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ABSTRACT

Apoptic and antimetastatic effects of ursolic acid isolated from
Oldenlandia diffusae Herba

Kim, Sung-Hoon
College of Oriental Medicine, Taejon University, Korea

Ursolic acid{UA) was isolated from Oldenlandiae diffusae Herba, one of the
commonly used medicinal herbs for the treatment of cancer. IC50 of UA against cancer
cell lines as SNU-1, B16-Fo, SK-OV3, HCT15, XF498, SK-MEL and A549 was 6ug/ml,
4.4pg/me, 4.5pg/mk, 4.6ug/md and 4.2 pg/mé respectively suggesting cytotoxicity against
cancer cells. DNA fragmentation was expressed from the concnetration of 5.5ug/mé of
UA by agarose electrphoresis. In the observation of morphological changes by phase
contrast microscope, SEM and TEM, cell injury and condensation of cytoplasm from
nucleus began 4 hr after UA treatment, fragmentaion of nucleus and injury of cell
membrane was shown 24 hr after UA treatmeut with SNU-1 cells. Aurin tricarboxic
acid as endonuclease inhibitor, and nicotinamide as poly(ADP-ribose) polymerase
inhibitor protected over 50% of cytotoxicity of UA against SNU-1 was at the
concentrations of 3#M and 300uM respectively suggesting UA acts on nucleus. These
results suggest that UA had antimetastatic effect and induced apoptosis.

Keywords: Ursolic acid, Oldenlandiae diffusae Herba, T/C %. Apoptosis, Morphological
changes, Aurin tricarboxic acid, Nicotinamide
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Table 12. Cytotoxic effect of ursolic acid on human cancer cell lines(%control)

Conc.(ug/mt) SK-QOV-3 HCT15 XF498 SK-MEL-2 A549
3.125 88.9282 83.6423 85.6563 83.5410 83.3538
6.25 ~-66.8593 22.6675 26.5270 30.9186 8.6910
125 -92.6012 -80.4726 -85.0559 -56.2630 -42.3370
25.0 -94.1426 -84.8259 -96.6173 -84.8674 -87.2079
50.0 -91.5222 -95.1493 -97.2751 -96.1246 -87.4047
100.0 -81.1946 -97.1393 -96.7113 -96.4014 ~94.6863
EDso 3.5651 4.4060 4.4816 46142 4.2536
2AH27, in vitrodA A2 BYEH DAAE 2% ANGE 2 AARAEY =2 AEd
A oh#l, in vivoolA] Walker -256, cervical R4 u 494Ue AHE AYr]d Bt w}
carcinoma 14, sarcoma-180 ¥ ZtdA ¥ of o]}

8 ¢ £t Adokn BuEgent® Yo
WA 271 Al BolA M Ee e
WAL FIEA PYHFE FEA P8IS
murine mastocytoma LM E9 AZE A3}
ddn B3 shgu},

WAL 2E Qubd oz 4-70g9 £3Ve
2 A sinlEe] Algsls A9 2ed Ax
el S&E= WEEMER WAL E 24g,
el &= wEEH WA E 30g Fol
s 5 4% g 24583 U

AEoz HAZAA hentriacontane,
-serol, ursolic acid®”®, oleanolic acid, B
-sitosterol, PB-sitosterol-d-glucoside, p-cou
~maric acid F°| #3278 Huang'®
< M 2E iridoidsEA oldenlandosideE® +e)
dgen, Wongs'"e #WalAldz7l Aroclor
1254°] <% hepatic S-99 of& @&A3d
benzo [alpyrene(BaP)3} aflatoxin B1(AFB1)
ol 9% mutagenesis, DNA binding 2@ tiA}
E JAFTR x, B<lo]l AllEoly WA}
Az FoYFEZHQ ursolic acidg °] &3t
FAEHNE Hagoole, in vitro® in vivoeo
A Addsane] Ao AE4E FHPHow
EZ d3e gt

ole] AMAte WIAEzERYH FABHEAS
Felsta, o] ¢ £2E o143t in vitrodlA

Fo] A gAEA didt AEXEN, 2.8
-glucosidase A28 A XL 4H3}E (extracell
-ular acidification rate), AA48) 22 (apopt
-osis), MHEFH FALAHHE, F-actinol dig
24 2 AX gegty iz} 58 4¥HEgtR, in

vivolA] pulmonary colonization assay, ¥

stigmat

m 2

1. Ursolic acid9 L1210¢ SNU-1 <A X
of d# MXEA &y

SNU-1¢] dig AZEANA 6.0pg/me, L1210
of 3t AXEMAME 6.0pg/mE EDsodto] o+
Elgtel(Table 11).

Table 11. Cytotoxic effect of ursolic acid
on the 1.L1210 cells

Conc.(pg/m)  Viability (% of control)

Control 100.0x7.68
3.1 106.5+7.31
6.2 47.2+5 .46

12.5 26.2+4.72"
25.0 0£0.0"
50.0 0£0.0"
100.0 0+0.0"

