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PR LM B, SR & U CHlE sl 2 B
CHMR, e oRBoORKNE 25 G ERE L
THMWE AT UCERGE LT, $HbVIEm L
WOR)TaeL TS AFy ¥ HEORRLSL
FHCHMCIENIZE, B2 llHwoRTwa, &
IR E LTk, RBSEROEY IV E (bavae
O Vi) REY I C(7RANVECE) BLUE
WHTHD BHA (7F L Fuss7oy-—)) £
BHT (7L FufFd hry) AfHEESATY
5%%, BHA % BHT 13T BEs R0 5800k 7 &8tz A
FELREHE BT &P MG XN TWAS (Witchi,
1988 ; Grice, 1986). L7225 T, Hfkicx LT
BTN e RYSRIFOTERLA & 45 12 54 5 1
B4 BRI 2 HSIRREAN & R,

L AT, BRI HUR S e i, B
03— L S A R b0 b DA B,
WEOBECEREL Db, 2035305 AN
BT, ARG SRICEETAZ ER ML T,
A 5 e PR LA % MRS R A S &
LCHEBSEA5 0 /HMIZITbR T s (R,
1991). 22Tl BHowvyEE AL N LAOH
R OB L L, TS 85 &t
KoWTHEL, 7572 a v ofHEs, Sl

DOPEACHESE BB D W CHRES L7,
B, AWFFEITH L IR AR F oo B i
B, RBULTHER RN,

OB H

1. EERINE
JUMR S S CIRRITR) s nCuns
y <y (Pinus thunbergii Parl.), kA zey
(Pinus pentaphylla Mayr.), Fav k> =3awy
{Pinus koraiensis Sieb. et Zuce.) B X U A ¥
(Cryptomeria japonica D. Don) % fv:7=.
2. AT
B (Hiraide et al., 1990 ; Kokubo et al.,
1990) L7228, EHOTBEB I OHNAEFELL,
v afi30g/l, a-F 7 FNEEREL.Oppm, 6-X» PN
T3/ 0.0lppm, %X 8g/] k&t Murashige
& Skoog (MS) b [T 4 B Z & 1cRkE L, 25
CREBHTHARR MY E L 72,
3. AR O EE
B 4EMEB LA VX%, WARSE T L
T2OBASKRCHEBIEL, A4/ — & ) BIR 48K
i LA,
M EE NI VL E U BLUTZOE ) A5
VL= FLVOEEET A v 7S 7 BRSO
BTy, S BE#R (Kokubo et al., 1990)
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a. Y/~ VERE

EHR (2.2ml1), 0.5M U ¥ EERBANK (pH 7.0)
(5.0ml), 1.4%") / —VEE/x ¥ 7 — Vi (5.0ml),
i atEL/ A & 7 = VIET (0.1ml), 1.87TmM K1k
KA (0.1ml), 12.5mM 7 A 2 ¥ » K
(0. 0ml) ORI ILE Y, LRED
BIZA0CTTA o= b Uiz, Bt oa sy
FY s (0.2ml) L, ZHIZTBE%TY /b (94
ml), 30%FF 7 BT ¥ E=Y L (0.2m]) &
0.00M Hib#—#:/3.5%HCl (0.2ml) #Mz T &L
WL, FEMEC 8 508:500nm 12 B0 AW % il 5
L7,

b, o= R Mk

Osawa b (1987) O FE% 4 LE LCillsE L.
vy FUAE I 20m] A 5 B L Ao R ILER B = — A b
%#10mM Y YRR (pH 7.4) WBEs€C, ¥
PR BEE2 S me/ml LI L. S oBBRO
00u1tn, BEOIAFLANKXY FIEHE0 1,
A0mM tert-7F Lk Fud ¥ FARBHROx1
EFMATECREEDLELZOL, 3TCTHE ) L
58054 ¥ a—F Lk FOHLOM MY 0w
#EEE/1.TM HCL 1.0ml £0.67%F A N &7 — v
B/ AL b U o A0KEEHE2.0m] & A CHb g K
HT1050 s LT Rt S 701, 532nm QW NGE %
HoE Uiz, HIBEBUE R A 2 Wi o 51 2 100%
ELTIRHMILE (%) 200 L, FREREE = —
A MBS LT o, iHEME 2 H RIS
L7,

5. A—X—F%L KF ¢ Abhs—1t (SOD) #
EEORIE

FHINGHISE TG SOD 7 A P Fy MEMEA L.
0 4M W rF i 2M = b7 =5 FF V)
A% CHERHTE (pH 8.0) IR LA FEEB500
11 BRBE I E - CICT TN A v F a~— Mk,
B0 p] E XY P F A &Y - 40.049U/ml )
VR (pH 8.0) 50041 &&NA Az, IEWEIC20
SHIZ, 69mM FF ¥ ABEEE - b U Y AJKE 500
1l BMATRBERT S, 560nm OWIEL WE
L.

6. T UNINEBEELORE

Ratty & (1988) (2#:UC, BERE120.2M Tris-
Ve /0. OM SRR (pH 7.4) £2.9ml &Y, 10
mM 1,1-¥7 2z n-2-E2 Y vk F5 Y0 (DPPH)/

W15 # 1 &R
L 7s.

