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ABSTRACT

This study was carried out for the identification and bioassay of bioactive compounds which

isolated from Phytolacca americana L. obtained results are summarized as follows:

1. Two biological active compounds were found from crude extracts of P. americana roots, using
the systematic solvent fractionations, such as ethyl acetate fraction and butanol fraction. One
biological compound was isolated from the ethyl acetate fraction with silicagel column
chromatography, which was identified as a a-spinasterol by spectral analysis of IR, H-NMR,
C-NMR and MS. The other one is isolated from butanol fraction which was identified as
phytolaccoside E by spectral analysis of IR, H-NMR, C-NMR and MS.

2. The a-spinasterol and phytolaccoside E induced necrosis of primary root and resulted in
death of the tested plant. These two compounds strongly inhibited to the growth of Mucor
racemous and Phytophthora infestants but did not inhibited the growth of Colletotricum
lagenarium and Fusarium oxisporum.

3. Cytotoxicity of the two biological active compound was exammined to the two different ani-
mal cancer cell lines (L1210, K562). The phytolaccoside E has some cytotoxical activity to the
growth of cancer cell lines (L1210, K562) but a-spinasterol has not cytotoxical effect .

Key words : Extraction of biological active compound, a-Spinasterol, Phytolaccoside E, Bioassay.
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(#Hel )3 (Phtolacca esculenta V. Hott.)o ] &
AVS- (FGfE = Phytolaccae radix)o]8} 3o o5 e 3l
FEERANA FF4, ol FHOR ARl SITh(&
1997). b, g7l A A 7% 4k5 2ol eko g A}
st Slek miErol A vt abe] & 18804 W 1890
W% USP(United States Pharmacopoela, vl ok o)
ojekgow 7]*§fﬂ H} 243l 71 & N.F.(National For-
mulary, 7]=orRl kg A v 4)°ﬂ FEE v lon, &
A, wb AL v "J A, 718F 749, o Tl ARAR
AREE AL St 7150] AtH(Chi and Kim 1985).
A u)wRie g o] (EE)ANAE dufe & &
ARAR AMsa oloH, ofd &2 Agsitta g
3], Qo tabacco mosaic virusoll 73 &virusy t
o] low zRel F& Adsw Loyt HA &
=tE 8371 AtH(Woo and Kang 1985). -2 ue}el
A AEFA Y FE3 vaate] g QRS2 triter-
penoids®] sapogenin®] AH%E74<Ql phytolaccoside A,
B, C, D, E, F, 1¢] 7%9 A& (Kang and Woo
1987)3} sterol saponin®] AUEFQ!  a-spinosterol, jali-
conic acid 5 (Woo 1975)0] lon], 9fztol] ‘iﬁE
RO 24, phytolacca genin, esculentic acid 5°] ¢

#4 Ach(Herbert er al. 1986). Z12] 1. o] & %’é] ]
I Qe AYREY g digk B g ok Fgof
ik A7 1970 o] Mg HAEATAE Ay
2Eo oF AHAoR A prmo] oL |22 o] 7
Aol e fg AEE e JAvkH(Woo and
Kang 1974, Kang et al. 1976, Kang and Woo 1986,
7 % 1988, Natural Products Research 1996). 1&{i},
?LEL AR Aejg dyaksed Qs vl=raielde] ¥

A v HFEH] i nRAES et FA
o A3 F&7 e Aok AHE UTHKIl e
al. 1994, o] & 1997).
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Agloll A& vk ze] - (Phytolacca americana L.)
£ 199541 7€ HE 108 Afolo] FutriEtu 3 ot
AN A Hale], 2AlEE7H(o] 1989)S Fxsle e &
Aakalar 1 WEE SAelA Uk Adste] 330l Al
Salolvk ugete] waiely el 1 kg ek
315 L A) T A 3A7HA 38 2E6) 5
T FENE (eseel 134 gof W
Ak wlEHE FE2ES ] 28
100 mle.g 33] F&slo] F2E5S Ihesste] 25 g
o] FEEG Ad, W BES ol oldHOIE 100