* | Statistically siginificant as compared

with control by T test
(*:{0.05, **:{0.01, ***:<0.001)

acid-methyl
FF LA X

2. Ursolic acid, Ursolic
ester ¥ ursonic acid®)

g AEEA f3)
Ursolic acid® I KA Ursolic acid-
methyl ester ¥ ursonic acidel 9 IF$H ¢F
(SK-OV-3, HCT15, XF498, SK-MEL-2, A
549)°] A MEEY ZFHAA ursolic acide
EDso#t2 242z} 3.6ug/mé, 4.4pe/ml, 4 5pg/me,
4.6pg/ml, 4.3pg/md S22 (Table 12). Ursolic
acido} methylZl& 7}% Ursolic acid ~methyl
ester®] EDsoft2 27} 6.9ug/me, 6.4ug/me, 7.3
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Table 13. Cytotoxic effect of ursolic acid methyl ester on human cancer cell

lines(%control)
Conc.(ug/mb) SK-OV-3 HCT15 XF498 SK-MEL-2 A549
3.125 92.4498 99.3777 96.3387 92.7964 85.0446
6.25 62.7289 67.0160 75.2599 31.6430 44.9705
125 -96.5785 -95.4436 -90.0019 -94.7248 -92.0992
25.0 -96.0438 -95.4436 -96.3440 -95.2599 -94.4060
50.0 -92.8361 ~96.2430 -93.6579 -95.1835 -93.5986
100.0 -88.7731 -94.3245 -83.8081 -93.2722 -91.6378
ED s 6.9985 6.3814 7.2749 4.6467 4.6655
Table 14. Cytotoxic effect of ursonic acid on human cancer cell lines(%control)
CONC.(zg/mb) SKOV-3 HCTI15 SK-MEL-2 XF498 A549
03 96.3172 78.7297 94.7016 96.7297 96.8458
1.0 87.3574 55.4505 83.8493 90.5979 63.8090
3.0 73.1758 41.3838 69.9330 84.6704 56.8790
100 66.5274 31.9246 59.5914 63.5156 32.3511
30.0 36.4024 16.6985 36.2911 32.1410 0.9338
100.0 18.4279 0.3128 7.2455 5.1610 -1.3196
ED s 11.3765 2.1094 10.1161 11.8728 3.4736

ve/ml, 4.6ug/ml, 4.7pg/mt52Z(Table 13),
ursonic acid®l EDso#t< 11.4ge/ml, 2. 1pe/me,
10.1pg/ml, 11.9ug/me, 3.5pg/mE o2 JEMGTH
(Table 14).

3. Ursolic acid® CHO-k1 &3l Wi AX
Qlatslg A AT

Ursolic acid® 4712 %= (5upe/md, 10pz/me,
15u8/me, 20pg/m) 2 CHO-k1 €3l 13 A
g AP 2 MEAMNNELS Sug/mEToNM 2%
BE Z718led 1AE 111%E F713t9 e,
10pe/mEEddye 2B5H  F7iste 8%
204% A 718 ¥ thA] &7Etd 1A 3
¥ 111%7F 9932, 15w/ mEs e 285H
Z7}8t7] A &stod 6RO 223%74X oj& F th
Al 31738t 1A Folle 48%° °l23 3, 20
p/mMEEAAE AT 1285 727 Al
3] 28R -60%7tA Aoy 143
Fole 0%2 °l=23tt. A mediumeZ 1Al
Zr HBAIZ) CHO-k1 ¢33l 2x8 22 ursolic
acidg€ #71% F=E2 A dETo] AEAL
B&e Sug/miEEAM 8Fol 145%2 FHE
T IATE 128%7F Ho AHAHSE 100%
o] e #AEHAT, 10ue/mMETAME 6
204%74A 718 ¥ 36ERE 100% ©i3t= 3
7t 1417 Folle 74%7F Slden, 15ue/m

FroAe 68 165%7tA] o|& F 24¥ R
100% o8tz 3t7ske] 147 Fole= 9.2%9
ol2¥ 1, 20ug/mE=dME 1adM oju] AE
Absted, 100% & S4H22 of3te] ST HE]
3le] medium®%t X213 Aol grh,

4. Ursolic acid®]l «, A-glucosidase B4
s Ew

Ursolic acid® a-glucosidase &4 A3 2
£2 1, 5, 10, 20, 40, 80, 100ue/mt Fxol
A zZ+zy 13.2%. 18.2%, 23.9%, 22.3%.
34.7%., 84.3%, 100%=. B-glucosidase &
A A& AL 1, 5, 10, 20, 40, 80, 100gg/
m FZod ZzZ 0.28%., 16.4%, 61.6%,
62.2%, 83.3%. 96.2%. 100%=2 A &E& }
et}

5. Ursolic acid®] B16-F0°l ™3t glucosidase
gyANETH _
B16-F0 W3t @ -glucosidase AW A
£ ursolic acid lpg/m¢ FXA 15%, 30%,
458, 0% B¢ Ulx2F9 96.8%, 88%, 93%.
95% 2, 4dpg/mt FEZANA 93%. 69%, 54%,
3/5%82 BH4LE AP R(Table 15.). 8
-glucosidase AWM= ursolic acid 1ug/
m TEAM 158, 308, 458, 60% E<F 88%,
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Table 15. Inhibitory effect of ursolic acid on @ —glucosidase in B16-FO melanoma cells.

Concentration Fluorescence intensity/mg protein per time(min)
(ug/m) 15 min 30 min 45 min 60 min
0 125 170 233 400
1 121 150 219 383
4 116 117 125 141
7 Not detected(all cells dead)

Table 16, Inhibitory effect of ursolic acid on B -glucosidase in B16-F0 melanoma cells.

