-5}1o]
2z} 20 mg/mL, 1 mg/mLe =7} H=& HET 29}
£ 0]&3lo 6087 &3 T 0.45 um PTFE membrane
dHE o]&sto] Astgon, NEAPE 69 42 HPL-1
AA 15 g& 3% FEYoleRE 50CoA 608 250t &
2% ¥ CH:CLE 23t Y 5% & 5 mg/mL
(MeOH)E TEo] EAMo] ARgsilct, #EFOE ARES
1-62 5714 FE2 FA3te] Aol A3ttt

5. 4H A3 (Method validation)

HPL-1 AAEAH] efFAS HES] 95l &2k
EbHR 9] RYok/TeAIA| Q] B Z2uld Y spol=elel'o)
ot ) BAPE(1-6)9] 57HA] st 2RE ZAYH HF
29| ABALR)Z Hd4 (linearity) S HEsFPIL, 24T
AT F2E9| UV AFEHS v|wsl] So|4(specificity)
< Brhetsch. Ad4(precision) A4 #M4 W 371K
FEollA dui(intra day) @ ¥7Hinter day) EEFRIE =
ste] A BEZHAHRSDR) 2 AL Brlstgon, FaH4g
(accuracy) A=l 37H] FE=E 718t 3j5&(recovery)
2 st #AE3A(limit of detection, LOD)2} A#aHA|
(limit of quantification, LOQ)+= of|¢] 4] o]&s}o] At
e

HAESH =33 X 6/S
MRS =10 X 0/S
(0: 3|FHEMOIN yEEHO| EFMEXL S : M| 7127])
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1. 249 33t

HPL-1 AA W AL UV & AESHAY 85
AL 7= FREE VE0 R Sl AAIE A= 5F
o] ek = AMEEE protocatechuic acid(1)?, FA=
B chlorogenic acid(2)”, WK =S liriodendrin(3)'’,
3,5—dicaffeoylquinic acid(4)'”, #iliT-2%€ g-D—(3—0-
sinapoyl)fructofuranosyl—-a—D—(6—O-sinapoyl)
glucopyranoside(5)'?, F#BHF-=2E]  benzoylmesaconine(6)"”
< AFAQELE Ao datd FEAE g HFEA

< 7Rk’ MeOH, MeCN 59 f7]-€11<} pH HIHE
Z buffer 59 thoFst ujxA 9 C18, RP—amide’} 3
H Y & AMgst oldHel EHxAS AESHT A
FAE 1-55 RP-amide(2.7 um, 4.6 X 150 mm) ZAIS
45CE FABtL o] 5L E2A MeCNH 0,1%H3POss AHE
92 o AE9F 210 nmollA AZE FH3} 1.5 o449
g EEes IR 4 dded 1-59 #EE AR
F2b 488, 1518, 2518, 389%, 39.68°|cH(Fig.
2A, 2B). ABAE 62 gZRol=A IRER 1-59 4
ZANN= AEHA ot 3% dRYol+E o] &3 gL
E F29E AHEst BHAEE ARSI er 1-5 BAx
79 A9, AYXEE FYsHA AAHT & MeCNH 0.1%
HsPOsZ& ©]5/4 22 ARgste] 69 Ad S=ub3<l 230 nm
2 AGs9E o ABAE 62 13,68 AEHNeH =
=S Ve Aoz ZlEkFig. 2C, 2D), R
HPL-1 492 AAE A5t 571K ek =28 Y
oA AFYES FTsHA Eelst 14 ey HAd ¥
ARl 7hsstathFig. 3). ARAGR 1-69] «Zve £4
HYAEZ(HPL-1)3} #FEZ2] UV spectrum(200—400 nm)<
Hlaste] 4] AXAREE gRlegon, BE AEA
2olX FLe spectrum 2 UERGTHFig. 4).

ol
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Fig. 2. UHPLC chromatograms of HPL—1 exiract (A), standard mixture
(B), CHCl> fraction of HPL—1 extract (C), and benzoylmesaconine
(D). protocatechuic acid (1), chlorogenic acid (2), liriodendrin (3),
3,5—dicaffeoylquinic acid (4), f—D—(3—O-sinapoyl)—fructofura—nosyl
—a—D—{6—0O-sinapoyl)glucopyranoside (5), and benzoylmesaconine (6).
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Fig. 3. UHPLC chromatograms of individual plant extract of
HPL—1. Kalopanacis Cortex (A), Chaenomelis Fructus (B), Raphani
Semen (C), Atractylodis Rhizoma (D), and Pulvis Aconiti Tuberis
Purificatum (E)
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Fig. 4. UV spectra of six marker compounds (1-6).
2. ¥4 73 (Method validation)
1) EM&(Linearity), ZESHALimit of detection)

