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Simultaneous Analysis of the Chemical Compounds in Ojeok-san and
Its Antioxidative Activity

Seong-Sil Kim, Jung-Hoon Kim, Ohn Soon Kim, Yeji Kim, Hyeun-Kyoo Shin, and Chang-Seob Seo*
Herbal Medicine Formulation Research Group, Korea Institute of Oriental Medicine,
1672 Yuseongdae-ro, Yuseong-gu, Daejeon 305-811, Korea

Abstract — Ojeok-san has been commonly used to treat low back pain disease. We performed the experiments on simultaneous
analysis of 11 compounds and antioxidant effects of Ojeok-san. A HPLC method was established for simultaneous analysis of
11 compounds. The detection wavelengths were set at 230, 254, 280, 320, and 330 nm. The detected 11 compounds from
Ojeok-san water extract showed good linearity(r’>0.9997). Limit of detection(LOD) and limit of quantification(LOQ) were
0.04-0.87 pg/mL and 0.13-2.63 pg/mL, respectively. The antioxidant effects of Ojeok-san water extract were investigated by
DPPH and ABTS assays. Ojeok-san water extract significantly increased the DPPH and ABTS radical scavenging effects in
a dose-dependent manner. The RC,, value of Ojeok-san on DPPH radical was 284.71 pg/mL and that of ABTS radical was

96.16 ng/mL.

Key words — Ojeok-san, HPLC, DPPH, ABTS, Simultaneous analysis, Antioxidant effect.
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Radix), & (X%, Hoelen), W] (H1l, Angelicae Dahuricae
Radix), 1 Z()I|#, Cnidii Rhizoma), RFSH(“4* &, Pinelliae
Tuber), AT (45, Cinnamom Bark), 2% (H%, Glycyrrhizae
Radix et Rhizoma), A7 (4:#, Zingiberis Rhizoma Crudus)
2 F=WlZH, Alli Radix)2 &-3143] 2 (Yeongcheon,
Korea) 2 GIHMAX(Jecheon, Korea)llX &tttk zH2}
o] A ok FE(2008-KE04-1~2008-KE04-17)yS 33}
olgtATe ghepA| AT Fe BasiTh

Ao —3EFF< naringin, cinnamaldehyde, liquiritin,
glycyrrhizin, albiflorin, paeoniflorin, ferulic acid % 6-
gingerol(°]’d % >98%) 5= Wako Pure Chemical
Industries Ltd.(Osaka, JapanPl|*] =181t} Hesperidin 2
neohesperidin(®]’d =% > 98%)2 Biopurify Phytochemicals
Ltd.(Chengdu, China)ol| 4] -] 3} %1 tF. Nodakenin(s+ %= >
98%)2 NPC Biotech(Geumsan, Korea)oll4] +¢i3le] ¥+
FO 2 ARSI olF AEEZS 2= Fig. 13 2t}
HPLC 5] water?} acetonitrile J.T. Baker(Phillipsburg,
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Japan)ell Xl Y3t #2498 2185t
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Fig. 1. Structures of 11 chemical compounds in Ojeok-san.
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Table I. Configuration of Ojeok-san

Kor. J. Pharmacogn.

Herbal medicine Weight(g) Supplier Source
Atractylodis Rhizoma 7.5 HMAX China
Ephedrae Herba 3.7 HMAX China
Citri Unshii Pericarpium 3.7 Omniherb Jeju, Korea
Magnoliae Cortex 3.0 HMAX China
Platycodi Radix 3.0 Omniherb Yeongcheon, Korea
Aurantii Fructus Immaturus 3.0 HMAX China
Angelicae Gigantis Radix 3.0 Omniherb Pyeongchang, Korea
Zingiberis Rhizoma 3.0 Omniherb Yeongcheon, Korea
Paeoniae Radix 3.0 Omniherb Hwasun, Korea
Hoelen 3.0 Omniherb Yeongcheon, Korea
Angelicae Dahuricae Radix 2.6 Omniherb Yeongcheon, Korea
Cnidii Rhizoma 2.6 Omniherb Yeongcheon, Korea
Pinelliae Tuber 2.6 HMAX China
Cinnamom Bark 2.6 Omniherb Vietnam
Glycyrrhizae Radix et Rhizoma 22 HMAX China
Zingiberis Rhizoma Crudus 3.7 Omniherb Yeongcheon, Korea
Allii Radix 3.7 Omniherb Hanam, Korea

Table II. Solvent gradient for analysis of HPLC-PDA

Time(min) Solvent A(%)” Solvent B(%)°
0 85 15
20 75 25
40 45 55
45 100
50 0 100
55 85 15
70 85 15

*1.0%(v/v) acetic acid in water.
b1.0%(\//\/) acetic acid in acetonitrile.