- =1
mlo.& 33 F&sto) F2A% IFeSetel 5 go] F
+

13 g°l FEE 14
1. #&8 |2 %E| a-spinasterold] F2| 8

FELYY A" olMHO|EZAA Fxo Z27|AH
& JAlste JoE et B4E a]ler] fa g
OM]H]OIE B 3155 silicagel column chromatography
4 o= (31)e] g &8l AAE
Pﬂ—‘—oi At 87 mge] o A
S Al W AESdEE 12 TLCst
RF 49 041 (TLCI 8kl oL AE =1:1:0.5)3)
35(TLC2, WA :obE=6:1)¢ dUew, 72FH
9l 8t %“5”4 FEAE AAEITh IREA
> KBrZ diskE WHEo] 4000~600 cm~! ®
of 1 percenl transmittance® %3}t NMREA
S pyridine-d 52 EHE = ¥ tetramethylsilane
(TMS)E W% 247 3t chemical shifts ¢ (ppm)L
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2. %58 [ 2 %E{ phytolaccoside Ee| F2| 3

HEZA] e Fx3t FES FFES silicagel
column chromatography® 22X &3 HehE 1:109]
EgeE &&ste] 10% H.S0.02 WA} 7}
ubal o] R gholl whel 7709) fractiono 2 b0} Aol
Helsted WS 7L 7ekA Vel fraction 59 6°
2AS 83 & Fa B ooehe85(65:35:10)9 &
3-8l silica gel column chromatographytol| ] 180
mge] ek dEagEd 12 A9l 284 Ilb
TLCA M Rfgke] 0.33(TLCi, FEZEE ek
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=65:35:10)7 0.25(TLC2, F22¥E et g
ob: & =60:30:3:4)01%ck. & TEEAY FxF
S 98t 24 19 By} o] §HEH 9 B
T4E& HAlsich

F71e] dEE 93 FEAIY 2 71712+ Column
chromatography£- silica gel> Kieselegel 60(70~230
mesh ASTM, MERK Art 7734), TLCE plate2+&
precoated TLC plate silica 60 F254(Merck)E A}g&3}
Aok 7EF AloF 2 SuiRe QY] 16 e S
AHESHAT A #A8 717]2+ Melting Point Ap-
paratus (Electrothermal. SERLES IA 9100), IR Spe-
ctrophotometer (Jasco  Report-100), NMR  Spectro-
photometer, MS Spectrophotometer JEOL., JMX-DX

303)5< o8ttt
YEAHTYAH
1 29 27|4% Aqxlgst dE

22 13 & oHMEH vghgd xof ofx)(What-
man No.2)& 2% 7F 4.5 cm Petri dishol] 10 pg, 100
ug, 1000 pg ZHste] FUsta f7)8vie $H8]
g¥ 5 2 mle FRFE H7REIY. 2 Petri dish
FTAENE 2594 XYE FTAFAEE A
(Lactuca sativa L.), 2vhEdo] (Lepidium sativum L.),
3} (Echinochloa crus-galli var. frumentacea Wight), 3]
B|E (Portulaca oleracea L.), 283l Z99H0] % (Oeno-
thera lanmarckiana Ser)®] F A5 AF&31% T Wol
Z7Fe] 2UE AR FApe] Aot H(EE) 24
ol 3U7 st on, HulE, 2EdelE, F9 F
e FPEALE 14N F21(35C)F 1077k ¢
21 25C)stlA 39 FF wiekstdth. ks FA
T(control)®} %84 I I Hetete] 27|4%S
A’ (shoot) 9k Z18H- (root) 2 vhyo] ¥ EA3k%
ot Ade $%02 mm BHE Zolg 2 o
gh z27]1480] mekdd Hu|Ea Sddo|Ee M
& o] 839t (Raju er al. 1986, 1988).

