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Development and Validation of Analytical Method for Pectolinarin and
Pectolinarigenin in Fermented Cirsium setidens Nakai by Bioconversion
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ABSTRACT The aim of this study was to investigate a validation method for determination of pectolinarin and
pectolinarigenin in fermented Cirsium setidens Nakai. For validation, the specificity, linearity, precision, accuracy,
detection limits, and quantification limits of pectolinarin and pectolinarigenin were measured by HPLC. The results
show that the detection limits of pectolinarin and pectolinarigenin were 4.25 pg/mL and 2.46 pg/mL, respectively.
The recovery rates of pectolinarin and pectolinarigenin were high in the ranges of 99.7~104.0% and 99.7 ~102.4%,
respectively. Inter-day and intra-day precisions of pectolinarin and pectolinarigenin in fermented Cirsium setidens Nakai
were 0.9%, 0.5% and 0.5%, 0.2%, respectively. Therefore, application of pectolinarin and pectolinarigenin was validated
by an analytical method as a marker compound in Cirsium setidens Nakai.
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A B A E AEHES T3 a 1HgAH
S W75 AF 982 g A 459 1E5E At
1H YA F A EAEQ pectolinarin & pectolinarigenin

& ATE AAEH

2 AgolA AR 18 FH F (Cirsium setidens Nakai)
= A9E A 20146l Al RS ARSI &
5 A (purity=98.0%) pectolinarine Carbosynth(Comp-
ton, UK)ol A +¢18}%1 21, pectolinarigenin< Chengdu
Biopurify Phytochemicals Ltd.(Chengdu, China)ell A
Atk &l 2 AF8-3F acetonitrile J.T. Baker(Phil-
lipsburg, NJ, USA)ell A +33}+31 2, trifluoroacetic acid
+ Sigma-Aldrich Co.(St. Louis, MO, USA)ll A )38}
A}-8-319 ). Dimethyl sulfoxide(DMSO)+& Junsei Chemical
(Tokyo, Japan)oll A F-§13to] A}-&3Fdtt.
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vy 3P FF e /% pectolinarin 2 pectolinar-
igenin®] 415 $3k AlE 9] WA= Kim 5(30)9 W
= WEsto] Az 1HFAA APE HEE AR
5 g5 FE87]0 ¥i 80% ethanol 150 mLE A}-&35}¢]
70°C 270l A 317t RF= Qi) Z‘—-’F%%a filter
paper(No. 3, Whatman, Maidstone, UK)Z ]33t & 4°C
ol A overnight A X]8}al 5L filter paperZ A o 7}3k
oh2 3144 WF 5% 7](Tokyo Rikakikai Co., Ltd., To-
kyo, Japan)& A}&-3le] 5532l %2 A Z(shinbiobase
Co., Ltd., Dongducheon, Korea) 3F & A& o] A}-8-5}% T},
FEWHo W2 &2 1HIAF 0, 5, 19, 28, 52, 724
F g Eol A 5AIF HEELS 6%, 1 9 0, 19, 28, 52,
72X HFEL 10% % YEFS T} Pectolinarin® pecto—
linarigenin®] HPLC ¥4& Kim 5(28)¢] #¥ & W& 3o
AABIG o MR T2 F e BEEAS A4 3%
o} BX o] AFE3E 7]7]= Waters 2695 Separation Module
HPLC system3¥ Waters 996 Photodiode Array Detector
(Waters Co., Milford, MA, USA)& Z712 Table 13 &
o B8 columne Sunfire™ Cig(4.6 mm><250 mm,
5.0 um, Waters Co.)= AF&3}it}.
=MHo| REH H

HPLCE o]&3F #2145 & [CH(International Confer-—
ence for Harmonization) 7}0153}%(31)—5 SR sk

E o] A (specificity), 2144l (linearity), @A (precision),
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Table 1. HPLC conditions of pectolinarin and pectolinarigenin
analysis for fermented Cirsium setidens Nakai extracts

Instrument Conditions
Column Sunfire™ C18, 5.0 pm, 4.6 mm X250 mm
Detector Waters 996 Photodiode Array Detector
UV 340 nm
Column temp. 40°C
Time  0.05% TFA"  0.05% TFA in
(min) in water (%) acetonitrile (%)
0 70 30
Mobile phase 6 70 30
(gradient) 11 53 47
22 53 47
25 70 30
30 70 30
Flow rate 1.0 mL/min
Injection volume 10 puL
Run time 30 min

YTFA: trifluoroacetic acid.

