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ABSTRACT

Dried seeds of Camellia japonica and Thea sinensis were investigated to determine the nature of their ant-
ioxidative activity. Activity was measured by the induction period in the couplied oxidation of a substrate lafd
and extracts or isolates to be tested. 70% methanol and dichloromethane extracts were found to be ant-
ioxidative abilities., Their unsaponifiables revealed weak antioxidative activity, although hexane extracts did
not show antioxidative effect on lard. Column chromatography for dichloromethane extracts gave 4 fra-
ctions(only 2 fractions were potent).

HPLC was used in isolafing potent antioxidative components from the column fractions and the precolumn-
passed methanol extracts. They were separated into 7 and 8 components, respectively. The column fractions
obtained from both seeds comprised trans-p-coumaric acid, trans;p-ferulic acid and an unknown component
with minor components such as chlorogenic acid and catechin. On the other hand, the most prominent com-
ponents in the methanol extracts were an unidentified component, trans-p-coumaric acid, trans-p-ferulic aci-
d, catechin and chlorogenic acid. The unknown compound isolated from the column fractions and methanol
extracts was identified as epicatechin by 'H-and B®C-NMR. The antioxidative activities of these components
were epicatechin ) catechin ) chlorogenic acid )trans-p-ferulic acid ) trans-p-coumaric acid.
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Smashed sample

- + Hexane(3 %)
Residue Hexane ext.
4+ CHCl2(3 %)
Residue CH:Cl; ext. Volatile _ Non-volatile
+ 70% Methanol (3 ) | (Fr. H)
[ Volatile Non-volatile J' “'
J, J, (Fr. C) Unsapon. Sapon.
Residue MeOH ext.- ) (Fr. Hy) {discard)
(Fr. M) <+
l Si0; Column
! + Benzene : Acetone(6 :5)
Precolumn :
(SEP-PAK Cis Cartridge) l l l l
Fr.Cy Fr.C; Fr.C; Fr.C
CHsCN, H2O  |CH:CN:CHsOH : l |
H : 40 : £
! | 20(40 : 40 : 20) TLC
Eluate Eluate l
(FI’. Ml) (FI'. M2) HPLC
{
TLC
$
HP
|
NMR
Fig. 1. Isolation procedure of phenolic antioxidants from the samples.
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70% methanol S SEP-PAK Cis Cartridge
(WatersAh) ol 1k2EAlA CHsCN= H,O02 REst
TS BE(Fr. My)§ 3 CH;CN:MeOH : H,0O
(40:40:20, v/v/v)E WB¥E #HHEL mEAA(Fr

M.) w3 & HPLCZ 4473t th.
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Higkib 2] #ES AOM/(active oxygen method)
o2 EHidtH o, BB%EE Kroll5gE®) ule} =
%7} st ol POV7E 2meq/kg Ll F ¢! lard (18~20
g)S POV BHiEH BRBRE (2.8 x 30cm)d &7]1 o7

of Zt hihith, # &S HE M st 0.01%, 0.02%,
0.1%7} H =& #msdld 98.0C Y oil bathdollA 2m/
[sece] 7] E MEEZRE S 40650 #astdTh 2 3, 4,
6, 8, 10, 13, 16, 19, 22, 25, 28 18] 31 338l o] LA S
F, o] EEn 1gE F &3] Hlo 200m/ 42 32} fla-
skoll 27, CHiCOOH -chloroform(3:2, v/v)&EH 25
m/Z ERAZIC oo KI 8951 KigH 0.25miE @
ol & £ ¥ FF+ 500m/e} 0.1% starch #5R%E
1~28-8-8 713chS 0.0IN Na,S: 0.2 #izE 3t ot
Control3} BHTE i kBB s POV
7} 100meq/kgoll BlEsHE BES HEM= sk
Thin Layer Chromatography. A g+ TLC plate+=
Kieselgel 60 Fasi(coated on DC-Alufolien, thickness
0.2mm) ¥ 2.4, toluene-ethylformateformic acid(40
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:50:10, v/v/V)ESHELE BRSS9, I, chamber
of WAY =+ 50% H.SO.& BFE kibste BEAR
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mE pie 22alEau(HPLC). #& < Waters
Model 4000 FRSIY 2, oriEs-2 ool 2o}

