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Establishment of HPLC-UV Analysis Method Validation for Simultaneous
Analysis of Standard Compounds of Oplopanax elatus Nakai Stem

Nam Ho Yoo', Yongsoo Kwon’ and Myong Jo Kim"*

]College of Agriculture and Life Science, Kangwon National University, Chuncheon, 24341, Korea
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Abstract — In our previous study, we found uracil, adenosine, protocatechuic acid, syringin (eleutheroside B) and scoparone (6,
7-dimethoxycoumarin) in the Oplopanax elatus Nakai Stem. High-performance liquid chromatography (HPLC) -UV was used
to quality and quantify the internal marker compounds in the O. elatus extract after validation of method with linearity, limit
of detection (LOD), limit of quantitation (LOQ), accuracy and precision. The specificity assessment visually confirmed that the
substance was detected without the introduction of other substances. The established method showed high linearity of the cal-
ibration curve and coefficient of correlation (R®) of over the 0.999. HPLC was reported as five standard compounds equivalent
using the following linear equation based on the calibration curve. The accuracy of measurement was 84.34 ~ 119.74% and
the relative standard deviation (RSD) value was 0.28 ~ 1.60%. In addition, our established method showed high repeatability.
The RSD value was 1.10 ~ 6.81%. So, we found the amount of the internal marker compounds in the O. elatus extract. These
results demonstrated that can be used to quality evaluation of the O. elatus.

Keywords — High Performance Liquid Chromatography, Oplopanax elatus Nakai, Protocatechuic Acid, Scoparone, Syringin
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FE2(KNUPH-S-12-2)0 H3#alar ick

Alet & 717] —AFAR o2 ARS8 uracil, adenosine,
protocatechuic acid, syringin(Eleutheroside B), scoparone
(6,7-Dimethoxycoumarin)- Sigma-Aldrich(St. louis, MO,
USyllA ikl ALg-siitt.

AFg3 AH] = WatersAHMilford, MA, US)2] e2695
system2 ©]-&3}o] EA135} 01, detector= WatersAH2]
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Fig. 1. The structures of standards; (A) Uracil, (B) Adenosine,
(C) Protocatechuic acid, (D) Syringin and (E) Scoparone.

2489 UV-Vis detectors AH&-3te] S 331t} Column
ShiseidoAH(Tokyo, Japan)2] Capcell pak C18(4.6x250 mm,
5 um)E ARSI T2 AX7]E Iishin Lab Co.(Yangju-
si, Korea) A &8 A}83}9 3, 5% 7]+ Eyela’rK(Tokyo,
Japan)@] N-1200AE A}-8-3 2™, water bathi= Eyela’}
(Tokyo, Japan)2] SB-6512 AM8-S1Att.
E4 AR FH| -HPLC 245 A3 A5e Axd %
5 E71 100 g& 23] A=t &, distilled water 2000 ml
o 85°C, TAIZF 87 F=31%1L, filter paper(Whatman Co.,
Buckinghamshire, UK) grade 22 o{3}gt & 54 7133}
41g9 B4 AzxH Eﬂa‘g AUt 4 AxH w2 2g
S A3 A T distilled water 40 mlol| =< ethyl
ether(Daejung chemlcals & metals Co., Siheung-si, Korea)
40 mloll 18] #3 3 water F-52S FHsITh 283 FE
3} BuOH(Daejung chemicals & metals Co., Shheung-si,
Korea) 20 ml¥ 33] #H& £8)8lo] 433} BuOH 8 &
< FT F 45°CelN AsFESeisith. A EES S &
%1 827 mg ol 1 mgS Y3 st & MeOH(Avantor
Performance Materials Co., Delaware, PA, US) 1 mlo] =
o] 0.2 um syringe filter(Whatman Co., Buckinghamshire,
UK)E oftste] 24 A8 2 ARS8t
EEZMH =X - Uracil, adenosine, protocatechuic acid,
syringin<> Z}Z} 5 mgS micro-tubeol] A H 3] A &
water(Avantor Performance Materials Co., Delaware, PA,
US) 1 mIZ =%21, scoparone 5 mgS micro-tubedl]

