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Abstract : Cell growth and production of phenolic compounds by callus cultures of Panax ginseng C. A. Meyer were
investigated under various phytohormones concentrations and inoculum size. The results indicated that the cell growt was
improved by a MS medium supplemented with 2 mg/L of CPA. The maximum cell yield was obtained at inoculum size
of 1 g/flasd. The production of phenolic compounds in the callus cultures was higher than those in the ginseng root. Espe-
cially, one cell line (20601) showed the highest content of phenolic compounds and antioxidant activity.
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Z¥z=q1 it} 1 o712 superoxide dismutase, catalase,
glutathione peroxidase 5] @Aitstaio &2t st =
A9l o-tocopherol, vitamin C5¢] 3MEEHA|, = itkalel s
zh= FHchlA el ceruloblasmin 2 transferrin®] X 7E w}
gl T} L1 o) Aboll = maltol, caffeic acid, vanillic acid, sali-
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1. QMPFAHIZESR RE callus®| |/7|

A FAS (Table DNORFE A@Y=2 ITF X
FE A7) HAsiA ZF Alse 6dT e (Panax ginseng
CA. Meyer)s 2% Aolgaskoz AEsled HHE 24-
dichlorophenoxy acetic acid (2,4-Dy’} 3 mg/L #7}d MS
AR Mol 2ol 25°Ce] MFRANA callusE F71

STk,
2. 2t calluse| W=

F71E A callus®] Al mAE HEZZEY] FFE
gotEy] fJsted MS 71ZuiAlel Tk =3 E2(24-D,

Table 1. Characteristics of ginseng superior lines

Species Characteristics
Panax ginseng violet stem
control
30101 High contents of saponin
30201 High contents of saponin
81983-1 Resistant to root rot
84768 Resistant to root rot
84725 Resistant to root rot
20401 High yield
20501 High yield
20601 High yield
Panax ginseng yellow berry
control
YO101 High yield
YO501 Resistant to root rot
Panax ginseng cultivated in Japan
Jy101
JY104
Panax ginseng cultivated in USSR
control
Panax quinquefolium
GO9%01
wO101

lus A& 05, 1.0, 2.0 o Z+7y AEste] callus Fs kol
w2 callus AFES A8

3. HEIBMEE F& ¥ OEF M=ZF MY

718 calluse THA Y iAoM) 308 o) wieket £,
methanol F&E25E A4 ED IFS ABIAT
Methanol $&E-2 wid A4 callus?] BAF 40gS
methanol 80 mL Fo] F&3 3, 7} wFAA T
osle] FE3T) callus2 58 AejgHE4
o) #HEA 3522 dE9) antioxidant BAEE FABIATH
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4. Hisy sigtE MEEYN

22 Hammerschmidt®} Pratt'®e]
e 7 Ayl FYSINTh A AZRE UM callus
03gell 2N HCl 14mLE Y 1M7HERt 7183k 15,000
rpmel A 1587 423ttt g 59 %] EtOAc
5 YA 23] &80 AR A7 F 1% HClo| 38
methanole] o] FEgN oz AMaL). wlEA 5HE
T2 5% methanol £ 04 mLe] 1.6 mLe] Na,CO,
2 4w, 539 899 50% folin-ciocalteu's phenol &4
1 mLE FH7lsted vortex mixerollA 2 42 F 308 o
spectrophotometer 750 nmollA F35E 243}, o|u)
A A=A 555 F#ZS chlorogenic acidy] HHFAC
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5. Antioxidant EMT &3

Antioxidant 84 % 42 Weel®S9] uhdol] 9J3l o-
diphenyl-B-picrylhydraxy(DPPH)E o] &3l &4 s}5ch.
DPPH &< DPPH #% °F 20 mg& methanol 150
mlol o] 7 2 6 mLel| dimethylsulfoxide 2.5 mLZ 7}
3t 10&7F W¥sted 517 nmolM diz2e F3 =7t
0.93~0.97°] %% methanol2 At} 24 &
methanol €9 0.2 mLe] 25 mLe DPPH &2
zh E3ste] 12 B9 RESAIA tiRE3) 517nmolA
=2 ZARSFe] 243/ (units/min/mg dry callus wt
Uehiled, ODgt 0.01% 1 unit2 aich.
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6. TLC pattern H|1!

