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SUMMARY

I. Title
Development of useful resources for cardiovascular disease from indigenous

plants

II. Objectives and Importance of Research

Plant-derived natural products have long been and will continue to be
extremely important as sources of medicinal agents. However, despite these
many important past contributions from the plant kingdom, a great many plant
species have never been described and remain unknown, and relatively few have
been surveyed systematically to any extent for biologically active chemical
constituents, Thus, it is reasonable to expect that new plant sources of
valuable and pharmaceutically interesting materials remain to be discovered
and developed., Regrettably, if the current trends of destruction of genetic
resources continue at their present rate, many opportunities of successful
drug development will almost be lost. It is therefor imperative that
endangered, fragile, and over—exploitéd genetic resources be preserved to the
greatest extent possible for future generations
From these backgrounds and importance, in this project We would like to
discover new useful resources from indigenous higher plants. During three
years of the second period investigation, we have tried to screen, purify,
and identify active compounds which inhibit the angiotensin II receptor
binding and modulate the vasorelaxation/vasocontraction of isolated thoracic

aorta



II. Scope and Content of Research

1. Preparations of herbal extract library

The MeOH extracts of about one hundred éf medicinal herbs were prepared and
fractionated with CHCls, BuOH, H.0. Test samples were prepared in the

concentration of 10 mg/ml(DMSO or MeOH)

2. Screening of angiotensin II antagonist from medicinal herbs
Using angiotensin Il receptor binding assay, angiotensin II antagonists
would be purified by plant extracts and the chemical structures of

antagonists would like to be determined.

3. Screening of active compounds acting vascular smooth muscle relaxation
or contraction

The vasorelaxants or contractants from plant extract were screened using
thoracic aorta of rat or rabbit., and then the action mechanisms were

investigated by using pharmacological tools

IV.Results and Applications of Results

The following results could be obtained the investigation of this research

project.

1.The MeOH extract of about one hundred of medicinal herbs was screened by
angiotensin II binding method and plant sample No. P014(Evodiae Fructus) and

PO08 (Alismatis Rhizoma) were selected.

2. Seven quinolone alkaloids were isolated from the fruit of Evodiae
rutaecarpa as angiotensin Il antagonists and showed ICsps of 30~40  uM,
Evocarpine(3.3 x 107 - 3.3 x 10°), one of the active compounds, inhibited

contractile responses to angiotensin Il in rabbit thoracic aorta and reduced

-10-
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the maximal contractile response to angiotensin II by 50~95%

3.The effects of the MeOH extract of about one hundred of medicinal herbs was
screened on vascular smooth muscle contractility. the MeOH extracts of six
medicinal herbs (P004, PO011, 051, 108C, 102H, 098C) showed vasolelaxing
effect and the MeOH extracts of three medicinal herbs(P009C, 091C, P012) had

vasocontracting effect,

4. The vasorelaxing compound, 051 was isolated from CHCl3 extract of
Peucedanum japonicum, 1t was elucidated as (+)-cis-4'-acetyl-3'-angeloyl-
khelactone (CplH207, Mw 386) on the basis of physico-chemical and
spectroscopic methods. This compound (10°® - 10"M) concentration-dependently
relaxed the isolated rat thoracic aorta precontracted with phenyiephrine
(PE). This vasorelaxant potency was diminished by endothelial removal (by
20%). Pretreatments of L-N°-nitro arginine and methylene blue (MB) attenuated
the vasorelaxing effect of 051. But indomethacin did not affect the
vasorelaxant potency. These indicate that the vasorelaxant effect of this
compound was partially endothelium dependent and mediated by nitric oxide and
cyclic GMP pathway.

To determine if it’'s effect was mediated through the activation of some of
the receptor known to lead to vascular relaxation. Vasorelaxation was not
affected by atropine, triprolidine and propranclol.

It inhibited high potassium (80 mM)-induced, calcium-dependent contraction in
a concentration-dependent manner. But compound 051 slightly relaxed the rat
aorta precontracted with PE in the presence of nifedipine, a blocker of
voltage-operated calcium channels. TEA (a nonspecific K' channel blocker) did
not affect the vasodilatory effect of this compound against PE-induced

contraction,

_11_



Mechanisms of it’s vasorelaxant effect were multiple, including endothelium

dependence and Ca® channel blockade.

5. PO09 was isolated from chloroform extract of plant.No.POOQ (Polygonaceae)
as inhibitory compound of vascular smooth muscle relaxation. It was
elucidated as Cj4H;20s (Mw 260), one of naphthoquinones on the basis of
physico-chemical and spectroscopic methods.

In this study, we examined the ability of P009 to antagonize vascular
smooth muscle relaxation elicited by a number of vasodilators, and to recover
the hyporeactivity to phenylephrine caused by lipopolysaccharide in rings of
rat aorta. In rings with endothelium, P009 (60 -200 nM) did not significantly
alter the basal tone of aorta smooth muscle. Contraction elicited by
phenylephrine (3.0 M) were significantly potentiated by P009.

PO09 (0.06-2.0 uM) dose-dependently inhibited relaxant responses to
acetylcholine (Ach), calimycin and adenosine triphosphate (ATP) in
endothelium-intact aorta rings. P009 reduced significantly the maximal
responses of Ach, calimycin and ATP. P009 (at higher concentration, 2.0 M)
also inhibited relaxant responses to sodium nitroprusside (SNP) in
endothelium-denuded preparations, whereas the maximal responses of SNP was
not affected, P009 did not inhibited relaxant responses to artiopeptin III
and papaverine in endothelium-denuded preparations.

Incubation of rat aorta with LPS (600 mg/mL) for 1 hr caused a right shift
of the concentration-response curve to phenylephrine. Coincubation of vessels
with LPS and P009(2.0 M) restored significantly the contractile response to
phenylephrine,

The results of this study show that P009 antagonize those vasodilators

which are thought to act via stimulation of soluble guanylate cyclase. The

-12-



nonsurmountable inhibition of relaxation to Ach, climycin and ATP probably
reflects a limited maximal capacity of the endothelium to release EDRF in
response to P009. The results also suggest that the effects of P009 are

probably mediated by NO production,

_13_
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B Atxlo] soluble guanylate cyclase(sGC)S AAZA|FA cyclic GMPE F7IA 2o
EH ZAZ chage] ibst yhgo] &FAEe] FHZ o|fPo] deoldrh. Sodium
nitroprussidel} nitroglycerin®} T2 nitro-vasodilators= 3] NO A FALE
BRstx] o &E xAT AR E A NOE A3 ste] HEZ2] guanylate cyclase
2 PSR LEA oSS UehiTh
T, 3 olgARo] F2Y TS Sh= N0 Aol AIiEHH = FH
TFo] dojuA =Heol PR AT 7Y JeHol & YR LAY T g
+ 3o, ¥ U FUAH HerjHolx Tjgith ojet: WIthE NO& =}
53 BPe =3t @ ojgo® A3 £HA 43 U sfHF o gl
SiEF2 1334 endotoxemia W YR Mg APL U2 R/
o= FHI AgwWdH tEe Frista doh. HEF AEAY
ghe A Ste] upgd AEuS 3FAS Q= lipopolysaccharide
(LPS)ZA 19801 Fitoll LPSe] 48 lipid Aol thEt A7 sise] 2=
of AM&H 3 9lout X 7ol A A Aoz Lt FHZol: ¥ Fe %71
ol Fof A3 nitric oxide(NO)o] it Ay} s IPHI gt
Bacterial endotoxins ¥ AT, AU I, macrophage Sof dz] &43l=

3
Hu
2,
N
rO
o
rr
lJ NS

._20_



nitric oxide synthase(NOS)E ZAAZIA|A ClsFe] NOE AASIT, EAEH No:=
guanylate cyclase(GC)E ¥/ ¥3lo] 3 FHIE o|H¥r) wely 2ol NOg
g 7ixle Fagh ded - Held Jlso] WHALR s NP[A AN 1)
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HA e F7Y 1YY AME T AMEL 28U AEAY o] RFH
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=% 2N o2yt I Fte] TAT MRS &

ot
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Uil mhety 2¥LE A 8sh= W
&9 d7t I3 gt

Atghe] "ol RAEI} electrolyte/fluid /o] S 8% IS 313 e s
ystem=2] S}L}7} renin-angiotensin system (RAS)o|t}. captopril®} enalapril
3 22 ACE A7t g £8E AT A7 °"“&l BaFer &
4FE& AEl ule} RAS cascadeE ZAULEH AEL Ao ZE JEHAY
PEE A olF R ACE HAZ E BEFE AFASAE EF313 ACE A
s =
peptideE F3NZTh. ACE FoiA] 5-10 %2 FxtolN Uehtes npE 7138 3
43 =EA HEE (angioedema) £ ACES] Fo]4e] £Fe] Azg Rahgo]
Lelut, o]& §-2§-2 bradykinin 2}89] Ftio] J]dEE Aoeg A2
olth, IEZEH RASo]| HHH MEE ZAA AL YN Z A renin A s|Ae] gAY
of UstA o]Fo] Foy FFRAA WS AAo]&E, uwlE ©F wjdz} off
2] renin AL FRYF BAPTLE A3l dERY Jdo] WIE w3 9l
t}. ol&} Zo] reninZ ACE A3[AlE= I X EH I 9lo] TAAL a glo] 2
£71F0] BE3ta F2Lo| gl MEE LYY AEAY Jto] 2T FHC},

