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Abstract

Green mustard leaves were found to effectively prevent lipid peroxidation of bovine-brain tissue by ascor-
bate/Fe* system. The 50% methanol extracts of mustard leaves were separated into four solvent fraction using
n-hexane, EtOAc, n—-BuOH and water. The n~BuOH fraction exclusively exhibited the antioxidative activities
at concenlration above 100 ng/mlL. The n-BuOH fraction was further isolated to a single compound using TLC
analysis and silica gel chromatography. The active antioxidative compounds were identified as sinapic acid
methyl ester and ferulic acid methyl ester by 'H-NMR and C-NMR. The sinapic acid methyl ester and ferulic
acid methyl ester were prepared by methylating of sinapic acid and ferulic acid with diazomethane. The results
strongly suggested that sinapic acid and ferulic acid could be employed as a potential antioxidative agents

for preventing the bovine brain lipid peroxidation.
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abia japonica)¥] #WA 3HEEe-E<] allyl, 3-butenyl, n-
hexyl @ B -phenylethyl isothiocyanate o) &, 3, &4
=4 BAL otz B v E Qoh17). 4, 4 2
o) ol (Wasabia japonica)] diethyl ether FEFoll4 A
ol ol F o= a3 Helicobacter pyrolisl ™ 371#] 3
F2| # 2:A] 8% % (minimum inhibitory concentration, MIC)
ol A Z27} glcka wos vf olek(18). el = 7t2] meth-
anol(MeOH) 5=%-E-2- n-hexane, ethylacetate(EtOA¢) butanol
(n-BuOH), H:05 22 - o2 4u&&sd-E o n-
BuQH 2| 4] flavonol diglucoside?) iserhamnetin-3,7-diglu-
coside®] 247} B35 91c4(19). 744} 2k=F o RE in vivo
Ay ol A e 3H4ksL A Fo] sinapinee |2ty B ¥ A =H10).
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(0.3 mg protein/mL)el| 4] (20) # A Zp4EE {24 7)7]
#4) 25 pM 47| membrane suspension(l mL)el ascorbate
2} 0.2 mM<] Fe’-& @ 52 3057} 37°C incubatorsl]| 4 7l =3}
HA] 9227 F oJ7)el 15% trichlorcacetic acid(Sigma
Chemical Co., St. Louis, USA)E 1 mL 7}l thiobarhi-
turic acid(TBA) A]2}(Sigma Chemical Co., St. Louis, USA)
-2 500 uL 7}8ted 100°C incubatorell A 1587 Sekgk & -2
Zol| A F A} Abr] £ 92 14,000 rpme] microcen-
trifuges] A 1047 1A 22| 7 F A54-& #3ke] 533 nm
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Antioxidative effect (%) =

1 [A (membrane+ascorbate+Fe” +sample®) - A (membrane+sample)] %100

A (membrane +-ascorbate+Fe'™) - A (membrane)

*Sample: Vegetable extracts (green mustard leaves).

A {membrane): Absorbance from the incubation containing cell
mermbrane only.

A (membrane + sample): Absorbance from the incubation con-
laining cell membrane and sample.

A (membrane+ascorbate+Fe™): Absorbance for the incubation
containing cell membraric, ascorbate and Fe¥.

A (membrane +ascorbate + Fe'' +sample): Abworb'mce from the
incubation containing cell membrane, ascorbate, e’ and sample.
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il 2 A 2E2 Bradford™ (20)]] ¥} bovine serum al-
buming E32(1 mg/mL, Sigma Co., USA)2.Z 3l &3]
slsdc}. ‘

ot MR B2 3 A
A AR BTH(198 g)2 50% MeOHZ 23] &% ¥ 3%3
JAk8} B4 TBARS Y2 2 S4519.2m MeOH 5%
EF2 7}A] 3 4o #37 of whekA] n-hexane, EtOAc, n-BuOH,
H:0 0% EH427)E o] &3t Ea5E8t9vh(Fig. 1).
n-BuOH=-2 Hz|7] & k5w 2 Foalx]ds 59 &
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5026 MeOH extracts of green mustard leaves
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Sinapic acid methyl ester,
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Ferulic acid mecthy! ester