3] AZs & MeOH 1 mlE =STh AZA ZRAJL 9Js)
z}zte] gl B E3Hke] 1000 pg/ml FE7}F HE
5 Az F, waters ©83101 0.5, 1, 5, 10, 25, 50 ug/ml
2 gAIFS=Z 33 AL, 0.2 pm syringe filter= o2}t
of FFEHORE ARSI

HPLC 24 —HPLC #4] 2712 Table o] 8.9F3FATh
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Table I. Analytical conditions of HPLC

Injection volume 10 pl
CAPCELL PAK CI8

Column 5 um, 4.6 mmx250 mm
(Shiseido)
Temp. 30°C
Detector 265 nm
Flow rate 0.5 ml/min
Time 0.2% Acetic acid in water  (B) Acetonitrile
0 100 0
5 100 0
35 80 20
50 70 30
60 40 60
65 40 60

ol 54E (A) 02% acetic acid in water (pH2.8), (B)
acetonitrileS AFE-314 gradient 492 31121, flow rate
+ 0.5 ml/min, injection volume 10 ul2 3} T}, F47 0|
o]ﬁ.z‘ﬂ. uv :ﬂrxko_ 265 nm=. M;d 5}0:] HM;}%E}‘
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S st

E0|M — ¥=E4 (uracil, adenosine, protocatechuic acid,
syringin, scoparone)®] Th2 =23}e] 7H] §lo] T Fo]
T EHEAE ARMETHS o) AlZEoR SRl

TMA — 6714 F2(05, 1, 5, 10, 25, 50 ug/m) 4]
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(=]
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o H7kste] A3 £ FEE SASUT
MM _ 97U (Repeatability) > 2 A]F (1000 pug/ml)
63] WHE-slo] o) EEHAHRSD: relative standard
dev1at10 Y S8Rt Bgt, AdA 24 (Intermediate
precision) > & 63] WHEslo] JiRE=HAE S48
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Fig. 2. HPLC chromatogram of (A) solvent blank, (B) standard mixture and (C) n-BuOH layer of O. elatus extract.

Q15 tH(Fig. 2-A). ETEZ ] AZnfETY A Zhz}t X
F3HE] HEAZHE uracil 9.360%, adenosin 20.183%,
protocatechuic acid 26.992+, syringin 32.737+-, scoparone
53.865%- HAZ°] = JAthFig. 2-B). Al52] AZv[ETY
ol 4 = uracil 9.297+%, adenosin 20.114%, protocatechuic
acid 26.896%, syringin 32.618%, scoparone 53.533%°l 7
Zo] FAtH(Fig. 2-C). X=EZ 9| ARvIETH} A7)

ARvtEIHS v wsiS o, o =29 7H glol &
T EAES BE A7le] dRIEE ERIEITHFig. 2-B, C).
MY A EAZE, HEEHA|(LOD, LOQ) - 0.5~50 pg/

ml ¥ 67F4] F=(0.5, 1, 5, 10, 25, 50 ug/ml)E 35k

Hilo] A5 2 A R)E ARl 2 2, 0.999
olie] AHAFE Fato] AFA e AFAS AU
(Table IN). 215 o) #2812 Fojz] LODE uracil 0.134 pg/
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Table II. Linearity, LOD and LOQ of standard
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Concentration

Standard
(ng/ml)

Calibration curve

Correlation coefficient

R

LOD*
(ng/ml)

LOQ**
(ng/ml)