) =
gl H2kSHA|(Limit of quantification)
HPL-1 AA 20 mg/mLelA FAEEHe £4W4EEY
o3 W3E aste] NBHE 1-69 S=HAE
3.13-50, 6.25-100, 12,5-200, 2.5-50, 3.13-50, 3.9-125
ng/mLE A7gste] HAAE 2Pt & HFHoRHE 4
28 AASER) e EAs NS E@rekich
I A% 2E AFEAYEONA 0.9996 o] et AAdE
Uetioer HPL-1 AA W A#ZEE AFE 5+ S+
A (y=ax+b, y:IHIWF, a:7]&7], x:EAY
AEZY FE, biyEE)E st AEAGZE 1-69
AESTA(LOD) 9 AFIALOQ= 0.008-0.090 ug/mL,
0.023-0.274 ug/mLe HHAZ Uefo] u|FY FZofA
= A& 9 HFo| 7Meet A2 FRIEIHTable 1),
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Table 1. Linearity regression, limit of detection (LOD) and limit of
quantification (LOQ) for six marker compounds in HPL—1.

Wik Regression equation$ R2 T 1o LoQ
compound (ug/mL)  (ug/ml)
1 Y = 43.30x — 8,90 0.9998 0.008 0.023
2 Y = 3.44x + 5,01 0.9997 0.014 0.042
3 Y = 20.30x + 22.42 0.9999 0.087 0.263
4 Y =2.16x + 1.42 0.9996 0.055 0.166
5 Y =9.82x + 1.77 0.9999 0.075 0.227
6 Y = 1.55 + 3,55 0.9996 0.090 0.274

Y, peak area: x, standard concentration (ug/ml); 'R% correlation
coefficient; protocatechuic acid (1), chlorogenic acid (2), liriodendrin
(3), 3,5—dicaffeoylquinic acid (4), B—D—(8—O-sinapoyl)—fructofura—
nosyl—a—D—(6—O-sinapoyl)glucopyranoside (5), and benzoylmesaconine (6)

2) Aol MalM(Precison)

ARGE 1-69) A WY W 37K F=(5-100 ng/mL)
£ AAsl Ay AYAl(intra day precision)dt UZHinter
day precision) AEAS B7FstHch I 2 AEYES
o duiws 9 dwiste AHEEHER 0.04-3.53%<
0.18-3.64% A== 4% ulute] groz ZAEjo] HPL-1
EAzAL 949 FAUAE Uehlie A= FIEHG
(Table 2).

Table 2. Precision data of each analyte in different concentrations

Intra day Inter day

Marker Conc,
compound  (ug/mL)

Mean +SD  RSD(%)" Mean + SD  RSD(%)

25 24,52 £ 151 0,14 24,789 £0.20 081

1 12,5 12,38 + 0.75  0.14 12,46 + 0,03 0.27
6.25 6.33 £ 2,41 0.81 6.29 £ 0.02 0.65

50 48,28 + 3,53 1.06 49,59 £ 0.40 0.80

2 25 28,40 £ 1,97 1.15 24,82 £0.17 0.70
12.5 10.97 + 2,22 2.59 12,97 £0.47 3.64

100 102,95 £ 1.46  0.07 99.81 £0.18 0.18

3 50 52,05 £ 0.47 0.04 49,40 £ 0.60 1.21
25 29.37 £ 3.23 0.52 25,38 £0.38 1.52

25 24,47 £ 0.58 1.06 24,65 £0.34 1.41

4 10 10.08 + 0.66 2.58 10.05 £ 0,05 0.56
5 4,73 + 0.06 0.50 5.07 £0,07 1.51

25 26.30 £ 1.20 0.46 25,50 £ 0.50 1.97

5 12.5 12,17 + 1,07 0.88 12,28 £0.22 1.79
6.25 5.83 £ 0.36 0.64 6.07 £0,17 2.92

62.5 64,28 +0.49 0.48 63,48 £ 0.98 1.55

6 31.3 29,81 £1.35 2.70 31.81 £0.56 1.76
15.6 13.97 £ 0,97 3.85 15,87 £0.25 1.59

‘Conc: concentration; 'RSD: relative standard deviation.

3) Aol 3l+E(Recovery)

a B(1-6)9] ®EE HPL-19] 75t
Seg2a A (Accuracy)S BrisHHT. 1 ZAd A®
AE(1-6)9 35gL 93.8-106.3%2 WHAR ZHEHSY
o AHEEURE 4% vvre] FoE ESAE Fu
AE4E Hebllth(Table 3).

