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Investigation on Biological Activities of Zelkova
serrata Extracts and Their Utilization
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SUMMARY

1. Purification and identification of biologically active compounds
from Zelkova tree (Zelkova serrata Makino.)

Cadalene was isolated from hexane fraction of ethanol extracts of
Zelkova wood powder using successive silica gel column chromatography.
The cadalene yield amounts to 0.3% based on dried wood powder.
Instrumental analysis including EI/MS, 'H-NMR, “C-NMR revealed that its
molecular weight was measured to 244 m/z and hydroxyl group was
positioned at C7 and methoxyl group at C3. Cadalene (7-hydroxy-—
3-methoxycadalene) structure was similar with naphthalene form and was
classified into sesquiterpene group, constructed with 15 carbons, in the field

of natural product chemistry.

Chemical structure of 7-hydroxy—3-methoxycadalene(cadalene)

Topochemical study of Zelkova tree suggested that cadalene was found

only xylem tissues in zelkova wood, not in leaves and bark. Furthermore,



cadalene was specifically embedded only in heartwood tissue, absolutely not
in sapwood. This physiological feature of cadalene firmly indicates that
cadalene could be one of typical substances related to heartwood formation
and transported to pith direction after biochemically synthesized in

parenchyma cell between sapwood and heartwood.

HPLC analysis of hexane fraction of Zelkova heartwood suggested that
several compounds co-existed with cadalene. Each peak on the HPLC
chromatogram worked with preparative HPLC technique and 9 coumpounds
were purified from hexane fractions. Among them, three compounds were
characterized to their chemical structures with the help of 'H-NMR,
BC-NMR and EI-MS. As indicated below, their structures were similar to
that of cadalene, thus these compounds could be also synthesized by the

same biochemical routes as cadalene.

0]
OCH; ] I OH
CH;0 . l CH;0
o
3,7-Dimethoxycadalene 3,10-Cadinadiene 7-Hydroxycadalene-5,8-quinone

(Keyakinone A)

Chemical structures isolated from hexane fraction of Zelkova heartwood

We attempted to purify cadalene and its related compounds from the Ulmus
species, such as Japanese Elm (Ulmus davidiana), Chinese Elm (Ulmus

parvifolia), Ulmus macrocarpa, Ulmus macrophylla. No cadalene was found



in the Ulmus species except Zelkova. However, 7-hydroxycadalene, which
1s very similar structures with cadalene, was identified only in heartwood
of all Ulmus species including Zelkova tree. Therefore, it is temporarily
concluded that <cadalene can be biochemically synthesized from
7-hydroxycadalene by the successive function of two enzymes in

parenchyma cell such as hydroxylase and O-methyltransferase.

OO OH :
hydroxlase/O-methyltransferase © OO

>

invivo

7-Hvdroxv-cadalene 7-Hydroxy-3-methoxycadalene

The chemical structure of 7-hydroxycadalene isolated from Ulmus species

and its biochemical role in the cadalene synthesis

Cadalene has several excellent biological activities, like scavenging
activity of hydroxyl and superoxide radicals. The scavenging activity of
hydroxyl radical was intended to be increased in proportion to cadalene
concentration. At 100 ppm concentration of cadalene, almost complete
hydroxyl radicals was removed. However, MTT assay revealed that
cadalene at high concentration showed critical toxicity to the cells. When 1
ppm of cadalene was treated to the cells, cell viability was reached up to

90 2, while it was reduced to 22 % after treatment of 9 ppm of cadalene.

To reduce the cell toxicity, cadalene was chemically modified to 7-O-fi-

D-glucopyranosyl-3-methoxycadalene (Mw 406 m/z) via substitution



reaction of hydroxyl group with glucose molecule. As a result, the cell
toxicity, determined to ICsy value, was lowered more 20 folds than that of
cadalene itself. In addition, the solubility to water was much more

improved.

6"

Structure of 7-O-f-D-glucopyranosyl-3-methoxycadalene

2. The development of lung cancer drug by cell cycle control

For better understanding of the mechanisms of cadalene on lung
cancer cell growth arrest, Ab49 cells were treated with different
concentrations of cadalene, then effects of cadalene on apoptosis were
examined by flow cytometry. Our results clearly demonstrated that cadalene
suppressed the Gl and G2/M phase in a concentration-dependent manner,
thus, increased the apoptotic phase. Our data suggest that cadalene may

exert its anti-cancer effects through facilitating the apoptosis.

Cadalene also induced the suppression of the proteins associated with



G1, and G2/M checkpoint. Especially, the expression of cyclin A, B, D was
significantly decreased by cadalene treatment. Moreover, protein expression
of p2l1, p27, GADD45 and PCNA was also suppressed by cadalene. Our
data suggest that cadalene may suppress lung cancer cell growth by

controlling the cell cycle.

Cadalene increased the PTEN, strong tumor suppressor gene
significantly while decreasing the other important proteins on protein
translation pathways. Especially, cadalene suppressed the expression of total
Akt as well as phosphorylation of Akt which is known to play a key role
in lung tumorigenesis. Such decreased Akt and phospho-Akt protein
expression was clearly re-confirmed by Akt and mTOR kinase assays.
Immunohistochemistry of p-Mnk also supported our credit of data.
Together, cadalene may suppress the lung cancer cell growth through

controlling the protein translation.

Glucose 1s one of important energy source for cancer cell growth.
Therefore, potential effects of glucose uptake by cadalene was examined.
Our resulsts clealry demonstrated that cadalene could disturb the glucose
uptake efficiently suggesting that part of antitumor effects of cadalene may

be closely associated with selective interruption of glucose uptake.

For the single dose toxicity test of cadalene, mice were treated with
different concentrations of cadalene (100, 50, and 25 mg/kg dissolved in
ethanol) intraperitoneally. Such single dose toxicity study provided the
LD50s of 43.59 mg/kg (male) and 18.63 mg/kg (female).

For 28-day repeat dose toxicity test, 3 different doses were determined
based on above LD50 values. Briefly, 1/10th of LD50 was chosen as

highest dose. From there, 3 different doses were determined (for male mice;



44, 2.2, and 1.1 mg/kg: for female mice; 1.9, 0.95 and 0.48 mg/kg). During
the 4 weeks toxicity test period, all mice treated with cadalene in all

different doses were dead.

Our next question was how to decrease the toxicity. To minimize or
decrease the toxicity of cadalene, cadalene was dissolved in DMSO instead
of ethanol and gavage was selected as a route of administration instead of
intraperitoneal administration. With changed status, independent 28-day
repeat dose toxicity was performed again. In the study, 1 mouse in control
and 1 mouse in middle dose group were dead, however, such death was
not closely associated with cadalene itself because other mice in all groups
were alive. Moreover, no female mice were dead during the study period.
Significant decrease of body weight was observed in female mice only,
expecially in 4th week. Based on hematological, serum biochemical analysis
and histopatholoigcal examination, no observed adverse effect level
(NOAEL) was determined as 2.2 mg/kg for male mice and 0.48 mg/kg for
female mice. Our results strongly suggest that there is a sex-dependent
toxicity of cadalene. Extensive studies are under progress to elucidate such
sex—dependent toxicity. Together, toxicity of cadalene may be increased by
the use of ethanol and intraperitoneal administration. Therefore it is highly
recommended that oral administration with DMSO for safe application of

cadalene.

Our next question was how to decrease the potential toxicity of
cadalene and maximize the potential efficacy of cadalene. For the purpose,
hydroxyl group at 7 position of cadalene was replaced with glucose. Based
on try and error, we synthesized 7-O-fi-D-glucopyranosyl-3-methoxy—
cadalene and such cadalene glucoside was easily soluble in water and IC50
against human lung cancer cell line (A549) was 83.6 uM. Next step, we

were interested in IC50 values of cadalene glucoside in normal lung cells.



However, IC50 valueon normal lung cells was much lower than that on
lung cancer cell line; 298.2uM on WI-38 cell line.

Taken together, cadalene, extracted from Zelkova tree, has strong
antitumor activity. However, some degree of intrinsic toxicity may hinder
the practical application. Additional study for decreasing the toxicity

whereas increasing the efficacy is desperately needed.

_10_
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cadalene)oll 3%

TANZ 34

el FE8ulE 4ds] Asky]l fske] 2443 F

Zelkova serrata sawdust
(12kg)

EtOH extraction (3 times % 3, each 12L)

Conc. EtOH extracts

Sequential Solvent Fractionation (2L x 3)
& concentration

Hexane Dichloromethane EtOAc
Fraction (31g) Fraction Fraction
Ist Column Eluant Solvent System:
Chromatography:| L Hexane
IL Hex/ EtOAc ((95/5)

silica gel (900ml)
column size: 5.5 X 53cm

1. Hex/EtOAC (90/10)
IV. Hex/EtOAc (80/20)
V. Hex/EtOAc (50/50)

VI. EtOAc
Fraction I1I
(cadalene detected by TLC)
2nd Column FEluant Solvent System:
Chromatography: | 1 Hexane
silica gel (300m) 1L Hex/ EtOAc (95/5)
TI1. Hex/EtOAC (90/10)

column size: 3 X45cm

IV. Hex/EtOAc (80/20)

Cadalene Fraction
(RE )

29 L mEURelA Aga e 34
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t}. HPLC #4

g st 1ds AR A=EvtE 2y (HPLCO)E o] &3te] 444,
AFH B HAAE9Y. HPLC 715 Hewlett packard 11000]™ &2 &
ZH2l& Waters symmetry reverse phase column (4.6 x 250 mm)S& ©]-&3}%]
th HPLC& W& A& 25% ¢ oEVELI} 55 50 1 50 (vv)o= &
getol EeFQon], ofF oMEUELS] nES 108 F 100 % 744 %
A ARG AFAIE EA S E 2 AAIES
E 2. =EUOlA dEl gk gl HPLC #41%1
Instrument - High-performance liquid chromatography

(HP 1100series) equipped with autosampler
Column - Waters symmetry reverse phase C18 (4.6 x 250 mm)

Detector - UV detector at 280 nm
- Starting with 50% water & 50% AcCN, maintaining

for 25min, linear gradient to 100% AcCN for 10min,

Mobile phase

which was held for 5min
Flow rate - 0.6 m/min

Injection volume | - 20 pl

1%

o Alud AR s Aad 44y

CEUR EAlSHE AR FFEAL Sste] B gd 44
I8l BIAE AU FPAS &

=]
M
N
i)
s
o
fr
Y
Ny
QL
£
al
ﬂ&
>
off
=
lo,
ﬁi
i:\:l
M\
oo
i)
tlo
)
N
p‘L
30
i)
o]
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A Az BF 7dd 48 9o HPLC Z4A3Fo A retention timel & 3
Adstgon, 7t w93 WAS SAHStY] 7ty AFEAE A
=, &

=1
2 Fagom, o]F ol g3te] LELFOIA weld sldde] HFRA ol
=) el

sttt 19 2.= shEdAle] HEFAS A sk

1
y = 0.0003x + 0.1178
R? = 0.9853
0.75 - :
S .
-
>
$ 05 ¢ '
[av]
©
4]
@)
0.25 - ’
0
0 500 1000 1500 2000 2500
HPLC Area
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ot 7784

Ralg Agde Fx EAHS 93t CDODol oA 7] 27eA AT
A AgR2dA 'H- 2 “C-NMR (Varian, 500 MHz)& =43l omn 22}
FE El 2 CI-MS (JMS-600W, JOEL)Z #4139

2. ZEIYT o' 2599

ot

& 24 44

ek

FATEAHE TFATOZAM= AEH AT Glomerella cingulata(Er#
= o w
= tl

1), Fusarium oxysporium( =5 A W), Fusarium subglutinans f. sp.

