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Effects of 2,4-D and Kinetin on the Production of
Saponin in Ginseng Tissue Culture
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*#Department of Biology. Yonsel Universtiy, Seoul)

ABSTRACT

In the present study effects of 2,4-D and kinetin on the callus tissue growth of Korean

ginseng (Panax ginseng C. A, Meyer), in relation to the synthesis of saponin were

investigated. The saponin synthesis in the callus culture of ginseng root was enhanced

by 2,4-D and kinetin. The total saponin content of callus grown on the optima ~growth
conditions, that is, bmg/l of 2,4-D and 2 mg/l of kinetin, was about three times as high

as that of the 6 year-old ginseng roots commercially used as herbs.

The kinetin specific-

ally increased the synthesis of protopanaxadiol group ginsenoside and decreased the

synthesis of protopanaxatriol group in callus cultures, while 2,4-D caused to an increase

in the syuthesis of protopanaxatriol group ginsenoside and decrease the synthesis of

protopanaxadiol group.
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corea delloidea 8] == w]<Fdl4 diosgenin (Kaul ef
1960)2., Lithospermum erythrovhizon 2] callus
2 AF wmelwel 23e)u} %2 naphtoguinone
9 4 gtek(Tabata et ol., 1974)3 2w =} 3=}
Akl AT 2AELL W29
o EHE AT B9 ek 25 AAGE 4
ZA gk, 2,4-D = Nicotigne tabacum #) k4|
_<>ﬂ A nicotine ¥4 & «dRAFE )
nicotine T4 ZrpA 7] =)
Hd e FTEAY FAL 2,4-D v kinetin o] o 2 5}
A 27147 7] nﬂ—,'_—o]?;]— sl s (Tabata ef al.,
19710), 1974 el Lithospermum erythrorhizons)
A ] ekell A 2,4-D 1k NAA o] &3 shikonin g4
o A=, TAAH S8AE A %E&--uhﬂ @
otz 59 b (Tabata ef al,, 1974). o] utel| Morinda
citrifolia W) okel] 4 anthraquinone <1 /Q 2 NAA ] g
3 &AEm, 2,4-Dd g8 dA ] (Zenk ef al.,
1975), Cassia fora W)k 2,4-D 7} anthraqui-
none Yo g+ Fx o}l (Tabata ef al.,
1075), Dioscorea v} ko) 4] diosgenin(Kaul ef al.,
1969) 4 A 5 Mucona & ok« 4 L-Dopa(Brain, 1974)
9 444 sALT ek

ol sk Zrel wieFA WA 22 QY EY T4l
A5t ol AFHol ez ok b Qlhzau ok
o] 4 saponin el Hg ATRAA4E noE ¥ gl
o) 4l callus o] 41 2] saponin 34 3 o) 41u] oka] = o
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¢] &= nicotine = A}-¢])

AAFA G A ZdA e W& Adste 4T
dftez £ 4daE sPsigw 8, 2 AFE o]
B 5= g

wE = A&

A M2 6w4 =z g4 (Panax ginseng C. A.
Meyer) ¥z & Murashige and Skoog (1962)8) 7 &
$e¥Ao] 2,4-D 1, 5, 10mg/lE A4 AR 2,4-D
eLgwl ok7] 8k of 7]d] kinetin& 1, 2 mg/l 4 FA A
Zh4t 2, 4-D-+kinetin Egoll oF7) o) 7 Fshed 1070 7
ohu gk ApEalg] on] 30~40d Wil Al o o okaha wh,

Liebermann-Buchard gt& ol 425l gl 4 callus
£ Z7 1mg+4 CHCL 1mld A 5twm 4 acetic
acid 1ml & 7}t F 2mlée c-H80, & =4 277
gol A Rdoze) WA 435 salshadh