FRIERT 7T @RS &R
BB 3 P BOANRY P TN
7. 2ESBEHEEHORNE

BEE 4 ml O 2 mM RS —HokiEZ g 59
7, 1mM T b I AFILLL ¥ D FRERZ200 11
MA7:. FO#%3,000rpm T3 9CMEL, LEEM
@480nm &530nm (23340 BN A e LT Aw/
Agp Kb/, BB LEHE IR LA 2 fligks 4 >0
Feld, R EE R R O CE R L A MU R A 3R

Wiz, QA A OB E P <o 20°CELF CHE
Lz, e e LCod Ly 7 3 Ui b

PRI ARY AN
BOR L E B

1. SEEEHEH L RO

y = (P. thunbergii), & A< (P. pen-
taphylla), Fawtr a3y (P koraiensis) B
L UA¥ (C. japonica) OIIKE 5 FRHE L /21,
1~ SAEMRRIERE R oA N AD A 5/ — LY
OWEES. 0mg/ml IS L, ThLHIZo2VWT) /—
NEEH L AU bR R U, Foosid, Ry

P. thunbergii br.
Blank

P. pentaphylla be.
C. japonica be.

P. thunbergii be

0.15

0.10

P. koraiensis be.

Absorbance at 500 nm

0.05 a-Tocopherol

BHT
BHA

0 1 2 3 4 5
Time (days)

Antioxidant activities of MeOH
extracts from callus cultures of
different gymnosperm species.
Note: Activities were determined
by the linoleic acid method at 40
ppm sample ' concentration. br
and be denote brown and beige
calluses, respectively.

Fig. 1.
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Table 1. Contents of pinosylvin (PS) and pinosylvin monomethyl ether (PSM)
in the calluses of different pine species.

Content (mg/g of callus)

Species Color of callus
. PS PSM
. .. Brown 1.73 10.01
P. thunbergii Beige 0.57 2.61
Brown 0.50 2.97
P. pentaphylla Beige 0.10 0.30
P. koraiensis Beige 0.02 0.14

RPN ChH D a- b a7 20— LI L
3 HHRILED P, koraiensis HIVAD A Y J = )b
iR s s (Fig, 1.

P. thunbergii % W AGE#PIIE ) PV E ¥
BLUE /YN EE ) AF NI —F N ERET S
ZeHTE (Kokubo et al., 1990), C. japonica
OHNAEPBEVEROTF X FEHRLES
(Hiraide et al., 1990) T &SN TCw5b, £
T, RVIROH N AN AR R LR 2o
v EFDE) AFNL—-F L LO0EIPEHS
I A0, FOERE RO (Table 1), =
NoOWLEWE Lt L& E 4w P, koratensis
sV A0, WEEERIIED P thunbergu
OOV A L Y E LR ERT S
e, E/JVNErEEI I NE YT J'?")l/;r.w 5
VDL S ST 7 = VNS v A2 AR
SREOR TSR EHS L CuhwvwE Bl
L7,

2. P. koraiensis MAFIFICS T 2 MBELHE
DFEFEEAICDNT

RO OB GBS 1 b A ORI CE LWL
PAREE S N Z L, B ECHECEES S
e zRE L Twab, #2C, P koraiensis ®
WHEEWE (6 A21H) KWW LCFig. 20 L 51
SeumER, AEES, S1IE, MLES, SR, HEE LM%
W5 Lz, BEABCAB R & ik L Cihv i D HE R
SN, THIEEBIRGOE & 2 RIsE L
HEEZLNAL, TOT EIREESFELLMTON
DI L D O MOHERM LR RT S LD bR SR
Lo LaL, SO VALY bREVHEBEEE
REILEFAE L ol LdoT, FHAHINVA
IR PR L MR S E Tz b

Needle
‘ ‘ Xylem

Fig. 2. A young shoot of P. koraiensis.

ONFLAEFRLOTERL, HWNVAHEI de
novo B L TWAH I &Ilh 5

3. P. koraiensis 77)1&( AR —NEHEHOS
& EES OME LN

A% S — Ml % Scheme 112 L7245 TH
L, &Wi5ollEs Table 2 12K T, u#’t‘:)k’)\/\
T/ = VR R UTT — X MBI X AR b s
L7z, Fig. 3ICRT LI Fr.2 (7% 7 — VAEEH)
DR E R L v, vy RIS R Y v
MEY, )P WELE) AFVL—F ViAW
M7 IHES A Fip &id Scheme 1 043 #: Tl
Fr4 /3 iiaiasnsldvcdsrlehs b,
SEBRV IR L 2R L HIE 2 h S OB &
R EMHEEPTHE, O Fr2id) /=
B sl b T—A METH a-F 27 - )b L
DEwiEEERL (Fig. 4), ZONEIEHRE S LA
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L b

B 14% Epk ) EETH o2 (Table 2). &
DTTy a8 LICHEL LS LA,
O L 72OV GE 2T S, KT OWGHIC
& BB B OB IS oV Tl e,

MeOH extract
| —Et0AC
| |
insol. sol. (Fr.4)
|-BuoH

insol. (Fr.2) sol. (Fr. 3)

Fractionation of the MeOH ex
tract from P. koraiensis cal-
lus culture.