53] RASY mix|at FE A3t ang 11 &8 LAY A I} o] systenS

H| E-0] 3 protease®A] bradykinin, substance P2} enkephalinZt& c}E&
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AT, 28 A= G-proteing ui7i5te] adenylate cyclase &4 Aol & A=
U cAMPR] oFe 7rAA|F|M, AlEL] phospholipase CE BAE st 44
IPso] o3 MZu G2 L& EE AsAA AZ BRE JLsts L=
dala glch. AT, &A= 22 2= AT, -8t 32-34 %8| homology &
23 Q= Foz wazen, o £83 T ATIE THE G-proteing wisls}
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o YHHHE AT YA gou} IP, diacylglycerol, AXEU THEE,
cAMP, AEU] QAIEIEe] WEL Sus] AXEX G HITE oM B LA
7t Bolsle Ao2 HAHPOL AT AT Re oot

E dFoAE 2 A 15AEY FE2E 2 2 FEEEEY] EHo A
3 zhgg BUBE, 59 GEENY FTAES FANULEH 1 HE VRS
abs| 22} ghch, ERE, Ang 11 58X A¥AE gAaE #3ls BAAE FF5HAL
A goxid e ZUL FFEZTEH 84 ZPANEE EZY HYE A=

gt
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H 2 & U9 7[s7E &

T AFE old HAEZ A9 AR S| fom 25d

AP Bl AMEEE JUE F o 50% ool FAEZHE [ Zoly 2F

of 25% o|ido] AFAEZFE FP Zolrh, A 200d Fet viZefolH A

E2rER AMEEHO ¥ AFHERFE W2 AeBEE FeFE I3 F=

7} W FAL o] &0l MELR UFLE AUEE 5 VAR thit Aol o}
A3 gl

H JHA] o E @A, dn] 4FUSo I HAEOCT AMgs] o rIZhef

@l Strychnos toxiferaol|A] 28]F curare alkaloidQl tubocuranine:= T ©]%tH

=

2, olxg|glit 1 S5AEQl Strophanthus speciesoA] 2z|H ZAlufHQl
ouabain(G-strophantin)2 AlY-AM&] X|RA| 2, Physostigma benenosum -]
physostigmine2 Uz IFHZFY ARo| AHgEH L33lch. I oo
Digitalis species -Fele] ZFAuiwtael digoxine} digitoxine, cinchona
alkaloidQl quinine?} quinidine, Papaver somniferum -§-2}2] opium alkaloidql
codeinz} morphine, tropane alkaloid A ¥g¢] EZQl atropine, hyoscyamine,
scopolamineSo] &z dAaAHoT ALEEI Qi EF FUAXS wizhekl
Rauwolfia serpentina®] e|oflA] 22|¥ reserpineo] 1 XBAZ 7LE o]
AMRE]lD Qo AR Cathranthus roseusolA] &2  vinblastined}
vincristine2 A WEH Y 2FEAHZE /U A -r% Taxus brevifolia e8]
taxsol & WA XBAZ 19939 £Edew, Artemisia annuadA Ee|"H
artemisin A 22 wetelof ABAZ FA=F AT

"z o] A FQA UE F ATAHEFHY IES AFHEDH UFEES F
A7} x}A|St Q). taxaneAl?] diterpenoidql taxol?] 8-EAI¢l docetaxel,
Podophyllum peltatumf-@]2] podophyllotoxin®] -FXA|Ql etoposide, NK-611,
campothecin-§ ¢l topotecan, irinitecanEo] ITAZ s tslo] AAAH Zoj
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glth.  Zoj¥AQl atracurium besylatet: HJA-Fee curare alkaloid2HE A&
Al AEen 344 A'-tetrahydrocannabinolZt I §EHQl nabiloned 3Fox|
FojAl F2gog vehts A(HAAR)Y XEAE $UHATE E8 Qs
8] HBFUEQl Coleus forskohlii®] ¥elolA] Ee|X labdane diterpenes] 3¢l
forskoling IIEUYAEA], ZAAZ AEsEln don HFRIYPT sud
gomisin A%} silybino] U4 Fol glon uhsxt ofwl Relie] 3G 3H§tEo] A3
<8/A A# XA L, ellagic acis, B-carotenez} vitamin EJ} 3+E¢i¥o] &3}
ot o oY RS Z:= EHE JPUEI gl
A epFEAIRelA LFAE fl YetEo] xRX|ste u|Fo| AA Eolx|m

om nlFufe] FAl shE 1980de] AFAE Rl o okFo] & 1092 B
g B i gt Iy AAE IFHE fFelY AA ddE ARe Hotst
= Aol oz gol gleu} wighgdolnt Aol sl A" Zzkx] T
AR AR2E d¥UA AF Ao Asdc

2] B9 1960d FREEE J)7]1E4 3 dataE Hlo] IRIEL S35} A3
ste]  1962d  AIUE (Acer ginnala)?l QoA feElutel e alBza)
polygagallino] 2] Ead F FBFAE 778 £471719 £o= 2 2
SAHE Aol tidt 243U A3} oFo] Hrh a5 FU A7ty s A
a7t JAYH AFAEALL 547t 984 13350 felvtet £ orgAE 2
15% Fxof Eztsich 1988dFE 1992 W7z 4d 7t oF 50004 F2] 4 2o| Ealg)
glem 3F 100232 AEHo] iy 2G5AE Yo RE BaFHYc)

FE d7HE i L5HE AL U4, Acanthopanax<}, Kalopax<y, tfZ3}e]
Euphobia<y, 4t 2}e] Angelicady E2AM AT HALEI o]Ee ZAHAIEo| a3
thgo] Eojgten, Reld EZE groupEE Lol X alkaloid, coumarin,
flavonoid, saponino] ti{-&-& X}x|3t glt} 1980 Ful EAEFH L] o
AelerFe] sibde] "Wadol RE WA thakt BENY APYS Bl 154
= ARMLZRE A2 opEe side]l FAEHI oy ofy AU A=

L

.1
rir
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Az B5t3 Qe AROE olof iyt AAHY vt Wasit, AFAEA
o] HE o BAHATE tlE e} FEof vl ARt w7t F53iy 2 o] o
stofstzt g% B33, suiSolA olfoxn glew Ao AYIY
FAa0} st Ae] dF ®lo| Hojsta glE MAolrh o}F A7t HA
2 Y 2BAE AU gt §-84E #A3ta HEs=de W2 A
ol 3} AFFxi7t AASHA 23"t
HAEo] i3t 1R AAZY A uFY FRUATL] 23] 19604F
1986WA72] 25 2t ol FoiH TFAIEAIde] Uiy A ©HAY TEOFo®T o
35,009 %29 AFAIES LR NEEEY FFY BEE R AFE I
A#A taxol} camptothecinZ2 AUAE 7dste 42E AFAUAT Yot v
£, Az} ATTA 223 FEEgeldY ofE e tisiMe A3t o
Zojx]z] Rt A5 BAALE AHH 4 glrh

DEAEAL] Tt AeBAAEAY o FEATE R AASHAL 9len,
3 9ol garstE), A, PFA, 1TA Fol iy Xt FFE o|F2 9l
t}. 2 AAARSE AEAAAS| HU ALY FH LA F9 shjeln F
o] AS Y 420 oz AEWAL Afo| FIista e ABS ALY
o 2 LSAER YO RE APUA ARE Y 5 Us ALY B D F

Ee] EelZ Eslo] A2 2 Y, REFo2H JETISLTD IS
I Ao chAsl L] f-E4S wHoeEN ZAF JAE Foista {7t
x)8] Mgy EAY FH&ol 7hesitia Atgdch

J

&

2,
4 oo 2

sy

el

2
y M
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A 3 F AT LS

oO
=
0o
I
[Ih]
ic

A 1A AR 9 Yy
1-1. g 28] ZH|
71E YA FHE Bt AZETA AR AFFIV} JUEE S 1
AFes HAET F AF AR EE LWL Bl EFA Sola AF
3 - 283t Abgslgdct. ART AR 505 MeOH (250ml )2 2o 3¢zt
& F 40T ofstolM <t - 5H3le] 10 mg/mlo] EEE DMSOEE MeOHo|
stock solutiong& RtEo] 1x AA Alfog ALgct 1x} 4N Az}

(v

i

na
e

=
=5
70

SIS

|

B8E HAFe AR hsidEs CHCLa? BuOHE ARE3E SuiREg 3islod 23}

HHE Wstgich

1-2. 21§ Alef & 717

w2 I ZotEJef¥= pre-coated TLC plate silica gel 60Fz; (Merck, Art.
5554) 2} RP-18Fzsss (Merck)E AM&3lo] AHA|sloii, HABATnE Iy L wa=z
= Kieselgel 60 (70-230 mesh, Merck), YMC-gel (ODS-A, 60-230 mesh), Sephadex
LH-20 (Pharmacia)& A}&-3tgich. .

Ang 11 83 ZAYAEA AMRFHE J1A2E [PHl-angiotensin 11 (NEN,
NET-446)&, X EEZEA angiotensin Il (Sigma, A-8776), saralasin (Signma,
A-2275), [Sar'-11€®]-Ang 11 3} DuPont/Merk Pharma. Co. 2B ZZuke NP 753
(Losartan) ARE3ITC}. protease inhibitorZA]&= aprotinin (Sigma, A-4328),
leupeptin (Sigma, L-2884), pepstatin A (Sigma, P-4265), benzamidine (Sigma,
B-6506) %! PMSF (Sigma, F-7626)2 AF2-3}eit}. scintillation ‘counteri—tw Beckman
LS-6800 Analyzer& ©]&3}od radicactivitys & 3}eich.