Column size : y Bondapak Cis, 30cm X 3.9mm(I.D)

Mobile phase : MeOH-0.33M Potassium phos
phate- Acetic acid (40:59:1, pH 3.0)

Folw rate : 0.5mi/min

Detector : UV detector (at 280nm)

4. 'H-NMR R 1°C-NMR.
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NMR BiER: T Bt DMSO-dsion o i
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3%= A B3, t}e9] dichloromethaneilitihy=
17.3% 929, 70% methanol #ih< 6.3%= AU
A 2Ath. Hexane Hititpe) £88 wtithel 74.6%%2 K
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AAA] ¢&3kth. o] FS-x hexane Hititmol & Hiity
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Table 1. Antioxidative activity of the extracts from the
seeds(0.1% to lard)

— ———
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Extracts Yield(%) ;:::g ?;;T)
c T C T

Control | 3.6
Hexane(Fr. H)  69.3%(74.6) 4.8(66.0) 3.9 4.0

CH:Cl(Fr. C) 17.3 (18.6) 2.1(27.5) 6.4 8.3

70% MeOH (Fr. M) &3 ( 6.8) 0.5( 6.5)15.2 16.7
(100%) (100 %)

a) C, Camellia japonica
T, Thea stnensis
b) % to sample Wt

35S dded, A3 kol £743E2 1.
9~3.4%°) AA Fsih. o] BsE-S KR Ml 0.
02%5 Al 7}t HigibitE F|E A Y Table 29
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_umn°l] RAEA]# benzene-acetone(6 :5)iRA&MHOE

Bgeastod Fr. C,, Fr. C,;, Fr. C;9} Fr. Ciol 47318 o
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#o) 39.8%, 32.7%= 47¥F AY %3, Fr. Gie
11.5%¢} 6.5%= A4 AU} HibHhS Fr. G}
Fr. CafldAM = BEHUAL Y, Fr. 9t Fr. Coll A
£ A glAtH Table 2).
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$& SEP-PAK Cis Cartridgeol] EASIY 20m/el
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A Fr. MxZ2 9%t} Table 2914 B+ ule} 2ol pre-
column-g B3 recoveryx= &2l A$+ 45.0%,
L2 K 9= 61.0%A 1 ol oML} Hikk
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R A v}
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Table 2. Level and antioxidative activity of some fractions classified from the seed extracts

Yield Introduction period(hr.)®
C. japonica T. sinensis C. i : . .
Wt.(g) % Wt. (g) % . Japonica T. sinensis
Control | 3.6
Fr, H# 0.95 .99 0.68 3.4 7.3 8.8
Fr. Gy 0.76 21.9 0.54 18.6 3.5 -
Co 1.38 39.8 0. 95 32.7 3.7 3.6
Cs 0.53 15.3 0.71 24.4 121 9.3
C 0.40 1.5 0.19 6.5 1.3 10.5
Recovery 3.07 88.5 2,39 82.2
Fr. M© 0.1 9.2 0.09 9.0 3.8 -
M. 0.43 35.8 0.52 52.0 18.7 22.3
Recovery 0.54 45,0 0.61 61.0

a) Level of unsaponifiable fraction recovered from the hydrolyzates of hexane extracts (500g for C. japon-
ica, 20g for T. sinensis) | |
b) Column size ;3.1 X 60cm, silica gel 60 amount ; 65g, Level of dichloromethane extracts mounted to
column ; 3.47g for C. japonica, 1.0g for T. sinensis
c) Level of 70% -methanol extract loaded on column ; 1.2g for C. japonica, 1.0g for T. sinensis
d) Wt. % to applied amounts of each extract fraction

