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Method for Validation of Caffeoylquinic Acid Derivatives in
Ligularia fischeri Leaf Extract as Functional Ingredients
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Eun-Kyung Ahn', Dong-Wan Seo?, and Joa Sub Oh'?

leeonggi Institute of Science & Technology Promotion
ZCollege of Pharmacy, Dankook University

ABSTRACT An HPLC analysis method was developed for standard determinations of chlorogenic acid, 3,4-di-O-caf-
feoylquinic acid, 3,5-di-O-caffeoylquinic acid, and 4,5-di-O-caffeoylquinic acid as functional health materials in
Ligularia fischeri extract. HPLC was performed on a C;s Kromasil column (4.6 X250 mm, 5 pm column) with a
gradient elution of 0.1% (v/v) trifluoroacetic acid and acetonitrile at a flow rate of 1.0 mL/min at 30°C. The analytes
were detected at 330 nm. The HPLC method was validated in accordance with the International Conference on
Harmonization guideline of analytical procedures with respect to specificity, precision, accuracy, and linearity. The
limits of detection and quantitation for the four compounds were 3.0~14.6 and 9.2~44.4 pg/mL, respectively.
Calibration curves showed good linearity (r2>0.999), and the precision of analysis was satisfied (less than 0.9%).
Recoveries of quantified compounds ranged from 98.96 to 101.81%. This result indicates that the established HPLC
method is very useful for the determination of marker compounds in Ligularia fischeri leaf extracts.
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Fig. 1. Chemical structures of compounds 1~4.
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TF o FEE9 B AL&3F £F3F chlorogenic acid
(CA), 3,4-di-O-caffeoylquinic acid(3,4-DCQA), 3,5-
di-O-caffeoylquinic acid(3,5-DCQA), 4,5-di-O-caf-
feoylquinic acid(4,5-DCQA)(Fig. 1)+ Shenzhen Chem-—
strong Scientific(Shenzhen, Guangdong, China)9] A&
ARE-SETE AR S HlEl Ao xFFS CA 74
mg, 3,4-DCQA 2.7 mg, 3,5-DCQA 9.8 mg, 4,5-DCQA
5.9 mgs 50% ethanololl %4 50 mLZ 3}
ZABFATE ©]E 50% ethanolol] 3413+ ¥+
ate] CA, 3,4-DCQA, 3,5-DCQA, 4,5-DCQA &< 13
i

HPLC 2

Caffeoylquinic acidZd §%4 33ES 243547 938}
o HPLC 1100 ¥ HPLC 1200(Agilent Technologies,
Palo Alto, CA, USA) Al =8-S ALg-3te] ZA a1t} 4
o] A8 ZE-E Kromasil C1(4.6X250 mm, 5 um, Eka
Chemicals, Bohus, Sweden)& A}&3}o] Table 13} 722
FA0 72 439 caffeoylquinic acidA] o] ¥ EdH
58 ZHFHeH AE94L 330 nmollA HESHSIT

R R» Rs3
1 Caffeoyl H H
2 Caffeoyl Caffeoyl H
3 Caffeoyl H Caffeoyl
4 H Caffeoyl Caffeoyl

Table 1. HPLC conditions for the quantitative analysis of chloro-
genic acid, 3,4-DCQA, 3,5-DCQA, and 4,5-DCQA

Items Conditions

HPLC 1100 & 1200 series
(Agilent Technologies)

A: Water (0.1% TFA)
B: Acetonitrile

Instrument

Time (min) % A % B

0 90 10

Mobile phase . 20 90 10
Gradient 30 82 18

64 82 18

65 0 100

75 0 100

Post time: 10 min

Column Kromasil Cis (4.6X250 mm, 5 pum)
Flow rate 1.0 mL/min
Injection volume 10 uL
Detector 330 nm
S AE
M8 A-E A7 5AF 7154 48R 58] 9%
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Fig. 2. HPLC chromatograms of chlorogenic acid (1), 3,4-DCQA (2), 3,5-DCQA (3), and 4,5-DCQA (4). (A) blank (50% EtOH),
(B) standard solution, (C) Ligularia fischeri leaves extract, and (D) recovery test.
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Fig. 3. PDA (photo diode array)
spectrum of (A) chlorogenic acid,
(B) 3,4-DCQA, (C) 3,5-DCQA, and
(D) 4,5-DCQA.