pini(FZAM S 7FAmpEHW ), Cryphonectria parasitica(U5% S S &
37?1 Libertella betulina(5=& 2] M A1), Trichoderma viride(3E™ 2.4 1),
Trichoderma harzionum(ER L A)S, 221 EAFFIA  Trametes
versicolor(M MR 3#)  Tyromyces palustris(ZM R #) S& ALg3ut =
St AT EAE FTAT RN = 2SI Staphylococcus aureus subsp.
aureus KCTC 1621(3A X =2 131), Listeria monocytogenes KCTC 3710(2)

=29 913t), Streptococcus faecalis ATCC 29212(A A 7+)¥ a2HSAd 2l

T =2 O
Escherichia coli KCTC 1039(H7&+), E. coli 05157 NCTC 12079(th
0-157), Samonella typhimurium KCTC 2515 ¥ ATCC 12027(2 =42l +F),
Pseudomonas aeruginosa ATCC 27853(4#5F-91) 52 AF&ste] AT

o,

.

ot

VS AR

a8 1A = WA HAAHE o] &3t HASATE =, potato
dextrose agardl]#]o] A7 FEI7} HEE 3FES TFstY e HAwA
of wlg] wj&kslE Z FAITY TAF AERE F4 8 me cork borerZ o

dol PESAT. MPLE 27 TlA 24717 HFH T A% TAY 27
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& ZA3to] A A A& (hyphal growth inhibition ratio)2 &4 th
¥ o] YeEr AT

TFA A £ (%) = JQQ);(QQ]XH)O
(Go)

Ge @ F37F Ao AL 47

Gt : H7F mAge] Ak 44

w3k A A
3

o
agar 15 %7F ol Sl “HX]% petri dlshoﬂ -E—jz—é}oq 3}

el 184 Az #H %HHX] ] 24 Fre 3ggE % a}
23 (A4 8 mE &8F 3 37 TolA 20412 wiget & )2z F 3
A= ASAA3 (clear zone)d A4S F4ste] FATEAHS HESAC

7}. Hydroxy radocal ( - OH) 2484 =3

or4g 3 zlgit)zS A s DPPH (1,1-diphenyl-2-picrylhydrohydrazyl)
= | ©ldte] WA EE hydroperoxide (ROOH)7F 2 Al @A &t 2
Z+ (RO -, -OH)S DPPH #it]Zo] %3] we} DPPH ght]z e 3
1 A ot o]y g A& o]&3te] DPPHO HA A& FHLEE F4
2 & AES T SAYEL Addel 24 vE9 NEE 2T
5

s

_I%

QL
=
Moem

of
ol
s
ot
Hogo i g2

l"10 HE JHU o‘n j01_(,
EL

4

31, vortex mixer® & 410]A 305_ 7F oA
= AFE3te] 520 nmolA THEE = A

= %7}?‘9} FANTY FHEE AESIY Yo zzo] ) 5L

ol
ot
1
g



&2 YE v

j=33| —&JJ_I: _ (A el ) g
el el 2t (o) =[RS LRI PRI 1,

t}. Superoxide radical 27124 =4

Superoxide radical AAEA e ZHo| Al8%F  superoxide radical
hypoxanthineS 7] 2 & xanthine oxidaseZ A}-&3= ZAA|2~= (HPX/XOD
system)&  ©o]&3te] AAAIA oW, AAE FHYZL spin trap agent?
5,5—dimethylpyrroline-N-oxide (DMPO)2} wH3-A1Zith Aol A& (25 )
of K2EDTA (15 mM, 20 uf), hypoxanthine (3 mM, 60 xl), NBT (0.6 mM,
50 p)9} xanthine oxidase (1 unit/10 m¢ buffer, 50 w)S E&3te] ¥ A7l
SOl 595 nmell A FFE=E FA43t AATE SAATH

ok @ebd vw a3

Sodium phosphate buffer (67 mM, pH 6.8)& A}&3te] L-DOPA (8.3
mM)¥ mushroom tyrosinase (50 unit/ml)S A Z3A oW, 96-welldl Z7z+
120 0t 40 w5 7V 7] 7hdd AlRE skl wek 40 wE A
7hete] 37 °CeollAl 303 EAWES AT ST = E3aF9
TR 490 nmol A FEEE Aot JtEEY 24 A &8s S

A=y
@k, MTT assayol 93 stgdle] AzAEE 7}

MTT assayt AESAHoIU AIE AEES HUlsles Yoz AX v
Ef=gole] A+ succinate dehydrogenase 7} MTTE 33&1 AlA  formazan
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g gyE wop
| 248 & Aok AY 459
A AEF (HaCaT cel)B 96-wellol #H@s Fom Zolzi 7h2alS 100
% DMSO®l o] MTT 4 (20 u)3t 71 ¥ & 37 C, 5 % CO2 &
/‘1 A47F wFe - 540 nmol A FFEE SAs] AAE A2 F&
gataitt.

2

_I1N

v}, Esterase A3l =3

Elastin® 3§ 3o 2 % EAlsts L= I5d a8Ads Fosta
2 slH  elastased] <3 E3|F @A
elastase®] Adlss SAHs Y I55F aAE Hriste W olth Elastase A
& AL a9 71de] wmgow AAFES 724 elastaseE Yo 712
o] Zal¥=d o] w&Eol AsFzsE F7lste] elastase Ao FE A F
3 7t d-& DMSO9 100,000 ppmo. 2 =o] AFg3g o FAsl= 2
oA Gallido]l EQEAste] o] 7HA] &mjet EuleE dElste] AFESEA
=3

B t!

b bl oF FEA= A oA A

6-well platee] A549 cellg 1 x 10° seeding, over night 3 & A w]x] =
gy A FpEAE HEg 1 h 2h 3h 6h 12 h 24 h AIZPEZ )
A2 AFHst] WA Y FFALA 22 ZAeth 8-well chamber slide
o A549 cellS 1 x 10" seeding3til 24A17F EoF wrx3t4t}h. ohad A vl %
2 13y A 71EdS A3 F 5 min, 10 min, 15 min, 20 min, 25 min
AZbE R AXY SFFeAE g 4 9+ 3 RIT.C. (rhodamine
isothiocyanate) antibody= 3 h, 4 h, 12 h, 24 h ¥& A XY FFF~E
olst 4= 9= 33 FILIT.C. (fluorescein isothiocyanate) antibodyE *g] ¥
CLSM. @3dn4dez Axd =F3722 #XE a3
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HE
e
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FTAFESQ 28 (1494 F 3"HH(B0EA) = U= x5 FRANR AT
2 Al A AT AFS § o] 50em TR AAlste] SFol %
Ha as3 EdA 1A dEHE Az o AAl, WA, 39 doE
Ak 7 FES A& dEE 47 2E3 ds FJoE Axgt o Ed
(Zirconium planetary mono mil)< ©]-&3lo] #+23}sl 60 mesh 7|2 #
Aot AAAEE AFESHATH 285 =HUFE WHAR 653, AAF 35
o2 FE3AA, 3HTF “EHUFE HAR 55 F, HMo]FE (transition zone)

3, a3 AAY TRROR

N

ZF welskai

de E2 P 2R AR G - 10 @& dEER 24234 23] F
ZotQtt dEhE FEHL FH71E o] &ste] AdES Sk g5 og
& TFAL Ao LujR g Fof tA] FEIAT. HF A wHAL
2o vegrE g w2l Fo HPLC w4 A7bA] 4T o]slolA Ryalth

L AREE 5% QA%ES WU ol Fo 145 o4

h -
AwntEaety] (HPLO)E ol&3te 72 dad 7=l s AFAow
43519tk HPLC 7182 Hewlett packard 11000]™ #418 Z32 Waters
o]

symmetry reverse phase column (4.6 x 250 mm)& ©]&3}l3th. HPLCE v =

g B8 BT ofAEYUE-RY ES 50 1 50 (vv)eE 5] EHF%

om o]F olMEYEZ H|E&S 108 B 100 %714 =odA AFEsE T A
31

AZE EH AL el A AR ® 2.9 2
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LEUFHe Fle +F SN =FUF(Ulmus davidiana), F=51%

(Ulmus parvifolia.), &9 l:% UH(Ulmus crophylla)?} =55 (Ulmus
e

macrocarpa) & & ATFE S ato] shgdl we % stEdl s5A 29 A
& FHAT =F5UF FeFuite AAEE FdS 4y FaelA
AFekslon], GaFubtel 2U=FurE S ashd At A5 del
A AFHARAT A FAETe A F Aol 50 cm HeE daste] FF ol
e a5 Rl VA E dx & AA, WA, Faer do

Bl
TR 7 BREE How AF3I FTo Y (Zirconium planetary mono mill)
A7|2 EHste] AgAEE ARSI

Pube] SFUHEI AR (100 - 500 g)F TSR 244704 28 33
S oee FEAL $E718 olgdtel 4 HAL Ve T
e oz §UEIF Fo o] FEaAGh AF A4 BHAe hol o
¥ 9l Fol HPLC £4] A7k -4T olstel A musisivt

t}. HPLC #4

=EUT FEEY 4 %0—‘1% ez 5ol &
vt ety (HPLO)E ol&ste] 2 =5 7tddlla Jsted #5AE 3
Aoz BAsY T HPLC 711% Hewlett packard 1100¢]W #2418 ZH2
Waters symmetry reverse phase column (4.6 x 250 mm)< t}.
HPLC& &= A& 268 &<t o EUE-SL &5 50 : 50 (v/v) o= ié?}%é‘}
of EHFALH, o]F oMANEYUER H &S 10 &<t 100 %7HA =
&3t

o
o
ofo
ol
o
32
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=3 e T2 TS flste] CDODel =AM 7] zasAdAT
A AR 2oA 'H- 2 PC-NMR (Varian, 500 MHz)& =439l o, 2t
2o EI-MS(JMS-600W, JOEL)® #4314

ph)

6. 7] F=A

o

q R By 24

7k Aok

o

tga FEA A o] &3t Jhd@E (7-hydroxy-3-methoxycadalene)-&
38w =EuUT AAFOA 1" 1.3 22 g oA del stk 7-0-
[i-D-glucopyranosyl-3—-methoxycadalene &4l  penta-O-acetyl-f-D-
glucopyranose (Aldrich 285943)& A}&3t 3, 7-O-f-D-cellobiosyl-3-
methoxycadalene $F4d ol & octaacetate-D-cellobiose (Acros 146460)% A}-&3}
gk 29 $AHESo]l HQ3l triethylamine (Aldrich 471283), methylene
chloride, boron trifluoride diethyl etherate (BF3.0Et2, Aldrich 216607),
n-butylamine (Aldrich 471305), sodium bicarbonate, magnesium sulfate®} v

g 5 reagent v Al%FS AMESFSTH
1. 7-O-f-D-glucopyranosyl-3-methoxycadalene ¢ A

7yl (7-hydroxy-3-methoxycadalene) & 2 € 7-O-fi-D-glucopyranosyl-
3-methoxycadalenes A37] $alixE AFE2 7TH Ao A8 5
2719l FALA YXE acetyldt d glucose® X 3hal= @A 9 o]H A A
H  7-0-(tetra-O-acetyl-f-D-glucopyranosyl)-3-methoxycadalene®] A acetyl