Concentration Fluorescence intensity/mg protein per time(min)
(pg/ml) 15 min 30 min 45 min 60 min
0 108 250 375 508
1 9% 216 358 483
4 43 33 125 192
7 Not detected(ali cells dead)

Table 17. Protective effect of ursolic acid combined with biochemical inhibitors on the

cytotoxicity against SNU-1

UA & Biochemical

Protection rate to

Inhibitors Concentration (UM) Viability UA

Ursolic acid 13 483%3.34

+

UA & Au;'nﬂtricarboxic é ggg ; :1,’33 ggg
ct 10 83.2%2.11 675
100 535+1.87 1.0
UA & Nicotinamide 300 77121241 559
1000 98.8+3.04 97.8

86%. 95%, 95%=%, dug/mtETNAd 40%,
33%. 33%, 37.8%=% A8tAtH(Table 16,).

6. Ursolic acid®} EAA A LA SNU-1
FHEo g AXEY B3 A

Ursolic acid MEEAJ ] A3d ggrAg
¥e71 98l aurin tricarboxic acid®t nicotin
-amide® UA(124M =¥ E ¥4 Agsigd
vl aurin tricarboxic acid® 98 F=(1uM,
3ueM, 10ueM)dM HEX=A HB 8o 234%,
52.2%. 67.5%%22 YeEl oo nicotinamide
9 o8 FZ(100x«M, 300«M, 1000 M)
A AMREEQY BEgo| 2 1%, 55.9%, 97.8%
T2 YeIg(Table 17).

7. Ursolic acid®] HL-603 SNU-1A4 X0
& DNA fragmentation ¥ 3}
SNU-1 el tha]l UA 2.5pg/miold 12.5
ug/mé7tA 9] DNA fragmentation ladder 3
AN 2o vldle 2 5u8/meE-E] DNA &e

Aol Yehtrl Alatele 5 5ug/mol e DNA
ladder”t Holthz}b o ol ®xojMe Ha
DNA band’l &3 A&A Jeygoen, HL-60
o] d3l A= positive control$! 1xM retinoic
acidejA UYelude A5 2 UA 8ug/molA DNA
fragmentation ladder7} JE}touk, ADP-
ribose inhibitorQl nicotinamide 1 mM& %

A A= apoptosist A# A st

8. Ursolic acidel 9§ F-actin 3}

Firoblast A%<l B16-F0 M ¥¢} suspension
A EA SNU-1 MEE o} &3t 3083te] ©r)
A¥E B16-F0 HEE, 24439 &7 Age
SNU-1AZ & AM8-3ct. B16-FQ A Zo| tha
WAt Helg NE2EH 6pg/md ursolic acid2
Mg 48, ATXTEHEEA 1m/m lysopho
-sphatidic acid(LPA)E& A& % dizz3 LpPA
¢ 6pg/ml ursolic acid& A g JPFoz 7
it 308 B¢ wigsden, AEE ursolic
acid 6ug/m=E AHelF ¥ lysophosphatidic

- 526 -



BIEEE 2R S8 ursolic acidel BRBEER S HBHIER 5

acidell 2l§ actin polymerizationol ¥ 3%
€ =ZAEgledH, B16-FO MXoA #3g
microfilamente ¥%¥3A<Q  fibroblasts} ©&
Y& HYt} Fibroblast?] microfilamente
F2 stress fiber$}t ruffing membrane(cortical
microfilament)2 2 FA= led Bl6-FOA
EE stress fiber7} 8§l cortical microfilament
Ttog pA=lo] I3t FibroblastolA stress
fiberg ¥4t o= 421%  lysophosphatidic
acid??= B16-FOM XA microfilament® =
JFAZ 2 stress fibers] A E A IR &
gton 30839 ursolic acid® A2l lysoph
-osphatidic acide} & microfilament®] &7}
o] |&E v]AA] et

SNU-1 M ¥ ursolic acid 1lug/me, 4ue/ml,
10pe/md 59 ¥=E XNEszm 244 Fol
microfilament®] Aol g THM =, wjA
vt A2l dZF2 suspension cell] Wl oA
E 4 %1¥ cortical microfilament® FAHRA
ov, UAE o%9d sZ=2 A TAMEe
microfilamento} g &o] AT

9. Ursolic acid®l SNU-14%o| i3 et
A Wiz}

Ursolic acid® H2lstz 44X Fo} 24413
Fo| Heta WzE BEAII] A HGAHE
ujdoegz SNU-1 ¢F& #EF b, Fig. 234
A SNU-1 ¢4F71 Axeg A3 < 98
o] MERGFE A3z doy Fig. 249A e
UAAE F 4A3e] #e] $50] AzFHNoH
Fig. 259A e UAAE F 24A13ted d=a A
249 %o HAYE HoaF3 3

FAAAGR A g SNU-19] 8% @&
A& Fig. 269014 AT ¢j¥o] 9¥& /AL
E 4 slen, Fig. 27dM e UAAE ¥ 4/‘]7]’
o Axe] AAE AFED EFEFE A
AZAHYR, Fig. 289A& UAANE ¥ 24’\]2}
A AEgto] gA=n FFo] Hojuet HA AX
Ate] clze A& & & AN

FRAAEe|Fe AdF SNU-1#EMe
Fig. 2994 AXW & A9 vh& AA3tn
A4FE 2YE HAFD gloev, Fig. 300A =
UAAME F 4410 Ao dFoz WU H
ojve s glen, Fig 31X e UAA=E 2441
o #o} o zztez R oW, Fig 32
dire HAl UAAE 24430 Al E%o] o35
o] HAHD A XA ol2e RYE HAF
A

o

—F

al
al

12. OF-42} ursolic acide]l B16-FOel <%
pulmonary colonization 94 &3}
B16-F0 %58 5x10%7H o144 sz A
°l® colonyFE EFAA 61710dl &, =

A2 OF-4 M2 2071, UA AgeEe
N2 25 {F9AUA #asm, 232 M3 &
HdHoz Yehd UA AZes 1x10%48 o
A3t A A e dzTo] 107409 vE,
UA A2 10142 o494 ZFisddo
(Table 21).