0.5
1
5
10

25

50

Uracil

Y=33880x + 8347.8

0.999968

0.134

0.449

0.5
1
5
10

25

50

Adenosin

Y=14800x + 372.12

0.999952

0.304

1.015

0.5
1

Protocatec 5
huic acid 10

25
50

Y=54229x — 20180

0.999848

0.144

0.481

0.5
1
5
10

25

50

Syringin

Y=44867x — 27.144

0.99971

0.106

0.356

0.5
1
5

10

25

50

Scoparone

Y=11899x + 135.28

0.99943

0.648

2.162

*LOD = Limit of detection
**L0OQ = Limit of quantitation

ml, adenosin 0.304 ug/ml, protocatechuic acid 0.144 ng/ml,
syringin 0.106 ug/ml, scoparone 0.648 ug/mlZ &N o H,
LDQ+= uracil 0.449 pg/ml, adenosin 1.015 pg/ml, proto-
catechuic acid 0.481 pg/ml, syringin 0.356 pg/ml, scoparone
2.162 pg/ml= 215} tH(Table II).

HMEM - Sample(1000 pg/ml)el] EA7t)4 )
< 37K F%2(0.5, 1.5, 2.5 ug/ml) =Y 0}01] 37}7<] FEO
tiel 38] W 717183 A sl 8582 Sels
Re W 80~120%2] 71l At g AHAEM, uracile

\:L

{0

o 116.75%, adenosine= *w 102.59%, protocatechuic
acid= 3+ 94.51%, syringin 34 92.73%, scoparone
Bt 114.19%2 BRI RSD(%)e 715891 15%e ek
B 23S W, uracilS Ht 0.42%, adenosine< 3 <t
0.86%, protocatechuic acid= 4t 2.45%, syringine o
0.76%, scoparoneQ— Ht 0.66%= 21 AE A3t
ZPA| S W82 Table I =5kt

Hay 5%1 Tl AlEe] st MES gkl 9
A = AE o) kbAoA ALAIgE o] oFE iE] o]
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Table III. Results of accuracy test through recovery rate

Exp ecte.d Measure.d Mean RSD**  Accuracy***
Sample Standard Test concentration* concentration (ug/ml) SD %) %)
(pg/ml) (pg/ml)

1 473 115.37

Uracil 2 4.1 4.74 4.74 0.01 0.28 115.68

3 476 116.02

1 30.02 93.56

Adenosin 2 32.08 30.80 30.57 0.49 1.59 96.02

Sample 3 30.91 96.34

1000 pg/ml . 1 4.88 86.05

+ Protocatechuic 5.67 5.00 497 008 160 88.24
acid

0.5 pg/ml 3 5.03 88.66

standard 1 8.24 84.34

Syringin 2 9.77 8.45 8.38 0.12 1.48 86.45

3 8.46 86.63

1 1.66 108.95

Scoparone 2 1.52 1.66 1.66 0.01 0.76 108.95

3 1.68 110.39

1 5.89 115.41

Uracil 2 5.1 5.90 5.88 0.03 0.43 115.69

3 5.85 114.73

1 3225 97.48

Adenosin 2 33.08 32.36 3221 0.17 0.51 97.82

Sample 3 32.03 96.83

1000 pg/ml . 1 6.10 01.44

ig/ Protocatechuic 6.67 6.13 6.11 002 026 91.83
acid

1.5 pg/ml 3 6.10 91.41

standard 1 961 89.18

Syringin 2 10.77 9.63 9.60 0.04 0.38 89.44

3 9.56 88.77

1 2.87 113.89

Scoparone 2 2.52 2.87 2.88 0.01 0.39 113.85

3 2.89 114.64

1 7.24 118.64

Uracil 2 6.1 7.28 7.28 0.04 0.54 119.31

3 7.32 119.93

1 39.07 114.63

Adenosin 2 34.08 39.43 39.22 0.19 0.48 115.70

Sample 1000 3 39.16 114.91

ml _ 1 8.51 110.94

ng/r Protocatechuic 7.67 7.76 800 044 550 101.20
acid

2.5 pg/ml 3 7.73 100.82

standard 1 12.12 102.99

Syringin 2 11.77 12.21 12.15 0.05 0.42 103.74

3 12.12 102.98

1 420 119.40

Scoparone 2 3.52 422 4.19 0.04 0.84 119.74

3 4.15 117.87

*Expected concentration = (Amount of n-BuOH layer of O. elatus in 2000 pg/ml) + (Amount of standard in 1, 3 and 5 pg/ml)
**RSD = (Standard deviation / mean) * 100
*** Accuracy = (Measeured concentration / expected concentration) * 100
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Table IV. Result of repeatability
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Sample