46 Saponin FZEUtH w4 al4te] 2l g3 2
WekrE 2 107497 W ekit ql4k callus 0.1~0.5¢g
% 2zt 809% MeOH 10mle] 19z ¥sle] 128 &
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2353, 80% MeOH 5mlz A7 4 23 2%
ghe] qlojal o d L gebimialel a2l callus 9

MeOH extract & olgiel, MeOH cxtracte] H,0 =
715la ethyl ether & A-2dle] #34 B4 58 A A
% & H,0 28 =231y n-BuOH=Z 33 53},

= s H,0 %2 AlAstm n-BuOH 22 H,0 =7 2~3
] AL F el &A=z saponin-g ¢ gl o} (Fig.
1.
Materials
Extd. with 80% MeOH
Evapd.
MeOH ext.
H,O added
Ag. soln.
Extd. with Et,O
| |
H,0 layer Et,0 layer
Extd. with n-BuOH satd. with H,0
I
n-BuOH layer H.O layer
Washed with H,0
|
n-BuQOH layer H.O layer
Evapd.

Crude saponin

Fig. 1. Extraction procedure of crude saponins
from ginseng root and ginseng callus.

2 Baponin HZ -3 Fikd| 935le] ol 4 sap-
onin & MeOH 0.5 mle]) 5] Vanillin-H,50, & (Hiai
1975)¢] ¢ &l % saponin S A z=shed el

48 Saponin 2| TLC ¢ 2|st 22| Silica gel G
(MERCK) = 0.25 mm 58] plate (2020 cm)Z =k

Eo] 110°C iRl A 1470 A3 A AR5k o,
#7Ete] i saponin MeOH 48 &, 4347 plate o)
spot & B #its CHCL, : MeOH : HoO=65:35:
10 (v/v/v) (low layer)3 Ah&3le plate | 17 cm 7t
A BHEAY 3 air dryer @ BT A Astel 109
H,50.2 @A 7.

18 Saponin 2] High Performarce Liquid Chro-
matography Ol 2|8t B¢ Wi JTiEe) REle fHl
% 4 saponin MeOH #H¥2 HPLC (Waters model
244)% o] g-ske saponin g 7 Fifile = SHEksleloh,
1 saponin MeOH #WS 14l F4 49 carbohyd-
rate analysis column & A&stgor AARN2E
AcCN/H0=80/20(v/v)E A&etdch. ol o flow

et al.,
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rate = 2. 0ml/min2 =43ty or] RI detector(Wat-
ers}E Al4-sle] saponin & Eeistgoh.

AE Callus fE#%2| 2 Saponin & D|A= 2,
4-D 2} Kinetin 2] 53 Callus 3+ AZEE =5 Lieb-
ermann-Buchard -4 o fEEIHESL L=
st et B RS viebwWe] callus o4 saponin
o] gAH L =a# ¢ g

A% callus 8 % saponin ¥+3Fe] =gt 2,4-Del
kinetin 9] &5 &% THsels] Hstd 2,4-DE 1,510
Z7 A7 2,4-D BEmEETEELL 2,4-D 1,5,
10mg/l &) #z- kinetin 1, 2mg/l1- & #7135 2,4-D+
kinetin BEFRKEIEENAN Nyt AZE callusgy &
sapopin & Aesleiw wf, 3 AdE Table 14 2

mg/1-E =

Saponin Production in Ginseng Tissue

+ 1mg/l, 2mg/l A7V 2, 4-D-rkinetin {BH BEHE
o] Aal & saponin & A=k & 4§ ¢l¢lch, Table 14l
A RE wlel o] g, 4-D HiFEEaediel kinetin 1 mg/!
A5k 2, 4-Dtkinetin BEEHMLAdAE 2,4-D2
5mg/l A 792 «| 2 F 10 mg/1 Hrpslgl S A Wk
A = saponin frite] <F 200% % b5 g2t kinetin
2mg/l 2714t 2, 4-D+ kinetin BH g%k AL 2, 4-
D 10mg/l H- 5 A7 2,4-D bmg/l H7)-3k #A
Bk A = 2.86% % 4o
2,4-D 5mg/l A7t wixluel 14.3% Zr4shgd, =
kinetin #r7}g el =& 43 & saponin o
z4%d 2 23 2,4-D s5mg/l &5t &g A
kinetin 5% 7} &715e] wel A 29 2 saponin &%
o] 16%~400%7t7 %7} Fglo=, 53] 2 4-D 5mg
/1, kinetin 2mg/l 27} 9 <F79 A= % saponin
©3po] 16.53% slo] A% Ao &