Scheme 1.
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TFig. 3. Antioxidant activities of extracts
from the P. koraiensis callus cul-
fures.

Note: Activities were determined

by the linoleic acid method at 40
ppm sample concentration.

4. P. koraiensis 1)V 23O HE{LERER
Fg

HIEM LA O FH S BRI 1, SRR oW,
5 ML L UERMBEERO 3HrH D L vb
hTwnd QAR 1990). < o Tl kHm Ry
FEREN DL LT SODMEREHEL, 3619
T MATHERET 1B & OB A & v SRR R T Bk
JEMELT, P. koraiensis 71 Vv AN O HIEE
{EEHABERC OV CERE L. 2B, TR
FE Fr.2 KB & ARRBOTEE & Claiftksesl

Table 2. Yields of extractive fractions from
P, koraiensis callus cultures.

Fractions Yield (% of callus)
MeOH extract 33.1
BuOH insol. (Fr.2) 14.0
BuOH sol. (Fr.8) 4.3
EtOAc sol. (Fr.4) 12.7

BHT -

BHA

a-Tocopherol -

Fr. 2 +
Fr.3 -
MeOH ex. -
Blank -
t t H I 1
0 20 40 60 80 100
Lipid peroxidation (%)

Fig. 4. Antioxidant activities of exiracts
from the P. koraiensis callus cul-
tures.

Note: Activities were determined

by the ghost method.
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Table 3. Ability of extractives to form com-
plexes with ferrous ion.

Sample Fe'* complexes formed (mmol/g)
Water sol. of Fr.2 2.4
Water insol. of Fr.2 1.3
EDTA - 2Na* 0.4

*EDTA - 2Na was used as a positive control.

e DPPH

=1 DPPH+ water sol.
=+t DPPH+BHT
== DPPH+ water insol.
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Fig. 5. The radical scavenging ability of
antioxidant substances in P.
koraiensis callus culture.

BV R B EBDNDT, DBEOERTIEIND
FIRBL TR L.

SOD BHEMIC BN TIE, $HrF ot Foy—¥
OERIZE DR LR == F %Y FPad vk
BRI T N—F b TV LOMRIG (PR
DHFR) (kT B oWl s b, Ak
BCldREHB LIS E B LA LI SN
Birols, TOIERS, IS5 OMH4SIZIE SOD
Bf e S oW L v e R L,

Fig. 52RT L5109 YV h Liliipgholisic b
W, KB IE530nm @ DPPH 12 & 5 WL
EECEMIL . FOBER, v UA ML D

AL A BT 5 L S hCwb BHT 22 b o
T ol =0, BEBMIMIS% 2 20 VR
IRLICT kv, SRMERIBKIED ONER %
Table 31R¥, KBRS HBEWMH b FL YT
I VMEERR T D) Y SIS B BRI E D %
I rAR

INLEDORED S, P koraiensis 71 NV A HE4Y
KEENLPELEDHoEEE, B o RS
Ml B8k EOBEIE EHKIC L ORI AEY B 2
L, HBMEERSEBLCwAbnLEILND,
FOWNTEIREEBE BHT &IOS 20 Vs
TEEEL, OB > THORBILE4 3845 &
Bbhs, Wi & b SOD #E Lo sk d o
Tods, A 2Xed XY B oo 2 PO IC o
T HME L SRR ofEm It ow T
Ly LEHWMETERNTHES.

< VIR SR A FOWBIE» S FHE - B Ld
VA DT DR S PBM I D w T, ) ) - VER
ERET—A MRCE VM LAz, Favkragy
@9 N AR T KT L U TH B a-
P 7 s v LR SRR LR IR LAY, E o
B Y, SV P EO LS RBNOBS T 7 2 ) —
NMEIZE B D TUHEL L, LBMBREOWRIZL 2
EHEE SN, B O RBUE IC oW L 7
LI A, FavbrTAIOH VAR TO A
TR & A3 5 8k E OISR T 85K L O
L, —#bE T 20 VAREERERIC & b BURR LM & 563
LTWwabobkEz o, SODMEMEIER S R
7z,

P Mk
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Summary

Antioxidant activities were estimated with methanol extracts of callus culiures derived
from cambial parts of Pinus thunbergii Parl., Pinus pentaphylla Mayr., Pinus
koraiensis Sieb. et Zuce. and Cryptomeria japonica D. Don. The extract from P.
koraiensis callus cells exhibited the most intensive activily comparable with that of a-
tochopherol, a typical natural antioxidant, when assayed by the linoleic acid method
ant the ghost method. The antioxidant activity of hydrophilic fractions of the extract is
likely to be accounted for by their ability of the complex formation with iron and other
heavy metals which catalyze lipid autoxidation. The radical scavenging mechanism
may contribute, at least in part, to the antioxidant activity shown by the extracts from
P. koraiensis callus. However, they did not show the SOD mimic activity.
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