A 84 (accuracy), =S| (detection limit, DL) % A&
3H7| (quantitation limit, QL)Z ©] &3} ¥stx oz 4
Hel Fads gdsisich

0
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7 FEES HPLCE #4% 5 chromatogramS- H| L3}
o] pectolinarin ¥ pectolinarigenin®] A& o &2 Fg]7}
=4 g13tl e PDA(photo diode array) spectrum
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X +E4 pectolinarin® %+ 31.25, 62.5, 125, 250,
500 pg/mL, pectolinarigenin® %%+ 15.625, 31.25,
62.5, 125, 250 ug/mL% A %3} HPLCE o]-&, 33] Hh&
=239l o chromatogramedl] g WA EEH| o
AE A AHAE AAdsta AAde Ao JaA
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7to 2 3YUZF AYES AL intra-daye 1Y 37 E U
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2 EA3GITE 248k dolzl WA A S o] &5t
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pectolinarin 31.25, 62.5, 125 ng/mL<} pectolinarigenin
15.625, 31.25, 62.5 ng/mLe] A 714 =& 77} A 713t
o HPLC® wAskalth. wAste] dojxl dats v A=
o]g3lo] 3|4&(recovery)® UEN]O] HPLC E4ulHe
gL s
(Cf_cu)
Ca

Cs: concentration of test sample added standard sol-

% recovery= =100

ution
Cu: concentration of test sample
Ca: concentration of standard solution

HAESHA 2 HaEFstA|
Pectolinarin ¥ pectolinarigenin® 7%
o

A 2
A= ICH Zhol=ehelell A ] v Aoz Aliksto]

Efi AT
Detection limit (DL) Quantitation limit (QL)
_ 3.30 _ 100
DL_iS QL_iS

o the standard deviation of the response
S: the slope of the calibration curve
#m % o
Pectolinarin & pectolinarigenin?| spectrum =2l
BEASS 53 1181977 pectolinarin® pectolinar—
igenin IO 2 F JEE TAlo BT 5 AE TAEA
z79] 2743t} SpectrophotometerE AR8-3F4 200 nm
H-E 400 nm7hA 9] FabgS 2218 A3 pectolinarin
9 pectolinarigenin®] H 4930 22 Aoz YEl
tH(Fig. 1). W2FA pectolinarin ¥ pectolinarigenin®]
S 340 nmE dho] #2313t Jeong 5(32)0l]
9)3}H pectolinarin & pectolinarigenins 332 nmol| 4] &
Aeleivta Raste] & AT Az}t fAke A &S e

EodE BEeE, FAE, 55 5ol 3% HlA
FANSEAS A9 or JIsi SAHAT 5 Ae Y
< oulgt e 549 1M glo] wElE o e o
Eold & dRletA dr). x4y g uHYJABAE F
=3 89 chromatogram® H|ud}4 pectolinarind}

pectolinarigenin peakS <13t A3} Fig. 29} #o] t}&
B2 74 glo] Bl o FTE8N9 retention time
RDI FEE2 RT #eol dA4 F&dq% e
1HGAF FE5E9 PDA spectrum NH = A3
spectrum= UERO] £ AR Solds st
(Fig. D).
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Fig. 1. PDA spectrums of pectolinarin (A) and pectolinarigenin (B) in fermented Cirsium setidens Nakai extracts.
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Fig. 2. HPLC chromatograms of pectolinarin and pectolinarigenin (A), fermented Cirsium setidens Nakai extracts (B).
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Table 2. Precision of pectolinarin and pectolinarigenin analysis
for fermented Cirsium setidens Nakai

Precision
P Pectolinarin Pectolinarigenin
arameters
Mean+SD RSD Mean+SD RSD
(mg/g) (%) (mg/g) (%)
Inter-day 45.3+0.4 0.9 31.0+0.2 0.5
Intra-day 45.3+0.2 0.5 31.1+0.1 0.2

Table 3. Content of pectolinarin and pectolinarigenin in fer-
mented Cirsium setidens Nakai extracts