U +5F - o] AP A] ARR-E| = phenylephrine (PE) - HCI, acetylcholine -
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HCl, calimycin, ATP, atriopeptin ILI, SNP, papaverine % DMSO= Sigma
Chemicalol A 4lsteith. PEE: 0.1% ascorbic acid® TR 0.9% gz dsol
o] WE B@dle] ALY wholt} Krebs £ o FA LY

AFeH AgERe =8k 200~250gQ! male Sprague-Davley (SD) ratE AHI2IA

o] SAALAESHE B ot ALgSIAT

1-3. B4 £ B4 ¥ 72IH

@y Aol el AAY FR AAILe) MeOH FEFol ThE pH ABA,
gl 2224, resin® Y 5& zAstgcrh @il Frof wiel EARA
schemed #A3}3l Diaion-HP, si0z, Sephadex LH-20, ion exchange column
chromatography®l HPLC 5] chromatographic technique& ol &3t UAHER
& Hg|sti wp, w]ARE, R value, WARES T2 o]Feh gz UV, IR,
MS, NWRES] 71712 wEg Bl T2E B3V
ZZEMG 213t NMR EA2 Varian Unity 300 spectrometer, FAB-MS= Kratos
Concept-1S, EI-MSE Hewlett-Packard MS Engine 5989A mass spectrometer& A&
sto] ZAstolch

Ang 11 28% ZA¥ANYA AgEHE J22E  [Hl-angiotensin 11 (NEN,
NET-446)-&, EFEAZA| angiotensin Il (Sigma, A-8776), saralasin (Signma,
A-2275), [Sar'-11e®]-Ang 11, ATjoll A=3ael LA 2 A DuP 753 (Losartan)& AHE:
3IT}. protease inhibitor2A{& aprotinin (Sigma, A-4328), leupeptin (Sigma,
L-2884), pepstatin A (Sigma, P-4265), benzamidine (Sigma, B-6506) %! PMSF

(Sigma, P-7626)& AHM&3tdem scintillation counterZ ©] &3} radiocactivity&

_30_



e

Zstaict.

2-1-2. ¥3&S2 =4
angiotensin II receptor?] &2|lE& 9I5| 10 mM HEPES, pH 7.4, % protease
inhibitors (10 pg/ml of aprotinin, leupeptin, pepstatin, 16 ug/ml of
bezamidine, 1 mM PMSF)5-28 A4 buffer AS AMSIG, 48 AY &Ho
AFR-8t assay buffer®X% 10 mM MgCl,&} 0.25 % BSAS ¥-3-3h= 10 mM HEPES, pH
4 & Argstact |

2-1-3. angiotensin 11 +&X2] Fe| & +=&A AYAIEH

Ang 11 8A|2] 2&|= Sprague-Dawley (SD) rat 2%E Dudley?] ¥hHE 7|R
2 o7t A3t Fa|sledct. SD ratoll 20% urethaneS ¢F 1.5~2 ml E7h) FA}3}
of mpA7I AU F AP RSl L& HEd1geH oty RE =
4ColA Al sttt

23t 7FE buffer AR MASIZ & 10 g& 30 ml8 buffer o] Yo
homogenizer E E43t ¥ 3,000XgollA 1027 YAET3l] dxFH oz IAMEE A
Astgct. A5 sty tiA] 10,000xgollA 1027 ddEeste] A5AS 23t

=l

F o]Z1& 100,000 X gollA 3087+ alielste] AFdg AAs}

=1 o adlE=E:=E
cold buffer® AJ&E3}o] 100,000 X gollA] 3087 dAEe] siedct #FHoE d&
21 HE-S  assay bufferd] F2A3} A17]3 1.5 ml & Lpo] -70Ce Wx3o] B

stgon WOA] thaalel =v7} 0.5~1 ng/ml 2 EA THEEL assay buffero] &
el zich

T8 AYR TP L assay bufferS AFE-5}o] glass tubeollA %]F Hu|7} 0.5 ml
2 EA Alxsldc}. total bindingol: 7]AE 2 nM [PH] -Ang 1I1E, non-specific
binding (¥]So]& A¥ o= 2 oM [*H] -Ang 112} 1 M2} cold-Ang 117} ZEE A
3t 83 2% (30~50 ug protein)Z} *(‘,‘Q}‘*]E. (10 1)L AJI8t & 25TojA] 50
.7} shaking water bathAloA] wE-Z-A[ZiT}. cold assay buffer 3 mlE 7}5te] wHE-
°

S ZEZAANZ] F oX|(GF/C glass fiber filter, Whatman)® o3}s}ld  liquid
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scintillation counter® radiocactivity® ZAdleion A|Fol 2|3t Ang 11 £
AT Ashee the Aol odal pasidnh AEe 28 Z% WIAL Ushiy
C}.

% of inhibition =(Sc—Ss),/ScX100=(Tc—Nc)—(Ts—Ns)] /Tc-Nc X 100

Sc = specific binding of control, Ss = specific binding of sample,
Tc = total binding of control, Ts = total binding of sample,
Nc = nonspecific binding of control, Ns = nonspecific binding of sample

2-2-1. ¥ iS5 ring AW 24|

200~280g2] Spragure-Dawley ¥ 8 FH-& Zelsto] AdEXAL U 1,500g8] =
718 Fado] FI7IE FU3t AAAIFIA, el F o5 (thoratic aorta)S
A& F A4E FFI Krebs solutiondf A |7t EAEA] U=F Fo35t0 Tf

ol A¥x2AE AAsIETE 4mBEL ringE THES] Organ bathoj

H 43t F physiography (Havard Osiloscophy)®] sensorel sttt

Organ batholl 5 ml Krebs solutiong 23 95% 0; / 5% CO, EYZIAE Z 3]
WA 37 CE AR BAYXAIIZE ring?] 7|2 YHE 22 FEE F31EtAL 30
B7b otAEIAj7l Fof 3.3 x 10 phenylephrine (PE)S 7}3}od 4£&2& sty
F 302 Ax o AR THA
3.3 x 10" phenylephrine (PE)& 7}3le] 2o Aelo] =etelei g uf 1.0 x 10™M
acetylcholine& 7}8}e o|&Wt-g-& B3ste] Uu|o] & F-E HUT Fof A
Moz Aye] Agstych

Tl AlES Krebs solution®® 3 A& F
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2-2-2. &P A= .

ARE A(EY o H2ge] B4 5YE B8y st HA YmE
A AR ¢t F 5ol phenylephrine (3 x 10°M)& 713t x, W& A|A
&t F tis ol phenylephrine (1 x 10°M) 713te] Huf $&d o] 80sy =R
THAZTE 53] iAo AFHEAS wf(Y 102) TE- LI HLE O
2l7] 913t MEAYNES] FEEZ U2 520M &2 58 R0 2 7181y
T} 8182 physiography (Havard Osiloscophy)?] 7]&x|o] 23lon, ZAAARE

of &3] vehts AAZE2 o8y WESZ Lietulth

I%

2-2-3. Ji=]e] Sof thgt B}

WS AAT A AASHA] 42 ol ozt A EXUEY FF o|¢zte S
MmgezH e B oS BEsACL W= 9A] (Watpan No. 1)& °]&
st @ WS 43 RF=R Selolwsl AAsIGe, uule s &4 3
x 10°°%M2] acetylcholine 7}5}e] o|tale] £atoz Halstalr}

PER w3t S50 izt 22 E4 o|¥3E 71-dE& WUs|32=} nitric oxide
(NO) synthase inhibitorQl L-N-nitro arginine, guanylyl cyclase inhibitor¢l
methylene blue W cyclooxygenase inhibitorq]l indomethacin® HXx|3} Fof E

AEY o|uatg e WHstATt

2-2-4. @ o|YHES UEIE AEAYEY Sy 7 A
3 olU2RE Uehle AdES oy VAL Wiz, ¥ o
mAsks Zle® o & oy HE&E A 93le]  atropine

(muscarinic receptor antagonist), triprolidine (histamine H; receptor

o

antagonist) @ propranolol (B -adrenoceptor antagonist)®] <d3krg atd}eict.
T&A APAE Aelstz] A} AHe] 10F Fol] ALEL] o|9zgS vlastair}
EZE 2P F9 o]¢hztgo] K channel®] FXJBte] 23t ZRIZE 7] 9%l K

channel blocker® a2l tetraethylammonium (TEA)®] 33Fe Hiasteict.



