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[HE] RHEBR A H SR ( Cyclobalanopsisglauca ) 2 RRBAMKE B , FEBHAERZ , X F
AEMEMEENE (HPLC ) ETTHREEBASRNABYR S 2o , BRET  EREENEER
BT, BAERFEREE , F95 91.17% , EFLENERBADHEIRES 1 mg/l 89 24-D FE
RES,EE 0452% EREPEEWORZEESES HEEFHEM879:F, HP XL 05my/
224D REES , 80 17.97 15,

1£ 36 ERBMEKRER T , TEMAH(+)-catechin F(-)-epicatechin ZEHK 2. & 1 AR5
HASEBMREATEEEA 186.21y g 2 (+)-catechin & 54.28u g 2 (-)-epicatechin,
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[Abstract] Immature embryos of Cyclobalanopsis glauca were used as explants in this experiment.
When immature embryos were transferred into MS medium in the dark, average induction rate was
91.17% the highest induction rate was 94.52% among all trestments in the medium of 1 mg/l 2,4-D. Af-
ter cultivation for 40 days in the dark, average doubling rate was 8.79. The highest doubling rate was
17.97 in the medium of 0.5 mg/l 2,4-D.

Among thirty-six callus cell samples, (+)-catechin and (-)-epicatechin were detected mainly. On av-
erage, one gram fresh callus cell contained 186.21pg (+)-catechin and 54.28ug (-)-epicatechin.

[Key words] Cyclobalanopsis glauca, Callus, Polyphenolic compound.
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— AR EEYEREEHARE
AABAEH MK , URARER, &
EMESR, Sheuetal., (1997 ) KFFRIEH :
ERRESEEEENSHELEY
¥ . (+)-catechin (-)-epicatechin
(+)-gdlocatechin
(+)-catechin-3-O- a  -L-rhamnopyranoside .
procyanidin-B-4, HE A catechins AT ANM &2
REMHE  BRERBSOCHERFNERR | 45
%2 (-)-epigallocatechin 7] 5 X #Y 7 Bh M1 ¥ K 27
EREE A ( LDL, low-density lipoprotein )& 1t ,
i LDL S{tEHFERMERRBELIBES
REEWDSER , 7K/ OB AR B AR A F0 m
BB M ME RBNRHEERSE
T2 ( Teruo, 2000 ) » Lk4h , catechins th HE
HEEVEEEUHER , BEI—RTRMEE
EANMENRE  MEBENDH, PHRXK
B, AAUEREHEERNBENLER (Yag
etal.,2000) .

RMELBELEYERCSHUERD , £
YRPZEERK K AESETNERRS ,
DERERENERETHE , REEEBEKX
WLt REE S, BB ZEIRE, RIZRE
BENTE , BHEBRIAEREREZR
BRE , ERREZIXSENE D, BWMERR
AAIERAXREEEBLLEY , EERKB
FESBIHRELE , UTHERERE B
(+)-catechin, (-)-epicatechin, (+)-gallocatechin,
(-)-epigalocatechin ELIER XE 25 REY , I
IFHMAFANBERN SN RETRELEE,
it , RESHGESEBZ2FEREE &
FARRER=—ELX , REXEFEREE
W 2. HtABREATRENERFBHEE
TRNBERE , RETEHRERRZRRK
HYEEZHF , UHEY-EHFRGBES
EREESHUECEYNEERR.