Aok A =798 $18l albiflorin 0.6-10.0 pg/mL, paeoni-
florin 2.5-40.0 ug/mL, liquiritin 2.5-40.0 pg/mL, ferulic
acid 0.6-10.0 pg/mL, nodakenin 1.3-20.0 pg/mL, naringin
6.3-100.0 pug/mL, hesperidin 6.31-100.0 pg/mL, neohesperidin
6.3-100.0 pg/mL, cinnamaldehyde 0.7-10.5 pg/mL, glycy-
rrhizin 3.1-50.0 pg/mL 2 6-gingerol 0.4-3.0 ug/mLe] &%=
o] ®eloll el AAle Adsioinh e AFdS
HlEFO 2 A9 (correlation coefficient, 1')E o)1) 2
A Rlsth B4 i) AFE 7 s=9 4%
< =RIsp7] flsl A3 AEAISH AE3e A5 (signal;
S) thH] %S-(noise; N) HIZ 33} 10& 71502 AAlsIITH

ABTS ZiC|Z 4275 &3 - 3-Ethyl-benzothiazoline-6-
sulfonic acid(ABTS, Sigma-Aldrich. St Louis, MO, USA)
ZrZkS o83k FHlsls 5742 ABTS cation decolorization

assay "HS 96 well platedl] WAl =4 sk] AA)Ekth
7mM ABTS9} 245 mM potassium perulfateS 5 F%
2 F3lee] el ekl 2407F B9 WA]Sle] ABTS™
£ 94 AR F 743 0mell A 079 FRE #@E AES
phosphate buffer saline(PBS, pH 7.H)Z 3|43t} 96
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oA 587 WSA1Z] ¥, microplate reader(Benchmark Plus,
Bio-Rad. USA)YE AR5l 734 nmollA] 425 A 35IA
o} Al59] sl AlEE =9 4vidl PBSE Ui+
© 2 st thxte] e S AAGS WEEE Ve
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==11 O

ABTS radical scavenging activity = (1-A /A,
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DPPH 2|2 2745 &8 - 1-1-Diphenyl-2-picrylhydrazyl
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Fig. 2. HPLC chromatograms of srandard solution(A) and Ojeok-san water extract(B) at 230 nm(I), 254 nm(II), 280 nm(III),

320 nm(IV), and 330 nm(V).

Albiflorin(1), paeoniflorin(2), liquiritin(3), ferulic acid(4), nodakenin(5), naringin(6), hesperidin(7), neohesperidin(8), cinnamdldehyde

(9), glycyrrhizin(10), and 6-gingerol(11).

’J¥-21 naringin, hesperidin 2 neohesperidin, F712] 5=
21 nodakenin, 71742 7] 421 6-gingerol, 2
o] 244321 albiflorin?} paeoniflorin, ¥ Z2] FA4 &2l

18 ox N

ferulic acid, A3 4% cinnamaldehyde 2 72|
A3 liquiritindt glycyrthizing 115¢] 42-S A4 3te]

i =2
42 AE A3} 452 olllo] BE ARES 2259
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Table III. Linear range, correlation coefficient, LOD, and LOQ of the compounds

Compound w]z::;tllg;ls Linear range Regres.sion Corre'la‘[ion2 LOD LOQ

(nm) (ug/mL) equation coefficient(r”) (ug/mL)  (ng/mL)
Albiflorin(1) 230 0.6-10.0 y = 9971.1x - 2323 0.9999 0.18 0.53
Paeoniflorin(2) 230 2.5-40.0 y = 10411.0x - 2125.2 1.0000 0.26 0.79
Liquiritin(3) 280 2.5-40.0 y = 17612.0x - 1013.3 1.0000 0.10 0.30
Ferulic acid(4) 320 0.6-10.0 y = 47695.0x - 1622.8 1.0000 0.05 0.16
Nodakenin(5) 330 1.3-20.0 y = 32561.0x - 321.4 1.0000 0.04 0.13
Naringin(6) 280 6.3-100.0 y = 17229.0x - 2216.6 1.0000 0.17 0.52
Hesperidin(7) 280 6.3-100.0 y = 17516.0x - 6098.7 1.0000 0.87 2.63
Neohesperidin(8) 280 6.3-100.0 y = 20957.0x - 2334.8 1.0000 0.18 0.56
Cinnamaldehyde(9) 280 0.7-10.5 y = 117712.0x - 934.6 1.0000 0.04 0.14
Glycyrrhizin(10) 254 3.1-50.0 y = 7679.7x - 242.7 1.0000 0.13 0.40
6-Gingerol(11) 280 0.4-3.0 y = 5938.5x - 104.0 0.9997 0.08 0.25

t}. o] 59 Eele Al EEEAGS Folaxt 2] o) Table IV. Contents of 11 major compounds in Ojeok-san

goll 1.0% acetic acids H7Fste] 7157 €8] Z270= A Content(mg/g)