4 saponin o]

saponin &uk

. net gul e Rk
Ginsenoside &0l 0|X= 2,4-D ¢t Kinetin 0| 8
Table 1. Effects of 2,4-D and kinetin on T A7 P8e) sl 10497 ook callus o 4
saponin content in callus of ginseng 443 saponin & AZHe 9l ¥ maly] 9shed callus
Concentration (mg/1) Total saponin kA% 6324 42 saponin & FE3le TLC=
22D Kinotin (%) Masg® e 2 23e Fig 29 7.
Fig. 2604 27 2, 4-D PHEREES callus s} 2,
5 0 3.14 4-D-kinetin B &#HILEY callug & Fo) Eumme
10 0 5.46 2 TLCH $=:5b AB2est d2sgd. adu &
5 1 3.62 FEEYe "ol HAE 7 saponin g &EkAA & ol 2
10 1 8.738 25 v (Table 2). TLC o] 9 3he] saponin & 7 &
5 2 16.53 Hoz Felsln HPLC) o3& ¥ =z 2y v
10 2 2.36 T #Q% A5} Peak 2% Regs, 38 Rey, 5, 6, 7, 8, 9,
Saponin content in ginseng root: 4.75% 10 7 &4 2 Re, Rd, Re, Rbs, Rby, Rbyo 2 siwbs] g
w1 (Fig. 8). HPLC &) &3] % Lalez ey pinsen-
2,4-D 1mg/l 2 H7}5 skl e callus 7| A oside g4l @ gt 2,4-D o} kinetin ] ZabE = Alsl
% A4S §lA geol & saponing &4 2 4 glgd o Fig. ¢ ¥ Fig. 59 22 AsE Ak, 7 #ek
i, 2,4-D 5mg/l, 10mg/l & #H7tgr 2,4-D BRI W callus 9] ginsenoside $} ¥L=] 8] ginsenoside okato]
THEiEe callusel 2, 4-D 5mg/l, 10 me/lell #= kinetin HRaA Vel calluse] AL 2,4-D 22 kinetin
Table 2. Ratio of protopanaxadiol-saponin and protopanaxatriol-saponin
jn ginseng root and callus
2, 4-D 2, 4-D 2, 4-D 2,4-D 3mg/l  2,4-D 8mg/l  2,4-D ipmg/l  Root
5mg/l 8 mg/1 10 mg/l  +KIN* 2 mg/l +KIN 2mg/1 +KIN 2 mg/1
PD**¥ 0.33 0.30 0.25 0-45 0.61 0-39 0.52
PT 0.67 0.70 0.75 0.56 0. 40 0.73 0. 47
PD/PT 0. 49 0.48 0.33 0. 80 1.52 0.58 1.11
* KIN: Kinetin *% Py« Protopanaxadiol saponin PT : Protopanaxatriol saponin
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Fig. 2. Thin-layer chromatogram of saponins in
ginseng root and ginseng callus grown with
9, 4-D and kipetin.
1,2, 4-D 5mg/L; 2,2,4-D 8mg/l; 8, 2,4-D
10 mg/l; 4,2, 4-D 8 mg/l4-kinetin 1 mg/L;
5 2, 4-D 8 mg/1+kinetin 2mg/L; 6, 2,4-D
10 mg/1-+kinetin 2mg/l; 7, ginseng root.
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o] wlgl Folst 4171 1) ginsenoside Re 7} o
£ ginsenoside o] #]&}o] 200~300% IE v o] &
Adgdor 9 gheFuct 200% ¥ gel ¥4 A
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15 !