(-)-epigall ocatechin

I, MREETTE

(BRI BERBEE
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1999, 20005 9 A , REMA 7 F#R 2-6
NEEFRESCERMARAET , WKkEBEE
Z , BERASCKEFRREE

1LBeERFE

BAABEFEREEDWRLE , £
8 500 EMZHEEE ( Benzenthonium
Chloride 10 w/v% + Alkyl Arylpolyenther 10 w/v
% )% 10 DEER , BN 70%BERE 5 2
$8 BB 5% NaOCI KAR( B 1% (viv)
Tween20 RER VEE 1598 BHERL 2mm
HAREARETIZE | BRAERRARRS
SRR SERETRSEBFEE
F-HEEEPEA 56 EEER  EE IR,
WEIEAERE R E ARSI TETRABRE |, e
EEASHEBHTR , L 25°CoBIRXE
( 27uEIn?s ) R BESREHIEE 4-5 B, &
HEFTEANEER A MSHEEE ( Murashige
and Skoog, 1962 ) , R4 EIARM 0.5, 10K
1.5 mg/l 2 NAA ( a -napthaleneacetic acid ) @
@5 2,4-D ( 2,4-dichloro phenoxyacetic acid )
SBIIA 3%(WV)ERER 0.7%(WV)FE | I5E
BEERENFABRBREE pH=5.7, LB L1EAN
EEv® , BEmMELZBRSEBNEERKE
B YWiEKELERSEBEERER , ET
REEBFERZHE,

2. WMEEB 2 BB

BAFASCREERE  ERERBE. &
IRz MR EITIEE 40 RAEHHER
ETERAEE, S8 0 XRZFSEBEE ,
BEREBRLEREZHRKPBRBE , RUHEY
B, NAHEHEMEE,

3. AT AT

AEBEBRHARBRRFT 2L SAS HRETE
BETHE D, AT S EMELEN( Complete
Randomized Design ) , HE#E R 2 BiE N
ANOVA( Analysis of Variance )BIBR L EEZE 4 |
I LAERE K LB EE ( Duncan’s Multi-
ple Range Test ) WM& SV EREEH, HA
BETFEE , @E MSEREEEY , ’NFRE
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HBRT , BEERMOS, 1. 1L.5mg/l Z NAA K
24D HEESHBFEREREZNE,

(N BRIBBmEBBA R R D RE

EMERERE, BHREFZKEREY
A RADHEREES & 40 REBEEFF MR
WETON (£ 1) , BRBTREXEREY
ERFAHBBENBSER  MTREERRR
DRIBE , RIFR 4°CkFEH,

®1 ETESEBRASRAHYITZTE
REEENERABBBREZEE
Tablel The combination of different luminosity
and plant growth regulators for secon-
dary metabolism analysisin callus

W EYERFAGHESEEE
pE/mZ-s NAA (0.5mg/l) 2,4-D (0.5 mg/l)
27 NL DL
0 ND DD
o NL : 8 RE 05mgl NAA 2 MSEREEEE |
KBRS 27 uE/m?s , BHIE 16 /NEE,
o ND : 28R E 05mg/l NAA 2 MS BRI EE |
REEREE,
o DL :#%ERE 05mg/l 24D 2 MSEREEESR |
NEBSREE 27 uE/m?s , BHIE 16 /NEE,
o DD :#58BRE 05mg/l 24-D Z MSEERER |
REEREE,

B 3 g zMEABMmE , ATERPER
BEE=AMMA , IIAEE 80%acetone B R
EEBRE  LESHERS 7 BRREH
BE; BREBMBEEEER 2 X, HSEBHEE
B, BRAMTED 3/ L | EREZERE
RN AEE 2 dichloromethane |, #3325 288 |
BL 4700 rpm 2 BEOOBEL 5 D8, BR
dichloromethane , E48 3-5 )% , WEEWEY,
B ZEEREY A LEM{LZ catridge, £
SEEHEA cartridge % , A 30 ml KEEER
cartridge % , EZE 52 10 788 , EERR , UL
20 ml 70%methanol BREAHRBHRZ , K

EFBHPIRE , XA cartridge 18z 2 88 |, hO
AREBEERABR , B 70%methanol BRER
F25m ( ASEEREE 125uM ) |, BB
TR I BA & K A B AT & ( high-performance
liquid chromatography, HPLC ) e — £ 5 A &
MRS