718 AAG HAFE BREAS de F A9 dAAAow A

1) 7-O-(tetra-O-acetyl-fi-D-glucopyranosyl)-3-methoxycadalene %4
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A @A HH-gLS 7-hydroxy-3-methoxycadalene (1.22 g)¥} penta—O-acetyl-
[i-D-glucopyranose (2.25 g)& 100 ml® ST Zg==o ¥, 023 mlY
TEA7F 4121 20 mee] CHo.CLE #7bete] &afjAZth Aa 2ds8telA o] &
Ao 2 mle] BF;OEt’} €38 CH.Cl, 5 mE H7FsFAt. o] Zgfxz
magnetic stirrerE Y1 TS 2o A SAIZF FoF WHESEA Y, wdto] E
W oo g el Eo] 83]A1%1 ¥E3} sodium bicarbonateE H7Fslal 20 ml
o] CHCLE Al ¥ F=E3doh &9 F=9ES E5F HolX magnesium

& H =

sulfate® * ] 3} AAG T AE sl A

o) 110{'

2 = ol EdE
= AAst &3 B4 Oé 7] H??HH ’Q“HH T de Ay 23S ¥3)
fHo] HEE A wekEd st 12413 st W BTl ¥ojF
of AARE =T AE FAE ol&ste I A4S wHst HAAS
o]-&ate] WzH vghER AAHA Aoue] o2& AAstAT. o2
sto] Adoj AAL HFEA FEA FAAEQ 7-O-(tetra-O-acetyl-fi

-D-glucopyranosyl)-3-methoxycadalene (13¥ 3)o & Ex}#& EI-MSZE &
A3t A T

_35_



CHOA
OAc

OH .
0 [Brom TEA
OAc
H;CO OAc

CH,CL, / N, / rt. / 5hr

7-Hydroxy-3-methoxycadalene
CH,0Ac

0 O
H,CO OAc
OAc

7-O-(tetra-O-acetyl-3-D-glucopyranosyl)-3-methoxycadalene

a9 3. 7-Hydroxy-3-methoxycadaleneol A 7-O-(tetra-O-acetyl-fi-

D-glucopyranosyl)-3-methoxycadalene®] &4 34

2) 7T-O—-f-D-glucopyranosyl-3-methoxycadalene &4

T WA wSdAE 853 AAGAQAd 7-0O-(tetra-O-acetyl-fi-D-gluco-

S T EEaAo ¥a 50 me] wWere 3 35

ml2] n-butylamines #7}ste] 15A17F &9t {7 SHolA] A A AT b
Lo] B & fAHS A7 BEFHE v= chromatography plate® o] &2
S AAsY HE AFAE  7-O-f-D-glucopyranosyl-3-methoxycadalene
g 4)& =589tk 7-O-f-D-glucopyranosyl-3-methoxycadalene®] %
o B3-S EI-MS9 'H- 2 "C-NMR #4 o2 21389

g
=
=
ab)
5
2
2]
=
\
N
=
&
—
5
o
!
Z
(@]
Q)
a.
=
@
3
&

L
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CHQOAC

0 O
OO OAS n-Butylamine/ MeOH
H,CO OAc
OAc

Reflux

7-O-(tetra-O-acetyl-B-D-glucopyranosyl)-3-methoxycadalene

CH,OH

lo) O
H,CO OH
OH

7-O-f3-D-glucopyranosyl-3-methoxycadalene

a9 4. 7-O-(tetra-O-Acetyl-f-D-glucopyranosyl) -3-methoxycadalenel|
A 7-O-B-D-glucopyranosyl-3-methoxycadalene 4 74

t}. 7-O-B-D-Cellobiosyl-3-methoxycadalene 34

7+ A (7-Hydroxy-3-methoxycadalene) & 2 58 7-O-f-D-cellobiosyl-3-

methoxycadalenes &A%t FAS AFEZQ spddle] 7H $X]o] EAs}

= Aol AR 1A ol acetyl”] 7F 2 cellobiose®  X| 83k A <
o] g3E acetyl’l & TAl FAVIZE AR 7= F DA FAARAH=E &
[CRA=
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1) 7-O-(Hepta-O-acetyl-fi-D-cellobiosyl)-3-methoxycadalene %73

A @A, 7-hydroxy-3-methoxycadalene (0.1708 g)3} octa—acetate-D-
cellobiose (0.6786 g)& 50 mle] T ZTh=Fo| ¥, 0.07 me TEAZF 4391
4 mbe] CHuClLE H71sto] SalA A, A& 7l 273814 o] &9 0.314
e BF3OEt:7b €3¥ CHuCl 05 mE F7Fsksith. o] F2}2~=o] magnetic
stirrerE& Y1 TFNS A20A 9A7F FoF wwtstdt Whgo] Ed & &

grllo] o f&jA17] X3} sodium bicarbonateE M 7}stal 5 mle] CHoCl®

Al W FEstgT. &) 29SS 37 Fo} magnesium sulfateE A &5}
| Foll At v RS AT F, AT stolA A FHEAE
o3 CH:CLE TEAZTH vHEA & EAts olsdEs AAstL &
Tt BAS 47 SEA vl 8 T Fe AAEAS ¥3Ede] HEE
o] wErEo] galstal 12413 < W Bavle ol AAFAE I
AR A A E ol&std FAdE A4S I55ta HHow YWy w
Be R A 2HA Aojulo] olEAES AASAT ol# A st Aol AA o]
kS =784 ¢l 7-O-(hepta—O-acetyl-fi-D—cellobiosyl)-3-methoxy— cadalene

(19 5)o]t}. SR 7-0-(hepta—-O-acetyl-fi-D-cellobiosyl)-3-
methoxycadalene®] ##}#-& EI-MS=Z 213t}
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OH oac  CH0Ac CH,0Ac

o}
o) o)
OAc /BFjOEtZ /i-EA
H;CO OAc OAc

CH,CL, /N2 / rt. /()hr

\

7-Hydroxy-3-methoxycadalene

CH,0A CH,0A

0
0
oA oA
‘O OAc
HCO OAc OAc

7-O-(hepta-O-acetyl-D-cellobiosyl)-3-methoxycadalene

19 5. 7-Hydroxy-3-methoxycadalene®l| 4] 7-O-(tetra—O-acetyl-[i-D-

glucopyranosyl)-3-methoxycadalene 343 24,

1) 7-O-B-D-Cellobiosyl-3-methoxycadalene 4

Ak

oo

& AARA < 7-O-(hepta—O-acetyl-ft-D—cellobiosyl)-3-methoxy -
cadalenes S Zgb2a=o] ¥l 50 me WErL3 35 me n-butylamines
A7tste] 15A17F &t SR oA AAlstTh REgo] ¥ F &dS

il

52 A] 7] 2L preparative thin layer chromatography plate® ©] & &S A 73}
FE AF}E2 7-O-f-D-cellobiosyl-3-methoxy-cadalene (13 6)& 353}
St} 7-O-B-D-cellobiosyl-3-methoxycadalene®] *+x¢ #2132 EI-MS<}
'H- 2 "C-NMR #4 o2 glsgi.
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CHOA CHOA
0, n-Butylamine
SO N
Onc
Reflux
HyC0 Ofc Orc

7-O-(hepta-O-acetyl-D-cellobiosyl)-3-methoxycadalene

\J

CH,OH CH,OH
Q
0
OH OH
OH
H,CO
OH OH

7-O-B-D-cellobiosyl-3-methoxycadalene

19 6. 7-Hydroxy-3-methoxycadaleneo| A 7-O-(tetra-O-acetyl-
f-D-glucopyranosyl)-3-methoxycadalene ¥4 24

@}, HPLC #4

oA TAE 7-O-(tetra- O-acetyl-fi-D-glucopyranosyl) -3-methoxy
cadalene, 7-O-f-D-glucopyranosyl-3-methoxycadalene®}  7-O-(tetra-O-
acetyl-fi-D-glucopyranosyl)-3-methoxycadalene, 7-O-fi—-D-cellobiosyl-
3-methoxycadalenes 1A% A a=EntE 18ty (HPLC)E o] &3lo] 43}
Gtk HPLC 7]%2 Hewlett packard 11000]9W #2448 Zgl& Waters
symmetry reverse phase column (4.6 x 250 mm)< ©]-&3&th. HPLC& v +=
AF 2B FU ofAEYEHI F& 50 1 50 (v/v)eR EFste] ZE T
o o]F ofAlEYEZHS] H &S 108 T 100 %7HA A AFESEA

Ak gE EA S 3 2.0 AA ST
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vk 71714

B3 glgae Fx 548 9ol CD:ODel oA 7|2y A g
A AMeBroA 'H- @ BC-NMR (Varian, 500 MHz)& =490, Bx}
Zo EI 2 CI-MS (JMS-600W, JOEL)® 418} t}.

(<

vl ghgE SEAe AEZEA Ho)

oo
K

>

of ARE3E Figdl fEAE JlEdd =
-glucopyranosyl-3-methoxycadalenes ™oz 3lo] AA|stTt ¢4 3
gl 7-O-f-D-glucopyranosyl-3-methoxycadalene=- thin layer chromatography

2 olEAS AAT T AESAH APl AL

ox U

1) Cell culture

Human non-small cell lung cancer cell % adenocarcinoma cell line$!
AB49E B Ao A& AS49E 10 % FBS7F ¥ RPMI WA=
5% CO- incubatorol A v 3} T}

2) MTT assay

MEEARS F2357] Yste] CCK-8 assayS A AR T A549 cellS 96
well plate] 1 x 10" cells/well?] density 2 seeding & overnight 3} <F4 3}
A7 B, HE=0G00 pM)l A T8 HE 28 Fo AHg 5 thA] 24A4]7F
Bob wjekstih. Aolgls M E mitochondriadl BF FF3Fe] Q@] A 9]
formazan saltE ¥4 3} water soluble tetrazolium salt-8 & *]g]&}o] 758
incubation ¥ microplate reader& A}-&3l9] 455 nm, 650 nmol A OD#= =

A3t ICss AHE st
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A2 A MEF7] 2EAA ok Htd 2 X 5A4
1. MEZF7] AA
7}. Flowcytometric analysis

A549 cellS 2 x 10°4 25 or tissue culture flaskel platingdt 3 244 7+
B ettt A S IS FEHEE 24AL T A AT
w21 & A A & PBSE 23] A MEE 70 % o= AT 14
H ocell& 12,000 x goll Al 102%F ¥4l 3t ethanols Al A% $ PBS=® T}
Al M #ste] RNase A (100 mg/ml)E sample B 50 i A4 3087 A
218t tl. RNase?} AAE cellS propidium iodide® 92 & flowcytometry
£ o] gsto] AEF7IE SA453

1} G1, G2/M checkpoint % protein translationel] "X+ <3k
1) A=z FH]

A549 cellS 2 x 10°4 25 orf tissue culture flaskell platingdt & 244] 7}
B wiketth A S IS FEHEI 24AL T A ST
WA E A AS & PBSE 13] A& slal scraper® o] &3] flask Wl cell&
T FASAG 12,000 x gollA 1023 YA 3] cell pellet?rS 4 A 35}
lysis bufferg& ©]&3} lysisstAth. thAl 12,000 x goll A 102 &<
AAE 2 8te] cell debriss A &g s whs FA ] AP A&t

o 9 |
)
@,

Bradford¥ & A}&3}le] sample o @z s=2 2H&E35)
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3) Western blot

chulzl o] 7)o uwhzl 12 - 15 %9] separating gel¥ 8 %9] stacking gel
S 5] well ¥ 20 pgd @A S loadingdle] 100 VoA 2417 F2F A7)
FeS AAsH %‘ﬂ@% a71dz 23tk Gel Aold EEd gwids
nitrocellulose membrane. = transfergr ¥ 5 % skim milk / 0.1% BSA /
T-TBSeI A 1417t &<t blockings A3t} Blocking & &Q18taix} &h=
ol sk S 1 : 10009 B2 3 % BSA / T-TBSo| 3 A&to] 24]
7kl A overnight7FA]  membrane®  bindingdt$dth.  TtHA]  horseradish
peroxidase (HRP) conjugated ©]x&#Z 1 : 10009 W]&= 3 % BSA /
T-TBSel| 8] sle] 1A 752 vb-gAlH Y. T-TBSE membranes washing ¢+
% enhanced chemiluminescence (ECL) kit& A}-8-3l%] membranes WHE-Al 7
T LAS-3000 image analyzerZ Tl d o] vy H=2 22lslt)