Fig. 1. Isolation of the antioxidative compounds from green
mustard leaves.
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b sted E2] Al g vk A A A 2] n-BuOH £ (33 g)¢|
7P ol 32 AL 2 Jelyghe B2 o7& thA| o8] 717
o) 2Z{CH;Cl/MeOH(20 : 1) — n-hexane/CHsCl/MeOH
(1:8:1) — n-hexane/EtOAc(13 : 5)}2 2 silica gel chroma-
tography & T3t o 24 2L w28l 98le] &
2re] @A vl 27+ 41 -2 column chromatography ¥4
M2 XA Fabste] it dabs 248 &4 slgoH(Table
1,3) (21). n-BuOH 28 ol = &4 397} ¥a] 94 9ledew
2 #)&4 4 & (phenolic compounds)& 2l 5}7] ¢ ated A
AelZ 02 N NaOHE 24715k 7beal s A A skt
ol A& F& 4t 2 4MA 3 (pH 3) A 7] 3L oA H| 2 3535] o]
THE-RE S %4 g)stod CHiCl/ MeOH(20: 1) silica gel
(Merk, 70~230 mesh) chromatography(7 %53 cm)& 4 4]
arhFig. 1). 2 5 240 73 & 28 ML #7147
4l n-hexane/CI15CI/MeOQH(1 : 8:1)2 AF&-3}e] silica gel
chromatography(7 X 53 cm) & A A 5}3 oHFig. 1). Capillary
electrophoresis(CE, Beckman P/ACE 5500 CE systern, Beck-
man Instruments, USA)(Table 2)2} thin layer chromatog-
raphy(TLC, Kiesel-gel 60 Fxq(precoated), Merk)l| 4 ferulic
acid®} sinapic acidg #4133l t}(Fig. 2).
D1azomcthane(CHgNo 2.8 o g5 (22)5ke] Qo B
= silica gel column chromatography= n-hexane/EtOAc
(13 Del A zAe 2 2213 column(2 %30 c)ell A 2%
22| 2 preparative TLC(Fess silica gel, Merk) 2 #2212
E2lstaich CEAlA #eld 24 28 M3 BFFA< sin-
apic acid®} ferulic acid® E5F = "8 47 A Qo]4 ferulic
acid methyl ester@} sinapic acid methyl ester®] Rfx]7} o
A3tz vl wele] 'H-NMRL #4819 2, "C-NMR= &

Table 1. Antioxidative activity of n-BuOH fraction from
green mustard leaves

2 ] Oxidative Stress ¥ A1 24 F2le) &

Solvent fraction (ug/ml) _Antioxidative activity (%)

Fraction 1" 38.0
Fraction O 24.0
Fraction I 58.0
Fraction IV 46.0

"Each n-BuOH fraction (100 ug/mlL) was incubated in the
mixture for lipid peroxidation.
Y Antioxidative effect (%) =

. [A (membrane +ascorbate+Fe” +sample®) ~ A {membrane+samgie)] 100
- . x
A (membrane ascorbate+Fe®) — A (membrane)

*Sample: vegetable extracts (green mustard leaves).

Table 2. Instrumental conditions of capillary electropho-
resis

Instrument  : Beckman Ine. P/ACE

Capillary : Silica fused capillary column, 40/47 cm, 75 tm i.d.
Buffer :0.1 M borate buller (pH 8.0)

Injection type: pressure, 3 sec

Voltage 125 kV

Temperature : 25°C

Detector ' PDA, 200~400 nm
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Table 3. Antioxidative activity in bovine brain tissue of
identified compounds from green mustard leaves and standard

Antioxidative

—__"C‘,ompounds activity (%6)”
Sinapic acid methy! ester” 40
(Fration IIb)

Sinapic acid” 22
Ferulic acid methyl ester” 35
(Fraction M¢)

Ferulic acid” 18

"*'Each compound (30 ng/mL) was incubated in the mixture

for lipid peroxidation.

Each compound (30 pg/mL) was incubaled in the mixture
for lipid peroxidation.

