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e sk, 2 FolA sl 1w Holl) 7‘15_—‘?—‘?—.-_"2 methanol2 #7947 F&3} heX-
ane, chloroform, ethyl acetate, water 0.2 £m|&-233 A} ethyl acetate oA 7 =2 @S
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7tste) agelA wotdlg Mdsiglon wolglel e 3t
S EZAL rosmarinic acidy-S 15Tl H2l3 rosmarinic
acidl] WA ZEjgit)Zd £AAES 4% 23 a-tocopherol
3 BHTE 4 F7hehe 848 B2on, i =4 22
A EVES VNEESI ASALE S 3 A FA

7 =
o-tocopherol® BHTH.T} %+ &35 A3t

Mz o gy
M2
B Al AREE el Ty, EE, E7
TAA NN, BEF, vtet, A, W, zﬂ%, %ﬁ} Et” e
ZEARAONA, N71EE, Bethy, AFE T2 FIHE]

&9 NPEFIN ARSI
b e =1 R AR B R = B okz= 7
29 AWNFE 32 55T P2 AW 2L
Sgiom Qre BYe Fxsky Yeide 2 A4 9oz
At F28me 194 ARSI e HPLCS =
AldrichAF¢] HPLCS-S, DPPH(1,1-Diphenyl-2-picrylhydrazyl)
£ Sigmarl2RE Tk Mgl

929 e 2A1 Aol
4% AP TYsL o
E52 gaEe

HEFE % EHH

AZNEE 71904 248 o 2 300 g& 900 mi2]
80% methanolZ 12417 F<tF SFwziy *2& &3} o
FHBL A 2 WO sl FEdte] oS Ho}

3AEF7AAM eSS AAsIATE s54E FF Fovt
500t HEE FRTFE AU EdoFoll WAL hexane,
chloroform, dichloromethane, ethyl acetaterC 2 =2HE¥ s}
Aek¥ AP B33 Sephadex LH-20 150 g& methanolol] &
ABANAAM FElF@P=44cm, length=50cm)dl] FHAZ
open columng AMESIH. 2, elution solvent= methanolZ &}

3, 1 mi/min EEZ Tmk 25 30009 23 th:} A
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79 24311 F2 HPLC (Shimadzu SPD-10A)0)) ]34
o columnd G4 Cy(Partisil 10 um, ODS, 25cm,
analytical column)y& 2% acetic acid®} acetonitrileS 78 : 22
HlEE 42 8§ 3 7ix9 274 (pH 2.5)9} acetonitrile 3}
SH(80:200% Bvi= AU, 52 1 mimin, 320 nm
A ATt TLC plate= silica gel 60 F, 2 23] n|
g ¥ MerckAle] AEL ARSI €+ chloroform
:methanol (2: 1, vivy& ARSEFAC™, S (reverse phase C,y)
HA| & 3|AL9] AFo)| ethyl acetate:acetic acid:formic acid
:water(100 : 11 : 11 : 27, v/v/v/v), acetonitrile : methanol : water
(15:75:25, viviv) & AF&3l3ch

RancimatZ 0| &8t gHtslzal &3

Rancimat(Metrohm Herisau Switzerland 679)0l ]38l &4ks)
FYZAL NEY Fr)7hes URMNESY fFE7I7EeE e
o] EA¢l V|EoZ Agkorm BHTS a-tocopherold &
2z stk NEE X9 B4, E718 2 25 ol PsE
Aol 0.005%(wiwyt FA F=E 23 110°0CE 4513
A AEHE FE319] electric conductivityS 27853} 1010

Table 1. The antioxidative activities of various plants by DPPH test

DPPHAMHEH

P S sk e Chen'™3 Takao 5] 3)
ZioM dsted S T o) ARS-EE DPPH(1,1-diphenyl-
2-picryl hydrazyl)®] A SRS 4F F43t] SH31%
o} ABoM FZ3 stock solution 1092 8415 g8 100
ws} DPPH £-9(640 pug/ml in ethanol) 2 mi2 10 m/ Aj&#
of Wil oA 4087 ¥H5AIZ1F spectrophotometer
(Beckman Du-70)% 517 nmollA EF=E &431gom o)%
o% B el AFE ko AT ARSI,