I, &R

(HER®EESABEE

1L BEHEBZFE

F-EEERNBEA 5-6 EEERETERS
EBCFE , NEIE 7-14 X%, RYIOEREZE
HERSEBTR. 8—EA% , EXREE
THREHEZHEEBSAOERERE |, iR
Bt BAE8 K BEECHESESZAEA
&, REBZECHESEAR (B 1. 2. 3). &£
BEFRERFRES ARG SR E , 5t
ERAEBCTER  FRER  MEREY
EREHEBEE  KXBTHFEREHA
83.95% , BEEFATHEERLIHH 91.17% ( &
2)o

ERETRNERES  E—SHBRTRE
ABREFAERFATENARES , £B
ANOVA RIBtHEEM K RIERER  TH
EUMERE (05, 1. 1.5 mg/l ) B9 NAA 5
24D HEERETHESERTE  HBNE
RUTHEE , TENZERRARKENTE
(R 3). EEFWERRIRT , BEERT
BRHE Fi9591.17%, HPLUEE A 1 mg/
W 2,4-D FEBRES ,ED 9452%, BEAR 15
mg/l B9 NAA FEEREIK , BthF 87.50%, M
EXBWEERET  BEEBTEXRTEHA
83.95%, HFLUBE A 0.5 mg/l B9 NAA SEER
BE ,EF87.95%, BEA 1mg/l B NAA
BERHK , EF 75.49%.

2. WEHBBZBE
RFEMSICREEER  ERLRER
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£, EHIBRF MK , EARRSARSE EERRESESRKD  BERFTEEEMER
HENREETRRER B8 40 REKRE BRETR  ARTEMERFER 3231, &
MBS |, FHEREMEFNZEER  ERE BE I INEREIHR 879 (KR4).

®2 ETEAXEEENERASEEST  BEEBZFER (%)
Table2 The effect of plant growth regulators and luminosity on callus induction rate (%)

Y E RFEE NAA ( mg/l ) 2,4-D (mg/l )
SE 05 1.0 15 05 1.0 15
* 0B 87.95 75.49 87.50 82.72 87.34 85.00
2 B 89.53 90.80 87.50 93.15 94.52 91.03

o BERE2SCEER , XEERARRE 27 uB/m2-s , XIBHA 16 M, BIFERRE—RET ,
SURBMEEEZ 8- RE 5-6 [HIFER , EE 3R

®3 ETEXEREYERAHTEEST K REEBFIERBH IR
Table3 Thevariance anaysis of luminosity and plant growth regulators on callus induction rate

Source I?reétjerdesnglf AnovaSS Mean Square F-value Pr>F
Model 11 670.4196 60.9472 4.64 0.0008
Luminosity 1 370.755 370.7550 28.21 <0.0001
Growth regulator 5 128.9721 25.7944 1.96 0.1210
luminosityxgrowth regulator 5 170.6924 34.1384 2.60 0.0516
Error 24 315.4261 13.1427
Corrected Total 35 985.8457

x4 ETEAXERENERASGEEST  BeEBEMEER
Table4 The doubling rate of callus under different luminosity and plant growth regulators combination

* i = it
BERIEE@Q EE£ (9 EWiNEE BRIEEQ EE£ (9 ENEXR
0.5 my/l 1.47 6.21 4.22 1.47 9.61 6.58
NAA 1.0mgl 1.35 3.15 2.32 1.15 3.54 3.08
1.5 mg/l 1.20 3.45 2.88 1.37 6.86 5.06
0.5 mg/l 1.10 3.97 3.64 0.99 17.69 17.97
24-D  1.0mgll 0.76 255 3.35 0.83 12.71 15.31
1.5 mg/l 1.08 3.32 3.07 1.07 5.40 4.92
T 1 323 (+ 0.65) 8.79 (% 6.21)

o BERERRA 25C, B-REEE IR
0 BB - REERRER - ERNER
o BER - ER/ERIEER
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ELRETRANRES, E—SHBRTRE
IBREFHERATHNEARES , KB
ANOVA HIBRHREEEM A MERETR KE
BEEYERFADEIGHBSEBN BB
2 EMEEHEERENE , UERFEER
EhBEERRE  ERHASERBASEEE
T, ERREEECHEGES  EREEAX
RIRFIEE | F1918h0 8.79 %, M B
RABIEET , RRBEFERL 05 mgl 2
24D BESH , MAEBREETL 05 mgl 2
NAA REHE 12 BREHE S Ismeans (least