13. OF-42} ursolic acid?7l d4&%$
28RS vAEe 9%

WelAd 2 UAS OF-4& RF dRFA

B16-F0 €A xe] &) olddcz Fr7td HE

|

Table 21. Effect of OF-4 and ursolic acid on lung colonies in C57BL/6 injected i.v.

with B16-FO0.
Lung colonies
Group Number of Sample 1st. inoculation 2nd. inoculation
(5x10°cells) (1% 10°cells)

Normal 6 0.00+0.00

Control 6 61.0*+3.42 107+7.2
UA 6 415%2.14™ 10.1£0.32™
OF-4 6 200+2.89"" no data

Normal:Non-treated group
Control:Saline-treated group after i.v.

injection of B16-FO

UA : 50mg/kg UA of ODH treated group after i.v. injection of B16-F0

(*:{ 0.05, **¢ 0.01, ***:( 0.001)

OF-4 :50mg/kg OF-4 fraction of ODH treated group after i.v. injection of B16-F0
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Table 22. Effect of OF-4 and ursolic acid on WBC, platelet and platelet

aggregation

WBC Platelet Platelet ation
Group (x10%/mm) (x10%/mm?) <inm§§£e§/o>
Normal 6.7+0.09" P65+34.7 69.2+0.90
Control 251%2.11 470+112 290+0.90
OF-4 17.3+1.14" 869.5+257 383+1.28™
UA 174138 563+37.2™ 396+1.41"

Normal:Non-treated group

Control:Saline-treated group after i.v. injection of B16-FQ

OF-4 :50mg/kg OF-4 fraction of ODH treated group after i.v.
UA : 50mg/kg UA of ODH treated group after i.v.

(*:¢0.05, **¢ 0.01, ***:( 0.001)

injection of B16-FO
injection of B16-F0

* ! Statistically siginificant as compared with control by T test

(*:( 0.05. **:( 0.01, ***:{ 0.001)

Table 23. Antimetastatic effect of ursolic acid on infiltration of B16-F0 into lungs.

Degree Site for infiltration of
infiltration of B-16 melanoma cell line .
Growp g 1o melanoma ™ periva Toribr Toegia Inflammation  Hemorrhage
cell line scullar nchiole sepa
Normal - - - - - -
Control +++ - +++ - - -~
UA - - - - - -
Normal : Non-treated group
Control : Saline treated group after i.v injection of B16-FO cells.

UA : Ursolic acid treated group after i.v injection of B16-F0 cells.

TTE #FAYUA  JAsges, Bz
B16-F0 ¢AIX o3 ojdAoz Zasyd
L85} Y2BEAVEES FYHUA ZHA
ZAH Table 22).

14. Ursolic acid® B16-F0d 9% = =
Z Mol A A
B16-F0 ¢F& A9 F118 ¥ 23 Ao|g
FEAHG d e 27 Ae dAFES) F2
HEo HtAA HFo] AUAT UA Hel oA
v ddAog 718 o 259 FHE S
o] At} (Table 23).

V. z
dol@ = zgA HYYFoz AR}
SEsop & GANWRo soltt. ke HEE

A madaey, Feay, HAey, #y
2y o A9y Fol ded”®, da Mg gg
He e ds wAldaye JAZRe o
B8 AEAA 59 vdehio] a3ge) 3%

of, €x, A Wa Adr|5AE, 242y
ol A7 Ao, FAQAG), sy
YRS 59 BALL zuste A1) g
of, #-2}&o] A2 B Foolut du] gt o
&3 A7 g2s AP : o}

Aol T AF FFL FZ A TEHY (cytotox
-icty), AA43) (apoptosis), M Ex=3H(cell se
-nescence), X% (cell differentiation) ¥
B9 2H (immune modulation) S| #g A7
7 AYPH 3 Yo},

gejgto e o] AR YLHEe FgFe 7

4 2zt s, o] & Aok Y
dAoA 71 @o) geFm Y’
A =dor ERHE WAMERE Aost
HHIES Fm, FiR BESIE Aol Yo H
71, HEdd, A%d, 349, d. g,
AZHENGT) 4F gz!2IsBy =
oMo 4~70 go| %oz YedgT Yo,

AB7A] NHAIHZE o] 8¢ FLATE in
vitrool A At W¥Wa ket A X, in vivoolA
Walker-256, cervical carcinoma 14. sarcoma
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-180 2 U Aol NP ¥FF AR
gEdo] &9 MPUmMAS} HYT g
52 23747 NOAA 22! 9 2go] ¥t
HHew, AEO2=2Z ursolic acid, oleanolic
acid, hentriacontane, stigmatserol, B-sitoste
-rol, B-sitosterol-d-glucoside, p-coumaric acid
2 oldenlandoside $°] ¥&247®gglaa u
B Z BolRYs YAHHEE o839 in
vitro®t in vivoolld ¥ ¢ Aol LA E
FHeo2 HEF d3e B4 @4

old] ¥ AP WIHAEE Loy AE
A9 g ¢ Aol ALy AE HIEy A
in vitroolA WIAPEZ: Lol gy o
Mzia AzzeS dH3gn, §98y 42
€ B39 72E FANEoY, o FLEAS
71 HdE B3]zl A# in vitrodt in vivoolA
A3t