TZEY

&4 ESIMS(electrospray ionization/mass spectrome-
ryy2 ©|-83}>] negative ion mode(HP Model 1050 HPLC
quaternary pump system/VG Quattro LC quadrupole/VG
Biotech)oll 4] &7 3t v}, IR(Infrared spectroscopy)Z4 ol
+ KBr pellet& o] &35 o™ 7|71 Vector 22(Bruker
analytische messtechnik GMBH) IR spectrometer(resolution,
4.0 ; source, globar; velocity, 6. 10.0kHz, Aquisition mode,
double sided/forward-backward)E ©]-83151t}F. NMR(Nuclear

Samples/part(Korean name/family)

Activity(A Ay ;)

Artemisia capillaris/whole(Z/=3}3})
Carthamus tinctorius L./flower(&-3H/=3}2})
Prunus mume/fruit(?]-d /3717

Armeniacae amarum semen/seed(3 1 /31) 2}
Aralia continentalisitoot(E39 5153
Aralia continontalis/root(E&/5F5 53
Schizonepeta tenuifolia/whole(F7) &-Z3})
Elsholtzia splendensiwhole(35-5-2%31)
Prunella vulgarisiwhole(Z-E (EZ3})
Leonurus sibiricusfroot(Q] R 2= /E2Z3})
Mentha arvensisiwhole(2Fsl/ZZ5})
Agastache rugosafleaf(FoV f2Z3})

Perilla frutescens/leaf(R2~ /2= 7))
Scutellaria biacalensisiroot(3=/EZ3})
Lycopus lucidus/whole(8] $H/Z-Z 3}

Perilla frutescens/leaf(S7) 2 Z3})

Oenanthe javanicafstem(W) &} /AHE 1)
Daucus carotajroot(J2A8 3})
Ledebouriella divaricatalroot("3%- /A8 7}
Cnidium officinalefroot(A-Z/AFE 2}
Chelidonium majus/whole(o) 71552 /5791 3})
Cucurbita moschatalseed(Z. 8}t
Codonopsis walllroot(H] 5} /22 2%}

Ginkgo biloballeaf(2-3} /23 3})

Zingiber officinale/root(?3 7317}
Capsicum annuum/froit(GL3/7}2 )

Acorus graminens/root(’d F3E /A E4 3
Thalictrum aquilegifolium/seed(*d < vh&] vt ofv) 3y
Thalictrum aquilegifolium/leaf(33 2] o}l /mjuba] ol u] 2})
Belamcanda chinensisitoot(A7H22E3})

0.535

Activity(A A, ,):absorbance difference between blank and sample at 517 nm by DPPH.
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R% 307k4] AlRS) PAEBHS DPPH 2AZS 243}
o Basgch. ARe) i JuiEel s g4 24w
Ask(Table 1) Holdel Ao] L5 Etor Atz W)

T B3 5 848 Jeloy A7 agy s3] 3
31 & oFskAl UERdTE o] Chipault 5'20] HAAE
PRl dis] 2ARE Pt 9] vl vlsElge
v AT} Foll= 27 gingerold} carotenoids7}t L8] X I
Foll= capsaicin®|Zhs FAFEIERC] Bo e Rog 4
A Yot e &S JeERNR] i)

Choi 5] 126F2] 7% oFxe] F&olo] thelA] Rancimat
o ot slEg vwgh A3E BH nhEoly vkel Fo
A AFos o AL BHud v 9ok Cuvelier o
A EA A 32071R] extractE: THEOJA] AL =45
I AEE A #4do] e camosic acid, carnosol,
rosmarinic acid o= 247} BA-E Belsle B 3 vt
AUt

ghitslEEo| #2 ¥ HA

Wolgle] HtslERS BElshr] fste] Wl AR 300¢
S 2RE WEO FFZNE hexane, chloroform, dichl-
oromethane, ethyl acetate, Algsle] GujE8lely 7+
#9¢] IS e A8 A ethyl acetate?] FEFollM 7
st &8 23 (Fig. 1). Hexane ©J4} chloroform 59 J4
o] Wg GujEgea B4o] gl ZAoZ Hol ol F
£ 3sHEELE hydroxyl groupelu} carboxyl groupS #s
712 71 FAHERR FHEAY.

Ethyl acetate®8S Fo} 53t th Sephadex LH-202 At
|3t 30079 #ES Rty olF BT i3t 24
< HZ AT SAZS 219A EoMRE 25K B

ZE}\E

3.5
2 3
2z~
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© C
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Zv—
s
:901.5
80 1
€
< 0.5

1 2 3 4 5

Solvent fractions

Fig. 1. Antioxidative activitises of the solvent fractions from A.
rugosa. 1: hexane, 2: chloroform, 3: dichloro-methane, 4: ethyl
acetate, 5 : water.