Table 3. Accuracy result of six marker compounds in HPL—1

Marker Spiked Measured RSD Recovery
compound amount(ug/mL) amount(ug/mL) (%) (%)
8.00 8.42 £ 0.22 2.60 105.3
1 4.00 4,15+ 0.08 1.87 103.8
2.00 1.94 + 0.03 1.46 97.1
15.00 14,07 £ 0.45 3.20 93.8
2 7.50 7.00 £ 0.24 3.45 93.3
3.75 3.99 £0.12 3.07 106.3
25.00 26.00 + 0.51 1.97 104.0
3 12.50 13.05 £ 0.28 2.16 104.4
6.25 5.92 £0.16 2.75 94.7
6.00 5.95 + 0,02 0.40 99.2
4 3.00 2,93 £0.04 1.21 97.6
1.50 1.44 £0.03 2.04 96.0
6.00 5.95 £ 0.02 0.42 99.2
5 3.00 2,99 +£0.01 0.22 99.6
1.50 1.47 £ 0.02 1.13 97.8
8.00 8.34 +0.17 2.04 104.2
6 4,00 4,20 £ 0.10 2.41 104.9
2.00 2.01 £0.01 0.32 100.6

3. HPL-1 A4 W &R 537}

UHPLCE ol8ste] o4 2 H3d 249 oR HPL-1
AA W AFAEoR HAT 1-62 EASn FAAo
=29 IAYRAS olgste 7 AR TFE BHUBHA
o, a2 Z3t AA W AEYE 1-62 0.61, 2,96, 2,97,
1.91, 0.63, 0.05 mg/g2 2 ZFzF AAEcHTable 4),

Table 4. Content of six marker compounds in HPL—1

Content (mg/g of extract)
2 3 4 5 6

Sample

HPL-1 0.605£0,021 2,960 +0.267 2,972 0,098 1910 £0,049 0,634 0,012 0.050 £ 0,004

n

SR 719e] Zthn si= A, A7), Al
34, AzxFH Tl sty FAES WIyt dojd £
om ol gk FEES A iEE FFAAY
Fag AsfAlrle folo] Hrlw FH? oo FAw
7l B FHEHAAL I=atEddge] g A&
By So] 1 Sttoz AMgEHT glen E3] HPLCY
Zre mznte gmuAR|e| UV/Vis(ultraviolet/visible), MS
(mass spectrometer), Rl(refractive Index), ELS(evaporative
light scattering) 53 T2 HAE7|E HAslo] ko] &
Agzte] g AgEm QY. A¥xas Sxowm
SRS o] 83t ATyt s AYPEHY 1 4ol dF
Hi 9low gtk 9 2712 ool deRE Eeldt
SRHAIAER HEE ok olHdt IAAES st
AEEo] ZEgEo] B 7t Auzgo| st ofaE
Uetlls Aoz d8A JAT FARAER B4R A

_22_



UHPLCE ©]8% M= SFAIA HPL-19] S2%H e 23

A Qo] gEidl UF AR f@ FwEyHez FAw
Z7t olReiARL glol AHF FaZ Iy ofEe A
Aol RAAY dwE FIWL R B Y5}
we A7t Y= ok Kim §Ve BUE Aw

AMEEE  FEEiSR(EfER) e 471K
6714 A JAAE9 AR AdE SAEEEES AL
Zr FEdo wE FFHIE SAstgoew, TEed
AREE SRRl Ul (ukseiEig) oA HPLC
£ olgstd FHEAHEE AT 2 A= 2
HEE XBAZ /fEE HPL-1 AAY 571K FAEHA=Z
FE ABAPEES 7 AAstn 24zAY HHIFE Yot
o] UHPLCE °]&3t¥tt, UHPLCE IgHe H=ZeoF 2
um JrEe 22 QAR FHE HPL AMgsial HPLCE
o 2 A e AERES 28T £ e 7IVIEA,
Miranda S22 welelo} 2A2 AFEEHE chloroquine
I} primaquine®] ¥4 UPLC (ultra performance liquid
chromatography)E ARE3sle] HPLCEUF Al&3HA] EAH
< FZHZsiglen, HPL-19 AgEA2 UHPLCY ¢Z
g AFTHE AR ¥al gZERo|lmA IRMES £
= Y= A HEAd IFEY B4 Ed Jhsd
RP-amide Z¥L AHgated™ z7Ag A siu. ®=3
A, AEA, B9 BAY HFS &% HPL-1 Al
Aol UHPLC-DAD EAHE FoFd 255 2AZ2 7
el SHeRAIAlY] ddE AL 2 SR E Ve
UE 7IZARRE &8 4 S Aozt A4,

Sy
o
19 o
i
S hia
2 1 L g

[o

=
il

ol
2

e

A=

=

ZEY XEAR E HPL-1 A protocatechuic acid
(1), chlorogenic acid(2), liriodendrin(3), 3,5—dicaffeoylquinic
acid(4), f—D—(3—O-sinapoyl)fructofuranosyl—a—D—(6—O—
sinapoyl) glucopyranoside(5) @ benzoylmesaconine(6)°] T
g UHPLC-DAD #A4Z3t= ofefjel it

1. RP—amide ZAYI} ACN/0.1%H3POs9] ol54E AR
SIS o ABAPE 1-62 1.5 o] =3t ez
£ Ueiio] Bz HH3E st

2. P B F44(0.99 o), Uil E Uzt FY
(5% o), 314-8(93.8-106.3%) AFS Fdto] 3
SE A

d

1o

o W HFE BAYE F8sto FFErE AT
A7} 3151 9] liriodendrin(3)°] 2.97 mg/gl2 HPL-1
AA W 7P wol =l AU
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