e) Level of the fractions added to lard is 0.02%

tocopherol®] IA 3 —E 32 2 tocopherol RS2 E
AMzrE o} Fr. G+ Cooll A= 671 9] spot7t ol & =1,
47) spotv 2 Rfx}7} (+)-—catechin, p-coumaric
acid 18] 31 p-ferulic acide] A3} —F 3 Y 1 RfH
7} 0.703% 0.09%! spote REE F ST Fr. Mol A
T RfA}7} catechin®} —# 8t mearol A gton,
p-coumnaric acid, chlorogenic acid 2 p-ferulic acid
X B A} 1139 paper chromatography 2 &
2 mol A catechinRE48E &3l 1229
polyphenol-& 4r## §F v} v}

g2 3¢ A= Fr. C+Coll Al chlorogenic aci-
d, catechin, p-coumaric acid -1#&] iL p-ferulic acid <]
Rfx| o} —F 3= mWmrol s e, Fr. MisiA =
N9 45 2] ol Rf 0.099} 0.06°) ZE&SI= 2RO #
FESI o

4. FIBRIEMES2] HPLC

Fr. M:& HPLC=Z #7383ty Fig. 3914 ®& vt
9} zro] 871 2] peak”} srBE= %1t} Peak 1, 2, 5, 7 &
8 z}7Z} caffeic acid, chlorogenic acid, (+) —cat-

echin, trans-p-coumaric acid®} trans-p-ferulic acid

Lo o %)
s Y,
[V -
v S 0
O Q O

| 0
0.5}
0

o 0.0
e o ©
g o
oF © o & ¢ O L O O o oo
1 2 3 4 5 & 7 8 9 10

Fig. 2. TLC of Fr. Hy, Fr. C;+Cs and Fr. M: obtained

from the extracts of Thea stnensis.

Plate : Kiesel gel 60 Fau(coated on DC-Alufo-
lien, 0.2mm)
Solvent : Toluene /Ethylformate /Formic acid

(40:50:20, v/v/v)

1. Dl-a-tocopherol
2. (-+)-catechin

3. Gallic acid

4. Chlorogenic aicd
5. Caffeic acid

6. p-coumaric acid
7. p -ferulic aicd

8. Fr . H1

9. FI'. Mz

10. Fr . C3+C4
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Fig. 3. HPLC of Fr. M; obtained from the seeds of Ca-
mellia japonica and Thea sinensis.

A:C. japonica. B T. sinensis  C: Authentic
1. Caffeic acid 5. (+)-Catechin
2. Chlorogenic acid 6. ?
3. 4-0-Caffeoylquinic 7. Trans-p-coumaric
acid (?) acid

" 4. Isochlorogenic acid 8. Trans-p-ferulic acid

RRMCRAE

2 o AAY, Peak 3,4 4-o-caffeoylquinic acid<}
isochlorogenic acid® AZEH Y o] LIt FEe &
4 9k @0l 7HE B2 peak 691 HHL =ob i
# K% F benzene, chloroformo2 MHigg& sty
NMR=Z I #:& & #Estdd. 39 Fr. G+ColA
€ 770 9| peak7} = o], I RS o] Fr. M9l 2
A3} ") &g o) caffeic acidy= A HFEA &%
0

 Table 32 #ig{ti ##1e] HPLC kol Uehd 2t
peak& AW 21 MRS ERLE VERE Rojr
Fr. M,9] #i-& B9 peak 6%] KkF%E Kool 23 &

KA 52.7%=2 AQ B%R, (+)—catechino] 21.

8%, trans-p-coumaric acid’} 11.0% =1a]il chl-

orogenic acid’} 10.2%% . E £ HEAM=

peak 6°] 33.1%2 A|Y W3kew, trans-p-coumaric

‘acide} trans-p-ferulic acid7} 17.4% 9} 15.8% 2 A&

vl g0l UYL, (+)—catechino] 12.7%
FEsto 2ol Mk kel 2R A3 2/
2 Fr. C;+C,9 Br#l-S X9 trans-p-coumaric
acid$} trans-p-ferulic acid7} 2 70~84% 2 K%<
A} A ok

ol@ g #HEE Hol Fe. My7t Fr. Cs+Ceoll H] 3}
e fbito]l Hold AL XKFE WHSQ peak 69 &
o] #& 2 wjF o] olds} Azt