F7kA @Ado] YRew 26, 27HA EYME oA Ut
o] ATt o]5S HobA Sephadex G-25 ZHOE thA]
A S ek 5o 27k §uldd tisiA AEHS Al
=8 Port AAARLS =R gokor olzg 7zl EFE
31 mge LAY

TEEE

CysH,04

R;: 0.18 (chloroform-methanol(2 : 1))

[a],=-0.65" (c=0.1067, MeOH)

UV (MeOH) A, : 328

IR v, (KBr, cm'):3400(0H), 3100(aromatic C-H stre-
tching), 1737, 1725(cabonyl), 1610, 1526, 1514(aromatic C=
C), 1349, 1295(C-0O).

ESI-MS, 359(negative in mode, M-H).

'H NMR(400 MHz, CD,0D):87.501H, d, J=158Hz,
H-7), 703(1H, d, J=19 Hz, H-2), 693(1H, dd, J=19,
83 Hz, H-6), 6.75(1H, d, J=83Hz, H-5), 673(1H, d,
J=22Hz, H-2), 6.67(1H, d, J=8.0Hz, H-5") 6.65(1H, d,
J=22, 80Hz, H-6), 620(1H, d, J=158Hz, H-8), 5.15
(1H, dd, /=4.2, 83 Hz, H-8), 3.06(1H, dd, J=4.2, 144
Hz, H-7'a), 296 (1 H, dd, J=8.3, 144 Hz, H-7D).

C NMR(400 MHz, CD,0D &C): 8127.6(C-1), 115.1(C-2),
146.8(C-3), 149.7(C-4), 1164(C-5), 123.1(C-6), 147.1(C-7),
114.3(C-8), 168.4(C-9), 129.2(C-1"), 117.5(C-2), 146.1(C-3"),
145.2(C-4), 116.2(C-5"), 121.8(C-6"), 37.9(C-7), 74.6(C-8),
173.5(C-9")

g st dg AFAe EZL optical rotationg =33l
Az FAAolRen, UVEdAME 328 nmollA FFE izt
& A2 igdth o] u?—e‘_% negative ion 4] 2] mass
spectrometere]l &34 ABE SN AH miz 3599 ion
peak”’t ERIxo] Fxlo] 360?4_ ez FA HUM IR
spectroscopyd¥tell o3t #4719} WY CH 3 A=
CH 7|7} EAlste] A" W& 3100-3500 cm™ Atole] W&
Fm7t FFEJAL 1610 cmolA] WEEH C=Ccdde], 2
= 1737 cem’#F 1725 cm e este} carboxylic 719 C=
09] Fu7t AT

Proton NMR spectrum®]] 117]¢] peak = signal ©] e}
W 3.063 2.96 ppmoll F 7H2] dd signake 8'¢] protons
79 UmA protonoll A UEFUYE vicinal couplingt
geminal coupling ®&ol™ 5.15ppme] dd signal> 7-
methylene2] T 7ie| 49 22t couplingdt?] WESl AoZ
AT} 6937 6.65 ppme] protonr 63 67 29} 219
long range couplingS YJERATE

BC NMR spectrumell#] VFERG 173.5, 168.4 ppm®] ¥hae
77} 97} oM BhAO|T 37.99F 74.6 ppme] BriE 73} gEh
A2 YERITE 110-150 ppme] ©4AE2 aromatic®] methine
Bkio} quaternary BHA7F AdodA] U signalol® o]Z& IR
spectrum©iA] 3100-3300 cm™ o] YER= peakSAd 3 3=
= 239t ®C NMR®] DEPT(distortionless enhanced by
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Fig. 2. The putative structure of the antioxidant substance,
rosmarinic acid, from Agastache rugosa.

polarization transfer) spectrum®] USJA §=135%f 4= 1=}
ARl 379 ppmellX CHyF 8t YERISL 0=45%I4= CH
Fejo] ©ael oo vt #AHUTE TS 0=90% 1C
NMR®| spectumE H]:2§ 23} CH, Fele VERR] 93t
W quaternary carbon & B5F7} 125 ppmelste] AAgel v
Eldo @y 173,59 168.5 ppme] T 71| carbonFEH S A9
B O]E2 UlFE benzenedE]2] BhA: signald] Ao F4
HTk. HMBCOIAE 5, 5, 6, 6 @49 X2 AZeA 3
F02A 4709 hydroxyl groupe] $1X7} 3, 49} 3, 40 =F &
A= ATt

oo AuE FNEY R ERES] RISHEAS
e dkslgd e Al EF=Z o] U#Z rosmarinic
acid(Fig. 2) 2 SR39U}