2 MEHAT AN &3 AH
FTAIE AE HYAFFe  eolgdZERI I (Fusarium

oxysporum) , TELIH T (Rhizoctonia solani), Mucor
racemosus, AW (Phviophthora infestans), $.0]&
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AW 1F (Colletotrichum  lagenarium),  APRPEYIY o

(Alternaria mali) 5 6&°130th. ©|& o5 A8 d4F

Al PDA (potato dextrose agar)ulj z| 4ol 4] 2§54

A 8] A A E APE B SRR PEs)
|

AL F ulg] diste] & PDA 7]Ru)A] (basal layer)
ool oF 6 ml2] seed layer® Yo HEAZATHEZH)
A). #2841, 19 Agads 4719 28585 &
7182 wol A TEZ ZHsle paper diske] F
PANE, 718 s ds] I Bl ZNS F3u)
A9l gelgal 25+2¢e] o RAAA 157U wig
st Atz EAEedrh. A4S A 2F % (minimal gro-

wth inhibitory concentration, MIC)&= 72 %] A
A e HAFEE HoUsAA 2 (3 &
1990). 229 FE+ 2 um/dish HHo2 HAjsidnh

3 HE wiME Y AME WEAH G HE

Aetufoke] T M E= MS 71Eu ]l auxind &2
29l 24-DE 23x10°"ME FH7bslal sucrose 3%E
Yol m= dxuj & 300 mle] flaske] 80 ml W& &
XX (Vitis vinifera L) 99 HTEEFAS 8 ml Yol

e WYE 4dRE dFAET HolE Al
¥ Hxd F28Y I & sz 23l A

b %29 HHoR MEANE AR AEFY
ZAke Axdeidd 0.5 miE 3k 1,200rpmoE
AAEZ 3 5 mannitol 0.6MT U3 A U2 FATA
cellulase 1%(w/v), macerozyme 0.05%(w/v)E& %-&
287Co 2% shakero|X HH3 ¥dAE YA
0.7% mannitol24] HA2] & 1.0 mlo] HEE ZF
g 5 10 x 10u 9] e atel| A 2AbalGiTt

A E e ZAHPE Fo] Jubg wiEy Ax
ol LI210M|¥E Fisher’'s medium, 10% horse serumdl
FAE AHgste] Aiu gt HEEAE AEe d
34710 T AEE 3x10° cellsimle] =7} HE
& 24 F ok 25 19 [e AEAF
Aol gl 0.2% olske] DMSO(dimethyl sulfoxide)
of £3§A171 3 Alg 0.1 miol]l HWAA 0.9 mlE Yol
1081(10 mDZ &M ale] AR-aHTHRyu 1982). vlg
|+ A EEHEFN S miS Screw-capped tubeol] H-&
NE HMNS 717 100 ul. SO pl, 25 w4 7lated
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o] 37, CO, incubatorol| A 4847} njokst & A
S 2A345 of&E] EDy #+S 5k tHNational

Cancer Institute 1972, Collins et al. 1977).

Sk, Alghe] b HAAEQ] KS624 = RPMI
1640, 10% fetal bovin serum< AFEShe] 72417 A

o2 Ahujkate] AbEsIATh 712l LI210M 2 o
g =AAEH rhbA R 88 ddEEe] DMSO
SaiAIZ 5 108) slAE o] Ag&Ads A7) 40
pl, 20 pl, 10 w82 24 well plateo] 7Fsbith K5624]
o} AgFy 2SS Ay UAIREH] w8
A7 & 1.0 X 105 cells/mlE A3td 2 ml® F9)
37c 29 CO, incubatoro|A] 72A17F ujoks)
& AHsISith EDs k-

e
£

F
hemocytometer® A ¥ & 2
Zar9] 50% 9] A gl AdshE A T (u
g/ml)® el {National Cancer Institute 1972,
Ryu 1982).
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e obdElolER A Aol Qo WA 18 FA
Addom 8 159~160T o]il H.SO. A kA a}

