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Studies on Anti-oxidant Component of Mustard Leaf and Seed
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Abstract—Mustard leaf and seed showed the protective effect on lipid peroxidation in

mouse liver. Their active principle was turned out to be sinapine.
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Zb2 19844 1149, AFA & 1985d 19 A%
AFe A, AAE 19859 9€ kA Aol A ZF
Z} F9ete A5z Agstgrt. Column chro-
matography£- silica gel2- E. MerckA}¢] Kiesel-
gel 60&, TLC platerx Kiesel-gel 60 GFas
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Compound I

Mp. : 148~150° (-4, =djzoke] 24)

MS : m/z 238 (M*, base peak)

H-NMR (CDCl;, 8):2.33 (38H, s, COCHy),
3.80 (3H, s, COOCHy), 3.84 (6H, s, 2x OCHs),
6.36 (1H, d, J=16Hz, —CH=CH—C0O0—),
6.75 (2H, s, benzene ring H), 7.62 (1H, d,
J=16Hz, —CH=CH—CO0—)

Compound I.2- &% sinapic acid?] methyl
ester acetated} TLC, mp, ‘H-NMRoj A Zo 3}
et

Compound II

Mp. : 118~120° (34, A4 A4)

MS : m/z 208(M*, base peak)

H-NMR (CDCl,, &) :2.31 (3H, s, COCHy),
3.80 (3H, s, COOCH;), 3.85 (3H, s, OCH,),
6.37 (1H, d, J=16Hz, —CH=CH—COQ—),
7.08 (38H, s, benzene ring H), 7.65 (1H, d,
J=16Hz, —CH=CH—COO—). Ferulic acid
methyl ester acetated] % &3} TLC, mp, H-
NMRoj A 5434t

2) 72t sEI223|o] Sephadex LH-200] 2|5t

gel filtration

7 FebEEE 4g¢ vlebg 20 mlo] £33k
Sephadex LH~20 column chromatographyZ- 2
A8tg vl (column size : 3.4x85cm, eluant :
methanol) Void volumed] & 33l AL L%

43
% 300 miE Wb vhg tubed 14 mby EH S}
th, 7zt tubeo] djdle] FALA (n vitro)zt
Pauly 4t&-& ZA43stdcFig. .
3) CM-32 cellulosed]| 2|5t 0|2m&l
chromatography
Sephadex LH-200] £]3} gel filtrationef 4] 3}
As}aA o] 7HEF 14~26W 9] tubed Fof W L&
& AAG AAE AR Rk 0.05 M HAc-
pyridine buffer (pH 5.0)& ¥ 33} A7 CM-32
cellulose (WhatmanA})E o]&3te o] 233
chromatography2- A A 3} t}(Table III).
Column size ; 1. 7X 68 cm
Eluant : 0. 05 M HAc-pyridine buffer (pH 5. 0)
200 ml—0, 5 M HAc-pyridine buffer (pH 5. 0)
200 ml—0.5 M HAc 200 ml—0.5 M HCI 200 ml
98 f2AL ALEEY 4FEEE 2 F &
Hol ool FASHA Gn vitre) S 2F Sk
0.5 M HAc-pyridine £38& 33 F AALE
279 wekgo] ¥l F #H9Fe JHZF 7t
e A" IAL Rob AxI}FE o] £F
£ cellulose plate (MerckA}) Aoll4] butanol/
pyridine/HAc/H,0(15:10:3: 12)4=- & TLC
314l @ Dragendorff A ko] kA<l =4 spot
2 g g eHRE=0.73).
IR (KBr, cm™) : 3,400 (OH), 1,710 (ester),
1,635, 1,610 (a, f-unsaturated olefin)
H-NMR (D,0, é ppm) : Fig. 5 #=
o] Bt £%& ¢vlE sS4 stx d-HCl=
pH 3 Axz A4doz & & ether2 F531%
o}, oelz se-83 o2 X sinapic acidg b
289z $52023¥ choline chlorideE =z
HFath & $2% 80% W ue 4] & Sephadex
LH-20 column chromatographyZ 4 A]3}o] Dra-
gendorff ] o]l kAl EHE ol FFH3te
S dgth o] ZFALE cellulose plate Ao A
TLC 9% w % choline chlorides} %93
Rfx & e o (RE=0. 3).
Sinapic acid
H-NMR(DMSO-d;, 8 ppm) : 3.79 (2% 3H, s,
- 2x0CHjs), 6.38(1H, d, J=16Hz, —CH
=CH—COOH), 6.97 (2H, s, benzene
ring ‘H), 7.48 (1H, d, J=16Hz, —CH=
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CH—COO0H),
Choline chloride
JH-NMR (D,0, 8) :3.15 (s, (CHg)s N*—),
3.73 (m, —/—I:rICH;_.CHzOH)