2. 7F& o] protein translation®] "X+ WAY S

7} A B F4)

AB49 cellS 2 x 10°% 25 or tissue culture flaskol platingd 3 244 7F
<t Hﬁokf"}oﬂu} A g3k JgdS TEER 24A0 Sk HEskAdh
Z A A & PBSE 13] A&H31L scraperE o] &3 flask W9 cellS
B A 12,000 x goll A 102 &<k 9alEelste] cell pellet?& 7
3Fo] cell lysis buffer® ©]£€3}9] lysissttl. thA] 12,000 x goll A 10E3F ¢
HitElsto] cell debrisE A3 5 wh& F75te] AF e ARttt

Hj %

AN

>

i

okl A 2k

A [e]

Bradford® & AH&-3te] sample W9 @9d sxg FEsad
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t}. Western blot

izl o] 7)o whzl 12 - 15 %9 separating gel¥ 8 %9] stacking gel
S 5] well ¥ 20 pgd @A S loadingdle] 100 VoA 2417 F2F A7)
FeS AAsH ?}‘ﬂ@% a71dz 23tk Gel Aold EEd gwids
nitrocellulose membrane®. 2 transferdr ¥ 5 % skim milk / 0.1 % BSA /
T-TBSeI A 1417t &<t blockings A8t Blocking & &Q18laix} &h=
ol sk S 1 : 10009 &2 3 % BSA / T-TBSo| 3A&to] 24]
7kl A overnight7FA]  membrane®  bindingdt$dth.  THA]  horseradish
peroxidase (HRP) conjugated ©]x&#Z 1 : 10009 W]&= 3 % BSA /
T-TBSel| 3X3sle 1A3F 5ok WA H Y. T-TBSE membranes washing
3 % enhanced chemiluminescence (ECL) kitS AF&3l% membranes WHS-
A7 & LAS-3000 image analyzer® i zlo] wd AwZ Folsl¢tt.

2}. Kinase assay

A Aol X Alo] uhe} Seize primary mammalian immunoprecipitation kit

S AFE3Fe] A AISFS Y. mTOR kinase assay+: 300 uMel ATPS 1 pgd

PHASS AF&3Fo] 30% w<F 30 Cold AAsdt. 5X sample buffers 37}

sto] ZUdoEM M-S AHAXAZY Alme= 156 % SDS / PAGE=Z #4135k

t}. Akt9] kinase activity:= #|ZAF] A Alol wh} Akt kinase assay Kkito =
A8kt

v}, Immunocytochemistry

A549 cellS chamber slided] v & 71gddlS X g3t 2447 3o
slideZ PBS& Al&3d & 4 % paraformaldehyde® 10% E¢F A3t o
Al A" T WES o olHdE (101, vVveE T 1A N 3 % BSA /
T-TBS® 1A%t 5<¢t bloking3 % anti-phospho Mnk &AZS 1 : 5002 3
A3le] 4TCAA overnightoZ WESAIZTE ThA] A2 A FITC-conjugated
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ojxtgAE 1 : 5009 HI&E FAEe] 1A F<t

b WS A AT
DAPI (4',6'-diamidino-2-phenylindole)Z& A}-g&3}le] oF2loA] 30&
k. AlH 3 poly-L-lysine & mountdte] &3] HolA o2
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ANOVA HALo=

1
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BX
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1o

)
=

3}e] corn-oilell &

A A stocks Al

DMSOel &3

[e]

A& (0475 mg/kg), =&HEHT (095 mg/kg)

7]
mg/kg) o2 A A

A
7he =l

}
o wet AdEHe] FoAFE A=

i=

=70 AgHEFT (1.1 mg/kg), T (22 mg/kg) B 2837+ (44 mg/kg)o
[e)

=

K

0

)

el

R

7}
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§ et
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°of 9
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o
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Kol
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AW F AAEBEe dusit $AL AASE, AGERA AEERE
ArgEe ANAA fHdon BE 45 AAEAAY. S ol B9
Z2L2 10 % sAAx=22Ho| sk

Fol $R F U2TH APTY RE JYFES Qg AAsy
om Aol LU FFDEFE dA A F PAL AW HPom KA
Qg9 oY fFE AT

s% 4 A4 Azhom, ¥ A w

= ail
E A¥EES Ao Ak dA9AAE A SagAA
(EDTAZF &9+ Ay AFs9 ey, A58+ Al47] (Hemacyte,
Oxford Science Inc)E °]&3sted WP (white blood cell or leukocyte
count, WBC), A&+ (red blood cell or erythrocyte count, RBC), &4
% (hemoglobin concentration, HGB), 43 +&% (hematocrit, HCT),
¥ &2 (mean corpuscular volume, MCV), #H# dM2= (mean
corpuscular hemoglobin, MCH), #H+ ¥4 F% (mean -corpuscular
hemoglobin concentration; MCHC), &4 % 4 (platelet or thrombocyte count
59 ol #Hstol SA A
oA stelAl HAF wgk Qkepgmiow Ay 1,500 rpm<
stet4 FgEs &
of 2u) 3|43}
3te] TP (total protein), ALB (albumin), TB
(total  bilirubin), AST (aspartate aminotransferase), ALT (alanine

aminotransferase), GLU (glucose), CREAT (creatinine), B.U.N. (blood urea

4 o
ftlo
et 1% Kt

o

Prime)E ©]
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(phosphor), LDH (lactate

P
dehydrogenase), CHOL (cholesterol), ALP (alkaline phosphatase)

TG (triglycer), Ca (calcium),

nitrogen),

=
-

o
==

5}

133

S

—_
o

o

il

Jvmo
_ZTI
el

w

i
o

o 2
= 1

11 H&E (Hematoxylin and Eosin)

uj] 3]

-
R

Aell

Litchfield & Wilcoxon

1
.

50

gt LD:s

2o o
AR S F one-way ANOVAC] A

Al

BES!

Fo] Student’s ¢-test

S

o
T

ol

o] §3to] oj%

=
=

171 9

S

T2 Al

_
o

vze]
e
el
el
o}
oF
~N
o
o)

lig)
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A 44 A3z 2 a1z

Z =3

v

L =gy 242 29 2 24

=HUF (Zelokova serrata Makmo)®l FE==c gt A5+ °oF 60
ZEHEE 70d ) $Rkel] o] 27|74 &gk A 7F e vk vk =E U
°of Y FEAHE FToAAMNE M FE g AYIHH A FHem 5
3 FEWME AASHAEA =HUFE HES =5UT AN By
= 5AS AYa Uk oo gk x4 SALS B d7AEY sk 2
A3 NMREAS FaA Barg v dok

Hayashi 5(1972)2 “=ElU (Zelkova serrata MAKINO)2] A} A H-oll A &
AE gtgd 8§99 % 7}A naphthalene §E5&52<& 27 . =45 242
4-isopropyl-3-methoxy—1,6-dimethyl-7,8—naphthoquinone (= mansonone G
methyl ether)¥} 7-hydroxy-4-isopropyl-3-methoxy-1,6-dimethyl naphthalene
(7-hydroxy-3-methoxycadalene)2} 3L 7+t o “EjLFo WAz 73 st

5 A Fash A4S drhr Bastdti (I 7).

MeO MeO

229 7. Mansonone G methyl ether®} 7-hydroxy-3- methoxy cadalene
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3l Hayashi 5(1976)2 7-hydroxy-3-methoxycadalene®} Mansonone G
methyl ether + sesquiterpenoid®] < &A¢l 7-hydroxy-3,3'-dimethoxy-
7' 8-bicadalenyl ether (CsHzsOs, MW 486)2 “©EuF Al A oA n-hexane :
benzene (1 : 1, v/v)o EwZAL o]&3}¢] silica gel column
chromatography o2 g stgoem C-7 929 09 C-8 9A9 @& F
el gty Zte] dEZ2AFow F3FAE AT HFTH(F B).

a9 8. 7-Hydroxy-3,3' -dimethoxy-7',8-bicadalenylether

Hayashi ¢} Takahashi (1980)& ZEUiF AAFe WA FZEZ5EH
n-hexane : ethyl acetate (4 : 1, v/v)& ©]&€3F Silica gel column

L=

chromatographyH 2.2 7@l EF9] 9] M 2 sesquiterpenoidiFol 3l F
=4 3, zelkoserratone (CisHigO3, Mw 246)3 53|91 homozelkoserratone
(cadinan-2,5,7,9- tetraene—4,7-diol-3-one, CisH2003, Mw 260)ol thst &z %
T* =40 ’d &8t T Zelkoserratone©] gk o] &
7-hydroxycadalene®.2  3=d 4 9lom HE  homozelkoserratone=
zelkoserratone & = W€ stE thal W 3135} T
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b E U A Ahaae] g 7

ZEURE =EuUr el St GEEdunow Nt dae oy
I T, A, S, Aokt Al de AAEa gl ZE U=
UREZo] ofEdn EojXx ¢gol A& FEAY 7FFARE dy] o]gHo] ¢
o, FH AHAFoRRTE Uy Ui E AAEHUAN RSy SUFE B
o] A k. olgld “ElUR] dAuj: nAdFdd osd AHE I
A7, AW E AAskE %S ARtal 71550 itk T HAE e
M= =EURS BURAIZE =2 ook, AblA o] gs f% ZRAEC] o
gow “EUF FEHdo Aeshd @44dS AAE b vk A@A S, =
By FEe Foll AgAEe fgo] =2 AFEo] FFEol Advks oAHA
3 A= dglorn, o3 HEL FAHow Jddl FXE i Y B
al

EL
30
o

o
B>

K
o
b
L

=

H oga 1572 (
(C20)> Alxzue] A A (plastids)oll Al BEd AR, Al=FAHAS A
(

A (cytoso)@ AF¥ A (endoplasmic reticulum)oll A A o} ol&L &+
A T HYdde] Hdoly REAAA Ui AP S FHAA FE 9

o Jg M T oo 8
o

i)
oft
e
i)

g#ae a8 9 oA HEo] farnesyl diphosphate EFE o] @AY
<, & g8t 9kg (cyclization) @} o] @A A 9WHE- (rearrangement)
S AAA cadalane ©] A E 1, cadinene FEHS AXA HWEE xS ol F
bl 7] ZF o] g H = AoR A vk A FANS FERE UL
A A=AYALS ofe] F57F A= Fuu oA oln] WHE np glow
Ao A AFESE “EYFolA = Jlgde] 7] FZAo 39 whaet 7H &
of Ztz} W EA7|9 Sto]=EA7]7F X3k 7-hydroxy-3-methoxycaldalene
(olat ZhEdor W) +xE s YATHIH 10).