HA in vitro oA WAL 4 Y
S fal &0 B8E o8 L12109 A549 <A
o i@ AXEAY FHAN HdZ3T dezF
o] B% FAEY AoF JePgAW, 1 F HiF
o] 12.5 pg/mt o} FxoA diEFd vl
fFeddde AXELS Jehle 713 teAdE
Holg 2302 #ARLAUT}.

olo] WMFAHE HIEFE YA column
chromatography® F&3ta], L1210 A X
gt AEEYS SN ed. HidFozRE
TLCE Ho} A4 gpote] THF subfraction?
OF-47} L1210 tigl Fxt&e] AExEY A¥
A EDso°l 10ug/me ©|3t2 JeEl 713 #&
F AEXEALAL Jehle BY3oz Yo
(Fig. 2).

Hole dAMEI} olakd oz o Z B9 o HHA
ol k9] F4E A oZH HFE Aol of
24 e FoA oo HaHg FasA o
A= 3 glel, Hojo WHeElZ|H L AdAz HdYs=
T JEA®” AW, GAEI} AEsA B
A3l laminin®lY} fibronectin £2 Sol
glycoprotein® ¢M*E plasma membrane %
Azt Agstan, A, GALS FHd oY
TR EA o3 71de RAGH A wd
AA dug FHiAgln awd B AT F
RoA] dojuin o] oA ThEkel FY HAvL
7124 e Adx duld aAANAE 57t

ste], A, ddd s o HyR A=
slggAzte) o AMEI} o] Fan Ut

Liotta $%= ¢4 Ee] Aol gAHozE
laminin®} fibronectin % A X% & Hod3le
df o] FsREtm olojA <M Ee THP B
G AT collagen BH AL proteased] o3 @
AR 2, SRL st dAsEo] FAEI HE)
B2 AHold& ¢ME 27 AT RIste
Axe71d gz el Hgo] w9 Fasdida 3§
et

Axrd dwade dwEoz  laminin,
fibronectin, collagenI, collagen IV F2.2
AE] A EYS FYetm Yuposy

Aol AFZ Vollmers 5°2 729 39
B16 melanoma cell ¥#X X283 #gdol
AR E}E, TkuoS*P e Arg-Gly- Asp2 &4
2 ¥ polymeric peptides® #FzHo] ¥ 2R
A&5FE, Lin 572 selenited] HeLa cellol
W BAAH LS Bty

WA 2] & F2d4Le 107%/me] T
B16-F0#t A5499 BEHHZ71A] digd AX
23E 40% o), WEAEE ved FE29e
4x107g/m F=olA A5499] @olAEe)s1AS
laminin, collagen I, collagen Vol g A X
228 50% ©l4. B16-F02 collagen Vol
¢ AERFE 50% ol dAsie] WAL x
g FZ29L collagen Vol dia] Solg o
Audg B,

dadse 92 AP, a9y, dAF
% 4342 ¢ 4E Fo gydoz Wiy,
F¢71%el AE; FAA ALRFE, WAIEA
off, ¢tel Sl 2 Ao AAAIA G
23ted’™ Haode Yiado] FAMEF s
HAL YA SHNEE BEsta A X7 gte
ARE BoldtA dd gAl o) iyl
Aol 4T 3o A= EHE A
e 47 gode 2327 g

mald ¢te] Holafol= HA Ao i
2ol 2 XE7}F Hol B AFANA wistA}
Az dgg F249 d2dgH FAAA Ad
(adenosine diphosphate)d] g ¥ H$3
AAzee HEINHEA, 50u/m FEAA
35.6%, 100pxt/m XM 42 5% % EXo} v
AT AR YET
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TE YoM E AL 2: B2290
°] $-180°] o] & AF ] YZulo wAE F3
< 339D v, d2Fe MST/F 17.199
H, AL R B3 Fo7e 2449, Wa)
AMdE A3 RoFe 27.192, T/C%e= W
BN BF2 RoFo| 142.6%, WA
Z YiF FoFo] 158%2 YET $oAsgle
AEEY E7 AATHFig. 12-13).

AEEGelM 718 EFHAHA 202 wazd o
SAbdx: HAEYE Si0; column chromato
-graphyE &3 #4824 E& 28 § ANE 722
THod 3070 ©xe -COOHNE 713 «
—amyrinAlol £39 C3Hes0:9] 728 713
ursolic acid(3B‘Hydroxyurs-12~en—28— oic
acid) ol A= AH Fig. 3-6).