Y Antioxidative effect (%) =

. [A {mermbranc+ascorhare+Fe' +sample™) - A {(membrane+sample)] 100
A (merrbrane ascorbate+Te’ ) - A (membrane)

*Sample: vegetable extracts (green mustard leaves).
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Fig. 2. CE electropherogram of n—-BuOH fraction from green
mustard leaves.
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Sinapic acid@} ferulic acidg £2]3}7] 913t CE2] 4=
71-& Table 22} 7"\‘»} 27 o] 47 cm, UV detection window
7hA] #do] 40 cm, #1757 umE- S5 27 A7 B (fused
silica capillary column, Beckrnan Instruments, USA)e] &
25 71 =X (cartridge) 2} 3 5 2 FF 21E7) (pulsed diode
detector. Beckman Tnstruments, USA)7} 235 2 A7 2
7194 54 *] & o] S-5le] 8 3l9drl. dlo]¥ji= F/ACE Station

azEgold] oa) £HwGTh A LFUE AT P
@l A2 Fo] 327 F4)8)91 v Borate-borax buffer(pH
8.0)= 0.45 um membrane filter(Gelman)ell o 25k 3 A&

3}9314 Sinapic acid %} ferulic acid®) A=e &7 93 =
F2H 2 sinapic acid¢} ferulic acid(Sigma Co., USA)E +
ol&ted 0.01 g/ 10 mL F=2 MeOHoll =<1 ¥ g As}e] &
E%7F 10~100 ppme] EHEE HEo] ksl A/ 5=
EE FollA 7hak 4o o e FHsgnh o v Ax

F
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X Sep-pak(cartrige Cis, Waters) 2 ¢]-£3}o] MeOH} &
£ 1: 1% =9l3}e] activationA] ) % Sep-pakell A4 A
EE 4 MeOHE. elutiondte] 28 {71 ExH-& A A3k
CEE 24s}qic}

NMRo| 2|5t &4

Helg A5+ CDCL o4 Axl7] F4 £37](600
MHz, Bruker, Avance DPX-600).2 'H-NMR< 245141
2, "C-NMR(300MHz, Bruker, Avance DPX-300)%4] &
234 72 FAGAT Do B2 EAF vlasie] T
2% Hlstsrh@3).

#o Y o

HFA2A 50% MeOH F5E2 30% 782 vebfiale
o ascorbate/Fe™ systemel] A aH4k8} &4 (2 mg/ml)-& 53%
2 eyt BT AP AAAA S g FEEo] Tt
£~ ¥ 2 %] of| 4] N-methyl D-aspartate(NMDA)el| £ #] 4
A8A 22ALE FES AATRLRE DolRE Ao
U A drh12). o] 22EE £XFE69E o d4ilst &
32 n-hexane, H20, EtOAce] 257+ 0%, 9% B 40%% 2 =
n-BuOH #2-2 49% = 1 #Ade] 713 #9L &0%)E
w5 fokeh Wi el ErOAC E'r & aks YL vl aA
Eorov) fgo] B9 dohth05%). 08 $HEE w45
Z A F2 F=(100 ug/mLM]/H Zhakgl &A1 v o
TEY gabE g4 de] FEEGAR 8 o] 73k
F3H(Table 1).