B
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=
OPP ®
Farnesyl diphosphate
~CO-CO-C0~CC
©
Cadalane Cadinene Cadalene

19 9. Sesquiterpene®] A& ARl farnesyl diphosphateZ%H 7}

gael A 27

a9 10. 7-Hydroxy-3-methoxycaldalene
(Fhe)e] shehx4
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Jerdle “EUR ojuhe FZelo iy
EEECEEE P PR

el % =
B8 e ugs Sl Agadon, gde T 8ol 9 1 (v
go 8597 Adsiant 2 B8 TLCE ol gse APl 8%
selelglon, w49 AHe 7gd B0 A7) sl shadel selw ¥
gyt mold thAl As A gYaznEaeu s 9e FAsl A48,
delg sleale] S U “EUY kg 9 29g o9tk

gk il A EI-MS 24 o2 43519
(m/z, base peak)® ZAEATHLH 11). 17 120] e
chromatogram< #| A& th. HPLC chromatogram ¢ <F§-%-o vebd 3=
= 7hgdl g ol AREs &uj(lYolAlEH o] E)T Ao W retention time %F 26
woll =R dEd =% A hedl 9=rk dekskth HPLC
chromatogram . 2 ZA}sE 71gdle] £5& 05 % o4l Ao & velytt}.

Y 139 UMele @@ shgde] 'H-, PC-NMR ~FE# 3 mass
spectrum< YERAITE ©E] e gldaAe] PC-NMR2=#EE 9] chemical shifts
= X 4%} Zrh flolA dAgdxel], e gE AxFHASA = EE
aromatic hydrocarbon 7+Z& o|F1 o=z Cl1FH Clo7tx 9 ®4i 1=
100 - 155 ppm G UERT WA CLIFE Clse slgde] 247

£ ©°]F+ hydrocarbon®ZA] 30 ppmeolstol A WHAEJoH wWEHT] =
48X o2 57 ppmol A JAE JeERH ST

Ir
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e 244
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20
Ewwu .|'

19 11. EI-MSe| 93t 7}

7-hydroxy-3-methoxy-cadalene

o}
=

o] Hape

300 mez

20

30

Retention Time (min)

a9 12. FbgEle] HPLC 24 A z2ntE 19

_57_

40



ppm

29 13, 712 e 'H-NMR ~#EH
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11

8 12
7 1 15
14
10
9|5 13
|
A A . L l“u |

200 180 160 140 120 100 80 60 40 20 0
ppm

29 14, 7hgAe] BC-NMR ~HEH

¥ 4. BC-NMR o 98 st=el 4 29359 chemical shifts

Chemical shift Chemical shift
Carbon No. Carbon No.

(ppm) (ppm)
C1 131.6 C9 128.8
c2 116.4 C10 131.6
C3 153.1 Cl11 19.7
C4 125.7 C12 16.9
C5 125.7 C13 216
C6 1275 Cl4 26.4
C7 150.7 C15 26.4
C8 106.7 OMe 57.0
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B ool e Agabg 3 hed AV 24 0 g
o $Eo| BF BAS AAGT 49 Astel 295 33T =ER @
e 2 AR Rostel AR FE2 AAddod, dde 2hE

FAA7A B deie. g nEel, Agd mNas Yy o A4
ol WS, AR A e AEHA @k TEel (o) LA
® A2k 190 am¥E 400 A AU S RAT AN F

Ede dehltd o AnE ¥R % w o5& Addsn g @

prs A o] AAY T o SH)

7-hydroxy-3-methoxy-cadalene

/

This signal has exactly the

same UV spectrum pattem
* between 400 and 190nm with
—Ringl —Ring3 the previous signale!!
*
Ring6 — Ring7
—Ring8 —Ring9




il
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=A YERS T (" 16).

e,

3

AF-ol A AAK (ring 7~NE Hol=HA HAF 7] A=}

Il Total EtOH Extracts = Cadalene

0.015

1 0.01

(%) dusrepe)

1 0.005

-0.01
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Sapwood

50

40

I e e e EEREELLLEELEt SRR St Ll

30

(%) s10enxd HOYA

Ring 1Ring 2Ring 3Ring 4Ring 5Ring 6Ring 7Ring 8Ring 9 Bark Leaf
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o AYAD 47 FAoly e 9B Gl 9

A e i = s R e B i R ) B B o e [ B
A FpithPRoz olEats APAA AAPAYEHeleta oZgr}
a9 159 HPLC ¥4 ZzvtEasloa Hio] ZElUf s 71d
ol9fo] ThFgt HAB Aol ZAetL Yon o5 FHog HE LY Ei
AR E U AARE F4ste T8 BEHER dS5d oy AREe
V ~#HE" 2o 9 o5 sgdl AT FAHA FAE s

ALY 195 d5€h

:
2
o
}m
r
ul
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CHO
OMe HO OH

a9 18 =5 YR FFA A= o gtEd 54 42



A
PHA kg it

FAbel 6
T. versicolor

23}

e

|

~

A &gk &

=
=

¢+

C. parasitica®}

Ui el

=13
“

=3

g ez vEsd (2™ 19).

%

(o2

oA & & el

virided] tai A= 80 %ol

e

100

o o o o o
[cS) © < N

(%) ones uomqiyul ymoib jeydAy

Fungi

2% 19, =EUE O

G. ¢ : Glomerella cingulata, F. o. : Fusarium oxysporium, F. s. : Fusarium subglutinans

f. sp. pini, C. p. : Cryphonectria parasitica, L. b. . Libertella betulina, T. v. : Trametes
versicolor, T. p. . Tyromyces palustris, T. v. . Trichoderma viride, T. h. : Trichoderma

harzianum
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KCTC 1039, E. ¢ 12079 : E. coli 056157

eus KCTC 1621, S. t. 2515 : Samonella typhimurium
faecalis ATCC 29212, P. a. 27853 . Pseudomonas

us subsp. aur

515, S. t. 12027 : Samonella typhimurium ATCC 12027, L. m. 3710 : Listeria
KCTC 3710, E. ¢ 1039 : Escherichia coli

1 : Staphylococcus aure:
2079, S. f 29212 : Streptococcus
sa ATCC 27853

ogenes

NN S~

S a 16
KCTC
NCTC
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o AFNAE =HUYT 2FEEC st S dAFASAQ] o
tocopherol®} &4 &4F3kA] 2l butylated hydroxyanisol (BHA)¥} H] il - A E 3}
Ak =, =HUWE dEs 2FEE9 gz LA oF dsad S
AEs7] 91stel DPPHE o] &3tel Zk7F 100, 10 pg/ms =2 a-tocopherol,
BHA 9 z23ZE° 2gtzd 2SS v, AT 43 100 pg/meol A=
n-tocopherol, BHA, ZF&& 2% 90 %ol49 zZgagigzd 2A%S JEy
R (g 21, ol AR FL&7F U Eol DPPHel g #itjz AA
59 Aol7t vEUA] &= Aom AZEHIAT o9 B e dE Felst]
913l DPPHH O HA w&E& xAMS A3 A5 ¥5F 10~25 pg/m= 3
Re w2 Aed Fojde] HEs] YEh, ARE 10 pg/mEEE A8t
AARsArk. 1 A, 2FFES A7Fo] 443 %, BHAZF 384 %, o-
tocopherol®] 464 %2 ZFEE i AAGAIAA  a-
tocopherol 2 $HA &4k3lA¢l BHAS 53 Aoz #wE ).

100

Z. serrata
O Tocopherol
OBHA

80 -

60 -

40 -

Free radical scavenging activity (%)

20 -

100 10

Y 2L mEbE ue 2FERC ZeddR AA5 oW
PREE
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dl ghgee] ey A4

1) Superoxide radical®} Hydroxy radical 2~A&d &4

= o
oxygen species)®] AA mEALQ] 43S Fale] w3t W A 5 vk E 3
o QlHEUE A de &R ARttt “EUR AR dEs 23E
Eo] g3t FAS dEldte 7|Ee AYANE AR ghgEoe] o3k
FAS HEUE F8 ARAAES Adsty] $te] ey G =5

100

Tnhibition (%)

N
o))

0
0.1% DMSO 1 10 100
7Hel5 5= (ppm)

21§ 22, 7hg@ 5= hydroxy radical®] 4715 %4
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15

10

Ipp

0.1ppm

0.01ppm

Inhibition (%)

74kl 5% (ppm)

a9y 23. 729 FE=W superoxide radical®] A2AT =73

7y W3k hydroxy radial 2452 1 ppmolA 100 ppm7A] 7F&#1
TEE 2EstdaA SAHSFAHIY 22). 2d Ay g g 2ATS
FEo wl$ oFEAQ Aow FHHI oW, 100 ppmol A= hydroxy ]z
S 719 100 % o)A AAHE Aow Hol FhEdaEle hydroxy @olZd AAE
dol wjg- 5% Ao dFHQArh v 17l 2304 AAS AAE g
AL superoxide &t]Ze] AAGANE A T e AeE Hol} E
o]atAl 7t&@ 10 ppm F oA 10 % 7FFe] superoxide 2A5 S HoF

%2
oy
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2) AEEA 2w vw g 54

AgAe] AMEEAde g AP AEF (HaCaT cel)S Abg3hol
MTT assaydg oz ZAsgom (¥ 24), HAeid nwWFgas 7}1434]94
tyrosinase &4 AMBAHS =AHsto] oAt (28 25). 7t FFE
1‘5134&— T4-‘?—°ﬂ BH A4S Fojdl elastase B4 3 gl xﬂsﬁ‘—g--g— =

100

75 F

2(%)

K

25

[
W
(o)}
|
oo

9 BHT 10
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MTT assayt AXEe] nEEZ=golo] 9= succinate dehydrogenase 7}
MTTE #YAA formazanolet= A 2ES JASE WSOz, o5 A
FogtoZ2A NESY L AZAEES FEe F Ao B AdeA e e
d F%=E5 1 ppmelA 10 ppm7Z7hA] @elste] Abgh 2 A o] Fojgh Fo
Al Zagage] %S UV (540 nmE SA o] 71gd e AlEEA oRs
d3atkskAQl BHT = sl B-7oF Hluste] Ak

E?l‘

oX,

7tgddl %= 1 ppmoll e AE AEE0] 9F 90 % 7FEHo 2 A
Al YeyA] RAA T FETF moldaE ME AES AA
v Ao® Yetyth A48 A¥ 7S v v FE0 6 - 7 pp
A 1Cs atel SA = vl EZ<Q1 BHTO Hls] Ax AE&o 93
Aoz HFrteEn

=

o R
tlo i

o
8 o
o,

ot

)

¥ i

M =2 24 o

60

‘ -¢- 5%DMSO -8 MeOH:H20=1:1 -A- Phosphate Buffer

40

20 »

10ppm 100pp: 1000ppm Kojic acid 10

Inhibition(%o)
(e

7hRl -5 5=(ppm)

9 25, 7FEE9] tyrosinase 84 A EAS =A
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_71_



hr Control hr Cadalene

hr Control

a9 26, FhgEe) 93 MEW FFHA thAF oA scale bar = 20 um

AS9MIE iAol FITC7} label® 732225 7heh & AJ7E
o] uptakeE AAIA o= S a9 [ AEE AF

+ differential interference contrast (DIC) image =2
Uely, 93 olglE= #3439 DIC imageE A =& ag o7 33 AE9

FHE A BdEs= ARl =]

fr

>

el

o
o

of
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12 hr Contro 12 hr Cadale

FHE T BFe= Aol A=l
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bl [0 it Cndalense nbral 2% min kifene 2N man

mitrd E3 Cadalene kol Uadalens

HE

a9 28, ZhgdEoe)] 93 Al SFF32 2~ AL ¢A scale bar = 20 pm

AB49A 32 vl Aol RITC7} label ¥ S 532228 7kst & A7bH 2 J3F I8
o] uptakeE AAA oz ¥EI a9 [ZF AER AFY QX A H
WE Ve 2L W v 0 2% 9 st Faw qizaa stgd A
o AERGES v Ao PAEY RS A Wt gloy 1o
A7F woll H A A% AS YEeRd differential interference contrast (DIC)

image]
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B Cadalene treated group
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AL SEUT AR G E g EEA FEEA

LEURY] oehe 2FEE NS dato g B33 B2 o] HPLC chromatogram
2 a9 300 AAEITE AEetEH Al gl o]elo] 8F¢] ¥ =t A
H9Ed, ol 4 vaEe UV ~dEZ”L 71l vf$- fAlste] ol &4
el AT A A Fhdao 2 HE
SR Al gkl o]elek oy F

ghAlsha qlek,

¢

rlo
do e

to |

Cadalene
(7-Hydroxy —3—methoxycadalene)

l 3,7—Dimethoxycadalene
Keyakinone A

7 —Cadinene 25.5min

28min
24.5min l

37min

Ll ,

0 5 10 15 20 25 30 35 40 45

Retention time (min)

a9 30, =EjuE Ak FFoe] HPLC ¥4 A ZvfE 13
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zkzke] I A s Fate =&l sk prep& HPLCE 7t 85 ¢
EI-MS, 'H-NMR, “C-NMR % 7|7124g Amste] 72 54
!