LL05 mg/l 24D REEPIEERRIT , ET
17.97 1%, HX 5 05mg/l 24D REREHREE
EF 1531 1% (%5).

(1) MEBBAR IR D RE

BRAESETRNSERYE 840 XEE
BWERTABBERL 2°CKkERE. BER
ZEEURME®R , LHPLC 2 HF KD (E 4).
£ 36 EREBRERKERT S EREBERY
o = E 458 H (+)-catechin F(-)-epicatechin 2
B , (+)-galocatechin, (-)-epigallocatechin
B rutin bR 238,

1. (+)-catechin

-135-

£ 36 ERBRESESMEmETD, — =g
Bh i 25 B4R RS B (+)-cateching EARER
Il 352 BHFTEZ(+)-caechin EBRS , § 1
NREEEBMERRTIEE 764.26p g, P
0.5 mg/l NAA EXR BT EENREBHAESEE
E1 174059y g, HNATHEEN 9.31F (%6).

EA4BTRNRES  E—SHBRTRE
KREERAHENEBRES |, B ANOVA
ASMHEEEMERARE  XBEREHR
(+)-catechin EEM\BEETE |, (+)-catechin &
EXEEZIEYERFBDHEPTES , KL 05
mg/l 2,4-D BEMBZRBEHEB . B LKA
(+)-catechin 2 £ Y394 89.98u g, ML 0.5 mg/l
NAA BEFMBZREHER 8 1 ARA
(+)-catechin &2 F 194 282.44u g, ¥4 24D
BREN3IF(X7. B5).

2. (-)-epicatechin

£ 36 B S A B MR E S, 2B HER
HAEEH (-)-epicatechine EhimIEVISEZ
BFFE 2 (-)-epicatechin EE&®E , B 127 E
SiRBMIERTIYE 73.86p g, EHEL 0.5 g/l
2,4-D £ BREEHIZ BN REH S AEE 85.38u
g, WBFHEN 15 (X8).

x5 ETEXEREYERFBHTEESTEEOX , WEEBENER B IHR
Table5 The variance analysis of luminosity and plant growth regulators on callus doubling rate after culti-

vation for 40 days
Source Degree of AnovaSS Mean Square F-vaue Pr>F
freedom
Mode 11 874.2933 79.4812 149.15 <0.0001
Luminosity 1 278.3892 278.3892 522.42 <0.0001
Growth regulator 5 327.9485 65.5897 123.09 <0.0001
luminosityxgrowth regulator 5 267.9555 53.5911 100.57 <0.0001
Error 24 12.7891 0.5328
Corrected Total 35 887.0824
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%6 TEEHSHET WREXERENEE

HRA(+)-catechin 82

BERMERSE R RHEN RS

BEEIE S FEMGREHEM, BB 40 REBER,

Table6 The content of (+)-catechin in callus from seeds of different trees under different luminosity and

plant growth regulators combination after cultivation for 40 days

(+)-catechin €& (p g)

MR NL ND DD 15

I 522.80 388.38 125.79 133.44 292.60 ( + 196.06 )
I 1740.59 880.01 257.42 179.03 764.26 ( £ 72250 )
M 437.24 256.18 124.50 67.27 221.29 ( + 164.26)
v - - - -