O ER k=

vholelo) FAEAR O R rosmarinic acidE Ee BRI
on o= ABRS 71FoT U 1% FFow BExsY

o} webA] B8 AA)E rosmarinic acide] AHIA|gIE =

ﬁa
&

Table 2. Antioxidative activities of rosmarinic acid, BHT, o-
tocopherol, and fractions from A. rugosa

Antioxidative activity*

Samples (SCyp pg/ml)
BHT 89
o-Tocopherol 49
Purified rosmarinic acid 7.7
A. rugosa MeOH extract 71

Hexane fraction -
MeCl, fraction -
EtOAc fraction 10
BuOH fraction -

*Concentration of antioxidant required scavenging 50% of free radi-
cal(DPPH) in a reaction mixture.

Table 3. Antioxidative effect of rosmarinic acid on lard, palm oil
and perilla oil measured by Rancimat method

Antioxidant index*

Samples
Lard Palm oil Perilla oil
BHT 1.35 1.39 0.93
o-Tocopherol 1.35 1.63 0.8
Rosmarinic acid 2.21 2.17 0.86
A. rugosa EtOAc fr. 1.2 1.79 0.98

*Antioxidant index was defined as the inducton time of lipid oxidation
with antioxidant over the induction time of control by Rancimat
method.

ol

17] $J8led 71282 = BHT, a-tocopherol B Wole! &viE
< AthE DPPH) 23t dRisiEdE vlaL SFITH(Table
). Hojele] Lujitsl oM o JHUE ethyl acetate i
oA 7H 7R 248 Yepdlon FFEEE¢ BHTY o-
tocopherol# HIT3-& W= rosmarinic acid’t 2% €4S
ﬂ]}%}\}ﬂ_'lo,lﬁ)

sk SAElEA S 2o R AA 7)-d &8sk Wi
o] 3lSl Rancimatg o}8-3k EX¢} #f 2El3 E71F
o gt AlslejA| ExE ¥ wEA 3 TH(Table 3). E71F1A
= rosmarinic acid®d ¥do] 0.860.% W]|ZEZ2 BHT ¥ o-
tocopherol?} B]52E €42 Yepd o}, =4 /A 4%
NEANGA] BHo)ME rosmarinic acid’} o-tocopherol] BHT
o HlgiA 253 S AElEA-S VERITEST o9} 7H
o A#A}E Chen 5] Rancimat &2 Z743 BHT, o-
tocopherol’s-2] phenolic compoundsell tHEH FAIEREY AL
AFoE AR AT E Cuvelir 5202 methyl
linoleate”t 110°ColM AsAistse g oAlske ditsls
A WPEe o] Rl =A3 187FK)9] phenolic compound®] th
3k glAkElEA ¥ WO)N % rosmarinic acide] 4FsliA| g3t
gallic acid, BHA, BHT, ferulic acid, vanillic acid, salicylic
acid 50 EARTE 71EEe Wl vb vk a2eEE oA
RancimatS ©]-838F atsl8d S 110°Ce] L2ollA S4sk5
& B ola} B AR HoE 24 AR
HolX rosmarinic acide= 71& ARSI wolztal E 3l
B aed gig BorAe S8 4 e AT 2EE A
=i

=
arE $= glgzlo g FEt),

N ok

nEs

1. Chipault, J. R., Mizuno, G. R., Hawkins, J. M. and Lundberg
W. O. (1952) The antioxidant properties of natural spices. Food
Res. 17, 46-55.

2. Chipault, J. R., Mizuno, G. R. and Lundberg W. O. (1956) The
antioxidant properties of spices in foods. Food Technol. 10,
209-211.

3.Lee, S. H. (1997) Control of lipid oxidation by oxygen scaven-
gers. Agrobiotech 4, 26-47.

4.Lee, C. B. (1989) In Illustrated flora of Korea, p 649-661,
Hwangmunsa Inc., Seoul, Korea.

5.Kim, T. J. (1996) In Korea resources plants, Vol. IV, p 44,
Seoul National University, Seoul, Korea.

6.Mun, K. S. (1991) In Components and application of medici-
nal plants, p 506-507, Ilweolseogak Inc., Seoul, Korea.

7. Ahn, B. and Yang, C. B. (1991) Volatile flavor components of
Bangah(Agastache rugosa O. Kuntze) herb. Kor. J. Food Sci.
Technol. 23, 582-586.