Ark IR spectrume} 41 A} 3050~ 3650 cm- ol A
1650 cm ' Lol A THF 8§
7ke] double bond®] peak7} 2}

hydroxyl group peak,
Jre)at 22, 23w ek

ol%] % tH(Fig. 1). 'H-NMR spectrumel A4+ 5.15 ppm
o A 22, 23 ¥kao] 91A[E A7) multiplet® 2 b
ERFaL, 505 ppmol M 7, §H Ebkol 91x8F £t

multiplet©. &2 vERsitl E3F 3,59 ppmo] A hydroxyl
groupell ©]-£-&k 2, 4 EhA0) 47} multipleto 2
Efbub 2.1~0.5ppmol| 4] aliphatic ¥r49] 4247} 23

so] uERHE #Rleh 4= Sl%lch(Fig. 2). C-NMR
spectrumel] 4+ 139.5~117.4 ppmell A 7, 8, 22, 2311 €]
]1/,10&] k}’\ol peaks 21k 4= Qla, 129ppmell
iz 7, 84 EAE TlppmollAl hydroxyl groupel 2§
) 3‘ﬂ St pedk Z12] L 24%9] aliphatic ring®] ¥

A7F 55.8~12.0ppmol| A 218 4+ Aodrh(Fig. 3). ©®
3k MS spectrumoll 4] H.= nle} 7ro] E-zeke 4140]n
o] Al 7T-stigmastenol®] mfe 4127} base peak <l
tl B8l mfe 2719] base peak= WE}LLE}(Fig 4). o

Aol spectral datas F§sh Aup, F3 12 &

-spinasterol@ 74 ¥ i} (
Kang(1974)o] 2la) &%
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Fig. 1. IR spectrum of a-spinasterol isolated from the root of Rhytolucca americana (KBr disk),
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Fig. 2. '"H-NMR spectrum of a-spinasterol isolated from the root of Pivtolacca americana (CDCls, 400 MHz),
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Fig. 3. "*C-NMR spectrum of a-spinasterol isolated from the root of Phytolacca americana (CDCls, 400 MHz).
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Fig. 4. MS spectrum of a-spinasterol isolated from the root of Phytolacca americana.

HO

Fig. 5. Structure of a-spinasterol.

et
9. Phytolaccoside Eo} £2] £X

34, column chromatography®s E38lo] Hzjsh &
4 e gadgozr FH& 258~260°col°it’r
H.SO01 A4 @&t 1, Liebermann-Buchard¥h-2-of 1
28-S Ed}, [R-Spectrumol| A 3,400 cm-~ '(OH)
730 cm~'(COOR), 1,710 cm~'(COOH) 5% X Ou 1
650 cm~'oA] o]FAFo]l USS T F AUY
(Fig. 6). '"H-NMR spectrumZa& 1.07, 1.22, 1.29,
1.34, 1.57 ppmollX] 57§¢] CH; peak”} singlet® }E}
v, 3.69 ppmolA] methoxyl group2l A7} singlet
2 vElda, 563 ppmollA  FREEAlAbe] AL
multiplet Yebttl 5.07. 5.05 ppmel Al glucose?] |
W EbA F9)o] AbA7E 502, 5.00 ppmol Al xylose

41 gha 3900 A AlEAt(Fig. 7). 3C-NMR
spectrumoll A& 12, 1349 o|FAFTH wihvl 72+7)
122.0, 143.6 ppmolA Yel}H 31 methoxyl group
o] BtAe 581 ppmollA vieRdrh sk 28, 30W9
carbonyl ¥HA9] peaks= 178.2, 176.3 ppmo| Al YEehY
™ OH7} ghel 2 whael 23w ghAe 7hz)h 69.7
ppm, 63.2 ppmO.& uERICE 125 g (HE) Rl Slo]
e xyloser 104.9(C-1). 73.4(C-2), 74.7(C-3), 76.3
(C-4), 62.1(C-53)24 BRI%H, glucose= 101.6(C-1),
72.6(C-2), 77.0(C-3), 70.1(C-4), 76.3(C-5), 61.1(C-6)
24 YebS gkelsielct (Fig. 8). Cl-mass spectrumol]
A akErol 826900] &) EAtH(Fig. 9). ol
2 spectral data®} Ee] 3etd AgzAM 2E &
phytolaccoside EZ F4 = Ach(Fig. 10). o] E2 %A
Woo(1975)7F ®a1gh B3 FAdd 2os deiint
olRA ¥ A X Aol T FFY sady B
Kang % (1976)0] Hash 4~ 9 2
g o= waHrl