CEE ol &8 A% AL W 27tx9 4 #Hla) A=

= 370r1

- o osane

AR

AR

o] 7hs-5tedth(Fig. 2). CERZ B4 5ke] £FE (Fig. 2A)3
v 23] 2 o EH e sinapic acid$} ferulic acidz} &3
=)o) 919dvHFig. 2B). %% 336 nmell4] sinapic acid®] mi-
gration time-& 3.275% ]9 I ferulic acid+= 342522 &
F2A3 23 A Fealx g}, Zh7te] e g gESTA]
& 1e§A] A2kl sinapic acid?) #Ee A2 (g)d 24.3
ppme] Y3, ferulic acid: 42.8 ppmE ferulic acid ko]
sinapic acid®.t} tha B-& oFo|sith(Fg. 2B). 34+3F G4l o]
L Ralel Mhel Me WAy VT 243 WEEE 3
#Z A A% sinapic acid methyl ester(8 mg)9} ferulic acid
methyl ester(14 mg)& <9 cH(Table 3). =5 o] &= &5
3} sinapic acid$} ferulic acid®] Rf 217F A o =] s}ed =],
22 A= AL hexane/ EtOAc(13 : 5)E AHE-3}] prepar-
ative TLCE A A18le] TLC Abell 4] ferulic acid methyl ester
(Rf=0.27)9} sinapic aicd methyl ester 54 (Rf=0.18)8 2+
7k v)aled ¥ NMR2 Felstadeh AA4709) 'H-NMR
AATE Fig. 3(A), (B)& 22 spectrume] o7 R x ¥
E A A (Brassica nigra)?] 24423 {418 F2E 714
I ARH®). FAA A2 NMR T2 £4 dlo|eh=
Table 49} 7t} Al 22) 'H-NMR spectrum-2 CDClyell 3
A 28t 2™ 6.38 ppm4 7.63 ppmell Al doublet 2 1}E}
vt} Sinapic acid?] trans-olepin7 F4:<l 'H7/} 3L A
£ gHequivalent integration)-& 7}x 2.2 #e}%] o] E(chem-
ical shifts)& 3t A 22 o3 AR TH(23). 6.77 ppmel A = Al
4 289 26-H=E 2H7} singlet 2 2 velydv} 3.85 ppm 2 2
=dlA za]e] 9 6HE 3,5-OCHze| v} 3.82 ppm, 3H=Z
sinapic acid methyl ester?] F4 w22 #Ho2 FA= Y
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4
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Fig. 3. '"H-NMR (A) and *C-NMR spectrum (B) of sinapic acid methyl ester.
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Table 4. Instrumental analysis data for sinapic acid methyl
ester from green mustard leaves

Instrument Data

'H-NMR CDCls, ppm : 3.82 (3H, s, COOCH3z), 3.85 (6H, s, 2
OCHa), 6.38 (1H, d, J =16 Hz, H-1'), 6.77
(2H, s, H-26), 763 (1M, d, /=16 Hz,
H-2")

"C-NMRCDCls, ppm :51.82 (3'-OCHs), 56.16 (3,5-OCHz),
104.55(2,6),113.45(2"),124.45(1),132.64
(4), 144,58 (1), 152.35 (3,5), 167.22 (3")

zp7he] &% A o) et "C-NMREA Axbs F254A7 o
A steivh(Table 4). ] A A &2 tabv2€ Fig. 4(A)o} 2.
Fenulic acid®} '"H-NMR(CDClz) 2}, 3.80 ppmell 4] COO
CH:z7} singlet 2 2, 3.94 ppmell A& WA w=]9 -OCHy7}
singlet-2 2 el 6.92 ppm(J = 9 Hz, d, H-5), 7.08 ppm
(J=9Hz, d H-6) 2 762 ppm(J = 16 Hz, d, H-2")ol| A =&
7} 247} doublet2 & vhebyt e =, 7.03 ppmel| 4= 4 Al =]
8] 26H, 2H7} singlet 2. vielydt} o7& E5F ferulic
acid methyl esters} TLC, 'H-NMR, “C-NMRell 4] &3}
At o]7e stErzE Fig 4B)e 2o
ol g2 4hE FA-& YT F=G0 ug/mL)l| M Bl E
] sinapic acid methyl ester7} ferulic acid methyl ester ¥ o}
o2 =4 el E=3 AREE 3584 il #
A& sinapic acid(229%)7} ferulic acid(18%) <] v] 3l ¥zt =
A vhrebyd o, "ﬂ%ﬂr% gk Eof vl s A vl G A et
W} (Table 3). =8k, sinapic acidell 2702 =" 7](CH:)%=
meta 917 ol AAE Fo gl 27 w7} Frhc o
2k4] sinapic acid®} methyl ester -F=A 2] =tc] 2 47 A
o] & A& o] Er] g kA FHA Y= SHAA 2L E0]
FEAE}7) v Folatz ud A o %3k wH23). Han 5-(10)
2] A A T A= ferulic acid methyl ester®] &4z} o
e A2l AFE vl gov o] P ER o H = Ak
EZ37) gtz &% ¥ 3952 -OH7] A&7 4
Al 312] para-hydroxylZ| <} FEH o] 9lekE). Iron-catalized
Haber-Weiss ¥1--%} Fenton ¥h-&-<f €] 5} 2414 hydrogen
peroxide(Hz02)E Fe’ ¢} #4819 hydroxyl 2}v) Z-& A4
Feh(4,5). Mz A o] Atgld] AEH A g B3 A5} A}
017} 9l Z= 2% 2HE7) g FRe) gk Ao AEY