TLC pattern® %Z% methanol &2 10 pLA silica
gel 60 Fy,, TLC plated] F&sen], FFFOZE caf-
feic acid 9} ferulic acidE AME-8}5ic}. TLC plated] AE5
&gk % toluene : ethylacetate : formic acid=5:4:19] &
gelow Attt AM7E B £ 50% folin-ciocalteu's
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Aol AGAT 3 mg/le] 24-DE H715E wiR o)A root)
71 AY douA] 2skew, callus?] #7188 ¢ =

UTHTable 2). & callus®] 7] 3 mgl 24-DE /3
MSHiA] AN A 71 g3 o]t}

718 4t callus®] A viA= A& S
2218171 918k 2,4-D, CPA, IBA, [AA 59| 2E3E2RS
MS 7]2uA)ol s=EE EAsi] U4 calluse] A4
< AP tH(Table 3). 914t callus®] AL callus 5718
o] 7F¢ =U% 3mg/lL 24-DE 43 718 MS HiR¢]
7% 6.057 g/flaske] A4S Hjomw, CPAY 7% 2mgl

Table 2. Induction of root and callus cultured on MS medium with 3
mg/L. of 2.4-D in superior 2,4-D

e Leh AlEsel A 159

£ AP o 8.602 g/flaskE 7 =43, 3mg/L o4
o] FEFEE 2388 AT IBASH IAAY] 7Solle
=7b mobgoll wet 14t calluse] Ad7ge] oz sk
S HYlou), & Aol Holx] ggirh. dukxow 2y
o XFEA] e HHe] Hiore EE3t A ©
o] 97} B5Holy T2 auxind} cytokinin®] EEot
gitslel AlRsle] - Fasth?) weld Bge 73
AojA] Este} AAEn] Aol 2,4-D7F Pl
BIET Jed, B9 2 Agds x2e g1
HA4E calluse] AFle 24-DEt CPA 2mg/L
g29e & 4 vk

A4 callus®] AAo] 7H =0 2 mg/Le] CPA7| $h-
H MS 71E2ui=)l 24-DE FEE(0,1,2,3, 4,5 mgL)= A
23] callus Aol WA= 24-De] H3Fe AR 2
A3}, 204 calluse] AL 24-DE AT AH7sA] &
TollA 13299 g/lask= 7HE =2 RS BHow, 24-De)
FE7) BolASE =) 743 thEg. 1. ©E callus §7)
e 24-D7F DEHoA T AT A AZAZE AL
T s4o] EASE] Wil Adele 235 A ans
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Superior lines Rootin Callus initiation —
30101 e - e Aok Audn
20601 _ T+ 3 mg/L—°4 2,4—D9+ 2 mg/LQ] CPA7]' ‘?‘:‘6\}% Z‘]'Z]_Q’] MS
20401 - + 712 AN 718 callusE EFAID F AAES 43
20501 - + Ak thest RITh(Table 4). CPA E3ieIq 4718 1
JY101 - ++
JY104 - ++
Y0201 - + 16
YO501 - + X uy j\i
*-; Not induced, +; induced, ++; good growth, +++; excellent g 12t '
growth. 2 1
o 8
Z ol
Table 3. Effects of some phytohormones on the growth of ginseng E
callus cultures of P ginseng callus 2 4
Phytohormone- Concentration Fresh weight of callus w 5 i
(mg/L) (g/flask) 0 1 > 3 4 5
24-D 3 6.057 2,4-D concentration (mglL)
1 5.881 Fig. 1. Effect of 2,4-D in the MS medium with 2 mg/L of CPA on
2 8.602 the callus cultures of P. ginseng.
CPA 3 7.508
4 6.332 Table 4. Effects of 2,4-D and CPA on the callus cultures of P. ginseng
1 2.180 precultured on the medium with 3 mg/L. 2,4-D or 2 mg/L
3 2.103 CPA
IBA -
5 2.480 Auxin of Auxin of Fresh weight of
7 1.711 precultured medium  subcultured medium callus (g/flask)
1 1.205 24-D 2,4-D 8.439+0.662
IAA 3 1.233 CPA 11.295£1.082
5 1.225 CPA 24-D 12.401 £0.585
7 1.211 CPA 14.4511£0.580
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Fig. 2. Effect of inoculum size on the callus cultures of P. ginseng
cultured in the medium with 2 mg/L of CPA. —ll-; 15 days,
—J—; 30 days

2} callusE CPA X ZE ANEF A4t callus®] A4S
14.451 gflaskZ 7} E=%kom 24D A4 24-D
ER = Wt callusE AlHNEIA-E W, 8439 g/flask= 7}
2 e S Bk =3 CPA EAIENE 24D &
x| 2o Al & Aol o]9f wite] AF9-RHT}h 2 A
oz Ho} callus 7] A% 54E 7Rl 2,4-DY A
2 Fue] AR G 7Ae A= ALRE