A 34 Ag A3
3-1. A8 11T +8A A A3Hd 7§ AEALY i

100 F& vixtE F2ES SD rat?] 2 2RE 3 Ang 11 Lo ojgt
@‘L} AR E S 2Apstch A A3, A7, 9E, 23, o8F, XY, F
B, BEFE T 2539 ARoA 30xol e AMEAEES vebdlch 1x B4 F
2}, MAE AER 12F YA EY MeOH ext. 2 ZHZ} CHCl; &3} H0 203 L%
°] 10 mg/ml®] FEZ § F 221 ZME HAISt] I AZE Table 1o viepWich
Ve, 297, BF, FUHY ZF CHCls 25 BAEHo] o|8Ho] total MeOH
ext, BTF Z3F FAPE HoFi gloen, FHFeT 200 pg/mly sxolA ztz
94%, 78%, 67%, 92% 2] Ang 11 ZAYUANBEE Borh ols HEM AFYR
Hetol=d AR A3 wiEo] ©Astazt sl Ang 11 82 2337} vy
Elo]E4 EFE EXEE 311 gt AS 1Y of YHELC] CHCL:5H L2 oY

< uigtAsics 4Z-ch

Table 2. Inhibition of receptor binding of angiotensin II by the

chloroform fraction and H,0 fraction of some medicinal plants

% Inhibition™

Samples total MeOH ext. CHCl; fr. HO fr.
Euphorbia kansui 45 55 -
Platycodon grandiflorum 60 66 74
4tractylodes japonica 72 94 34
Torilis japonica 40 . 42 -
Perilla frutescens 54 62 30
Bupleurum falcatum 48 60 -
Evodia rutaecarpa 67 78 -
Taraxacum mongolicum 58 62 -
Scutellaria baicalensis 44 } 67 34
Machilus thunbergii 47 92 _

a) final concentrations: 200 xg/ml b) -: less than 30% inhibition
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3-2. 24f (Evodiae Fructus)®] QFx| QElAl 11 48] A%t A5
3-2-1. &A Ay Azl &2
244t (Evodia rutaecarpa, Rutaceae)EHES] HAHEA 22|3}H & Fig. 19
UElRCE 24f 5 Kg& methanolo]l H&3slo] AolA 7d74 33 Z&s}eirt,
5% MeOH +&E (80% inhibition, 200 wg/ml) & ZEFH4o] VLSl butanol .
F2% F 553lo] BuOH FEE 220 g2 Attt BuOH =& Eof 200 g9 silica
gel (70 -230 mesh)& 7}sto] F*A|Zl thg silica gel column chromatographyol]
28319 Tl hexane L E 8% A17]7] A28} hexane-ethylacetate (20 : 1 — 1 :
)2 8o IS4 FUtslEA &&sto] 16709 £ (3 28wt 1000 nl) 28 U}
AT 2 2o ofdt IH QWA 11 £EX AY ANBES AR5t 80 g/nl
o) BEolA 505-70v2] ABVHE Kol 7-9% BYUS Ho} wasto] A
18.4~ g2 YTt o] #£3& RP-18 (YMCGEL, ODS-A, 60 A, 70/230 mesh) column
chromatographyoll Z 83} MeOH/H,02 £&-8ul (50% MeOH — 70% MeOH — 100%
MeOH)E &&3to] 3702 AEE, EB-1(13.6 g), EB-2 (0.7 g), EB-3 (0.5 g)o =
Urgith olBe 27 80 /nl®] SEol 80%, 50%, 30%8 S8 Au AL
8& et
AL AE¥ EB-122H¥ semi-peparaive HPLC (column, J'sphere
0DS-80, 4./1111, 80 A, i.d. 20X150 mm; MeOH-H,0(90:10); flow rate, 8ml/min;

W, 254 )& AHg3ted 578 BHEA, 1-58 ¢4 Rolsigon, 48w B2
o} EB-302¥E Ao SUY WLC ZASE B 63} 78 Felstgnt.

Evocarpine (1)- CpHsaNO, colorless oil. UV Amax(MeOH): 213, 239, 321, 333
nm, EIMS m/z: 339(M+), 186, 173, 144. 'H-NMR[CDC1,, 300MHz, ¢ (ppm)] 8.50(1H
dd, J=2, 8.0z, H-5), 7.3 ~ 7.8(3, m, H-6,7.8), 6.26(H, s, H-3), 5.40(2H, u,
olefinic proton), 3.76(3H, s, N-Me), 2.07(4H, m), 1.70(2H, m, H-2’), 1.29 ~
1.53(12H, m), 0.90(3H, t, J=7.0Hz, H-13’). 13C-NMR(75MZ, CDC13): 158.8(C-2),
111.1(C-3), 179.6(C-4), 127.0(C-4a), 126.7(C-5), 125.1(C-6), 133.8(C-7),
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117.8(C-8), 143.5(C-8a), 35.4(N-Me), 35.6, 29.6, 30.2, 30.8, 28.1, 130.7, 130.9,
27.9, 29.7, 33.1, 23.3, 14.3

1-Methyl—2—[(4Z,7Z)—4,7—tridecadieny1]—4(1H)~quinolone (2)- colorless oil,
CasHauNO. UV Amax(MeOH): 213, 239, 321, 333 nm. EIMS m/z: 337(M"), 186(92),
173(100), 144(23). 'H-NMR[CDCls, 300MHz, 0 (ppm)] .44(1H, dd, J=2, 8. 0Hz, H-5),
7.3 ~ 7.7(34, m, H-6,7,8), 6.24(1H, s, H-3), 5.40(2H, m, olefinic proton),
3.73(3H, s, N-Me), 2.07 ~ 2.8(4H, m), 2.0 ~ 2.2(4H, w), 1.80(2H, m, H-2"), 1.2
~ L4(6H, ©), 0.90(3H, t, J=7.0Hz, H-13'). 'SC-NMR(75Mz, CDCls): 155.9(C-2),
110.4(C-3),  176.4(C-4), 125.3(C-4a), 126.5(C-5), 124.1(C-6), 132.7(C-7),
115.6(C-8), 141.7(C-8a), 34.6(N-Me), 34.3, 28.4, 26.6, 130.6, 127.3, 25.7. 127.8,
130.1, 27.2, 29.3, 31.5, 22.5, 14.0

1-Methy1—2—[(62,92)-6,9—pentadecadieny1]—4(1H)—quinolone (3)- colorless oil.
CasHasNO, UV Amax(MeOH): 213, 240, 321, 334 nm. EIMS m/z: 365(M"), 1861100),
173(86), 144(19). 'H-NMR[CDCls, 300MHz, & (ppm)] .44(1H, dd, J=2, 8.0Hz. H-5),
7.25 ~ 7.8(3H, m, H-6,7,8), 6.15(1H, s, H-3), 5.40(4H, m, olefinic proton).
3.69(3H, s, N-Me), 2.70(4H, m), 2.08(4H, m), 1.40(12H, m, H-2"), 0.90(3H, t,
J=7.0Hz, H-15"). 13C—:\'.\'1R(75MZ, CDCl3):154.9(C-2), 110, 8(C-3), 177.5(C-4),
126.2(C-4a),  126.4(C-5), 123.3(C-6), 132.0(C-7), 115.3(C-8), 141.8(C-8a),
34.1(N-Me), 34.6, 28.4, 28.8, 29.1, 26.9, 129.4, 127.6, 25.6, 128.4, 130.3, 27.1,
29.1, 31.4, 22.5, 14.0.

1-Methyl-2-undecyl-4(1H)-quinolone (4)- colorless powder, CyHNO, (V A
max(MeOH): 213, 240, 321, 333 nm. EIMS m/z: 313(M), 186(100), 173(86),
144(19). 1H—!\‘MR[CDClg, 300MHz, & (ppm)] 8.50(1H, dd, J=2, 8.0Hz, H-5), 7.3 ~
7.8(3H, m, H-6,7,8), 6.28(1H, s, H-3), 3.78(3H, s, N-Me), 2.73(2H, brt, J=8Hz),
2.0 ~ 2.2(4H, m), 1.80(2H, m, H-2"), 1.27(18H, m), 0.90(3H, t, J=7.0Hz, H-11").
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5C-NMR(75Mz, CDCls):154.7(C-2), 111.1(C-3), 177.7(C-4), 126.2(C-4a), 126.6(C-5)
123.2(C-6), 132.0(C-7), 115.3(C-8), 142.0(C-8a), 34.1(N-Me), 34.7, 28.5, 29.3
29.5, 29.6, 31.9, 22,7, 14.1

MeOH ext. of Evodiae Fructus

i 70% at 200ug/ml
BuOH extracts (222 g)

. Y
siO, column chromatography
; hexane - EtOAC (5 : 1)
Active fractions, Fr. 7,8.9 (18.4 g)

50% at 80ug/ml
RP-18 column chromatography

.~ '50% MeOH ----+-> 100% MeOH ..

e v .
EB- 01(13 6 2) EB-02(0.7 g) EB-03(0.5 g)
| Semi-Prep. HPLC i Semi-Preép HPLC

 column;J’sphere ODS, 20X1 50 mm
' f.r.; 8 mi/min, 90% MeOH, UV; 254 nm

Y

v V
EBO1-5A (2) EB02-2(6) EB03-3(7)
EBO1-7A (1) EB02-3 EBQ3-6
EB01-8B (3) EB02-4

EB01-2(5), EBO1-3A, 3B
EBO1-6A(4), 6B, 6C

Fig. 1. Isolation scheme of active compounds from Evodiae Fructus
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1-Methyl-2-nonyl-4(1H)-quinolone (5)- colorless oil, CigHe7NO, UV Amax(MeOH)
213, 240, 321, 334 nm. EIMS m/z: 285(M')(100), 173(86), 144(19). 'H-NMR[CDCl ;3
300MHz, ¢ (ppm)]  8.50(1H, dd, J=2, 8.0Hz, H-5), 7.3 ~ 7.8(3H, m, H-6,7,8)
6.28(1H, s, H-3), 3.78(3H, s, N-Me), 2.73(2H, brt, J=8Hz), 2.0 ~ 2.2(4H, m),
1.80(2H, m, H-2"), 1.27(14H, m), 0.90(3H, t, J=7.OHe, H-9"). “C-NMR(75Mz,
CDCl3):154.2(C-2), 111.1(C-3), 177.7(C-4), 126.2(C-4a), 126.6(C-5), 123.2(C-6),
132.0(C-7), 115.3(C-8), 142.0(C-8a), 34.1(N-Me), 34.7, 28.5, 29.3, 29.5, 29.6,
31.9, 22.7, 14.1