YN

1. Al22| =7|dZ| olxl= g3

A7l el Aol 2= BRALA e
25480 BF mae gou AR Y3eld
9 nSe] el VA Y Fol wy YELY
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Fig. 6. IR spectrum of phytolaccoside E isolated from the root of Phytolacca americana (KBr disk).
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Fig. 8. 1*C-NMR spectrum of phytolaccoside E isolated from the root of Phvtolacca americanna (CDCly, 400 MHz).
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Fig. 9. MS spectrum of phytolaccoside E isolated from the root of Phvtolacca americana.
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W& Sloide v 2E o

ble 1914 X uhe} zo] FAlH
Z

the roote] Aol wi¢-

COOCH,

(v

HE 3 date]st Eal e Fatel wolelle o
F2 kot Aol Aol qlolM= 10 ug/mlol FTE
2 A qg we 7] gizpol Blste] 65, 60%2] A
ol HYYa, 100 pg/mlel Fre 50, 40%°] WAE
1000 pg/mlo] Fimol i g 15, 10%5He] H4S B
o Aaol = aAbsdt 7 M FEE F A
A9l g7+ phytolaccoside E7} a-spinasterol Rt} U
2 JFE G Y AE HeEe] A 2
stHA Ax AE dAe] nARE fEssith ool 2
H2 FFe = oo rlae e Heelx vers 4
& ’%“’/]ﬂﬂuiﬂ s FYE MYAAM AFse
veb nfFel el 4gE 2A A Eke] ofyzl,
Zeb FAA & 4 Qe AR ARREIOY, ol
#3 TS AAE ATt lojof & Folth.

115

_12

9 #et MM ES] WX Fo}

Table 2& ¥%9

et Al zofekAlo A Al EAY A
MAE F A &

3
AhENE ® sl of

d
3%

4»

Table 1. The effects of « spinasterol and phytolaccaside E on the seedling growth of some plant

Treatment (ug /ul) (mean+SE, n=10)

Species Organ a-Spinasterol Phytolaccoside E
Control o "
10 107 10° 10 10? 10°

Shoot 20.5+1.5 19.8+1.2 19.0£1.0 14710 1L0xL0 8.2+0.3 1.6+£0.3
Lactuca sativa e

Root 30.3+1.2 228+15 150+09 120+1.2 8.0+1.2 1.5+0.3 0£0.0

Shoot 22.0%+1.2 159%£1.3 151£09 14.1£09 14.8+1.0 8.7+0.9 2.840.3
Lepidium sativum : :

Root 38.0+x1.2 19.8+1.3 17.8x0.6 10. 3+O 9 5.0x0.6 1.5+0.6 0.7+0.6
Echinochloa crus-galli Shoot 36.5+1.3 285+1.5 26.5+0.6 2L 2+0 6 20106 17.3x£0.3 12.7+0.9
var, frumentacea Root 50.3+1.3 35.0x1.2 28.0+0.3 11.5%0.6 4.0%0.9 1.5£0.3 0.7£0.3

Length of root and shoot (mm

)

Table 2. The effects of «- spinasterol and phytolaccoside E on the cell growth of Vitis vinifera during suspension cul-

ture
Incubation
Days 0 2 4 6 8 10
treatment (ug /80 ml)
1 2.5+0.3* 2.5%0.5 52+0.3 12.0+1.5 13.5+0.3 14.0+0.6
a-Spinasterol 10 2.5+0.3 2.7+1.3 2.7+0.7 6.0+0.9 8.6+0.3 9.0+0.3
100 2.5+0.3 2.5%0.9 2.0£0.6 1.5%0. 3 l 0+O 6 0£0.0
1 2.5%£0.3 2.5+0.9 3.7+£0.3 5.0x0. 3 7o+09 7.6+0.3
Phytolaccoside E 10 2.5+0.3 25+0.3 2.0£0.3 1.810.() 1.0£0.3 1.0£0.0
100 2.5+0.3 2.5+0.3 1.0+£0.9 0+£0.3 ()i()( Oi0.0
Control 2.5+0.3 4.0+0.6 12.0x£0.3 17.5+0.3 2.5+0. b 23 '3+(i 3
* numbers X 10° = Cells /ml, Mean + SE (n=3)
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So o 22E NT WS 2 AE