5. AXIS| Az HHERC] & W EE

Scheme 15} 7ro] AA-EZ hexaneo 2 3§
3 AL dEgdadt &% Hugd Folz
A7l o F9 JHzFE st J4A AR
Ao FAL ARrh o IAAE 10 g& 0.1M
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£%9 50mlE W ohg tubed 9.3 mlY 3
&gl ch. 7 tubeo] uis] 327 nmo] A UVESFS
4584 (in vitro) g ZA 8¢k Tube no
127-143 (Fig. 6)% o} TAAZ 74 &
Be dqich o] £AL oA g F45
34 &7 (sinapine)# cellulose plated}of 4] 9]
TLC, IR, 'H-NMRS9] datas} EL3& data® o}
R

6. &8 717l
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2Ry 2L RASA g%t IRe Per
kin-Elmer Model 281B spectrophotometer (KBr
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Fig. 1. Effects of mustard leaves and spinach on
lipid peroxidation of mouse liver iz wvitro
according to the incubation time change (C:
control, S: spinach, M: mustard leaves)
2552 A5 d2ARANE Azl B
ol vt FABAR o] FAI SIte] 247k
o 4917 FrbeReH, 2% A 43T
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2) AYe| sxo mWE XE izt AH
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22 AFJY ANE AF 10¢, 1004,
1,0004 Aste] =z FAJEHE waG A3
£ Fig. 29 Jdeigich
7ol AFART} 20~50] AAFA4s JAE
srb Zee 32T F AUk
L}, In vive N E
7 A AFA 9 74 ¢ mouse X F kg 5 ml,
1 ml, 0.5 m¥ 19 23 297 AFF 3o
olA e YA BE st 25 g/kg, 5g/ke 18/
kgl 3 2= —L—ra Table Io] el dch 4 A
7Y FEL 6nted AgtR o, HISAA
AEFE FEL 5ml/kg FATAA - AFA
Ztzt1=te] 4, 1 ml/kg T Tl A 2L 492,
A FA e 3ntelgen, 0.5 ml/kg FoTelA =
7k e A EA Z2 4utE] ol ot
7 AETY AR A48 JA £ £ 0.5 ml/kg
S oA ol 76%, AFH7L 61%9 2w,
1 ml/kg Fof Fo A& 7ol 47%, AFH 7 43%
A5, 5ml/kgFd e el 0%, AFAT
21%9 a3 24¢ Jehisch
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Fig. 2. Effects of mustard leaves and spinach on lipid
peroxidation of mouse liver in vitro according
to the concentration of extracts in reaction
mixtures (4 hrs.)

Table 1. Inhibitions of mustard leaves and spinach
on lipid peroxidation in mouse liver

Dose* Inhibition %

(g/kg) . leaves spinach
5 25 6 o) 21(D
1 5 6 47(4) 43(3)
0.5 1 6 76(4) 61(4)

* Orally administered twice per day for two days.
% 9% F& FEE TR AYTIAE
o] AFA R g a4z FAHE el
2 FAg ARFIAE %+ A
A FAo] dgton, 47 6wt
FEF 1ot 4 gt HEF7EA AobdA
]

gokeh. ol Aste A Gzt B4
28t Aol olvzl, AN mouses] of d E-4 ol
AT Aoz FAdch
2. Zt2| ghits #d 4B

7t. 2alE st #2Y

7% g RAWow FFsld Ax 53
Feg 1Y, E FYe® vrm, g st
o in vitro A¥ o2 FAIL FHL ZF35}d
Table Ilef elfiodch, 7kl 34k 238 8%,
E%EF& T2 80%, AF FFL 9% g4

3 24¢ vag A, 3Eg 2o 4%
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Table II. Antioxidant activity of each solvent fraction
of mustard leaves. (in vitro)

solvent fraction antioxidant activity %

Hexane fraction 8
BuOH fraction 80
H0 fraction 39
100
BuOH fr.

INHIBITION %
)
o
1

]
] HZO fr.

Ve Y& Vi V2 1
DILUTION OF TEST SOLUTION.