Ursolic acid® AEXEAMHE Hrlsl7] 93l
L1210, SNU-19 digt F4BAHL FFslg=
., L1210%F SNU-1 3 m%oA EDso°]
6.0ug/mZ Ve FLEA o] AFHU

Ursolic acid®¥ 2 HXEA<9A UA-methy!
ester R ursonic acid® UL AP
(SK-OV-3, HCTI15, XF498, SK- MEL-2.
A549) dig AXEA 22X ursolic acid
o] EDso#te 217t 3.6ug/me, 4.4ug/me, 4. 5ug/
me, 4.6ug/mt R 4.3pg/mt FOZ  5ugo]dle)
EDso@t& uveEhillol 4ol QA HYEH
(Table 12), °] @3E Young®™ st Shen® s
ursolic acid®] F¢4EFH B3, £55%) yreolic
acid7t embryo chorioallantoic membrane
assaylA ICs0°) Sug/mo2 733 gotAdol gl
Oe 239 X189, Youngs® o) Eriobotrya
japonica®lAl #2]§ UA7} aflatoxin Bl ¢
3 mutagenecityE AUt Bash Atud
Ugog B 4 9o}

UA°l methyl”|& 7}8F UA-methyl ester<
o2 &Fol dt EDsodt2 6.9pe/ml, 6.4ug/m,
7.3ug/mt, 4.6ug/mt, 4. Tug/ml S8 BE 8ug/
m¢o] 824 ursolic acid®the thik oA gl
FEY AEXEYE EPEu(Table 13), o=
Es$%"¢l Calluna vulgaris (heather flowers
A #eld UAZF HL-60%F HGT(¢3)9
42& ARSI, pH 994 soybean 15-
llipoxygenase activity® dAstgAIw, UA9
g2 C-28% #Ho) 9Jev @ o]9] methyl
3}9t C-19 didlel C-20% methyl3}& oleonolic

acide A#H7t ZA2IAHe Bas), Lees9
Prunella vulgaris2%8 E&3 ursolic acid
© 50mg/me] FxZolA P388 U= s
T/C%7t 125%2 ¥4AHAE Jedzm, C-39
hydroxyl718} C-179 carboxyl?] & esterd} 3}
H AZEPo]l thd dolXA g 12109 P388
BEY GFol o FLEPe Zdge Bn
% 4AF AHols, ursonic acide o g
(SK-OV-3~A549)¢l td EDsozte 11.4ug/
mé, 2.1ug/m¢, 10.1pg/me, 11.9pg/me, 3.5ug/mi
T2E 12 pg/molEE ursolic acid®tt A TE
dol thd "olx vt HdFeh tiAUF o
Me 2ot A#H9 Reg veldd(Table 14).

AZANRTE AERA 715 S Hrtsls AR
A, vty oz H¥E Prx o9 E Ae)stn
T AL AsEn, ATP 4L o1 2] gA}o)
o8t A ¥e] ATP A2t UG BHo| Yot
T MES Mg e WA BE FA F@
HY YAEHE HA4UAERZA pHIL Baste A
< 3339 H'Y WL glucose’t glucose
transport proteing& E3 E971 glycolysisol
o3& lactic acid®2 WAIFEAY FFL 3
CO:2  4Atgtsln] o4t A% fe¥oH(Fig.
11). ols} Zeo] Hxo 43le YAAEESE e
Heg d3lze A4 Aste M XAlo olas
#Poz AHE & At

Ursolic acid® 4712 % (5pg/me, 10pg/m,
15pg/ml, 20pg/m)E CHO-k1 3o 13 A g
FF Axisge Sug/meoA 1AM
111%. 10pg/miol A 8¥-ol 204%7A Z71%
¥ st 1A FlE 111%, 15u/meolAl
6%l 223%712 ol& % sgste] 1A o
© 48%. 20pe/molM e AXFE 1282 37
37} A1zt 28R ole -60% 7R sty ot
1A Felle 0%l o2 tHFig. 14). #ix 2
1212 +83 A7l UAS CHO-k1 €39 23
Helgd M EAIL L 5ug/miolA 1X]3k)
128%7t =lo] A% 100% °l2< #A3Ax,
10ug/meol Al 6% 204%7tA 2713 % 1A13
Folle 74%7A 873t 1 Mgl vl ME
st gol e on] 15u/mollA 248 32E
100% colgtz2 873t 1A% Fol: 9. 2%q)
ol22] HAl 1& Helo) wls) MZosigo] 3
FE Aol FEHI, 20ug/ml-2 1zt A o]n] A
ZAtgte] dizTd W3 dAH(Fig. 15). o
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BIEEEZRE S8 ursolic acidd] BZFRERRS VIMBIER 9

@A ursolic acid®) CHO-kleol oig Axe4t
3ge hET W& S5ug/ml2 WEHIE AT,
10pg/m-2 22 28] 3 1A% 74%, 15 pe/md
L& 1&4 A8 F 1A 48%. 23 AE F 32
B 0%7A AT T M XA 20 pe/mi2 13
el T 2889 -60%7A sl A XA UG
Bl Aoz B F Ut

Glucosidase= «@-1. 6-glucosidase®}t B8-1,
4-glucosidase®A glucoside® 7t¢Eds=
22U, Alhadeff5° & ML EH 3
g @38 #77F 4 dF e glycoprotein
()} phenotype(EHPAA)E HFYPAF]
W AelE A7 + dotm d}Hen, Bernacki
S& glucosidase A& A7 GAE AFEATH
s} 72 (oligosaccharide structure) & w3l 3t
of Holg Azt EH7 sitn Hmdtd, @
A glucosidase AMNAZ= casranospermin®’
7 ND2001%¥ 50| Ba=ich

Glucosidase assay9lA ursolic acid?t «, 8
-glucosidase® 50% o4 A#ME v o-
glucosidase®l BH5pg/me. A-glucosidase® 9.5
pe/mlE JEh} ursolic acide a-glucosidase
Bt} B- glucosidaseo] dial Sold Aa =&
£ B4uvh(Fig. 16). Ursolic acid’t 247 A
21" B16-F0oA9 a-glucosidase ¥ slol
A 1A7F Z<F ursolic acid lpg/mie iz
ol 7F SAAA gt ursolic acid 4pg/mé2 glucos
-idase¥A S 158, 30¥, 45%. 60%q
WZzTe 93%, 69%. 54%, 35%% Aol A
oate] mial A S AASA R, f-glucosidase
gz E 1A%t ursolic acid 1lug/mé
& =78 #olrt 9lAdAT ursolic acid 4us/
me glucosidase@4& 15%, 30%, 45%&. 60
Hoj| ztzt dx#9 40%. 33%, 33%, 37.8%
2 dAstg ey, ursolic acid 7ug/me EE A
T} 2o] GHEH ol ErMFeAHFig. 17-18
)., o]ae] A3 ursolic acid9 glucosidase
g4 oA g7 HoldAFES AlASte AUTh.