5

24 e sd A3,

e 1
A} A 22 AU Yk

O

meey peee
J ~// \\‘ o

7-hydroxy-3-methoxy Keyakinone A
cadalene
ocn, (Y /g
cHO ' ‘ e )= 22
3, 7-dimethoxy cadalene 3, 10-cadinadiene

a9 3L =Eul A e @ Fe e 54 7 x

1) 3%+E 3,7-Dimethoxycadalene 1%

3,7-Dimethoxycadalene> HPLC ZL2wlE1#3]A oA oF 319 mindlA &
=5 Qo o] EAS EI-MS spectrometry® #2413 A3} Exl#e 258 +
2218 CiH»O0o 2 WEFSETE, silica gel TLC plateol A 3,7-dimethoxycadalene
o] Rf %<2 hexane-EtOAc (9 : 1, v/v)ollA ¢F 072 uYElyton 38
TLC (20 x 20 cm, Silica gel) &2l &7 hexane-EtOAc (8 @ 2, v/v)
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2 3ty 335 37-dimethoxycadalene®] ZA L FAoz Emd WS u
o, o] EHo s HPLC chromatogram, UV spectrum, 'H-NMRZ}
YC-NMR #} EI-MS spectrumS 1% 330, 343t 248 19 329 2t}

'"H-NMR spectrum (500 MHz, &, Methanol-d4) : & 1.42 (3H, s, CHs),
1.44 (3H, s, CHs), 2.36 (3H, d, 0.1Hz, H-12), 2.62 (3H, d, 0.1Hz, H-11), 3.88
(3H, s, OCHs), 394 (3H, s, OCHy), 7.10 (1H, s, H-8), 7.16 (1H, s, H-5),
7.83 (1H, s, H-2).

BC-NMR spectrum (125 MHz, &, Methanol-d4) : & 17.34 (s, CHs), 19.93

(S, CHy), 2197 (m, C-14, 15), 2420 (s, C-13), 55.55 (s, C-16), 57.20 (s,
C-17), 102.75 (s, C-8), 116.74 (s, C-2), 129.16 (s, C-9), 156.03 (s, C-3).

OCH,

CH;0

a9 32. 3,7-Dimethoxycadalene®] +%
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3,7-dimethoxy

-cadalene

.

T
Fedeaviliom thivee (il

T

HAHE

£ 1 ® = i (L] f §
-

19 33, 37-Dimethoxycadalene®] 3 HPLC ¥4 zZ=znleE1ad 'H-

BC- NMR ~#E¥ 7} E[-MS ~#HEH
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2) 33t 7-Hydroxycadalene—58-quinone 7%

HPLC spectrum’d®] 24.7 min thelx] AEd EZ2ZA 13 d@lx]4 4l
S vy e AAS AYx Eold &S Wt} silica gel TLC platel A
7-hydroxycadalene-5,8-quinone®] Rf %<2 hexane-propanol (8 : 1, v/v)elA]
ok 072 JEwoer E#8 TLC (20 x 20 cm, Silica gel) #glo &ujx4A
2 hexane-propanol (7 @ 3, v/v)2 3ttt EI-MS=Z #A43s Ay FAg
274 (mp = 152 C)oly EX2& CigHigOs2 YEFYTE Keyakinone Az}ilxE
3} 7-hydroxycadalene-5,8-quinone®] F+xE A dt}. o] EZd gk HPLC
chromatogram, UV spectrum, 'H-NMR¥ “C-NMR # EI-MS ~#HEHL
o1 3500, shet A2 1F 349 2k

'H-NMR spectrum (500 MHz, &, Methanol-d4) : & 1.38 (6H, t, 3.0Hz,
H-14, 15), 2.02 (3H, d, 3.5Hz, CHs), 261 (3H, s, CHs), 3.93 (3H, s, OCHs),
6.82 (1H, s, C-13), 7.88 (1H, d, 1.5Hz, C-2).

BC-NMR spectrum (125 MHz, &, Methanol-d4) : & 15.76 (s, CHs), 21.56

(s, C-14, 15), 2390 (s, CHs), 56.12 (s, OCHs), 116.38 (s, CHs), 140.16 (s,
CHay), 181.59 (s, C=0), 18347 (s, C=0).

OH

CH;0
o)

19 34. 7-Hydroxycadalene—5,8-quinone7-3=
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7-Hydroxycadalene-

5,8-quinone

il 1 Ei g1 et e
Hademilom time (min)

-maIn “r-ANe
| | o B d i 1 1
11 1] i L] d X i I 128 L E )
P ]

1Y 35. 7-hydroxycadalene-5,8-quinone 3% tha HPLC #4]
ZotEad, 'H-, PC- NMR 2=E3 1 E[-MS ~=EH
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3) 3¥E 3,10-Cadinadiene T+%

W EHAEA 242 9
AME Wi glom Gufo] &3 AEjdAe =S Wt silica gel TLC
platel A1 3,10-canadiene®] 7} o]& <l Rf #%2 hexane-EtOAc (8 : 2,
v/v)old yelstow 238 TLC (20 x 20 cm, Silica gel) 29 &mz4A
2 hexane-EtOAc (7 : 3, v/v)& 33t EI-MS=Z #4135 Ay EA52 204
ol B}l CisHoyZ YERSETE ¥o-Cadineneol 8t % 31 3 10-cadinadiene
o FZEE Atk o] E#4o o3 HPLC chromatogram, UV spectrum,
'H-NMR# “C-NMR # EI-MS ~HEde 19 370, 348 F24S 19 36
I} 2

< 4l

«

rlo

19 36. 3,10-cadinadiene %
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!
( II.-' l-\lll
I""'\_ﬂ/ | « 3,10-Cadinadiene
i:.\‘-'___.--'_"\-\._ . ___i
|
s .
@ 1 2 A A Al

Betentbin Uaae {imidnk

TS W wum

A
| TS
=
i
-

19 37. 3,10-Cadinadiene 3}§t&¢] i3 HPLC #4 aAzviesl 'H-
BC-NMR ~#E% 3} E[-MS 2% E3
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4) 1 9] 3I3tE

7 #3%E ART 165 min)Y T+%

o] 4o AAL A 77hew GG HA ASole FHe 4as
Wl HPLC chromatogram “go WeRd 339 ReF2 offo] veld 19

¥ o] Fad RS 1 9t} silica gel TLC plateol A o] 33&9 Rf
1S benzene-EtOAc (3 : 1, v/v)olA oF 0782 yElytoen EHE TLC (20
x 20 cm, Silica gel) 39 &wZ7A2 benzene-EtOAc (7 : 3, v/v)E 3%
t}, o] EAo s HPLC chromatogram, UV spectrum, 'H-NMRZ}
BC-NMR& 19 383 2t}

it naE T JHE aak =41
Feavamndein pRims ombing

a9 38. 33E A (RT 165min)ell td HPLC ¥4 Z=ntEad 'H-,
BC-NMR ~#EH
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W) 33E B (RT 255 min)Y 7%

HPLC spectrum”Foll A ¢F 25 min thell 7t&@la 2& 9 x|o| A 7HE5n
o] E4& EI-MS=E #A43% A3 S 2442 FA2A o] CiHn0:%]
7-hydroxy-3-methoxycadalene (mp = 109 CT)3} wj-$ W|=3A JEelg ot
mp+ electrothermal meter (920002 =743 A3 108 C= 7hgdl B} vk
oo gAak bl AdEde] Hekys b E S vedllen 24
o] My ggr HE g EALS AU EFE I A silica gel TLC plateol
A o] 3gEe 7P o] A el Rf #H2 hexane-EtOAc (9 : 1, v/v)olA e}
womrn EHE&E TLC (20 x 20 cm, Silica gel) ##¢ Ewjzde
hexane-EtOAc (8 @ 2, v/V)Z &t A4 9 =g T MR GS
wrl, o] EAo utldk HPLC chromatogram, UV spectrum, 'H-NMRZ}
PC-NMR ¥ EI-MS A== E#2 19 399} 2t}

_85_



ra l 25.5min

Ny
o " 0 30 an =0
Retention tine (ming

FTESTIY i A
i J i -I.. l . [ |H | ) A
12 an L] - d - 4 LI L} [E] o L]
(] -

19 39. 88E B (RT 255min)ol ol HPLC 24 zZznlE-13 'H-
BC-NMR ~#HEH
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th) 3}8E C (RT 37.0 min)9 ++*

obef ¥ 4001 yEhd npeh ko] HPLC ~9E
§ FEEA HEdE o] E-E 40 vton A
el silica gel TLC platedl] A o] A#2] Rf #2 hexane-EtOAc (100 :
5 v/v)e A oF 072 YEger, +38 TLC(20 x 20 cm, Silica gel)
2o &1 x7AE hexane-EtOAc (100 : 8, v/v)E 3} th.

/ 37 min

] i 3 1] L] L]

Rercmwtion Clme {mpinj

A
1%

¥ 40, 838 C (RT 37.0 min)oll dlgt UV =8 E"]y HPLC
ARvE 1Y
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of. =5 uFI FFoA gl B g 54 e

LEYFE HES =FuUFY FFELS Ty o589 FFHA
sesquiterpene 2} ¥ 1y, ] 5 kg A9l gFe] =2 HANEHZ

=

= =1 5 =
S UF g/ I Aoz dHA4 Qv (B. O. Lindgren 1968, B. J. C.
Overeem 1970, Fa-Ching Chen 1972).

54U s ez g g A5 M. Fracheboud(1968)# B.
O. Lindgren(1968)%©] naphthalene T+ZZ2A L] et FHAS AF= 43
3tk Overeem¥ Elgersma(1970)= =5 W3 4=Fol A olA mansonone E
9} mansonone F, 18] 31 7-hydroxycadalene 5& A& FEENA @23
o olE Fd A EtOAc ZFEEZ5H £ 3 mansonone E¢ mansonone

Fe 454 S Adta 2asti.