2,4-D 8 ag/L

o2 vehgeh(Fig. 6). Rd =% %2 v callus o] 4 3
o g9l FAHT | EL =F 2,4-D sk Kinetin L
9 Fxd dluts] wztetel 2 ginsenoside ot g
A FuA el 9o (Fig. 6).
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chromatogam in ginseng callus grown

Fig’ 3. Quantitative high performance liguid
chromatogram in ginseng root.

e 3

10
TIME(MIN)

with 2,4-D.

t
15 20



Sept.-Dec. 1980

T

2,5D 3 mgfl

Kinetin 1 mg/f
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Fig. 5. Quaniitative high performance liquid
chromatogram in ginseng callus grown
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Ginsenoside Rb; & kinetin 35 &7be] whal =)=
sty FErhebel ol kinetin 2me/l, 2,4-D 1omg/ld
aEE Frb WA AL o8y AAE AL v
e th, = ginsenoside Rd = kinetin 23& 2,4-D )
o elglstA] qbgste 2,4-D Fwrk Fopglel whabal
A8 At e, kinetin 4 A7dA FL ok
714 calluss] ¥4 kinetin-2 2mg/l RA7}g o) o7
9 callis o) A& 30% % 49w, L= ginseno-
side Rb;, Rbs, Re, Rgy, Rgz 5% 2,4-D o kinetin &
& wek FARGE Aol gdglovt duide=s 2,4-D
L protopanaxadiol #] & ginsenoside 4§ &4

¥z, kinetin & protopanaxdiol #]¢] ginsenoside 3

T 295z W4 2zl ginsenoside 8] k4l
Ze] callusel e A2Q74 24529 7t FE
=}2} protopanaxadiol =] ¢} protopanaxatriol #[ 2] ¥
£o] Zalamd, T3 Kinetin-g »]okrldl Hobs Eo2
2 <ld}] protopanaxadiol #] ¢ protopanaxatriol |
g W&ol AS 19] AgA Hol wele sk A
U &8 "A4 webd gek(Table 2).

£ ®
Callus 8] ok b4 ull ) o] A ol Fad o
o] 7] o] callus & AL das] AERr o

=Y
-

g

Rb3 Re

Rd He

Fig. 6. Histogram of ginsenoside ratio by HPLC analysis of saponin.
1,2,4-D 5mg/l; 2,2,4-D §mg/l; 3,2,4-D 10 mg/l; 4,2,4-D 3 mg/l+kinetin 5mg/L;

5, 2, 4-D 5 mg/l4Kinetin 2mg/L; 6,2, 4-

D 10 me/l4kinetin 2 mg/l; 7, ginseng root.
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wiibe] 23 RMES Ao Wl okzAd] Wl =
2t o} (Furuya, 1968). AZe] calluss]4 saponin ¢
FA4E G E7LE Fal 57 95l Liebermann-Buchard
84 2 sl calluse} A% 2% Liebermann-
Buchard #bg-ell 4 442 Jellle] ez Abus
L 422 EedE 3L 24 4 glgh
triterpenoid #] saponin o] HEFEEE) - steriod & #
RMERA 4ds) ettt 4R 2ot callus o

ol4t3te] o} whalrba] £ triterpencid 4] saponine] &
Attrhe A4 LT 4+ Yo

AN 221 EA L A v okl 4 A xg

29 Haleg AT £ab opizl A=d g RHS
°ﬂ£ o st RAEYS 45 FAAADER L
= 8% §vh. Kato ef wl.(1972)7 Tabata
et al. (1971a, b)-& 2,4-D 7} nicotine A4 & A 5}
A vtz #H e, Nettleship
and Slaytor (1974)+& carboline alkaloid 7} 2, 4-D o]
g FetA AdAlEdz ek zev Kaul ef al
(1969)-& 2,4-D ¢l 2|4 diosgenin 4¢] FA=txn

o

x
ojp

AL

e B

3 callus g a2

wmage. olshol 2,4-D el A AAEE] B3
A AL 24D BAAAE Fulste Faad @
A #AAAAY FL QA4 D) ek {RBEEe)