Fig. 3. Inhibition of lipid peroxidation of BuOH fr.
and H;O fr. of mustard leaves

FEuch 508 A= Zd FA3 Aol dEE
FAs Ao (Fig. 3).

L ghaks 24 dEo] 22

1) Silica gel column chromatography.

%9 FAg BAO AF AR ¥Re £
ZFolA 2 FEALES 28] 95 silica gel
column chromatography% A Aslgcl. =28}
$29 ZE 230 23 24 94 YA
FrEAEY FE = Asegleh =3 W ZA E
#o AH-£x = CHCl,/MeOH/H,O systemo] &
2 TLC3lo &4 3¢E¢ AE37] A4
Pauly A & +5-3tg& =, o] i
EA o] tailingsle] ¥Y spotd l"—Jr T A
et

%9 A=l AEE
915t 0.2 N-NaOH= &7te] st523l & A4
ﬂﬁ“/]’ ol AL A EZR FE3H, ofH
Z£-E& silica gel column chromatography- 4
A3t ferulic acid$} REX 7 4 Aot 335
2asg ey o] 22 U. V.9 Pauly wt-§3 3
ap dbgo) 93t Frix E49 £EREY Ao
2 333z CH,NE Md3stz, FFzi3
Hadon otAuEg ol silica gel column
chromatography & 2 A} 5}¢] compound I} com-

H.3)
% Hug 23
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pound 11§ =234k,

Compound I -7 o] 148~152° -4 wld] &
ko) AAoln, EAFL 2380)¢th, H-NMRE
AAsE LS wl 233 ppmo 4] —OAcs} singlet
#Z, 3.80 ppmol /] —COOCH;~} singlet® v}elyk
on, 3.84 ppmo] A 2/]2] —OCH;7} singletz
vrefskeh. 6,36 ppm3t 7, 62 ppmol] A olefinA] 4~
&7} 247 doublet2, 6. 75 ppmef 4] benzene ring
9 4 277 singletz eyl ojAdoezm
compound I.& acetyl sinapic acid methyl estere]
< Fadtgh 5

Compound II+& -§-Ao] 118~120° I AA
AR ole, FAFL 20804 v, 'H-NMRg 44
39S @ 2.31 ppmol ] —DAcs} singletz,
3. 80 ppmo] 4] —COOCH;>} singletZ 1e}yto
u], 3.85 ppmo] ] —OCH,~} singlet® v} elyke},
6.37 ppm3} 7,65 ppmo]| A olefinA] &7} 27+
doublelt2, 7.08 ppmol] 4] benzene ringe] 44
2717} singlet2 byt o]RAe R o] EA
2 acetyl ferulic acid methyl esterq]l-e- 2ol&}
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Table III. CM-32 Cellulose Ion Exchange Columme

Chromatography
Eluant Inhibition %
0. 05M HAC-pyridine buffer (pH 5.0) 0
0.5 M HAC-pyridine buffer (pH 5.0) 71
0.5 M HAC soln. 30
0.5 M HCI soln. 0

0.8

0.6

Inhibition %

0.4

0.2

=ume== Absorbance at 480 nm

Q

Tube No.
Fig. 4. Gel filtration of butanol fraction of mustard
leaves on a Sephadex LH-20 column. - :