H. Suzuki 5(1972)2 =Fu5Ho Fsle FEHUF(Ulmus laciniata
MAYR.) A A2 n-hexane F= =245 E 7-hydroxycadalene® mansonone C2}
ES @89}k Nishikawa 5(1972)% SGEUFE ooz AA ek wWAzte)
FEE 245 vuste] HAS AAELEY ARG #Hek AFE FHEA
t}. o]5& WAFEEJA 7-hydroxycadalene, lacinilene A, scopoletin,
vanillic acid 5& @& 33t} o]E FollA 7-hydroxycadalene®} lacinilene A
= A AE hexane FE oA LAF A2, scopoletin, vanillic acidE= A A o]
e Ad BALR 2oth 53] mansonone CE 7-hydroxycadaleneo] 4F3}
Hol dAHE SHEA AAARt Yebdrar 5k

Krishnamoorthy(1971)e] ]38}  7-hydroxycadalene> U. glabra®t U.
rubratt= =EUFI FEA B =M, 53] mansonone C= U. glabra®l
Aol ko2 Exjsl  7-hydroxycadalenal® 7-hydroxy-3-methoxy-
cadalenal> W Ao A HARTI et Chen &(1972)2 F=Fuh7o WAl
F=E A 7-hydroxycadalenal, 7-hydroxy-3-methoxycadalenal, mansonone

C, sitosterol, mansonone G < ®#3t=d A FsAh
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2 AeA e =EHuFS @A =FuFitel  Fabe =F45(U
macrocarpa Hance.) F =55 (U. parvifolia Jacq.), ¥ =FU1+(U. davidiana
Planch.) ¢t A =5 (U. marcrophylla Nak.)E thAo = Ao EA st
= naphthalene A|E2] EAo|HA A oA HIAAEEL Ao &34
o

B49 AgAe] f7o Ao 2L wFA

g 410 FAFEE AR dEe FEAS Astor FEHI F
HPLCZ 43 ma=zZntEadlEs AASIAT 7o duids =gy
HPLC Z=zrtEaflelw, ofgf 2 =Fuy, F=Fuid, d=fuiret S9=

7 azvtEade Az Adsdad 19
B 32l A o 5% ulol vehu, e
B gelds 43w ek

LEURS FEEe] ARvEIRS 4MEd guFure 2duFu
2oh s fAstHE FEAS WAL 5 Atk 2 9ol BE SEoA 2]
g @ A7t HAHEH o5 BAEE AGAT go] HAFReA
WoaAE Hoz nFol ofEE s WMAlAtele] WARAAZAN BT
Hol AAFZ olFet AMEAEAR FAAY o% FEA Hase
prep-HPLCE ol §3te] 717} 248 4ej=
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7-hydroxy-3-methoxycadalene

"N

LJULM A ~

In
i
-
40

0
In
i
-
0

o
VAT
]
-
10

ri
1> He
Iy
i
L
10

10 15 20 25 30 35 40

Y 4L =FURS FFM 58 94 2H8e HPLC 24

aARvE 1Y
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1) =5Y¥(Ulmus davidiana Planch.)

=EUE AAR des FEH A B EdAE 7 oMY Azt &
7 2480k 262 el A A E AT (1" 4D, °l5 Y25 prep-HPLCE ©]
S8t 2H7 wrd FEHE ZYd - EFMS (JMS-600W, JOEL)Z Ak
< FAsAT (L9 43). 26 o] §E5H= A FAHS 214 m/zol e
), ol= il 39 fjA o FFE HEAIIF EAeA S A9 dA
3 glt}. o]23k % (7-hydroxycadalene):= W-FuUF ¢ SY=F}59
ME BAEAT Fhgdo] ARAEHE B (29 9L AHEW 7-hydroxy-

cadalene= 7tgd AFAe] HAFEHeo JyUZR FAHO F& A
hydroxylase/O-methyl transferase®] =8l oJs|A] 7}Ezle] AygHido] <+
He Aoz FAHAY (11 42).

OO ’ :
hydroxlase/O-methyltransferase © OO

>»

invivo

7-Hvdroxv-cadalene 7-Hydroxy-3-methoxycadalene

19 42, FArSo] 93 7-hydroxycadaleneol A 7gdle] A 3HA
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a7 43, =FU FEECA e
SRR = A

< 3}gE o] HPLC &4

Hx

2) Z=5YF(Ulmus parvifolia Jacq.)

FEFUE AAR dghs FEd9 ik B8 &= 7 o/l Azt 7
7} 2642 29% el A AT (71" 41). °]F 9 AELS prep-HPLCE ©]
f3lo] Ztzb =% AEE 2Ed & EI-MS (JMS-600W, JOEL)Z & #}&
< SAs AT 268l §EHE v BAFL 214 mzE =FuolA
DAY SHEY TU oz FHHET 298 9A9 BAEFS 574 m/zE
2R ed, old e AT T oy WEHAA Foith (1E 44).
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3) B=FUF(Ulmus macrocarpa Hance.)

% A w=t 7

°]

=
=

prep—HPLC

A=Sye]
=

g v

2} 2683 28 el A A E AT (2™ 41). ©]
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214 m/z2 =Fue
etk 2058 A0 EAF
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(1% 45).
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EFY - ((Ulmus macrophylla Nak.)

¥ =7}
prep—-HPLC

7H €]

oA

=
=

= O
=

SIE]
EI-MS (JMS-600W, JOEL)® =}

ol &

oA EAEAGY (2™ 41).

R
o0

T3 el A

gt

| -

=
&

214 m/z=

218 m/z=
olglem, olo wieh AFF 2= ofF WHAA &kt (ZH

BA e

EER

AEq e, 298 =] A

KX
=

3H3HE

A
46).
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35 Aan

a9 46, FL=FUY FEEA dEe &4 8§E<e HPLC &4
JZ2vlETH
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=
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6"

a9 47. 7-O-fE-D-glucopyranosyl-3—-methoxycadalene %
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29 48. 7-O-B-D-glucopyranosyl-3-methoxycadalene®] HPLC
J2utEad 3 EI-MS A~ EH

9 49. 7-O-B-D-glucopyranosyl-3-methoxycadalene 2] BC-NMR

~HEY
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1% 50. 7-O-f-D-glucopyranosyl-3-methoxycadalene®] "H-NMR

R
7Zh Edo] tid MExsde 249 BEAAE (ICo)s SHTeEA F
@3 4 Qlvh hE o] W XARES Abs HQF AlEF A oF 32 mMolﬁ’i
oy FFHA 18AE FEE3Z 7T-O-f-D-glucopyranosyl-3—-methoxycadalene
o] HFER|ALE o] 886 uME SH T MESAHLE FA St osiA oF 20
o] wrolx= o FAHHIJTHTH 51)

HeE AEF thH] FAAE PA= FIFS HFSH] fek] 7-0-F
-D-glucopyranosyl-3-methoxycadalenes w422 WI-38 cell lined} #&
normal lung cell lines ©o]&3F F7F4<Q AH A3 WI-38 cello| Al ICs&
20982 pME 1 g5 FHLAELD AS499l H& iAoz vrepglo]
oA (19 52).

F302 A3E Jldao] normal lung cell line¢l WI-38 Al H
A A549 Axe] o E37F Jd5S UEL olE FE =TI
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Cell viability, % of Control

625 125
Cadalene-glucoside (LM)

a9 51. 7-O-fi-D-glucopyranosyl-3-methoxycadalene2] Al
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Cell viability, %% of Control

15,625 HIF B1.6 138 ]
Cadalens-glucoside (M}

29 52. Normal lung A<l WI-38 A|3xoA 7-O-+fi-D-gluco-
pyranosyl-3-methoxycadalene®] 1Cs % 7}
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2. AlZF712A Aol oF #Hely B A=A N

2l MTT assay 2A8F] A549 Al Zo] thdt ICy 23 2
AR AA] Ao Agd &3S IC59 1/1091 0.08
<]

Ao, FHIE 2% st A vx¢ T T E AP

’

Fhddlo] o) MEFr]e] W3E #elslr] $3te] flow cytometric

analysisE& AASIATH AZF A AEZED] T23F FEA Gl phasesa}
G2/M phase’t &% oEA 0w A5 WAL, apoptotic phased}il®= & E]—‘:—
subGl phase= % &Aooz Fr7leldct (29 529 9 g%éj: 19, o]
o 2 ﬁJMW A ATF7|E 2dete] HGAE] T4 ‘i’ixﬂfs}ﬂ,
A EA LS Fste] AdzdddMe] dAEs sedor AAD = de A

o7 gord
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[ Apototic phese

[ ] Glpese
w_
T
l . :
D
D T
3 I g, -
a2 8
5 S o
S S
10 20
ﬁ 10
o o
Gn Low Md Hh an Low Md Heh
[ Sprese [ ] GMprese
64
o T
54
T 2
—4] -
3 2, | |
5 5
Q 2 T o 64
o (&)
1 34
0 o
Gn Low md Heh Gn Low Md Hh

g 53, 7pd el o AEF7] W3t
Con, vehicle control ; Low, 0.02 ug/wt ; Mid, 0.04 pg/ib ;

High, 0.08ug/ul

el AW vhsk 2ol §$3E AT 7 A2
=]

pul

2 E flow cytometry® A7+3k v} 7o) ¥ <oF

SO
T 5ol vE EHor WS o
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t}. G1, G2/M checkpointel] W x| &= <3 3

Cell cycled] #I#HHE AHd Has 29 549 #ro)h olF Gl, G2/M
checkpointel] #HE @l o] wyg & 238t7] 98te] western blotS
AAISEA T o8 checkpoint & A A 28-S ©9sh= cyclin A, B, D+
Fhdlo] oef E&A SR FHashs et At (27 54). o 9ol =
g MEF7] - Adig dFE vAE HoeE ezl tE QAEs f,
p21, p27, GADD45 ¥ PCNA 73

5 @
Ae AT + AN (18 5. ok ARz a9 A

i rn

T a8&402 AAHE wFgor HAY= AL S AASE Zolth

Protein translation®l] v X+= 9&& &21317] fste #H pathwayol =t
ot T A s g western blots AAIEATH PIBKeF Aa4oz 28
st PTEN<= A|9g A cascadecl Al 7hale] ofsf wad d o] 3t
259 (19 56). ol¢F e Ayg B oo FgAe AE FAo "ads o
A s Aoz HdAMEe] FAS A 7 UdS Aol A
7t =] Sl T},
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Schematic Representation of Cell Cycle Control

(modified from Pines, 1995).

Growth factors
Growth promoting signal | —»
c-nyc
I e
i A ps3 DA
Cydmcgon >A/ - damage .
Cyclin B
destruction

> g};;g hibit

Gl checkpoint

clin E
%trucﬁon
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Con Low Mid High

Cyclin A h — - g
Cyclin B _'-* -
Oyclin D1 [ v W w
Cyclin D2 . .

oyeinos [

9 55 Fpgael 93k cyclin A, B, D] whuld wke % w3}

FrE AZS 23 T western blotS o] &3
2
=

Con, vehicle control ; Low, 0.02 pg/ul ; Mid, 0.04 pg/ul ; High, 0.08ug/ul

- 107 -



Con Low Mid High

P33 - - el s

p21

GADD45

Ao ek Ak =z AZS AJFH F western blots ©] 83}
o Zr v del Wes s 1.
Con, vehicle control ; Low, 0.02 pg/pl ; Mid, 0.04 pg/nl ; High, 0.08ug/ul

- 108 -



2}. Protein translation ¥ AM¥E 213 ddo] nx= 3k

Protein translation®] Vx| 9&FS &3t7] 91te] #A pathwayol] =
Sl g d S ok Western blotS AAlstA v PI3Ke Agx oz 2§
3t PTENS A3k A cascadeol A Zh=alo] olsf wwa wy 4 7
280 (29 57). ol¢F e Az [q1 FheE 2 o] &
wa S RS BEE FJUGAX PTENS =71A17]

T R =
Foma MG FH2 A2 F AT Aeldn AzH

Con Low Mid High

PI3K W e - -

PTEN —— - a> =

Akt1 — — —

mTOR L R -

AE-BP1 ap = B W

orossk IR

a9 57. 7b2Eel] 93k protein translation pathway®l W3}t

Ao Wre A7hE sEdEa AZS AH3 T western blotg o] 838}
of 7} cide] WstE T&’é‘f"l a9,

Con, vehicle control ; Low, 0.02 pg/pl ; Mid, 0.04 pg/nl ; High, 0.08ug/ul
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19 5894 H
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Con Low  High

Aktl i —
p-Akt (Ser)

_Akt (Th
p-Akt(Thr) e o ®

MTOR | — p—
p———
4E-BP] | o e

CIFAE | T -
ACHT | o — S—

19 58, ZhEEol 93 protein translation TE Mz o] wH 3}
Con, vehicle control ; Low, 82 uM ; High, 164 uM
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A Con Cadalene
p-GSK

e

Con Cadalene

p-4EBP1 (Thr69) n ’L

1111 10) 1 KR —

13 59, g 93 Akt (A)¢F mTOR (B)Y &A= W3}
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3. A ka4 A7

R R R i%umnymmv1Tﬂ1 & 5vkg
B AL, F F=T (50 mg/ke)ol 1 Fol 19 & 3ukE] AL A sEa(25
ng/kg)ol A= Fol 195 1nte]7} #HAbek it
A2 oA E L TR (100 mg/kg)ol A Fol 195 Srbe] RF HAARSEA
o F HEF (50 mg/kg)ol e Fo] 19 F 4vie] FAXxbEda A TR
(25 mg/kg)ol M = Fol 195 3uta]7} wALslATh (& 4).