Ursolic acid®l Z&539E 93l7] A3t UA
ok BAAEA HEA SNU-1 A Ed A A
IEH B3Fee 2Fdded ALANAR
endonuclease inhibitor®! aurin tricarboxic
acid®”el poly (ADP-ribose)-polymerase &
AAQ nicotinamide & UA (12xM)¢ ¥
=2 A4 H2ed v aurin tricarboxic

acid9] A8 FZ(1pM, 3uM, 102M)A A
¥XEA B30 23.4%, 52.2%, 67.5% T2
2, nicotinamide® <8 F=(100xM, 3004
M, 1000xM)AME AEEA HI & 1%,
55.9%. 97.8% Tog Fxo vl dd Fr3
4}, Aurin tricarboxic acide DNA &8 &
A9 A3 A LOCE apoptosisE FEHLZ A
#Hotzn, o] zEste] FHASZ DNA synth
-esis 242 AAda, nicotinamide= MEY
o] B3%9 ATP synthesis® Zvld apopto
-sisAld] @43 F&= ADP-ribosylationg %A
3 zHgo] gvte EnE FEEW UAe A X
W oAe Aoz ZApste A2 3T F I
t}. Ursolic acid®l &) @3t LeeE &

UA”} F9 tetratocarcinoma stem cells®l #

52 $%3 32 GRE (glucocorticoid respons
-ive element)d]l A¥sle AU E At
gz #Qem, Simons & UAY ICsee
0.3mM FFo2 A9 5-lipoxygenase™
soybean 15-lipoxygenasec] w3l Asz8&&
sta, 1pMoA AFH EFdAAZWe lipoxy
~genase AL AAsla, 0.85xMA HL-60
2 dAs, 1Mol DNA synthesisE Al
dgdctn 8t UAZL nucleusol 248 7154 S
AlAFsk 3 gt

Apoptosis® genecl 23 TFHA AXAA
B 2A ge dde $£HES 4E8E nucleo
-some Alo]8] AR A dojute # DNAY
v Aol QEW’™, apoptosis®] A3+
71" Ytz o2 agarose gel electrophoresis
of o&l ¢Folr FZ% DNAS internucleo
-somal DNA cleavage’l endonucleaseo] 9
g vetuE d@4L ladderde DNA 842
28 @2 4 At} Ursolic acid?] SNU-13#
HL-60 A %o g DNA fragmentation ®3}
9] ZAHolx SNU-194Fd dsl UAe dZzed
Hl5le 2. 5ug/mFE DNA EEl@4el JehtY]
A &Eled 5 5pg/miolAE DNA ladder?t Bolth
7} a2 ol& ¥xoME HA DNA band’l &3
AsA Jebk oo (Fig. 19). HL-60¢] tlaiA
£ positive control¢! 1 #M retinoic acid®l
A JveldEs AxsE UA 8pg/miolAd DNA
fragmentation ladder’t YEbt o™ (Fig. 20).
ADP-ribose polymerase A& A< nicotinamide
1mM< UA 8gg/mixt A AW E apoptosis
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10 WXk uwBeEs 58 £

£ A#eR] B Aoz Kol ursolic acids
ADP- ribosylation® #A7} Aoz B 2= 9
=3

Ursolic acid?} cytoskeltond] i ggke
B st dUdg wxe UAE HNasn
F-actin® %% (polymeriztion)s I3y},
74% @R actino] AHFH Y actinez F
e AL AXYeety Aoy zasiA
A3 9g’®,

Fibroblast A%<l B16-F0 M ¥%} suspension
AEQ SNU-1 AIZEE o] &3le], 30%7te] ©@y)
d4¥e Bl6-FO AXE, 24AI2t9] &7 Age
SNU-1 AEE AMEEded, gz Alzbex
EF AEAdA 9 SHEA o WA urgst
v T84 % microfilamente] Q8L Fx| 9
< ALe2 Hol(Fig. 21-22), ursolic acide
cytoskeltond] €48 FX ¢ ez B %
=

Ursolic acid& SNU-1 &3d) gtz 94
Ade)Zz AzEu Ao o Hejsty W=
TEAed, A4A4d0E B E UA Y
F 423bel o] g2o] AlztEY odl (Fig. 24).
24A1 ke Atn} HxFe] 2Zo] HASA et
W3(Fig. 25), FAIEAUA g BAME
SNU-19 &j¥g¥iztz 4A)0o] Axute] 3a}r}
AztEol £EEEF d¥eor WMIYLYD(Fig.
27), 24X elE A E o] HiEn FZo] Eo
Yot Ha HEA o2 AL B 4 ddm
(Fig. 28), Fodv|Zc 93 #addE UA
Ae] F 41300 M EHo] 207 WUy Foju}t
232 (Fig. 30), 24Xl & o] o] zzlo =
=Y ERen, HA AXgo] A5 1 o] ux
Hol A EZAle] ol2E ®oko] FAHYU(Fig.
31- 32). o|49 AAE FF8A ursolic acid
= 421 Fo A3 HxAre Rl §EdH,
24A 3 Fol= o] odEzxzto g Ralgle] AX
Atel o]2& apoptosis®] FEEGR HHE 27
e Hog Algdrt,

g FEHHANME ursolic acid® OF-49
FHEHE HHE7| 98, C57BL/62] uFw
ol B16-F0& ©]43l32 pulmonary colonization
assay, 8485, dABgPguts 2 APz
g F& 3o