Dihydroevocarpine (6) - colorless powder, C23H35NO, UV Amax(MeOH): 213, 239,
321, 333 nm. EIMS m/z: 341(M')(100), 173(96), 144(16).1H—NMR[CDC13, 300MHz, ¢
(ppm)] 8.50(1H, dd, J=2, 8.0Hz, H-5), 7.3 ~ 7.8(3H, m, H-6,7,8), 6.24(1H, s,
H-3), 3.76(3H, s, N-Me), 2.70(2H, brt, J=8Hz), 1.60(2H, m), 1.27(20H, m), 0.90(3H,
t, J=7.0Hz, H-13"). "*C-NMR(75Mz, CDCl3):154.7(C-2), 111.1(C-3), 177.7(C-4),
126.2(C-4a), 126.6(C-5), 123.2(C-6), 132.0(C-7), 115.3(C-8), 142.0(C-8a),

34.1(N-Me), 34.7, 28.5, 29.3, 29.5, 29.6, 31.9, 22.7, 14.1

1-Methyl-2-pentadecyl-4(1H)-quinolone (7) - colorless powder, CusHigNO., LV )
max(MeOH): 213, 239, 321, 333 nm EIMS m/z: 369(M")(100), 173(93),
144(10). 'H-NMR[CDC13, 300MHz, & (ppm)] 8.50(1H, dd, J=2, 8.0Hz, H-5), 7.3 ~
7.8(3H, m, H-6,7,8), 6.26(1H, s, H-3), 3.79(3H, s, N-Me), 2.76(2H, brt, J=8Hz),
1.64(2H,  m), 1.28(24H, wm), 0.90(3H, t, J=7.0Hz, H-15') 'SC-NMR(75Mz,
CDCl3):155.2(C-2), 111,1(C-3), 177.8(C-4), 126.2(C-4a), 126.2(C-5), 123.0(C-6),
131.8(C-7), 115.4(C-8), 142.0(C-8a), 34.3(N-Me), 34.9, 28.7 29.4, 29.7, 29.9,
32.0, 22.8, 14.0
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5 R= N S VN N
g
6 R= NP VNN
13
7 R= SN TN
15

Fig. 2. Structures of actve compounds from Evodiae fructus

3-2-2. EF 1, 2 & 39 A LA 11 +8A 2 A Y &%

248 (Evodiae Fructus)Z2HE] #EHoZ 2| EA 1 (evocarpine), &3 2
(1-Methyl-2-[(4Z,7Z)-4, 7-tridecadienyl]-4(1H)-quinolone) ol 24 3
(1-Methyl-2-[(6Z,9Z)-6, 9-pentadecadienyl]-4(1H)-quinolone)?] QUA] L&Al 2 4§
A A A3 BES &8s, 2 AAE Fig. 20 vehigich

Fig. 204 &y 4+ glRo], &2 1, 2 ¥ 32 AR Q&4 118} A ®A] 1T 4
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A8 YL 5= YEFor AL & 4 Adh. ALY BAEY Icy, =
50%2} #8A AY AL Uehle 5 B2 19 A9E 43.4 M, 2 29 A
TE ML pM 323 2 39 F9E 48.2 pME. QX OHA 2 AY As)] Ao

TE o 5 ook

Ho
>

120

100

o]
(=]
s

Inhibition of Ang Il binding (%)
3 3

N
(=]
1

10 100

Concentration (u\)

Fig. 3. Inhibition of [*H]-angiotensin II binding to the rat liver membrane

by quinolones isolated from fruit of Evodiae fructus

3-2-3. £ 1 (evocarpine)d] ¥ ti5He Ang I1o] tigt A3tz 3}

LA LEA 1o 3] F=H E719 FY t5Ye) $Zo] tisie x| omAl ]
T&A 2 Az el £ 19 Z23EHE ey o] Bt
T4, L5 ~ 2.0 kg B7Y o](F)Fo] HENHILS HMZE 1 ke@ 30 mge] RO
TSt mpHAIZ Fo AY XA F|a, A&EA T SUe HS3 e, At
T TR ERIRE Lol Unst £4ER] UEE Fojstd A S Hojgl:

l")-
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AgzE AAsHAcE  olof, AZ 4 m FEY FES WX (organ bath)o] T3t

¥, ¥A]23e¥] (Havard Osiloscophy)®] AAo] dAAsI:L, A7) ¥b-gZo] 5 me E}o)

H2|stedch,

B4 19 83 0|98y B aYE YUt sdste] "A, U AAskA ¢
2 A7) FZ g5l 3x10° MY SEZ Mdo|La g sietel o) £ 80% A
=742 £k olo], £FiREo] HuX|oM ¢HAFEE LS o FE-NRSIHE O
27l $15t] HPYE 18 ¥ RN £2 $E2 £ J1siga, oo o
€ g2 A7) wAazn e J1EA]o] vehjoch o A¥ Az EF 1 AAE
ZolA sdo)Zalo] o3 FUH FUFEFS o) HslA] UdSS Falstgr}

g, Qx| oEiAl IIo] o3 FEH YR f3o] iy 22 19 Aatzge Hls)
7] Slste], 471 A& E71 F2 sl 3.3x10° MY widulZg spetz, o
o] £9slelS o 1.0x10° M2 oMY ERIE 7lste] o]$hikg g Hatsted jule
&4 BE BT Fof ¢ OEA II1E 3.3x1070 M ~ 3.3x10% M8 =3 FHA
O % Jiste HE-NREEAME Aot EF, B3 19 ¢ oElAl [0 iyt Agkat
& sy ¢lste], ¢x|®lAl 11 A, 1562He] EF 12 7iste] el o]zt
€& AL RASIE e, 1 Ze Fig. 3o] uvehifglch  olm), EA
AA 7t E7) 2 ci5uEH £F0] njxE 98 BAS) 9ste] B 11 A
stode vl B3 12 8P Bl sl olm3t Y¥x njx)x] oS BT
Fig. 394 222 EF 1§ AHeshA 4t Z$E vehd Zloj},

Fig. 3olA & &
o] &3] §48 +5& 843 #£LALE Uehldeh,  E3, B4 12 axe
11 S E-1SIHE $F02 o]FAZ2H, U A +24L IYE 19 3.3x
107 M, 1.0x107 M ¥ 3.3x10° M 5=l q 22} 51%, 65% 3 95% ZrAA|Zch

-

olZo], B4 12 3.3X107 M ~ 3.3X10° M} EE=ojA Qx| ol

>

>

upetd, &3 1(evocarpine)& QIR QENAl IIo] ths] Holzal ZaAele FHeldt

slalet.

4
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120

100 4
o
2
S 80
o
(2]
o
® 60
E
%
£
— 40 h
5]
S Rabbit aorta
2 20
K / / e—e control
/ 0—0 evocarpine, 3.3x107 M
0 ¥—¥ evocarpine, 1x 10°M
V—V evocarpine, 3.3x10° M

10° 108 107
Angiotensin 1l (M)

Fig. 4. Concentration-response curve for the antagonism of the angiotensin

II-induced contraction by evocarpine (1)

3-2-4. B EAe] Jlel ¥A

Evodiae FructusZ2%E] B2 YLETo|=o] thsld Helicobacter pylori A &
8& ZAel oyt 22 AAE AL} (Table 2.)
bacterial strain®Z A}2-¥ HP ATCC43504, NCTC116372} NCTC11638-& ATCC2} NCTC
EYE 9, HP82516, HP82548, HP4: korean gastroscopic sample 285 £g|s}
of Abg3tdlom 37ColA 3UZ, 74 RALET 7% horse serumo) A7
brucella agar plateA}toi|A] ujjerstedct. A
Table 222 HP2] growth, HP-urease ¥doj ti3} quinolone alkaloid®] J %of tjst
E4E& Uehd Rolth. ol& BEAEY HP ZAA 3ol the MICs7} 10-20 pg/ml =
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Table 2. MICs of quinolone alkaloides (1-6) isolated from Evodiae fructus on

the growth of Helicobacter pylori.

MIC ( zg/nl) Inhibition
Compd, (%)
HP HP HP HP HP HP Urease
ATCC43504 NCTC11637 NCTC11638 82516 82548 4 activity
1 10 10 0 10 20 10 0
2 10 10 10 10 10 10 0
3 10 10 20 10 10 10 0
4 10 10 20 10 10 10 0
5 10 10 20 10 10 10 0
6 10 10 20 10 10 10 0
Ampicillin 1 1 0.5 1 2 2 0
AHA®' - - - - - - 95

a) HP uraese activities were tested at the concentration of 300 zg/ml,

b) AHA, acetohydroxamic acid

LERG O 1} HP-urease?d] AL Hod=x] Ec).