Vv - - 65.19 217.94 70.78 ( + 102.81)
VI 97.36 486.51 202.32 138.00 231.04 ( £ 175.70)
Vil - - 81.94 - 20.48 ( + 40.97)
Vil 117.42 93.49 26.85 - 50.44 ( + 55.13)
IX 63.90 - - 15.97 ( + 31.95)
15 331.03 233.84 98.22 81.74 186.21 ( + 118.18)

o0 - FRAAKRKEEIH(+)-catechin
0 B-REEE3INX

®7 UTEXELRENERBHBESFTEMSAESHER , 8 40 REER , HA(+)-catechin &

BrB8BL oMK

Table7 The variance analysis of luminosity and plant growth regulators on the content of (+)-catechin in

calus after cultivation for 40 days

Source Degree of Anova SS Mean Square F-vaue Pr>F
freedom
Model 3 1131251.53 377083.84 3.69 0.0143
Luminosity 1 87221.617 87221.617 0.85 0.3575
Growth regulator 1 1000057.650 1000057.650 9.79 0.0023
luminosityxgrowth regulator 1 43972.261 43972.261 0.43 0.5132
Error 104 10621189.75 102126.82
Corrected Total 107 11752441.28
E4ETEANRES  E—FHLBRTRE
KRG RAHANHBAS | B ANOVA V. St
RBREBREMRRR  AREAEERENERS
BB (24-D. NAA ) ¥ (-)-epicatechin TP

CEYREEYE K §51.RBAEEMERERN
(-)-epicatechin €& F19% 54.28u g ( & 9.
6).

FRAREXAREETHFEH 2 ESER
ZRAOBHTRERBBMBEER , BE
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EERREBAZEI, 1 30 REAMREE
BEIRS , KRIFETREREE  BTRE
ZRREN. EEHERTESE , SRR
ZHREMRMERER , BAEKERERSES
( non-embryogenic calus) » FEREZEEHE
BErERR, RBEERZEEHES  HER

E®RIE , 140 ~ 50 REAHMEEEED &
=, SRR ZMERED , T3181, 2
EARETRRETESRIFMBER., &
BEHRERTESE , 288/, #HEREER. #35
EZzllE BRAEEMEESMAR
( embryogenic callus ) o

®8 THEEMBHET 6 UTEXERENLERBHEHESFTEMSHSER KB40 REEE

HR(-)-epicatechin 88

Table8 The content of (-)-epicatechin in callus from seeds of different trees under different luminosity and

plant growth regulators combination after cultivation for 40 days

(+)-catechin €& (p g)

* NL ND DL DD ¥
| 68.77 77.03 73.07 61.83 70.18 ( + 6.51)
Il 79.68 42.39 45.41 41.22 52.18 ( + 18.42)
Il 76.08 61.70 46.27 28.54 53.15 ( + 20.43)
v 43.24 74.96 46.30 44.91 52.35 ( + 15.12)
v 48.49 36.87 44.06 72.39 50.45 ( + 15.39)
VI 65.58 60.19 85.38 84.29 73.86 (+ 12.87)
Vi 37.30 39.72 64.31 71.83 53.29 ( + 17.37)
Vil 4458 53.23 37.25 29.22 41.07 ( + 10.25)
IX 50.67 56.74 35.55 25.17 4203 (+ 1434)
£ 57.15 55.87 53.07 51.04 5428 (+ 2.75)

o B-REEBEIR

®9 LUFEXESRENERBLHHESFEMGBEAAR K8 40 RIFER , HA()-epicatechin

EEZEBH LR

Table9 The variance analysis of luminosity and plant growth regulators on the content of (-)-epicatechin in