o}, A # 22 o 4 & SOD, catalase, peroxidases} %2 g4k
3} 74 9 A2} 3359 tocopherol, polyphenol compounds
(A) (B)

CH,

HO CH=CH-COOCH, HO‘QCH*H‘COOCW
CH,0 CH,0

3

Fig. 4. Sinapic acid methyl ester (A) and ferulic acid methyl
ester (B).

8} ascorbate Sl )8} - OH7| £ 2401 7}5-31H6-10,12).
g9 2tzke] E5FA e 3 efficient quantity(EQ, pom) %
] Z-& sinapic acid(47 ppm)7t ferulic acid(72 ppm)xc} ¢

g gatgEe 2= Aog B =24

°] AbollA] = 22 o AbElE A= aF G0t Fe' /ascor-
bate systemell 4] A A=A 25 2 A Fo] 4ts} &4
o] galxojtt HARA £FERE w5e| o} polyphenol
compounds, flavonoids 59 A& atgo 2 olsle] gH4kst

2g yehile Aoz AR

ARl 7 22T = B Bqde] fiat e A
Aol Qi ALE FelA glo] AARAY A4E S4B

< g2 2or) gtk ol = g4kl A

et 4l A3} Al Sl Bk FEFEE 8 FHe

EARDSo] Axd ez fAAGgH o) F AaA
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e 4gA o4 7540] et

& A
T A S

744

ru]o r_?L'
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=2
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s

4o

=] ok
= =

nl e~ ¥ 2A oA AR HAEE HolFE AL 4H
A A A A o) o)A 50% MeOHZEE(2 mg/mL)2 A4
gho] 2 ¥ 3:A e AFEAEHAE fEEl= ascorbate/
Fe¥systemell A #H4t3} 42 2alstgdoh AAAA 22
£ gof £3}3& T TBARS &4 & 7+7+2] 40 £ (100
ng/ml) W= &g A2} 7hzte] 4o R& Fn- BuOH 73
(49%5)0] 713 =9k 27, EtOAc(40%), H20(9%) ¥ n-hexane
(0%) =015t} n-BuOH £2-& silica gel column chroma-
tography & ¥H2-319].2 v CE, TLCE £l 4] sinapic acid<}
ferulic acid® #<13tgdch CES $3lo] 1 &8k& AFT
Az AFE(g) 7 sinapic acidE 24.3 ppme] 91 3L ferulic
acid® 428 ppme 2 vehttl % JAGHEAL H-
NMR(CDCl)¢H ¥C-NMR(CDCl) 2 %313}+%1.2 7 sinapic
acid methyl ester, ferulic acid methyl ester® 22 &
=gl =3 4% sinapic acid®t ferulic acid®] Rf
27} A2 steA] o 25 TLC Aol vwstgel. 54U3 50
pg/mlL F%9) 4 sinapic acid methyl ester& 40%, ferulic
acid methyl ester= 35%2] 34k5 @4 velielon] of
712 A#E e F52E32 9 sinapic acid(22%)2} ferulic acid
(18‘%)01 ] 8] 27k A Lhebyte) o] A2 o] B E ol 2]
S A w2479 FAT e AL R ARG FA
A EE Fow gatsl FAe) vla de] £ 2 A2
2 Bo} o] AREL AU 9FLRE B ATALLR
F}as A4S ekl ez dakdd,

ZAle 2
Bl TE 19099 T fF A TR HA F A5
2 A AApein) sk A st w stedFHlol] o8] Sl

sgen, ole] ZHA=gueh
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