Table 3. Content of each component separated on HPLC

Content
Peak component No, C. japonica T. stnensis
Fr.C;+Cimg % Fr. Momg % Fr. C3+Cimg % Fr. Mo mg %

1. Caffeic acid tre tr.
2. Chlorogenic acid 16.8 ( 9.3) 12.15(10.5) .52 ( 0.6) 15.1(10.2)
3. 4-0-Caffeoyl quinic acid(?) tr, 40 (3.4) tr. tr,
4. Isochlorogenic acid{(?) - tr, 51 (4.3) 5.6( 23) 1ir,
5. (+4)-Catechin 15.4( 8.5) 15.1C 127 ) 14.3( 5.9) 32.3(21.8)
6. Unknown 22.6(12.5) 39.4(33.1) 17.7( 7.3) 78.0( 52.7 )
7. Trans-P -coumaric acid 67.0(37.0) 20.7(17.4) 111.3(45.8) 16.3(11.0)
8. Trans-P-ferulic acid 59.2(32.7) 18.8( 15.8) 92.6(38.1) 6.4( 4.3)

181.0(100) 115.6( 100) 243.0( 100) 148.1( 100 )

a) Applied amount ; 223.5mg for Fr, C3+C,, 144.3mg for Fr. M;
b) Applied amount ; 307.6mg for Fr. Ca+C,, 189.4mg for Fr. M-

c) Tr. ; trace

_40_...
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Fig. 49} Table 4= kF%EH peak 69 'H-9} 1C-
NMR2] datao]t}, o] tH-2} 8C-NMR$] dataclA] o]
WEES CsHi- YOS €44 € 4 Utk 5C-NMRoJA
bc 144.03} 8. 144.2ppmol A singlet 2 Jehd kg sig-
nale benzenefio] —OH T+ —0O—7} orthofIiB = &
ad 2709 Bkl A% Holm, E 4 155.3, 155.99)
156.1ppmoi A1 2] singlete —OH £+ —-0-7} meta
trisubstituted ¥t benzene K# <] resonance signalo]
B2 o] HHEE FHolx 2712 benzeneIRE 7HX1 ¢
28 4A B4E 5 Aol &k 7.70~8.12ppmd] A bro-
ad st Al $t18 3= 4He D,O2 B3 2 signalo] i
k¥ B2 o] protonS& benzenefol Bk ol e
—~OH # 2] protono. 2 AR T )2, ou 5.78~6.62
ppm(4H)+ benzeneig el =CH-—off &g FHolv], 6y
3.53ppmoll A} 3883} signale ~OH &) protonOJ] 9]
g Aol

dn 4.013} 4.69ppmeol] MR 3}= signalo]A| 271¢] —
O-CH-%9 HF#HE HEY 4 don, T & 64.29%
77.5ppmoll A1 9] 318 signalo] doublet® Jeh o g
O—CH-9 ¥F#&vw RS ou 2437 2.64ppme]
protone] kMg signal2 4% 3] & coupling constant
(J=16.5)2 AAHEZ o] 2 protond geminal pro-
tone 2 A, o] proton & A 42} J=4.4%}
J=3.02.2 & splitting=} =6 ©] 22 1 4.01ppmo] A]
$#m8 3l proton®] coupling W& ez g

OH

¥

QH.7 290 2.7 _
e]g)/\)sf °
9 10 X “~OH

S AANE AT HEY X 24 € kel 28 we 7

34 3
du 6.62ppmoll A} g st= 270 2] proton I coup-
ling constant(J=8.1) & X ¢} benzene¥io] ortho {irE

Table 4. Assignment of 'H- and “C-NMR signals to
H- and C-atom of the unknown antioxidati-
ve compound (peak 6)

Location 5 Ho dCh

4.69 (d, 1H, J =1.3) 77.5d)
3 4.01 (sext, 1H,J=4.4 3.0, 1.3) 64.2(d)