callus after cultivation for 40 days

Source [?regerdegrﬁf Anova SS Mean Square F-vaue Pr>F
Model 3 613.20 204.40 0.70 0.5543
Luminosity 1 73.74 73.74 0.25 0.6164
Growth regulator 1 535.75 535.75 1.83 0.1786
luminosityxgrowth regulator 1 3.69 3.69 0.01 0.9106
Error 104 30382.98 292.14
Corrected Total 107 30996.18
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EXBTREETAEESRGES , R
EEGHETREAEE | OTH#HISRITF M
EH. BERIAL , FIEEZE S AR
HE2ENEE , REIERBRETEMEBUHR
RAEFIN , AEBERFZ2ER, 24D
& NAA REUEBSEE LR ERERARSE
BB HEBERZAIEAR auxin, BEE
BREZ axin JESEEZEAER MK
BEZ axin AIT#EESEBRERET 24
£ ( Franklin and Dixon, 1994 ) , FEAER S |
—H®HEMT IEFREEE (05 10, 1.5mg/l)
2 24-D & NAA EITHEEBNFE R8T ;
ERSHEBTERY , TRAEREN 24D
B NAA , AJ 1S 75%L EREE R  (BFEHAE
TENMEISRIBIESE, BILUEE 05 1.0mg/
B 2,4-D MRBME B E 40 R EB X5 BlE
108 % 9.31F ; HIRA 0.5mg/l Z NAA | iF
BAORZIEEBER5615,0A24D2—¥%,
FE 24D THEESESMR S BERRABEE
R NAA | REBRE R KR EEHER,

(INREBBA ZIRAH Y KD RE

—BEY R RBEYNNEETTRAR
POELE RIS , RENREMREEERIUE
BARXEAENEL XNEEY , —&FE
FERY  EFSEBNHRPEERIER
HURERE ( Yeomanetal., 1982 ) o —RAKHEY
HMEEBTRBR ML EMER , BRTEER
EBERRET ANBEYNESRIBRE | AR
ERt EEEENREES (W0 MRREE, wh)
EAREBRREWHEST, MARSEEE—
AR T X 2B EA Y |, KR
RCE S| BEYMEREDEE-XRHEY
WAE. XEENHEERERATRE AL
EE  fINNSEEETEYERADE. B
YE., EENERBKCEWER , FLETHU
REFEAREREEE R BEYNES
H, i ZERBEGEFYEARERNEE
RE , flw BE, XBRE, ¥R, 220
EE, ZERAN pH ERRERS. EEE

BERMERSE R RHEN RS

BAKRBAD, WHRKE , BRTSHER
ZRAWENHZHN  EREBRESHERAERR
(BME , 1994) o

EXRERY  HEBEMREREESR
(+)-caechin €& , b REEHER 2B, LE
ERE (0.5 mg/l ) 2 2,4-D & NAA £ 25
FIEECBAEE , 24D 2 BEETHYE
17.97 5, T NAA 2158 F 658 1%, A
24D M 13, BE® 1 AmEAHEKMARE
(+)-catechin WEE , 24-D £H89.98u g, ™
NAA RIZEZ] 28244y g, 9% 24D 2 315,
4 B4 R 5% SR B4 (+)-catechin IE#F B — R LLES
%o —MME , 24-D KEWERARBSERE
2 #AREI85E |, Makunga & ( 1997 ) MRFFRHIE
i : 2,4-D &i& R phenyladanine ( PAL ) FRAER
BREM , M PAL A& flavan-3-ols & RIBREHH
BEEEE , RIHEANE 24D BEMNGES
R PAL #Z &R (+)-catechin & 2K R
NAA RE R, ki, Bl RS
mn PAL Z5EM , FTAERAEREERERY
(+)-caechin 225 R BREE,

(+)-caechin E ERIBREH P EARFITE
B% 5762p g, MESHEBMERKEIFEE
18621y g, HARESEFHNMBKESE
174059 g, BEH K 302 15 , AUt EREERE
HEEEZ Mtk , Y-SR HREZE
ERGETREEE REWERAKREBLEE
(+)-catechin B IEE | EEBIEEE—SHH R,

V. B8E

B, BWOR (1994 ) FAEYMAREEEE
E-RAHY. £WEE 1(0) : 113
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