¢

2) Az}

A3} e Ao, A
of gultlzol Hal ugu vzt v
ol HE 30 sukel, gH3lol sutelh A

o 4vte) 7k Ao, A FEol
= Aol 1vhe, el 3um7} AAbetgnt AFEws @ w43 W
o oz vmste] o -5 A Felwol A FelAvt BEHA ek

% grey.
A A R A @@717& % WA Folol A w7 BEE o}
3,49 En 5 2AS AN £ Folzo] Sujuize] wal )

ko3
= T
7b dEEA R A A ol tid SAISE E4d3 LD el A
4359 mg/kg, FZolA 1863 mg/kg= VHEFRL
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=

4, 7hg=

o B v w8 ol

5
T

g AEE W

Hours after administration

Days after administration

S Dose No. of Final
ex
(mg/kg) Animal 1 2 3 4 5 1 2 4 7 10 14 | mortality
Male Control 5 0 0 0 0 0 0 0 0 0 0 0 0/5
100 5 5 5/5
50 5 3 0 0 0 0 0 0 0 0 0 0 3/5
25 5 1 0 0 0 0 0 0 0 0 0 0 1/5
Female Control 5 0 0 0 0 0 0 0 0 0 0 0 0/5
100 5 5/5
50 0 0 0 4/5
25 5 0 0 0 0 0 0 0 0 0 0 3/5
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&5 7t B o @3]Fo & uhe2 AlF st
Days after administration
Dose
Sex 0 7 14
(mg/kg) Body weights No. of Animal Body weights No. of Animal Body weights No. of Animal
Male Control Mean 26.26 5 28.42 5 31.52 5
S.D. 0.81 0.89 0.56
100 Mean 26.40
S.D. 1.46 g 0 0
50 Mean 25.52 5 27.55 9 29.30 9
S.D. 0.64 0.35 0.28
25 Mean 26.18 5 28.55 4 30.83 4
S.D. 1.16 0.87 0.78
Female Control Mean 21.88 5 22.78 5 24.00 5
S.D. 1.05 0.79 0.50
100 Mean 22.22
S.D. 0.98 5 0 0
50 Mean 22.08 5 22.80 1 22.60 1
S.D. 1.10
25 Mean 22.48 5 23.20 9 23.00 9
S.D. 1.19 0.42 0.28

S.D. : Standard deviation
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Body Weight(male)

29.54

(B)m-a

Time(day)

Body Weight(Female)

Time(day)
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3) Aol w Aol Asety 74}

¥ 6, %7 183 19 659 19 6
=9l 1 FEE WBC7F 37 53 GHAE
i LA WBC7F #AHEE o] #

8 & 99 #o] FHelA vz o
°ow TP, BUN, P& S7Fetaith. bAoA+ iz oi¥] TP, AST, TG
CHOL:= A3t ow, TB, GLU, P& Z718%)

C57BL/6 vh-2=5 ©

oN %
o

N

N

T

Bl

)

i
=
Lo
o
o)
=
>
>~
2>,
Ho
-
12
Lo
=)
el
of
o

(Interstitial pneumonia)e] 2+
g &3] #AHE F2A AZ9 (myocarditis)o] 3+ A oA T2

(L9 64, 65). webA 2 AldelM 24 A7 add 5 e =4 1
KSR

oo fd

S~
"
N
N
8
=&
=
w
&

9,

s
=2
o
rr
—
o
8

Q
=

m
ro
po)
o
fr
A
o

i,

Q
£

4z

ARthE FAukg-2o] 4o o &
) A% (No observed adverse effect
level, NOAEL)S < =

FAHAT. dA A FHA BE F4Y AolE Woly] Hg AU A
<ol St
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E 6 AR 4T AT WEFC] F gy vh9xo] Aess A% Wg
Female
Parameter
Control Low Mid High
Hematology
n 10 10 10 10
WBC (K/ul)|  5.19+1.66 4.08+1.52 3.42+0.77 3.33%1.26%
NEU (%) 16.16+6.04 16.27+3.58 11.96+3.43 10.76+4.36
LYM (%) 78.48+6.41 75.49+4.23 82.28+4.78 83.28+6.18
MON (%) 4.45+1.03 591+1.87 4.79+1.36 4.59+1.47
EOS (%) 0.72+0.60 1.85+1.27 0.72+0.69 0.99+0.97
BAS (%) 0.19£0.18 0.40+0.39 0.26+0.14 0.38+0.52
RBC (M/pl) 9.24+0.90 9.20+0.99 10.69+1.34x 9.78+1.07
Hb (g/de) 10.86+1.61 11.41+0.87 12.04+1.01 10.87+0.95
HCT (%) 60.40+11.45 60.01+£7.13 65.04+7.09 60.17+4.92
MCV (fL) 65.25+9.68 65.43+6.46 61.20£2.14 61.83+3.74
MCH (pg) 11.76+1.54 12.49+1.26 11.39+0.76 11.22+1.30
MCHC (g/d¢)| 18.19+2.60 19.17+2.01 18.61+1.09 18.09+1.17
PLT (K/uk) | 666.60£556.57 | 911.30+477.61 | 705.20+658.70 | 700.20+644.63

= P < 0.05 =« P < 0.01 : Significant differences as compared with control

Mean * standard deviation
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£ 7. 742 430 BT WET] F 23 vheae] AASH AL W5
Male
Parameter
Control Low Mid High
Hematology
n 10 10 10 10

WBC (K/u) | 3.87+1.30 5.58+3.95 2.73£0.90 7.85+3.56%*
NEU (%) 34.60+12.55 16.63+10.43 29.97+6.97 28.26+12.77
LYM (%) 57.17+£12.91 74.27+11.21 61.99+6.81 63.44+11.09
MON (%) 7.18+1.94 5.93+3.16 6.28+2.37 7.9243.21
EOS (%) 1.04+0.60 0.81+£0.59 1.44+1.04 0.34+0.27
BAS (%) 0.23+0.15 0.24+0.28 0.32+0.22 0.04+0.03
RBC (M/pl) 7.82+3.27 8.39+2.80 9.52+1.61 11.15+0.88%x*
Hb (g/de) 10.30+1.74 8.96+4.40 11.20+0.74 11.82+1.39
HCT (%) 55.94+11.57 55.13+15.74 63.34+7.36 67.69£5.60
MCV (fL) 63.72+2.58 67.81+8.07x: 67.32%6.15 60.73+2.16
MCH (pg) 11.89+1.36 10.67+4.04 12.07+2.23 10.60+0.74

MCHC (g/dt)| 18.66+2.05 16.22+6.42 17.82+1.67 17.44+1.24
PLT (K/xb) | 682.10£569.52 |1055.30+1052.01(1037.90+1050.73| 449.60+404.76

* P < 0.05 #x P < 0.01 : Significant differences as compared with control,

Mean * standard deviation
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F-Con F-Low F-Mid F-High M-Con M-Low M-Mid M-High

a9 62 AhRde] 457 AT WER] F ulgse] 8F WaT £x W

M : =#, F &3,
Con : &+, Low : A&E, Mid : %%, High : 1%
x* P < 0.05 #=x P < 0.01 : Significant differences

Mean * standard error
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F-Low F-Mid F-High M-Con M-Low M-Mid M-High

F-Con

¥ 63, FhE ] 453 A QbR Eo

Rus

v

F uhgso A% 4P

S
'
Ac)

M : =7, F @ A,
Con : ti&E+, Low : A%, Mid : %%, High : 1% %
x* P < 0.05 #x P < 0.01 : Significant differences

Mean * standard error
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E 8 ARG 47 AT WEFol F 4R vheze AR AR Wl
Parameter Female
Control Low MId High

TP (GR/DL)| 890:039 | 860:035 | 818+263 | 834+0.46%
ALB (U/L) | 430£044 | 4285021 | A76:040% | 442+042
TB (MG/DL)  006£002 | 009+007 | 0124007+ | 0.18+0.13%x
AST (U/L) | 1820+305 | 1480329+ | 14004558 | 11.20+2.86%
ALT (U/L) | 489+302 | 280+145 | 580305 | 800£2.31#

GLU 1 1610042183 | 164.20£2055 | 134.00£21.60+ | 139.00+26.10%

(MG/DL)

&R(?/ADE) 1.3020.79 106<050 | 0.86+053 1.44+0.82
UA (MG/DL) 1162044 | 084036 | 122:057 | 082039
TG (MG/DL) 30.20+545 | 2080<11.36+ | 9.003.68% | 9.60+386%
Ca (MG/DL)| 826:048 | 802:048 | 830:151 | 802048
P (MG/DL) | 2574019 | 260041 | 281£038 | 2.85+0.28
LDH (U/L) | 178004754 | 156.00249.77 | 191.00£122.16 | 155.60+40.13
CHOL (U/L)| 11860+12.29 | 97.60417.17+ | 95.40+5.80+ | 96.00+24.57+
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¥ 9 e 4 AT WEFel F £ vhgsel AFAA AR Wel
Male
Parameter
Control Low MId High

TP (GR/DL)| 756+050 | 984+0.63+ | 871110+ | 8.92+0.78%
ALB (U/L) | 309023 | 410:039% | 378+032%+ | 3.56+0.36%
TB (MG/DL)  0.13+0.10 0.380.35 0.08+0.06 0.110.09
AST (U/L) | 1600316 | 1340+341% | 1356+7.06% | 1340597+
ALT (U/L) | 467301 5204253 6504429 | 7.20+2.35%

GLU | 1769243002 | 16320£1547 | 1442241617+ | 181.0027.94

(MG/DL)

&RGE/ADE) 1324091 1.22+0.49 1124091 0.8620.21
UA (MG/DL) 049032 | 110:054% | 0894047 0.7242.35
TG (MG/DL) 3800+11.83 | 3440:430 | 2011769 | 41.40+7.72
Ca (MG/DL)| 751147 7.64+0.26 8.44+1.34 758+0.73
P (MG/DL) | 359+051 316£058 | 286+063+ | 2.85+0.38+
LDH (U/L) | 1526745740 | 185407024 | 213.78+101.06 | 183.00+67.48
CHOL (U/L)| 117.3314.49 | 142.60£10.50%+ | 139332379+ | 122.2014.06

= P < 0.05 xx P < 0.01 : Significant differences as compared with control,

Mean * standard deviation
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A AE9. H&E x 200
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