2.43 (g, 1H,J] =16.5 4.4) 27.8(t)
2.64 (q, 1H,J =16.5, 3.0)

| | 156.1(s)

6 591 (d, 1H,J =2.3) 94.7(d)

7 155.9(s)

8 5.78 (4, 1H,j =2.3) 93.7(d)

9 155.3(s )
10 97 .9(s) -

’ | 130. 1(8)

2’ 6.87 (4, 1H,J=21) 114.3(d)

3’ 144.2(s)

’ 144.0(s)

5 6.62 (d, 1H, J=8.1) 114.5(d)

6’ 6.62 (g, 1H,I=28.1, 2.1) 117.3(d)

3.53 (~OH)
7.70 — 8,12[broad, 4X(~OH))

a.b) Chemical shifts are shown relative to an
internal standard (DMSO-ds)

2
57 3’44 i OH 3
| 4
8
6’--5!2, 10, 6
l DMSO-d,
y N— 1 1 1 4 A i k b 1 } ‘1 _ 1 I H 1 4
160 140 120 100 80 60 40 20 0(ppm)

Fig. 4. “C-NMR spectra of a unknown antioxidative compound from the seed of T. sinensis.

The spectrum was measured with a Briicker AM-300 at 75.5MHz

Solvent : Dimethyl sulfoxide-ds(DMSQO-ds)
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2 7Efesin], o) B signal e tHA] J=2.12 splitting
stoz % ol 3 )2 protone] du 6.87(J=2.1)°]
A} B3} proton metafrEol AT AL L F
21}, & éu 5.783 5.91ppmel| A 38 3= protond A
2 9] chemical environment”} ¥ 35}v], 2 proton =
=7} J==2.32.2 splittingsl2 2 A Z7} metalirFl
FESS 4 5 U

ou 4.01ppmoli A} LM 3= protonS J=4.42 split-
tings| 2.2 éu 2.43ppme) proton(J=4.4)3} coupling
3} 6u 4.017 6u 4.69ppm<] proton’t coupling con-
stant(J=1.3)7} A2 222 = #E coupling3dti 3l
& ¢ & . g4t ©) 3 protone 6 4.01ppmo) A
308 3}= protong Alolol] T3l ME B USS
& 4 A}k VicinalfirFel A= ou 4.013} u 4.69
ppmoll A 38 st 271 9] protone] coupling constant
(J=13)7} v ¢ 2228 Karplus equation®ol] u}2}
o] protonE-& axial-equatorial conformationel] 7}
Al orient¥| o} Ui AJztg o

LLEe &R E BE peak 69 kEEWHES Fig. 40
HRT ule}l 22 #:EE 71X+ epicatechino. 2 #5E
@} peak 3, 4= I MBS FESA £

6. Bt A2 BRIt H

&0 FUT ER BEES iRt Bae (+) -
catechin, epicatechin, chlorogenic acid, p-ferulic
acid ¥ p-coumaric acide}il 2 4 Qlth &4 &Kl
A AL gt RAET BEXWeE 99 HASHR 3l
= BHT, dl-a-tocopherol-g lardol #matel AOM:
032 I HE(bhE LS R Table 59 2o,
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Table 5. Comprision of antioxidative activity of the
main components separated on HPLC(Fr. M:
from C. japonica seed) '

Indliétion period (hr.)

. Component
| 0.01%*  0.02%

Control 3.6

BHTY ' 19.56 23.8
Dl-a-tocopherol® | 9.8 10.1
Chlorogenic acid® 23. 4 43.7
Chlorogenic acid | 22.9 43.1
from, the seed

(+)-Catechin® -25.0 46.2
Catechin from the seed 24.6 45.8
Epicatechin from the seed 28.7 50.1
Trans-p-coumaric acid® 10.8 17.5
Trans-p-coumaric acid 10.0 17.3
from the seed

Trans-p-ferulic acid® 12.3 214
Trans-p-ferulic acid 1.7 20,9

. from the seed

a) Amount added to lard
b) Authentic
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