Callus®] A §8& Fo)7] 9o, 7P =& %S 1
A9 2 mgL CPAZ $H3k MS 7]Ruix]o] calluse] %S
22 FFst 2o mE AFFE 2ARIITHEFR. 2). 2
A7, HE F 15900 2 gilaskE HEsIHS o wWE A
AE BPoL} 30¢ Folle =37t XAEL, 1 ghlaskS
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2. FHAIE callus®| H=d SElE &2 ¥ antioxidant
sl

7ol F718 QiksAAIE AT R2RY 1ie] A
FHEE F =AM UEhle Hlsy B2 I
HEd £ sl SR EE 2418 A3 F dsd
EZL FAAE callus ZF Al AR EC 30T 53]

AEWME 206012 3.082 mg/g. dry wt.EA 73 E3kom
I theo 2 JY101°] 2.889 mg/g dry wt.E =ohFig. 3-
PC). T3 HsAl 29 st E4% AEHS 2060100
2] 12.444 uniymin/mgZ 7§ E%O™ JY10104 = 11.822
unit/min/mgs ¢ & 7S BATHFig 3-A0). 1Y+
B Al E07F callus 72 3 7ie] AAEHNA F71€
calluso) ATt o] EF2 AEEo] EAjEo] A& 7FsAdel
7] W&o BAEFS o834 low melting agarose gel
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Fig. 3. Contents of phenolic compound (PC) and activity of
antioxidant (AQ) in ginseng superior line callus cultured on
MS medium with 3 mg/L of 2,4-D. A 730101, B 20601, C
20401, D 20501, E 301, F JY101, G JY104, H Y0201, 1
Y0501, J W0101, K G0901
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FZ2d H=A %@94 TLC patterng AR 314
TLC plated)] sl=A 318HEe] geks 2481y &2 29
S AR 2 A3 TFEQ caffeic acid®} ferulic acid
o] oA F2 band’t BAPEE 7S BA2™, band®]
A7le AT tid ZelE YepiJAcHE a4 A]). Band
o] A7 ABHE 206010041 7P ZdeAl Ve, o
S0 JYlole] ZA yeht F #HEd 229 el 2
ABollA Al band7t ZsHA dERRTh ©]9F Z2e] band®
71 A & Ao)E B oL, Bandel HX]= A
latzat Zt AlZelA f71R MED 7l & 3pe] glo] v
<3 A Bt Au) Ad4tZel= ferulic acid $x]
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= band7} w9 Z1EHA WERD R, caffeic acid $1X]o U
< band= ¢ °k3}7ﬂ VERtTE ey ol9h BRI
A EZoME HEE ferulic acid $1x]9] band7} oFslAl
ERtT, caffeic ac1d Ao 9= bandZ} Wi 7FsHAl Ve
stk 2o T4 vehE FEEC] JEHE H:‘ﬂ—i—rﬂ
2]3t salicylic acid, p-coumaric acid, vanillic acid & feru-
lic acide} oNZoAElo|E B oz RE E2lg p-hydroxy-
benzoic acid, gentisic acid, caffeic acid % polyphenol
2 854 7F microsome X 8] A F s AEE A
A3, caffeic acid Tro] 48 YR 2 ¥ A
& o] v et Hyslgon ® B3] caffeic
acid®] A @8I A] A2 Qate] =31A/dE<2] maltol
g eFolgtn Busgith 23y Kim® 58 &
o] AelMAE Qe calluselld Bel YeRbs ferulic
acid 91X= FE ferulic acid 7 oluE} p-coumaric
acid, vanillic acid ¥ p-hydorxybenzoic acid’} Z&a9L
W, caffeic acid $]X|°l= protocatechuic acid ¥ gentisic
acid’} ¥ EASAL e Zlem Rysigo wEha 2 4
Yol 14 A Zto] Auf Aarc) kst EAgo] 9
8t caffeic acid $1*|° ©] 73 band’t A= v 1T
el dgo= olFld & UAY FF caffeic acid $F]°l
A FEN AT ThE HEihe AR & Zlo= A7t
"t g Auia 2R Z1delA] widet Ml XEolA
caffeic acid 912 o B Ft"k’] of ESAleteA] 2 9
o1& a3 & 4 glovt Kim® 52 Azt 2 Zgds
Ao dhgo] FEgatollA J-E#%fc}o]b]- JEZHRT =9t
A5k, AAFbs) ARG 8 caffeic acide] $EFe] -
A ZAo] FHEHET 15~ E FUTIL B g bt
At ool AT, FZF, a8l 24 B AEE 7k Aol
% Z o A A77t o]F Ao & Aoy o] AF
EE sl QaF AZzA caffeic acide] SRS Z7M4)
T Ae PHS LT F Ag AeE AlsH.
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