Measured

E3
concentration Standard Test concentration (I\:g/aril) SD** 123]))
0
(pg/m)) (ug/ml)
1 3.89
2 3.49
. 3 3.47
Uracil 3.60 0.25 6.81
4 341
5 3.95
6 342
1 31.19
2 32.07
. 3 31.90
Adenosine 31.58 0.35 1.10
4 31.41
5 31.63
6 31.30
1 5.08
2 5.24
. . 3 5.23
1000 Protocatechuic acid 5.17 0.06 1.18
4 5.14
5 5.19
6 5.15
1 9.17
2 9.46
L 3 9.35
Syringin 9.27 0.11 1.22
4 9.21
5 9.27
6 9.18
1 0.98
2 1.04
3 0.99
Scoparone 1.02 0.03 2.99
4 1.05
5 1.03
6 1.04
*Mean = Measured concentration / 6
**SD = Standard deviation
A 7bolEetele] e} NrE gyt Ag A gugos z =

Bk, 1 Az MR A EEATHRSD)
uracil®ll 4 6.81%, adenosine-> 1.10%, protocatechuic acid
= 1.18%, syringin> 1.22%, scoparone> 2.99%= 4]

2l AE AUTKTable 1V). E3h A & 2 A AA2E
=3 Ay oA AHEFHAHRSD)= uracilol A
10.06%, adenosine> 12.71%, protocatechuic acid= 10.62%,
syringin 10.62%, scoparone 12.85%2] ZA3}& Ao 7]
2 15%c]ol #gehe ZAsIATH Table V).

REE R Z7]0] B o]d AT Fa B4 W
uracil, adenosine, protocatechuic acid, syringin, scoparone
AfgEoz Wydlold AlS skt A2 %
e ol SEE e vial, o 8 FEA7e) ol

el GT $5 2o SRR A9 A
dol A RS Asict. SE B A4
X, QB o 13 WAL ol gte] HFo|FENAA
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Table V. Result of intermediate precision

Sample concentration Standard Test Measured concentration Mean SD RSD

(pg/ml) (pg/ml) (ng/ml) (%)
3.06
3.95
3.67
3.12
3.70
3.68
37.31
35.32
31.76
28.49
26.48
31.87
6.04
5.82
5.30
4.94
4.49
534
10.75
10.23
9.23
8.56
7.70
9.23
1.29
1.21
1.09
0.93
0.95
1.08

Uracil 3.53 0.36 10.06

Adenosine 31.87 4.05 12.71

1000 Protocatechuic acid 5.32 0.57 10.62

Syringin 9.28 1.10 11.87

Scoparone 1.09 0.14 12.85

AN AW =N R WD =IO R W N =IO NN R WD = N R W DN -

7vol= gelell gt AUA Bl Ao At AP AL
(RSD)2] zloli= AFAY HEA gL g8 A & 4
= wlEy B9} 1) E =R At A EFYARE) AR
W3] Wit o =2 dekET), SR, o] Adk= 71l 15% AL/ AT (@A S 2017038B10-1819-BA01)] $17H]
T UA Yoz FYHAFUTE

o] F45 7ol o] 8E F ASS IRISIAL, O dot 8=
7F B AR ES AR VIRAER €8 e €
Aoz woE) 1. o] 93 (1996) YA =7]FAEETL, 251, oF7HE|mIA A,

Mg
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