3-3. e 5 . o|Yef g3t FEAIL A

AEX1418] total MeOH FEEZ} GufE¥ el CHCl; £3%, BuOH £3, HO 2%
of thste] HFEE 100xg/mle] SE& AMA HLslgdct 1 Az, X O%
W Yol o|Hz2 RS zZt:= AUOEF Leonuri sibiricus (70% at 100 rg/ml,
CHC13) BuOH), Siegesbeckia glabrescens (43%, at 100 pg/ml, MeOH ext, ),
Cinnamonum cassia (70% relaxation at 100 gg/ml), Curcuma zedoaria (83% at
100 pg/ml, Ho0 ext.), Foeniculum vulgarire, Clerodendron trichotonum& %
gom, F£HHLS = YU O0FT P0098} CHCl; ext., Perilla frutescen var.

acuta®] CHCl3 ext., Pulsatilla koreana?] total MeOH ext, & M A3 4= gladch
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3-4. AV (Peucedanum japonicum)®] FTUZYH o| {2 E2

3-4-1, P ol B Fl - BA

olE PHER Bt QLA £EZ Fig 5o vehjach AXH Az
o} e 1.2 ke SA712 2o vl I MeOH 100 2 AN 797 28 £,
e} - e &ste] @2 MeOH F2E (111 g)& CHCL:E:z EFo3 FE¥siarch
CHCl33&E 50 g& silica gel column chromatography (hexane-EtOAc, 10:1—3:1)
E AASl A Fr. A (9.8 g)& 83 ASsHA Sephadex LH-20 column
chromatography (CHCls-MeOH, 1:1)& AA|sled F ¥-&2] 84 Fr. B-13} B-2& &
olth. ™A Fr. B-13 B-2& RP column chromatography (40% MeOH—70% MeCH) 2}
Prep. HPLC (column: J’sphere ODS-H80, 4 im, 80A, 150X20 mm I.D, flow rate:
7 mé/min, UV detector: 254 nm, solvent:; 70% MeOH)E M A]3lo] Fr. B-12 2R ¥
}ﬂi}% 1 (34 mg)L, Fr. B-2Z%¥E recyclic Prep. HPLC (column: J' shere
ODS-HB0, flow rate: 5 mé/min, 80% MeOH)E AA|3le] HHUE 2 (18 mg)o HYE
3 (7 mg), BTE 4 (2 mg), HYE 5 (4.2 mg)& 244 Fastalr} (Fig. ).

AjabE ®male] CHCl; F2EERH 2ol 559 BEIES H-MWR 3 PC-MR,
, EI-MS £¢] dataZ Z3}o] coumarinA] EXE Hdsiglon FHEH o
289 7t EBEA 1& (+)-cis-4'-acetyl-3'-angeloylkhellactone® 1 FXE
gl o Uz] 4 F¢ EZ2, xanthotoxin, psoralen, isopimpinellin,
bergapten® & E33}aic)

(+)-cis-4'-acetyl-3'-angeloylkhellactone (1)-white crystal: CyHpe07i FAB-MS,
m/z 387(M'+H), 379, 349, 287, 245, 229, 133, 115 '"H-NMR U Be-NMR spectrum<-
Fig. 6o UEhigon oj52e] 28] ZHz}= Table 30 32| sldct.

Hel co] AE3 ox|E AR ¢lsfA heteronuclear multiplebond correlation
(HMBC) spectrumS A A]&}actt (Fig. 7). Fig. 8% BMBCo| 2J§} Hz} C&] A
€ HoFa gt
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Peucedanum japonicum (1.2kg, dry wt.)

MeOH ext. (111g)

|

CHCl; ext. (50g)

SiO, c.c
Hexane / EtOAc (10+1-» 3+1)

Active Fr. (Fr.A-B, 9.8g)

Sephadex LH-20 c.c
CHCl; / MeOH (1+1)
Fr.B-1 Fr.B-2
Prep. HPLC, 65% MeOH
ODS c.c, 40% MeOH ;
+ €6, A0 e l YMC ODS column (150x20mm L.D)

l Prep. HPLC, 70% MeOH

- recyclic Prep. HPLC, 80% McOH
YMC ODS column (150x20mm 1.D)

YMC ODS column (150x20mm 1.D)

=2
=% 1(34mg) Xanthotoxin (18mg), Psoralen (7mg)

Isopimpinellin (2mg),  Bergapten (4.2mg)

Fig. 5. Isolation scheme of active compounds from the root of Peucedanum

Japonicum,
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Table 3. NMR data of (+)-cis-4"-acetyl-3'-angeloylkhellactone(1).

Py ”_l 3cb

No. & 'H(mult., J%)® HMBC
2 - 1569.7 -
3 6.22(d, 9.3) 113.3 112.5
4 7.59(d, 9.3) 143.2 129.3, 154.0, 159.7
5 7.36(d, 8.4) 129.3 143.2, 154.0, 156.6
6 6.81(d, 8.4) 114.4 107.3, 112.5
7 - 156.6 -
8 — 107.3 -
9 — 154.0 —
210 - 112,5 -
2’ — 77.3 —
3’ 5.35(d, 4.8) 70.5 22.2, 77.3
4’ 6.63(d, 4.8) 60.1 77.3, 156.6
2'-germ 1.43(s) 25.3 not detected
(CHs )2 1.46(s) 22.2 not detected
a - 127.5 -
a -CO - 169.8 -
a -CHs 1.95(s) 20.4 137.8
B 6.03(qq, 6.9, 1.8) 137.8 169. 8
B -CHs 2.01(s) 15.6 169. 8
y - 166.9 -
y -CHj 2.09(s) 20.8 not detected

*J value represented in Hz,

~ 46 —
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R1: — C—CH;,
O
R2: —C CHs

Fig. 8. HMBC spectrum of (+)-cis-4'-acetyl-3’-angeloylkhellactone (1)

— : 4-B¢ long range correlations from HMBC spectrum.
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Fig. 6. 'H-N\R (upper), "C-NMR (middle) and FAB-MS (lower)

spectrum of (+)-cis-4'-acetyl-3’-angeloylkhellactone A (1).
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Fig. 7. HMBC spectrum of (+)-cis-4'-acetyl-3'-angeloylkhellactone A (1)
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3-4-3. (+)-cis-4’'-acetyl-3'-angeloylkhellactone (1) € o| 28

(1) PER nlg] %A1 S2o] cthg} pMSOL] o8}

o2 517 F o5 APIA (+)-cis-4’-acetyl-3’ -angeloyl
khellactone(1) & 5°17] 913} DMSOE AM83t%l7| wiRol Yaie] AlyelA DMSOL]
THE WHTIHCL DMSOE 0.2%(vol/vol) oldtoll A ojm st wdars Ho[x] o}opr}.

(2) (+)-cis-4'-acetyl-3'-angeloylkhellactone (1)8] ¢ o]t 28

PER o2 £5A17 FY ciEHold BF 1(10° - 10'M)= B5 oj=Ho) o]
LS Urtilch E4 10| & 52| o] miBe) o o]4te] &2 TR E
Y 4tk B 19 ECe 1.78 x 10Mel YT} (Fig. 9). =3 yme x|
7t @M= B 19 o|$hzhgo] AP O ECpl 3.8 X 10.sMo] ot}
ol¥AE-E B 1€ 7HR] 30-60% Fo UEhtA 10-128 o Hrhxlo] s}
ATh 2 FEolM Krebs 802 %1.& % PEoj tjgt whgAdo] ey BEIZ F
SHY 50 d= AQ9€dr}

8]

3) Wule] g
WS AT Yol PE $&zHgo] gk =3 19 AL 45}
o = 13.3x107°M8 F2olA Wulst Exists el Aol 63, 7%2] o ¢atg
ol Uehoul, wujE AT G Aol 42.0%2] ool LIESiTE uiE)
= AAY FHoM 1Cs> 3.80 x 10°Mo) AT} (Fig. 9).
L-N*-nitro arginine (10, 10 min)2 AAXEE o E2A 19

=2

kﬂ.

flo

a4

Concentration Response Curves 908 o]ZE gt} I B3 1 (107M) 0
A3l FuE Hof o|¥ag-e e WA ehgkth Guanylyl cyclase inhibitordl
wethylene blue (107°M, 10 min)& AXX3}AS wf 24 10 oJs) S=H o]zt

< @A oAEden, BA 1 (10"M)of ojs] SuH Hoj o|yztes A 3
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20

40

60 1 ! L
| —@~ Endothelium-intact

i —O— Endothelium-denuded

Percentage of Relaxation

80

6 5 4
-Log [Compound 1] M

Fig. 9. Concentration-response curve for the vasorelaxant effect of compound
1(1.0 gM~100 uM) on the PE-evoked contraction in isolated rat thoracic
aorta.

20 4
40

+
60 { —@— No antagonist
j —>— Methylene blue |
—v— Indomethacin
| —o— L-NOARG :

Percentage of Relaxation

80 4

100

6 5 4
- Log [Compound 1} M

Fig. 10. Effect of L-N°-nitro arginine (L-NOARG), methylene blue and
indomethacin on the vasorelaxant effect of compound 1. The vasorelaxant
potency was tested before and after treatment with L-NOARG (100 M, 10 min)
and indomethacine (30 xM, 45 min). Endothelium intact preparations were used
in each case,
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AA=E . @y cyclooxygenase inhibitor<l indomethacin(3 x 10™M, 45min)
< =3 1o g3 F=H o]@ztgol that gako] ¢lgit} (Fig. 10).

1) B4 19 ol¥nge o3ty 5
Fig. 110 UE}ytSo] atropine 2 x 107M), triprolidine (5 x 10M) W
propranolol (3 x 10°M)& 102 Mol WA stlg vl B4 1o] ojs) H.29 o]

142 e wx Qo

1w

(5) & 19 o]¥283} Ca® channel xtvhztgzle] waiay =y}

PECl 3 F=9 B %o thgt B2 19 o|BHL 2 MY nifedifined
1505t Axe] gees o4 A ZATH 2 uMe nifedifine®] AS T
K* (80 mM)oll ofsf Hou¥ Wwe] 5282 s xjuhela glom, PEo o
A AUE 8 5 WS 50u7kA A,

80 mM2] K'S Egh Ca”-AA Krebs &o Ca (0.03-3 mM)S FHA o2 s}oped
< wiol Wizl frRoll BAQel YAMA $224go] Lelgt). B 1(3,3x10° -
3

3x107 M) Ca®oll 3t $&2t8e 8 E2How Axsigr). (Fig. 13).