= :g?;lac;:;d 2% s 300 325 3% 375 nm 200 S 2% (] 00 28 320 s nn
1,500 - 400 ~
A y = 13.86818 x - 13.23450 B y =3.83489 x - 5.76875
R = 0.9999 R?=0.9999
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©
3 900 £
%: f& 200 {
O 600 o
100
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0 : : . ; 0 , : : ,
0.0 0.5 1.0 15 20 0.0 0.5 1.0 1.5 2.0
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y =20.72588 x - 29.98321 y = 11.45535 x - 32.98037
R2=0.9999 R?=0.9999
1,500 - 900 -
3 3
§ 1,000 1 S 600
3 3
& &
500 - 300 1 Fig. 4. Calibration curve of (A) chloro-
genic acid, (B) 34-DCQA, (C) 3,5-DCQA,
0 . . . . 0 : . i ; and (D) 4,5-DCQA.
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M el ARA Wl ARA: 3¢ 434 UdA 44 A= &
WA FAR QAR el ARE A wAe  AYY AR, /1T EE ) 5 o 8ol 4 4P
2 WS AN W 7 AR Ave] AR AEE Yl 1 9 SAEE Aol 2R4e Jehile Aow e
Ao FHY FEE 0.6, 1.2 ¥ 1.8 mg/mL Al % HPLC ® AN LAE th=A st AAg AdA o A4
ZA8t FL3 HPLC 27 o2 63 vhd F18ka Al s} = 7 A 37HA R 9 A9 FAAIE R 33 WA e
o] Jd& Az} 7+ B 37HA] FE9 ¥ =9 RT % ¥ RSD7} 0.02~0.90% % tteft RSD 2% olat=A A4
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Table 2. Repeatability of chlorogenic acid, 3,4-DCQA, 3,5-DCQA, and 4,5-DCQA analysis

Precision

Parameters Chlorogenic ac;lSD 3,4-DCQA — 3,5-DCQA — 4,5-DCQA —
Mean+SD (%) Mean+SD (%) Mean+SD (%) Mean+SD (%)

Concentration RT 13.547+0.03  0.22 44.894+0.03 0.07 47.493+0.03 0.06 57.966+0.04 0.07
(0.6 mg/mL) Area 404.403+£0.42 0.10 112.342+0.25 0.23 589.640+£1.98 0.34 320.906+£0.40 0.12
Concentration RT 13.538+0.02 0.14 44.859+0.02 0.04 47.453+0.02 0.04 57.881+0.02 0.04
(1.2 mg/mL) Area 827.111+0.85 0.10 228.859+0.75 0.33 1,212.873+0.81 0.07 671.734+£3.45 0.51
Concentration RT 13.495+0.01 0.10 44.867+0.02  0.05 47.453+0.02 0.05 57.908+0.05 0.09

(1.8 mg/mL) Area  1,242.400+0.65 0.05

346.378+0.58  0.17

1,827.140£2.88 0.16  1,029.411+2.69 0.26

ol
< intra-day®} inter-day® Y7o] 23S AASSIH
Intra-dayt® 19 373+ A3} L inter-day+ 19 1+3F
o 3YRtow o] Wysitt

Intra-day, inter-day®] A2 =& 573 23} Table
59} o intra—dayllA 9] AL %E+= 0.07~0.63%= YEF
W13, inter-dayoll A= 0.39~0.66%9 AEEE e
ATt

3|28 0|88 XY Sl

74 gke] olm] &ar gl Fgholu; FEF] S B
& webn, FF Y FEES /XA VA" e R V|
9] 50%, 100%, 150%°1 sldst= =] &HS A}
I 9% HPLC £AC® 63 w8 F43 5 A] 3 &}o]
3482 95.0~105.0%, RSDE &5 2.0% o|st2A At
& FAsHA Hrt.

THY FEE5 06, 1.2 2 1.8 mg/mLe xﬂ EEg x
Agtn T8 HPLC 2710 = 63] vh F2918F 3 A| 3] 5}o]
de AR 7 A VM w29 3F&S 98.96~101.81%
QoM RSDE 0.14~0.89% % e RSD 2.0% ©]8t=A]
gago] &S & 4 AAHTable 6).