At Pauly reaction, — : antioxidant activity
~~~~~~ §
4000Hz 3.24 >HD>
2000
1000
800
&0 2x0CH,
3.82
+
DCH ~N(CH3)y
CH30
HO CH=CHCOOCH, CH N*(GHY (CH3 } 3
CHy 0
SINAPINE
.7
~CH=CH-C00~° 9—cr_—«_=<:1-x—coo—
7.43 6.20 1
( J=16Hz) (J=16Hz)—"
10 9 8 7 6 5 4 3 2 1 0
3 T T B o T ] [

Fig. 5. 'H-NMR spectra of sinapine isolated from mustard leaves. (solvent: D;O)
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2) Sephadex LH-2¢ gel filtration

2t HEbe 239 Sephadex LH-20 gel filtr-
ationdte} 4t3} 24 HPauly 632 TRy
w. Fig. 4] vjepd wigh o] Pauly k3]
¥4 peaksl A FAYE el peak:
AR AR Forg Fad FHELL
Pauly ‘%}%%

Zo] A ferulic ac1d
1913 sinapic acide 2-

Aolglenz 7’*-4 dabst F4EAL2 sinapic
acide] %9 9B 2459

3) CM-32 cellulose 0|2 m &t

chromatography

%19} Sephadex LH-20 gel filtrations] 4] 3}
3t ZAo] A g £ & Bol o] AL CM-3
cellulose ©] 2.3 chromatographydt t©}-& =zt
T8 s P FAE EA 39 (Table
D). #-43} @A) 744 £ 0.5 M HAc-pyridine
buffer 2. elutiond} 3o 2 ¥ A Hulo 3}
FEe A o] FHL326.6 nme A Hg F
4% B¢z H-NMR (Fig. 5)ol 4 § 3. 24(s)e]
—*N(CH3); peak, 83. 826 A] 2xOCH;9] singlet
peak, §6.20 2 7.430]4 AB quartetd o] 27 <]
olefin &7} FA:2A FH Yz, 5§ 6. 7904 benzene
ring?] 278 47t singletz VEygomz
sinapine° & 73}l o},

ol T4 &I i ¥ ez e

l"—,>1t

Do
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T A 22 (F3)0A4
choline chloride® 7 w&)slgdel. z8 2=
A9 HA3 TAAEE sinapines FA
Atk

sinapic acid&-

Mustard seeds

Eexane

MeOH l

0il (-)

v
4eOh soln.

{+44)

Eexane

(+++) ‘l‘

MeOH ex.
oit (=)

MeOH

Ether

Ether inso%. fr. Ether sol. fr.
(+++) (-)

Sepnadex C-50 column chromatography

(0.1M NH,HCO,)

Sinapine (+++)

A
Scheme 1. Isolation of sinapine showing antioxidant
activity from mustard seeds.

= 160
530
o
4+ - 80 3°
L]
fou

L] o
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< ]
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2 200 - 760 =
o =
5 =
<

‘ “40
100 L

I

1 4 20

|

0 ] 1 t 1 t \ 0

0 20 40 €0 80 10C 120 140 160 180 200
Tube No

Fig. 6. Gel filtration of an ether-insoluble fraction of mustard seeds on a Sephadex G-50 column.
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ABSORBANCE

210. 270 330

390 450 510

WAVELENGTH , nm

Fig. 7. UV spectra of various tubes obtained from Sephadex G-50 column (Fig. 6).

3. HXe] A3t 44

Scheme 1o t}e}yl uls} zro] AALS hexane
22 B F dugE FEIAT g
2% tA hexaneo 2 F&3le] A3 2A 3
gt FAT A ed2E w3 g F
ol A7l FHFe oEl2E et A44
Age] F43 FAol vERh o JAEE
Sephadex G-50% A}-&3}¢] gel filtrationg 4 4|
9 = (Fig. 6). 429 d g 327 nmel| 4 &3
=% S35z, 43 4 ¢ 34389 £ 2
void volumes] o] 343 o] gov}
o F-E-& tube no. 130¢] Fa3t JA Fo
peakE el gich o] F4kst ¥4} 327 nmo]
A8 F50t AR PP g ojFm glomz 327
nme| F5 E-o| 43 BAHHEAE F4T
T ek = G443 BHL nolE 7 AY
7o £&de dE UV $5:348 248 &
A7, Fig. 7o) vl ut9} o] o] FA3E
AL BE 326.5nmol A F4 IS Jeggl
Z F4g UVEsI4S vyevez g9 54
9& +4F 4 Y3ich Fig. 694 tube no.
127~143% Eo} FAAZRS FA9 g
a9 o] EA.L cellulose plates] 4] TLC3IY
<+ ¢ 2 spotE ez AdA =S

>

2.0

ABSORBANCE

0

220 280 340 400
WAVELENGTH, nm

Fig. 8. UV spectra of various fractions obtained from
Sephadex LH-20 column chromatography of
heat-treated sinapine.

sinapines} TLC, IR, NMR¢] A FLdsgornz

A a3zt QA L= sinapineo 2 FA 3}t

Gt AR $43 FY4EE oL sinapine

A& ¢ F Ahert 79 A¢ sinapines|o] =

ohe] s Aol e Aoz A (Fig.

4 9 Table III #x). 79 sinapineo] 29 o} &

a3l Ao AAAE FF ASF AT AH

olth. & #, AAE A, WEFd J&2

2 ALEH o 7td B HY9 88% A
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WEsHE Z2Abete 2gtth. Sinapined 279
2ol = F 95°]A 308 stdE F g
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