(6) =& 12] o|¢hzt8of tht tetraethylammonium (TEA)S] o 8}

=2 19 ol¥zgofl K' channel?] AU oRE w3z} w|Eo|d K
channel dpenner?l tetraethylammonium (60min, 1 x 10°M)& A a)|ste] o R
= BHSIACE TEA: PEo] 93] S=9 430 ozt B 19] o218 o o
= ReZ Uelut) (Fig. 14) |
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40 -

60 -

—&— No antagonist
—O— Atropine
—v— Triprotidine
80 - —9— Propranolol

Percentage of Relaxation

100

5 s .

- Log [Compound 1] M
Fig. 11. Effect of atropine. triprolidine and propranolol on the vasorelaxant
effect of compound 1 in the endothelium-intact praparation. The vasorelaxant

potency was tested befor and after treatment with atropine (0.2 £M, 10 min)
triprolidine (5 xM, 10 min) and propranolol (3 uzM, 10 min)

40 -~

60 -

Percentage of Relaxation

80 -~

100

6 S . 4

-Log [Compound 1] M

Fig. 12. Relaxing effect of compound 1 on PE-induced contraction in the
prescence () and absence (@) of nifedifin. After treatment of denuded rat
aorta with nifedifine (2 uM, 15 min), PE (1 uM) was used to induce
contraction,
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100 -

—o— 0.1% DMSO
—O— 3.0 uM Compound 1
80 4 —¥— 10 uM Compound 1
—~— 30 uM Compound 1

60 -

40 -

Percentage of Contraction

20 A

0.1 1
Calcium (mM)

Fig. 13. Effect of compound 1 on the contraction of high
potassium-depolarized preparation of rat aorta. Aorta -was preincubated with

compound 1 (3.0 M -30 uM) for 20 min, and then cumulative concentrations
of calcium (0.03 mM -3 mM) were used to introduce the contraction,

20
40 -

60
—e— Absence of TEA
—O— Presence of TEA

80

Percentage of Relaxation

100 T T T
] 5 4

- Log [Compound 1] M

Fig. 14. Relaxing effect of compound -1 on PE-induced contraction in the
prescence () and abscence (@) of tetraethylammonium After pretreatment of
the rat aorta with TEA (10 uM) for 60 min
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(7) (+)-cis-4'-acetyl-3'-angeloylkhellactone (1)%] o]=+&oj chgt 7=t
= dFoMEe i FH diE5dgolre B 19 o|uztes YsIYO
=3 18] oj¥2g J1AL walaal vinj-#A Qdxt @ Sga-uisl Qxjol] cjil

=3 15 TE-2AEH0R o|UAES Urhlon, UnE AT gy #
& CRCZL #5202 HPFHOE o]Fdte 202 Hol B 19 ozt o
u-HA QAT Hoste Aes AAWCh unoM ReHEs T o|HEVEL

EDRF, prostacyclin, EDHF (endothelium-derived hyperpolaring factor) @ 7]E

——

=
HI2E ol¥E& uflshe signal transduction mediator® Z&3M= Ao T oz
3 9lth. Nitric oxide (\O) syntase inhibitor¢l L-N’-nitro arginine} guanylyl
cyclase inhibitorgl methylene bluet= £ 19] o|&2t2S I E A3 3
< TELE A= ZLoE Hol EA 19 olRzgol= NO®} guanylyl
cyclase7l ol F &= Hojsl= Zo g Mt ¥ cyclooxygenase inhibitor
Q! indomethacine &3 12] o|&zl&of 3ko] ¢lair).

22 19 olgatgo] Solgt $&A7t BAsE=AE w37l 25t atropine

(muscarinic receptor antagonist), triprolidine (histamine Hi receptor

i

antagonist) W propranclol (B -adrenoceptor antagonist)?] ®33rS atsteicy.
ol’gs F&Al ZYAELS EF 15 715t 108 Mol AAX3IAL wfe] ojpztg
< B¥ES A dskth o] HzE Hol EF 19 o|¥ALE muscarinic
receptor, histamine Hl receptor @ A -adrenoceptorZ uj7jsted UelL}= A2
oful Zow micisc},

= A7 2 1= B3 FY 5ol -3 P ojfzg e Y
EiWlen, of oj¢tztBol= N0 U guanylyl cyclaseE E3t uj¥]7} #ei® Zow
Rt a2l
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A4S ATHUSE SNE U gho7|olE

13U A R8 NEAL 44

il 7129 WMol £24T ABUA AEUE 052 uIEslo] & 3005
o Fuh Abg ABALS 47 - FAGOH, o|ES HULE 22D F Suji
Y& S35t CHCl3, BulH, H0Z 22 #¥3l HPAE FEE libraryE ZA 3}

gich.

2. AEPA BeNE B 88 B U AENEAN U2

10004 F-0] AEAY FE8o] cist dAleEAl 11 £84 AY AP S gas)
o 2F2 2k P0082 PO14E AA3tAod, rate] FHuiEo] z2&si= oFE
HAE B3t EH o|RA &S Zie= 639 2] (P004, PO11, 051, 108C, 102H,
098C) 2 +53&& Zi= 3%Y AEAHd  (P009C, 091C, PO12)& A A3stgich

3. BUxAE L& Zte 78 NEANYLRE Q4B (Evodia rutaecarpa)g& s}
A FEEELE A eHA I #84 AY A8 EZ=EA 7F 9 quinolone
alkaloid& Waulon, ol =AY E7| A& FHuEY FHe Ax|eElA
I1o] ch3t s&2tgo] T oT ZFS WHOTHN o552 AL o4 S

4. rat®] H& FF dFUE Ao oA RE AEAYLE A7)E
= (Peucedanum japonicum)& WZsli BHERAZA (+)-cis-4'-acetyl-3'-
angeloylkhelactoneS #&|3le] 2 FRE uiglon, AL7|dosy H Uy
(endothelium)-F-e] NO-guanylyl cyclase pathway$®} Ca® channel blockadeZ® X3}
o PHIF AL Holt e WULEA JIISUR(ARE)e e s58
w23t

5. rat®] A& FF UL AAHLE +HAJ= 8§ AEAY, P09 U2
132 7883 ZAM naphthoquinone& -u:r’—l?f}@l 3 FZE5 Yyien, Lozt ¥
H¥2oA phenylephrine®] %2128 ZJ7}A7|9 soluble guanylate cyclase
B35 A7l olBAEY A&l Ao T ZA¥stz, LpSel 23] U ¥
WS HEALE WIoEA THAZY MEE L8 WILL

ﬂlIm o

nh
o
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6. IEZH POOIE B nitric oxide A A s|A¢l 2F & coumarinA EAES Fe
3ty O FXE ws]3, lipopolysaccharideo] &3] -FUH in vivo sepsis animal
modelofl Al AHBAEE HoAF AUSE HTULEH P09 AZE Tes W23
t}.

7. 24§42 Lel¥ quinoloner] Bdo] AL A% YATOE W
Helicobacter pyloriol 7% B4 Uehde HUSHA Wi 257

- O

T2 BEAOT SN ¥ 4 Uk ANE ¥4H0E Aynh
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M 5% AP Ao BHEA S

Evodiae Fructus®} Peucedani Radix2 ¥hHz} glZtollA] AMRE =
SdHOA QHAFE 2} E  in vivo animal modelofA e 2 H%&
F4]¢F (nutraceutical )22 7/|-& 2 AFo|r}

R AEAY P009Y]  HEIT FuUdEH 5L, Lpso oI xR
phenylephrineo] th3¥F ¥F:wrAde]l 7tAe] A E FL endotoxino] 23t in
vivo sepsis animal modelo] QlojA] APUEQ #3159 AXZHE P00928] shock,

HY% A2z sbe4de RS P
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A1 AA

3 U FYEEIY g a3 o9& g1, 2]. Y-J&24 JHe
WS HolYAES S XS Arh3]l. olE olUAEL jFEE 1E9 uwt
38 TEAE T3l uJmol ALUSEAN  Uul-Fe o9} (EDRF)U}
prostscycling EH|A|I7|R, Eu]E o] EAEL 77 guanylyl cyclaseu}
adenylyl cyclase?] BAZE E3] ¥¢ HYZ (VSM, vascular smooth muscle) #
Holl tieh AAHEZ}E viehdch4-6].

Furchgott &[7] 3} Palmer 5([8] NO(niric oxide)E ju|ojA] BEu|x o]
flatz Bastgdon, I F2 Nooj "ol 2 99 thakar Mamae] w3t
A7t wol BaE 3 9ich(9-12].

NOE ZRT P olfdS AMEUY ¥ fde ZUgle BA-
acetylcholine bradykinin, electrical current ¥E+= shear force Soi &]3] X
U Ca?'e] ol S71E R viule] ol NO Y EA(NO synthase, NOS)7F 2d 3}
Hol NoZF ¥ - SHl™Th ¥AEH Noke JHT B2 HNEE YA Zalwo
soluble guanylate cyclase(sGC)E& A EAIA cyclic GMPE FIAZ o2y AR
et o] Qatsihgo] F3xEo] FH2 ojo] AUojytr}. Sodium nitroprussidei}
nitroglycerini}t T2 nitro-vasodilatorsi= 3] N0 BAE R AE AHL3}x] otz ot
= AHA|7F chAE]HA NOE A sle] B9 guanylate cyclase
X o2-E& vehdcH1s, 14].

BW, Y o|g2go] Fa3 AL h= NoY *§*3°] Astxld =gk @
T5o] dojuA Hol AT AT 7Y el & HIY L2
T gen, ndEet U FHAY Her|dos Hogit) ol uitiE N0 I}

P A2 AR FH o] E Q3 &FA £3 W P Fo BTt Y
T IS4 endotoxemia W IHPE Azl TP LxLT YHAFO
7103t Aoz I Aguda tEel kst glri4].