2 AEHAY weha 2 HE tﬂbwﬂoml.:
ggede gag 9js @%LBJ HEAY 2 e
ReZ oA o] AP phytolaccoside E7} a
-spinosterol Xt} 743t A g2 29

3 Fawe WHed g3t

HEHddT 6% T AAEHE disk plate
ol 93k HALSARAFEMIOR 233 A,
Phytolaccoside E7} a-spinasterol Bt} oF 2w Hw 7b
sHAl AdAlste Aoz Yeidth 1 3 ) sk
B3t T FRME Mucor racemosus G311 RSO RE=
Phytophthora infestans®} Alternaria maliiTh(Table 3).
224 Fusarium  oxysporum®  Colletotrichum lagen-
arium- a-spinasterolo] ajHe= A& PFAHE wx
Ut 58] Eg 71 wol Exjsh=
oxysporum% Phytolaccoside Eol tjajAx
S WA ottt o] Az Ny WEse A
A Fo w} o)g F EAo) i3t ddko] A7)
= EO% TR & Aol = JAE A Q2F) A

]

= A2F), oo dFE wE AQF) 5o

Fusarium
EERUES

4 AMZof| ch$t Sdaat

v 3 Aol NCI manual (1972)¢) wZm EDs,
Zro] ok 20 g/ml Arel o 3erztas o13la 9

o}
t} o]AS w2 E?l'é‘ @ phytolaccoside Ei= of'-
51

Az 71 Qe Azker 4 Qldvk(Larry er al.
1983). “12Jv} a-spinasterol® FaFoll )3t A g}

e g Ao Bl

121cH Table 4).
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Table 3. Minimal Inhibitory Concentration(MIC) of a-
spinasterol and phytolaccoside E on the some fungal
growth

Treatment (ug /ml)  «-Spinas-

Pihytolziircc—
Fungi species” ™ T— terol aside E
Alternaria mali h4g* 250
Collestotrichum lagenarium 1000 862
Fusarivm oxysporum 1000 890
Mucor racemosus 200 22
Phvtophthora infestans 280 24
Rizotonia \r)/uni 640 368
* numbers are mdlcate qudntltv requlred for MIC(

/ml).

Table 4. Cytotoxicity(EDs) of treatment(ug /ml) agan-
inst on the two dxfferent cancer cell lines

kl"reatment (ug /m a-Spina-  Phytolac-  5-Fluro- B
Cell lines \ sterol coside E ouacil¥’
L1210 45. %4* 28.12 0.02
K562 44.67 23.04 0.21

Té&totoxicity(EDr,a) was evaluated by the procedure
of Thayer et al. (1971).
¥ Positive control,

1. wlarabe]e-e] vt
opAE o] & ‘f'ili} ?i ;
It el FE2E deld AJFsle] Eelset
M-S 53l a-spinasterol®} phytolaccoside E=
T8

2. a-spinasterol?} phytolaccoside Ex= 4] &9} o}
o= 93 ZZ] Bou 7S AA A5
vt 53] Heje] HAE fursle] AeA AR
o] nAks fsiel.

3. X5 e ujkA| ol a-spinasterold} phytolacco-

|
ok
4t
r
o

side EE AedS of & 53 5% 33 A4g
W5 YERIRICH

4. A 659l A WA WaEd Age Px
of zoli= QlgRElT olE F =] o i
o] A s W Aow yeidth 53

Mucor racemosus?t 714 <kl phytolaccoside E
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o) ol o 22 pg/ml FEANE A4} et
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5. bMiarel] digh =4 A3l M= phytolaccoside E
o] A9x o An 1 FE A7 A= Qlgjo
(e}

U a-spinasterol> S¥p7} WE gly Aom 3¢l
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ZNZzAA DAL AR 25§52 kA
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