BESHA 2 "HEsHA =l

AETAE AA Fol A SANGERDY HE 7
T Hrgs iy FFAAE 4He JuAdn JIA
< 7K ARRe® 288 & A= A T SAUEEAY

HAaE Yehdth w39 FEE] A4 AlE& 34
o) gl 3t A7te] PBA S HAeke] Aale] 7197
oy dAS Fatqlnh Aze] Aol 71719 Atk
3}y Aol N REARE Fobe] wrge] EAAS) 4
Aol 71€7]9 A W (standard deviation of

the response and the slope)o.2 HE3HA W A A=
A8 tH(Table 7). A4 AESA= 3.0~14.6 ng/
mL o A= 9.2~44.4 pg/mLE LeERRT

o o]
Rt =

2 3= HPLCE o] &3 7
AL S B T s ) %%54 A %8
DCQA, 3,5-DCQA 2 4,5-DCQA®] HA| &AW A
Aol tist A& At stk 1 AT
FA3 FH FE=9 HPLC ARZvEIRS vl
gelstar v B4l 1M §lo] B E
A FAANZ} FEEL 93 A A7)
AR FL3 spectrumS VERN AT TS blankol
A XA HA = 937t gl Aoz oS 118l
}. 74%“1% A ASE CA, 3,4-DCQA, 3,5-DCQA 2
7}7} 0.9999, 0.9999, 0.9999 % 0.9999= =
e Ji%& AXAYE Bolom, X AEFAE 3.0~
13.2 pg/mL o A A= 9.2~39.8 pg/mL=E LEFS:
E}. =3 FEE 06, 1.2 2 1.8 mg/mLe Al 3%=9 3+&
2 98.96~101.81%% 2 RSDE 0.14~0.89%= e}
RSD 2.0% olatz=A Aol oS & & ATh 4EA

Table 3. Intermediate precision of chlorogenic acid, 3,4-DCQA, 3,5-DCQA, and 4,5-DCQA analysis

Precision

Parameters Chlorogenic ac;;iSD 3,4-DCQA — 3,5-DCQA — 4,5-DCQA =
Mean+SD (%) Mean+SD (%) Mean+SD (%) Mean+SD (%)

Concentration RT 13.399+0.02 0.12 44.643+0.04  0.09 47.192+0.04 0.08 57.525+0.08 0.13
(0.6 mg/mL) Area 410.967+1.06  0.26 125.071£0.25  0.20 643.608+1.07 0.17 374.921+0.96 0.26
Concentration RT 13.335+0.04  0.27 44.583+0.04  0.09 47.127+£0.05 0.10 57.437+0.08 0.14
(1.2 mg/mL) Area 836.648+6.84  0.82 257.016+0.47 0.18 1,305.451+£3.30 0.25 770.504+2.21 0.29
Concentration RT 13.266+0.01 0.05 44.505+0.01 0.03 47.036+0.01 0.02 57.272+0.03 0.04

(1.8 mg/mL) Area 1,256.677+11.25 0.90

386.189+1.35  0.35

1,944.657+2.82 0.15 1,163.765+5.83  0.50
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Table 4. Intermediate precision of chlorogenic acid, 3,4-DCQA, 3,5-DCQA, and 4,5-DCQA analysis by different users