A~
@/ & wAEA A

A EBEFHAAR 2,4D 55E 3o Fo ot
callus 7% &= saponin &RELe| =gl o)+
2,4-D 7} saponin K8 FE 49 FEHEL 28 Fyn
A elvm FaLY EERE FAA FE A Fal
AoE B, &me & saponin ¥¥E ¥g
2,4-D 5mg/1 4} kinetin 2 mg/1 & 715 73 9 712k wko]
EEele] 16.58%al#] A8 Furuya (1968)4: Furuya
et al. (1970)% 2,4-D 1mg/l A5k kA &
saponin ¥+3Fe] 21.1% 34 A ¥-2]2] A saponin ¢
grr 4~5 W73 getn W sy,

o & Zeo] 2,4-D 1mpg/l8] =L okl Aslaled A
€% 20} ¥ 2 4 saponin ¥k ok HEERS] Al
ol 1A vhebyt A2 Furuya ef al. (1970)-2 susp-
ension culture & o] -&-8fo] wf<kd 28 FE WA 4ok
FFel agar WA ARt A Fghm Alduiek 7
ZEE sl vt Hol Al =)o) ol gg Aol x gL
Aoz AZ4g .

2,4-D 5o kinetin % = 25 x4 E A cal-
lus =& W& 2 saponin g=kE FAAA 2,4-Dst
HzAdog Aea kinetin & zE % AseA Ha
2,4-D Z w7} ¥ 2,4-D == v
# gl saponmin &%XE F7}= v 2,4-D 10me/le o

o \,1-517. 71 o]

Vol. 28 No. 3-4

¥ AL 288 2 saponin ko] FiH girh o]
Z -2 Vanderhoef and Stahl (1975)7} kinetin, zeatin,
benzyladenine Fo| actinomycin D v} cycloheximide
Sk A ATy dAEAS 2o,
S s gAY S8E v 23
502 m o] ol AZE callus fRell4 saponin %
,zéj o] 2,4-Dy kinetine] o8] Zal=yv 2,4-D4k

auxin ¢ &

I—E.I‘

=,
ol"

kinetine] zx=7 = 2,4-Dd &% saponin &
4 £7 4 kinetine] <A ¢ Aoz 2=, feed-

back inhibition o] ¢4 zx=e] 2 4-D¢} kinetin 2
A7 A+ saponin gl AAR AFAE g4
Aoz GA=rt,

AEES gREmE 4 % o % saponin g3k Ewql o]
z} 4 ginsenoside ¢+#F =S5 protopanaxadiol A &
protopanaxatriol Al ¢ eke]7 F.o4 ®Nz glEd
o] = protopanaxadiol #] £ ginsenoside ¢} protopana-
xatriol A &) ginsenoside = Az Aoz &3}
7] wjZo]v}. Protopanaxadiol #|q] Rb;, Rb,;, Rc &
< B BrE{EA & sl 4w, protopanaxatriol A gl
Re, kg 52 BfFAE st Rby §3 Rel: A=
Aetd oz A48 gri(Namba ef al., 1974). =T
# 2o ¢4 Yamamoto et al, (1962)e] 2 sl= éins—
enoside Rb,, Rc, Re, Rg; & DNA, RNA,
A4, cyclicGMP 8] §44 =147} cyclic- AMP
FAL HaA7H Rby & Ag viebd
A wEdx sy, ol#d e & W callus
o] saponin kAo Akl S o Ao v Axhy =0
callus of] 4] 2€] 5 ginsenoside &} A% #3] 2] ginseno-
side & £ F-of & 7o) 7} ¢l o1} callus o) 4 = ginseno-
side Resb &4 ®eugh dAsA el gA=gz
2,4-D 2} kinetin A 7lo] wlal wlo] % Alslgich. =g
ginsenoside Rd, Rb,= F=z]s Rd, Rbs 2} o] #F
AEd e ginsenoside Re, Rd, Rbs &=
Rbi, Rbs;, Rc, Rg Sl ®]4] 2,4-D &} kinetin of] 2]
# TS we] whel S| Aol FRAstatt.