8. Tada, M., Matsemoto, R., Yamaguchi, H. and Chiba K. (1996)
Novel antioxidants isolated from Perilla frutescens Britton var.
crispa(Thunb.) Biosci. Biotech. Biochem. 60, 1093-1095.

9. Bertelsen, G., Christophersen, C., Halfdan, N.P., Lindberg, M.
H. and Stadel, P. (1995) Chromatographic isolation of antioxi-
dants guided by a methyl linoleate assay. Am. Chem. Soc. 15,
135-138.



266

10.

11.

12.

e R R - o

Frankel, E. N., Huang, S. W. and Aeschbach, R. (1997) Anti-
oxidant activity of green teas in different lipid systems. JAOCS
74, 1309-1315.

Frankel, E. N., Huang, S. W.,, Aeschbach, R. and Prior, E.
(1996) Antioxidant activity of a rosemary extract and its con-
stituents, carnosic acid, carnosol, and rosmarinic acid, in bulk
oil and oil-in-water emulsion. J. Agric. Food Chem. 44, 131-
135.

Chen, J. H. and Ho, C. T. (1997) Antioxidant activities of caf-
feic acid and its related hydroxycinnamic acid compounds. J.
Agric. Food Chem. 45, 2374-2378.

13. Takao, T., Kitatani, F., Watanabe, N., Yagi, A. and Sakata, K.

(1994) A simple screening method for antioxidants and isola-
tion of several antioxidants produced by marine bacteria from
fish and shellfish. Biosci. Biotech. Biochem. 58, 1780-1783.

14. Choi, U., Shin, D. H., Chang, Y. S. and Shin, I. L (1992)

Screening of natural antioxidant from plant and their antioxida-
tive effect. Kor. J. Food Sci. Technol. 24, 142-148.

15. Cuvelier, M. E., Richard, H. and Berset, C. (1996) Antioxida-

tive activity and phenolic composition of pilot-plant and com-
mercial extracts of sage and rosemary. JAOCS 73, 645-652.

16. Ahn, B. and Yang, C. B. (1991) Chemical composition of Ban-

gah(Agastache rugosa O. Kunze) herb. Kor. J. Food Sci. Tech-
nol. 23, 375-378. :

17. Pearson, D. A., Frankel, N., Aeschbach, R. and German J. B.

(1997) Inhibition of endothelial cell-mediated oxidation of low-
density lipoprotein by rosemary and plant phenolics. J. Agric.
Food Chem. 45, 578-582.

18.Duh, P. D., Yeh, D. B. and Yen, G. C. (1992) Extraction and

identification of an antioxidative component from peanut hulls.
JAOCS 69, 814-818.

19. Banias, C., Oreopoulou, V. and Thomopoulos C. D. (1992) The

effect of primary antioxidants and synergists on the activity of
plant extracts in lard. JAOCS 69, 52-524.

20. Cuvelier, M. E., Richard, H. and Berset, C. (1992) Compari-

son of the antioxidative activity of some acid-phenols:Structure-
activity relationship. Biosci. Biotechnol. Biochem. 56, 324-325.

Isolation, Identification, and Activity of Rosmarinic Acid, a Potent Antioxidant Extracted from Korean

Agastache rugosa.

Jung-Bong Kim*, Jong-Bum Kim, Kang-Jin Cho, Young-Soo Hwang and Ro-Dong Park'(Department of
Biochemistry, National Institute of Agricultural Science & Technology, ‘Department of Agricultural Chemistry,

Chonnam National University)

Abstract : Thirty plants were screened for their antioxidative activity. The extracts of Agastache rugosa, Schizonepeta
tenuifolia and Lycopus lucidus had high free radical(2,2-diphenyl-1-picrylhydrazyl) scavenging activities. Methanol
extract of Agastache rugosa was fractionated with hexane, chloroform, ethyl acetate, and water. The ethyl acetate
fraction showed the highest antioxidant activity in the DPPH test. The ethyl acetate fraction was applied to Sephadex
LH-20 column, and the fractions showing antioxidative activity were collected and used for identification of the
substance. The purified substance was applied to mass, IR, UV and NMR spectroscopy. The spectra of mass, IR, UV
and NMR implied that the substance is a rosmarinic acids as a kind of phenolic compound. The rosmarinic acid has
more antioxidative effect than those of BHT and o-tocopherol in the Rancimat test.

Key words : antioxidants, Agastache rugosa, rosmarinic acid
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