Chlorogenic acid

50% 100% 150%
Mean+SD RSD (%) Mean+SD RSD (%) Mean+SD RSD (%)
Uer 1 RT 13.547+0.03 0.22 13.538+0.02 0.14 13.495+0.01 0.10
ser Area 404.403+0.42 0.10 827.111+0.85 0.10 1,242.400+0.65 0.05
User 2 RT 13.399-+0.02 0.12 13.335+0.04 0.27 13.266+0.01 0.05
ser Area 410.967+1.06 0.26 836.648+6.84 0.82 1,256.677+11.25 0.90
3,4-DCQA
50% 100% 150%
Mean+SD RSD (%) Mean+SD RSD (%) Mean+SD RSD (%)
Usr 1 RT 44.894+0.03 0.07 44.859+0.02 0.04 44.867+0.02 0.05
ser Area 112.342+0.25 0.23 228.859+0.75 0.33 346.378+0.58 0.17
Us 2 RT 44.643+0.04 0.09 44.583+0.04 0.09 44.505+0.01 0.03
ser Area 125.071+0.25 0.20 257.016+0.47 0.18 44.505+0.01 0.03
3,5-DCQA
50% 100% 150%
Mean+SD RSD (%) Mean+SD RSD (%) Mean+SD RSD (%)
User 1 RT 47.493+0.03 0.06 47.453+0.02 0.04 47.453+0.02 0.05
Area 589.640+1.98 0.34 1,212.873+0.81 0.07 1,827.140+2.88 0.16
User 2 RT 47.192+0.04 0.08 47.127+0.05 0.10 47.0360.01 0.02
ser Area 643.608+1.07 0.17 1,305.451+3.30 0.25 1,944.657+2.82 0.15
4,5-DCQA
50% 100% 150%
Mean+SD RSD (%) Mean+SD RSD (%) Mean+SD RSD (%)
Vs 1 RT 57.966+0.04 0.07 57.881+0.02 0.04 57.908+0.05 0.09
ser Area 320.906+0.40 0.12 671.734+3 .45 0.51 1,029.411+2.69 0.26
User 2 RT 57.525+0.08 0.13 57.437+0.08 0.14 57.27240.03 0.04
ser Area 374.921+0.96 0.26 770.504+2.21 0.29 1,163.765+5.83 0.50

Table 5. Precision of chlorogenic acid, 3,4-DCQA, 3,5-DCQA, and 4,5-DCQA in Ligularia fischeri extract for validation

Precision
Chlorogenic acid 3,4-DCQA 3,5-DCQA 4,5-DCQA

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

15.05+0.09 0.63 14.90+0.09 0.57 14.94+0.06 0.41 14.81+0.07 0.48
Intra-day 30.05+0.11 0.37 29.87+0.05 0.15 29.95+0.03 0.10 29.74+0.02 0.07

60.11+0.12 0.20 59.95+0.06 0.10 60.01+0.04 0.07 59.96+0.06 0.10

15.14+0.10 0.65 14.99+0.09 0.61 15.01£0.07 0.45 14.87+0.07 0.49
Inter-day 30.22+0.16 0.52 30.02+0.14 0.46 30.09+0.12 0.40 29.88+0.12 0.39

60.57+0.40 0.66 60.30+0.33 0.54 60.36+0.31 0.51 60.29+0.30 0.50

Table 6. Accuracy of HPLC analysis for chlorogenic acid, 3,4-DCQA, 3,5-DCQA, and 4,5-DCQA
Recovery (%)

Parameters Chlorogenic acid 3,4-DCQA 3,5-DCQA 4,5-DCQA
Concentration Mean+SD  RSD (%) Mean+SD RSD (%) Mean+SD RSD (%) Mean+SD RSD (%)
0.6 mg/mL 99.48+0.25 0.26 99.45+0.20 0.20 101.81+0.17 0.16 100.94+0.25 0.25
1.2 mg/mL 98.96+0.80 0.81 100.08+0.18 0.18 100.38+0.25 0.25 100.59+0.28 0.28
1.8 mg/mL 99.12+0.88 0.89 100.3540.35 0.35 99.54+0.14 0.14 101.06+0.50 0.50

2 0.04~051%2 ALU=E, A2 Yy FdAdA+= 0.02 UElde] 235 FE2E9 ARAE CA, 3,4-DCQA, 3,5-
~0.90%°] A E=E YR Y intra-dayd| A1) AU EE DCQA % 4,5-DCQAQ] A& #3gtst A|gele] A=
0.07~0.63%, inter-day°lA]= 0.39~0.66%2% ALUEE Hr} B BEAHol FF FEE /E AAY A5 E
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Table 7. Limit of detection and limit of quantitation of chloro-
genic acid, 3,4-DCQA, 3,5-DCQA, and 4,5-DCQA

Compound Limit of detection .Limit of
(ng/mL) quantitation (pg/mL)
Chlorogenic acid 3.0 9.2
3,4-DCQA 14.6 44 .4
3,5-DCQA 8.6 26.2
4,5-DCQA 13.2 39.8
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