o] &7e] 2,4~D 2} kinetin 8] saponin 4] aled
e aAhas Al o 4 gleat, 2,4-D 3= protopana-
xtriol A 2] ginsenoside §+42 F7}A % dbud] pro-
A g,

2 A,

o
T4t S
A

ginsenoside

topanaxadiol #] o] ginsenoside F4L
kinetin & protopanaxadiol A |
Z7}4% ubwle]| protopanaxatriol A ¢ ginsenoside
gL ZrAA AT, wler sapogenin (Fig. 7)°] =14
45 F 29 w49 OHr 6 gho] & gehed protopa-
naxadiol A 7} A48 2, ® 61 i OHz7 o o)
A §ste protopanaxatriol Al 7} 4] = wbd 2,4-D

ginsenoside ¥4 &
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sapogenin
RO

Rby; Ry = glu-2-1-gly,
Rby; Ry = glu-2-1-gly,
Rbz; By = glu-2-1-glu,

R:=H, R;= glu-6-1-glu
Ry = H, Rs = glu-6-l-ara
Rz = H, Rs = glu-6-l-xyl

Re; Ry = glu-2-1-gly, Ry = H, R; = glu-6-l-ara
Rd; Ry =glu-2-1-glu, Ry = H, Rs=glu

Re; Ry =H, Ry = glu-2-1-rham, Rz =glu
Rf; By =H, Ry=pgl-2-lgly, Rsy=H
Rgi; Ri=H, Ry =gly, Rz =gl
Rgz; Ri = H, Ry = glu-2-1-rham, Rs=H

Fig. 7. Chemical structure of ginsenosides.

= 34l whtol o] AgslEdl Lok 54y T2L
A st 64 whael] o] Rihalld Wag mi
gL FUHA7]e, kinetin & o] g} w2z A2y
sapogenin ol ® A% &2 FL AR Hoz F
Fxt. = =keF sapogenin g4 Ao o]w] protopa-
naxadiol A &} protopanaxatriol Al7} w=z#lz A
HAvtel 2, 4-D o} kinetin -2 sapogenin 44 oA 2] &
A7) 7 A 24 Aes A4,

o]ate) Aslz w]Fo] Bol 2,4-D ¢ kinetin g
=& zAdge=24 2 pinsenoside 8 A& 745
3 Y8l vl9) ginsenoside B HA T 4 9L Aoz
A#AEs 2,4-D & kinetin 9] #2772 saponin &
A71ZAs A gtoz % o T mopol & EAA
L= AR,

B =

iNEEANE (Panay ginseng C. A, Meyer) callus o A
2] saponin 2.2 2,4-D &} kinetin &) 8] ste] %7}5]
Gk, 2,4D FE7 Hrpddd] vl calluspy &
saponin T4 e] F7t= ¢l kineting] r =7 =r14
of wlabd % callus i 4= saponin Al Z7}=]o o
1 kinetine] 2mg/l, 2,4-D7F 10mg/l18 LEEZ R
A7hE W ekl Ae 2389
Zra= glth, Saponin &4 g2 = ginsenoside g4
ol 2,4-D g} kinetino] u]Al& oJ5kS =4 A3l 2
4-D ¢} kinetino] Az NEE Z§& e AL ¢
=+ ol vh. 5 protopanaxadiol A% 2,4-Dg] =%
E7}e] wek AaHgT kinetind 94 b5
41 2w protopanaxatriol A & o]2l= wbd] = kinetin
) &%) Faslx 2,4-Do) 4 27 gl

2= saponin ghwke] =)
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