Fermentation Pectolinarin Pectolinarigenin
time (h) (mg/g) (mg/g)

0 116.64+0.79

5 115.88+0.87 -

19 46.89+0.61 31.18+0.98
28 - 52.86+0.66
52 - 52.28+0.84
72 - 51.08+0.71

kg B0 A pectolinarin %] 46.89 mg/gl & FFAdlal
pectolinarigenin &%°] 31.18 mg/gl & F7}8R o,
28A|7F dtg o] T H-E{ = pectolinarin®| AFEHA] AL pectoli-

narigenin o] 52.86 mg/go 2 F7Fs $ 72A13171A]

I s fAEE slo R e wart J8E5 S pec-
tolinarin®] pectolinarigenin® & A 35 &= AL 52l 4=
ARt
3|28 0|88 Xy &l

AL 3eEs SAY YT =8 ¢ 3
= 2E 18 JA8H FEE EE&dEsE 44 A =
2 A7k 5l HPLCE #4138t AEH e =& 5433

o

t}. Table 49} #°] pectolinarin
62.5, 125 ng/mLell wet 242+ 104.0, 100.1, 99.7%2] 3|4
£S5 BoF9 o1 pectolinarigenine A7} ¥% 15.625,
31.25, 62.5 pg/mLell wz} 242k 102.4, 100.0, 99.7%=

UES T Jeong 5(32)2 1HIAF FE2ES o831
pectolinarin ¥ pectolinarigenin® 3]4&<% =33 A3}

pectolinarin< 98.06~103.31%, pectolinarigenin< 100. 25
~105.81% WY 3F&S AUt Bt & AT

Table 4. Accuracy of HPLC analysis for pectolinarin and pecto-
linarigenin in fermented Cirsium setidens Nakai

Concentration Recovery (%)
(ng/mL) Mean+SD  RSD (%)
31.25 104.0+£2.9 2.8
Pectolinarin 62.5 100.1+1.3 1.3
125 99.7+0.8 0.8
15.625 102.4+2.5 24
Pectolinarigenin 31.25 100.0£1.5 1.5
62.5 99.7+1.0 1.0

5 R - ol FE - ol B MU F o] %3
e} FARSE Ao = LERR:
HAESHA 2 HaEFstA|

A& AF$A= ICH 7tol=gkde] Az e &+
213t A3} pectolinarin ¥ pectolinarigenin® &34 =
Z}7} 4.25 pg/mL, 2.46 pg/mLE S o Ak

+= pectolinarin % pectolinarigenin 22+ 12.88 pg/mL,
7.46 pg/mLZ YEbETE Jeong 5(32)2 12l Y 73 F ol &
% o] 2= pectolinarin & pectolinarigening &4 3}7]
$18 HPLC #4199 A&3AE 0.52 ng/mLe} 0.41 ng/
mlLZ Ao, A% AE 1.57 ug/mLe} 1.25 ng/
mLE AA3AT) o]t A3E & w 1 JABAS pec-
tolinarin & pectolinarigenin® HPLCE ©o]-&3}o] FA] &
Ao 7hset AR o] 7bed Ao R YEyT ol&

=S 1897 F 9 A o7 MA A BAH A=
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= 948
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=E 9 retention time°] AA|3FRA oW FU3 spectrumS
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pectolinarigenin®] A#HA -2 @A kel EF 12 YE}
U 52 S BofFo] EAd AjEE & 5 Ak
Pectolinarin % pectolinarigenin® 7#AZ&3H4= 217 4.25
pg/mL, 2.46 pg/mLA L, AEIA= 12.88 ng/mL, 7.46
ng/mL=E YEFST} Pectolinarin 2 pectolinarigenin®]
FE gRlet A3 aHJAHA 0Nz, sAZE BaENA =
pectolinarin¥t AZE R om 19x7F dgEoA] BEX S
o ]3] pectolinarin®] pectolinarigenin® 2 35 = A
gl st —’F AATE I o] F 28AIZHEEH 72A17H7HA] 9
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A 242} 0.9%, 0.5%°] HolFgle
oAM= 247 0.5%, 0.2%= & AU4S U
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102 4% W19 &S HolFo] AP
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