Mol $A27L SYaRc S9E 20 v} 249 Compound Mean  SD  RSD(%)
Z 3} albiflorin®] 9.1+, paeoniflorin®] 10.4+%, liquiritin©| Albiflorin(1) 030  0.00 1.27
13.73%, ferulic acid 14.73%, nodakenin®] 16.23%, naringin®] Paconiflorin(2) 214 001 0.47
18.4%, hesperidin®] 19.73, neohesperidin®] 21.4%, cinna- Liquiritin(3) 153 0.04 276
maldehyde©] 33.4%, glycyrrhizin®] 41.2%2 3 6-gingerol:> Ferulic acid(4) 040  0.00 0.50
D32l 27 A AATHFig 2). 2t A4S Fa= Nodakenin(5) 100 000 041
ol UV 5 w8 30 vig Azke & lasisit. Naringin(6) 629 005 077
Aol QMY AE R "I - H30] 2l Hesperidin(7) 452 010 225
;?»;1 _ilioi?g f%lzﬁ;]ﬂ_m 0}7]&0]]0]3) 97; 93;*1 ]i fjﬂ j‘:; Neohesperidin(8) 4.10 0.06 1.57
e e ;(r) _ o Cinnamdidehyde(9) 025 000 024
S HAlnh SIS 0.04-0.87 pg/mL, A Glycyrrhizin(10) 185 000 0.6
F 0.13-2.63 pg/mL= ERTH(Table 11D, 6-Gingerol(11) 0.15  0.00 2.53

MEo| B2 - SE BN o8l oAt B FEES
EA35I9 . 2 A3 albiflorin® 0.30 mg/g, paeoniflorine
2.14 mg/g, liquiritin 1.53 mg/g, ferulic acid<= 0.40 mg/g,
nodakenin-> 1.00 mg/g, naringin 6.29 mg/g, hesperidin-=
4.52 mg/g, neohesperidin= 4.10 mg/g, cinnamaldehyde-2
0.25 mg/g, glycyrrhizin> 1.85 mg/g, 6-gingerol<> 0.15 mg/
go & VERFY A FFUAE BT 2.8% oW = Vet
CHTable IV). AEE AR 5 = 39} Rzte] FQ AJEQ]
naringin} hesperidine] th2 Ao vjal ¥)wd =& 3
= HERT

MEHs =X _ 0 Axke] kel BAS Hrtelua) =
S TR ZAIS & ABTSS DPPH 2it]Z 24
4 0}0311:} ABTS gftjZe] 2A8/dE gt 44
29| =7 SVl wet ABTS gz 27 g4 o]
Feh= 73?‘2:2: Btk LA FEE 25, 50, 100 %
200 pg/mL =04 24zt 213, 354, 593 2 87.6%2] 2F

ru{n

- o

Olt

ofN N ox
N

Oz 2A3E vepllon, AsE H7iek] &2 tixd
o] FEE 122 Aarledl Bad AR YFRC )
96.16 pg/mL=E FHEUTE FPoiZ=TR] vitamin C2] RCy,
e 322 ng/mLE BEE U TH(Table V). DPPH 2] %94
2718 B3 ABTS 2t Ze] A frAlsiAl &
45401 7+ YERITh 55 50, 100, 200 2 400 pg/
FEolA Z4zF 261, 1542, 33.68 2 72.65%2] B2
iﬂ%}*é% el o, RC,,= 284.71 ng/mLE #H2E3)
o Wémév}ﬂ vitamin C¢] DPPH 2}t Zbel] tj gk RCy,
0.43 pg/mLE 2= AT Table VI). o]&3 A+ 2
e 7\:! 597 A A3 AP AF AETSAE, ¥
ALste, AAAAE 2 Bexwhe] ilst 2 4
o} Hlﬂ%ﬂ 2w, ABTS 22| RC,, #e] 22t 23.07 ug/
mL, 37.74 ug/mL, 117.28 ug/mL, 204.84 ug/mLOZE H =]
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Table V. Scavenging effects of Ojeok-san on ABTS"

Sample Concentration Scavenging effect RC,,
(pg/mL) (%) (ug/mL)
Ojeok-san 25 21.32+1.13 96.16+0.15
50 35.36+0.23
100 59.28+0.32
200 87.5740.14
Vitamin C 1.25 21.15+0.19 3.22+0.06
2.5 40.62+1.44
5 75.86+1.06

*Concentration required for 50% reduction of ABTS™ at 5 min
reaction.

Table VI. Scavenging effects of Ojeok-san on DPPH

Sample Concentration Scavenging effect RC,,"
(ug/mL) (%) (ug/mL)
Ojeok-san 50 2.61+2.20 284.71+14.93
100 15.42+0.62
200 33.68+1.92
400 72.65+4.02
Vitamin C 5 24.27+1.40 10.43+0.23
10 58.79x1.98
20 90.04+0.36

*Concentration required for 50% reduction of DPPH at 30 min
reaction.

At o= £ AT7e] Bl A4k ABTS #HHZ¢] RC;,
kel 96.16 pg/mL} ¥ & wf @ 2 Ako] APk A<l g
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