Pulmonary colonization assay® & ##
oA HolEl= colonyd & Aidle Aoz A

ol f-of P ALLEEH B Ao 5x10°
cellso] Aeld H2FL HEF 617129 ujs, =
BAHd 2 OF-43 AANZL 207, UA MHZe
N2 2% fAUA Hastden (Fig. 35),
1x10° cellso] A2jg z2e FF 107744
Hlg), UA AA2L 10.1/012(Fig. 36) 94
UA Zasdtd WEAE 2 OF-49 ursolic acid
o gxdol gurt AEdAt,

B16-F0 ¢4HEE ngmoz oagd F 42
F FAPA A ol H oz FAHUY HiAns
o AetE 2R3 HIANLEL OF-43 Nx 27

UA AAZN 2% 4494 3707
(Fig. 37-39).
B16-FO ¥F& C57BL/6 4z e uxgwmoz

olFT F 214 ANT HY AWM= =
YFo] FHe HLFA 7] tzzel #HAgo)
M AEE FHoz ARAQ Aozt giPort
UA AgZolMe 7183 FHoz B o of
F7F dolslol deldAl E#7 AR At (Fig.
40-41).

o4 Z#E %8 ursolic acide WA}
Az Fo FPEA2AN FASH2ALL &%
St gdo] Ade YeEER WA= of
AAgol de] &8€ + gz Algdc,

v.d &
Rt zx GAgY BAL o] &3 in vitro

st in vivold zAdalgz 2 ol mw
£ 233} oluist 2e Fee AN,

1. L1210, SNU-1. SK-0V3, HCT15.
XF498, SK-MEL, A549 £ <IN Zo st
EDso2 ursolic acid?} 6ug/meoldt, ursolic
acid methyl ester¥ S8pg/méo]3}, ursonic

acide 12pg/miolst2 FEHEF AT=EANL
o},

2. Ursolic acid®] CHO-klo| g XAt
& I vlE Sug/mle 7o) i,
10ug/mie 22k A2 1A 74%. 15 pg/me
& 13 A F 1Az 48%, 23 g F 32
2ol 0%71A 313 % & M EAL 20pg/me 13}
e F 2889 -60%7A R T LA
et

3. Glucosidase assayolA ursolic acidz}

L)

._532_



B EEZFE 8T ursolic acid®l EABRERCRS HMEH

11

, B-glucosidase@A & 50% ol H#H3 %
@ -glucosidase® 55ug/ml, B -glucosidase
9.5pe/m2 Jeltord  ursolic acid 4ug/m
B16-F0O<lA glucosidase@A S 40%°]4 <

A A$+ e-glucosidase@Ao Wl 60EH)

%k, B- glucosidase@Aol daixEs 1525

602 7kA] A A &ttt
4. Ursolic acide SNU-141Fol i8] 2. 5ug/me

HE] DNA fragmentationol L3 =r] Az}talygo

v HL-60° tial 8ug/mélA retinoic acid 3

2% apoptosisE YEMAXIT ADP-ribosylation

o] #AsA] Fe Aoz Yehytcl
5. Ursolic acid€ B16-F09| 30%, SNU-1

AT 24412 213t = microfilamento] <

o] gl
6. Ursolic acid& SNU-141Xd} M3tz ¢

oA D AAAuA(SEM & TEM)O| 9%
Felgra el A ursolic acid® Az T 44

Folle Axate] &40 3 Qxde $2o] A

ZEla1, 24X Folle e ®Eo 4 xute w

7} Vet
7. Ursolic acid®} Z2AHAE SNU-1 <A

Fol A A3 aurin tricarboxic acids 3
#M¥El, nicotinamide® 300xMEH 50%
olde]l METEAH BFILE Jehgo] ursolic
acide F2 #3} 43 Fgacty B 4 g
pea=
8. Ursolic acid®} OF-4 A ZolA #
colonyF€ 5x10° M E7F Helg dzFM 3

@ 6170 d Hl&)], WIALdEx A4 OF-4% A
g Z2 207, UA AT 442 2% $949]
A Zastgen, 1x10° 427 AdE gz
AM BF 107709 vl&l, UA gL 10.1
N2 FAUA hstal AgAEE Ha2x
ursolic acid®] FHe] A7}l AF A,

9. Ursolic acid®} OF-4& Z5 tizZd v
d Hadde OF-47%. 2B oA
€& RE A¥FA A4 UA SR

10. B16-FO0& wig o] FAI & HA =3
oM WEFe F2 HEE FA0z Awa
q Aol i}, UaHzlZoNE 7o F
Hellgt A dAFE Hol7l ATt

ol4e] A7 2 Hol ursolic acide WA AE 2
o Fo JYFEAzN F 9 gHo] AFHE Y
ez, dWilxdze dAgd de &89 4

o ¢ o

itka Atg €t
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