WEE NEA) 3 A e 2YSHFe upg Axere FAgsta e
lipopolysaccharide(LPS) 2] 1980d Fulo]l LPS2] o AEQ 1ipid Aoj cjgt &
A 7F FRgE o] X 2ol AMEE AL glovt X gol TAITE Qe Rog vieldri14].

HZole VF Z7] olFo] Welst: nitric oxide(N0)o] thyt A7t B

(i
it

X
Lo
Red
oY
lo
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Ws| 3E T Qlr), Bacterial endotoxind HUPHEZL, Y], macrophage &
of de] &2}3}= nitric oxide synthase(NOS)E H43AA cleke NOE s}
3L, 2378¥ NO guanylate cyclase(GC)E E43}sle] WP WYL o|yatc),

T AFoldE B HYIo|A phenylephrined] 23] SEH 4% Z7}zgo]
= A=A P0097F £F9 "R o|¥d B njx: o BBUoTH o
12Ao] that ol A Reat 1 2871 W S Welx, LPSol o3 S5W ¥y
TENEE At mlx e Jue BEFoEH HYUZoY HLrIEHES 2}

Feict.

o & 3o
o

ol
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H 2 & A7UE o un

2-1. 3 d$Y ring AW =

200280g2] Spragure-Dawley #1%)¢] TEE Jelste] AW AIA7] 3, puta)
F ch&W(thoracic aorta)g Z&¥ I ALAZE L3238} Krebs solutionoflA] ]3]
7} SHEHA AEF FAsi thFel Bl A=A L AAsIAL:. o] 4mn
BE2] ringE WE| organ batholl ®4§ F physiography (Havard Osiloscophy)
9] sensorol A7}, Organ batho] 5ml Krebs solution® Y3 95% 0, - 5%
Co; TYUNLE FFHHEAM 37°CE AAIslgct. AYZHINE ringd] 7| 2PHL 2
BER Fotsta, 3087 A Fof 3.3 x 10 phenylephrine (PE)& 7}8}
o T35S FAsIUTh AEL Krebs solution®® 43 ¥ % 308 FT of o
B ZTh ThA] 3.3 x 10™M phenylephrine (PE)& 7hsto] Mo ado] s=uwrsiad

W 1.0 x 10°°M acetylcholine 7tste] o]hitg-g Thaste] Lfue] bl

TTH STl Bl nAE B SH HYL W] 9ste] WA )

& A AR ¢4 FZ viEWo phenylephrine(3.0 x 10°M) & 78tz Ui 3
= AAYL T tiFWol phenylephrine(3.0 x 10°M)& 7}3lo] Hcof +& o] 8%
BEZ +2AATh £5 U8 AvhAlolN BFRHUALS m(F 1082) 5-urem

A& 22077 213t dES U2 RN £ ST FH¥H0T Jistgn) uke
= physiography (Havard Osiloscophy)?] 718x2Jo] 2zom, orEe| o3 Lieh}
t AARE2 ol e WMELE el

2-3.Ui9] &4 o|tztgof i3t J3y

Y P 02 BE LAHAZ Foll 3.0 x 10° M phenylephrine(PE)S o o}
ooll 715t AESS BASNGTE ZAL N3, JEM7R] QAsEW BYL o}
A2 ge= zAslgch 3.0 x 10° M PEE Jpste] 22 yz=E Hdsigch
PO0S(10 -100 nM, I8 1)& 15%7F AA23t Fof PEE 7}5to] PES] 42 of u]

e d8E dEstdch
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b, P009S| 2E7]WE welnal WugEd A oy Exe 2o af x|
= Y¥E ZASHATE 3.0 x 10° M PEE 71313, o) Aol =i wo] &
2 o] E(acetylcholine, calimycin W ATP)E 715te] &3 fatuigzy

< A3tk PO0IE 1582 AA2ste] o|UR|e] o|WztRe] mx: ey

(¢}

0%
o
6]

2-4. 3] v]oJ&4 o] z}tgof 3t g5
el wlo]& olkale] oLl tiat Gare BHS A} el & AA g
S AMESHTh Ul $9E ol gstel EW UME 43 dsls SajolWs
ﬂﬂﬁ‘)iiml, W32 7% &4 3 x 10™M acetylcholine 7}sted o] 2haio)
2 lstAdct
3.0 x 10° M PEE 71813, Huvj Aol =slde wo] +29 o2y 2a

)'_9.0‘“

(nitroprusside, atriopeptin III W papaverine)& 7b8te 3 Rawiea Mg
ZHgstalrt. PO0SE 1587 HA2RE Fofl o|RlQ PES £Zo] thah o|tztg

2= d8& wastgcl

2

o

2-5. Endotoxino] oja] #51 Wae] $2334 Astol that P009s] o
dH 2l& organ bathel] & gk Fof] KC1 (60 mM)of tjst NS WEstn, g3

< LPS (600 mg/mL)E 3718t Krebs R-o¥o] & AJ7} w gstadch wier & 208
¢ P009(0.2 EE 2.0 pM)E Hastz, & A7t ujoro] 25 Aol

[e}
phenylephrine (3 nMolA 10 uM7}2] )& 7}51e] Rak-¥be =g i),

2-6. A¢F
Phenylephrine(PE) HCL, Ach HCL, calimycin, ATP, atriopeptin III, SNP,
papaverine W DMSO+= Sigma ChemicaloA] £ql3tait}.

PE= 0.1% ascorbic acidE $H3t 0.9% QalA @] o P Bl ale
& of ojtt Krebs &0 3|45tgdtt. PO0I= DMSOS] 107M B2 AL gtEo]| Krebs
8902 HNsto] ALBITh. PONIE HYY BE AGE Krebs Lolo] o] A}
gstgich.
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Xl 3 = A3 o 1

[t

3-1. AE=H P0092] EY 528 EA £ - FA
AE2H P0092] 2] 24 Kg& Eafst] ALojA MeOHE 23] 3&3}% MeOH
FEE 500 g& Atk olAE FRol WEAA CHCLE F3319] 14} si0, 2
HAZotEI N (&0l CHCL)E Wsto] BHEYEL @3 A43iA hexane/EtOAc
(100:1 — 30:1)& 23} si0; AHASUIE IR E Batod 10718 Yoz o
Tl o]& & 6¥, "HOZH¥ semi-peparaive HPLC (column, J’sphere 0DS-80, 4
pm, 80 A, i.d. 20X150 mm: MeOH-H,0 (75:25): flow rate, 8ml/min: UV, 254 nm)

€ &t B4 =3 P009E Lrt.

Table, 1. NMR Data of P009

Position | &'H (mult,, J¥)® 8t HMBC
1 12.5 (s) 158.2 112.4, 136.7,.158.2
2 - 30.5 -
3 - 143.5 -
) 752 (s) 1217 20.0, 112.4, 143.5,
179.1
5 — 179.1 —
6 - 161.0 -
; 611 (s) 109.6 112.4, 161.0, 179.1,
, 190.3
8 - 190.3 —
9 — 112. 4 -
10 — 136.7 -
1’ — 202.9 -
1’-CHs 2.59 (s) 31.9 202.9
OCH; 3.93 (s) 56.8 not detected
3-CHs 2.35 (s) 20.0 121.7, 136.7, 143.5

*J value represented in Hz, ®(CDCls, 300MHz). °(CDCls, 75MHz).
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3-2. P009e] A BHTo] Uizt 282} PES| o3 FFHof cfgt g
W7t Exfste oA P009E WS H=(60 - 200 nMolA 71E Ao
FFol et 2.0 MM E 7€ ZHEE 0.1 gollM 0.5 g7kA]| ThstAl 714
Atk Uzl &x15l= ZPolA phenylephrine(3 x 10° M)of &3 §58 4=
< P009¢f 2j3to] f2StA FItE et WY& AHAT Z ol 5 F71380]
LIElLFR] oFQiTh (Table 2).

Table 2.Potentiation effect of P0O09 on the Phenylephrine-evoked contraction

Concentration of P009 [Potentiation Effect on PE-evoked Contraction (%)

6.0 x 10" M 30 - 50
2.0x 107 M 68 - 158
2.0 x 10°M 217 - 265

3-3. uiy] oJ& o|A9 ukgo] tfit P09 <&

37t E2ste @ B-IoIA acethylcholine PEO &3 =¥ &L
Zof 88.5 £1.6% o]}t PO09E Ach®] EHUETHE LEZ20% olFA|Zie
o, #cf o|¢z2hg-g A3 ZAAIZTH P09 60 nM F 200 nME B A 2]3tS uf
ofl acetylcholine®] PE--R% 4o tjat Huj ojtzxgL 7tzt 77.9 +2.5% W
32.4 £2.1%5 ZrAslGom, P009 2.0 uME X2|519S A-$ol= Ache] ol ¢ztg
< 833 xctE|glct (Fig. 1).

ATPE= W=7t Exfists 83 HEZA PEO o3 f23 £5& i 92.1
£1.9% o]43teit. P009(60 nM L 200 nM)E A 2|3tQE whol ATPY] PE-RE 4
ol gt Hcf o|zR2 74zt 78.8 £2.5% L 45.1 2.6 %2 PAslgon,
PO09 2.0 pME He|3tals 9ol ATPY| o|&hzhg-2 a3 xiutx|gcHFig.
2).



Log [ACH]

0 75 '7;0 -6_15 '6_;0 -5;5 5.0
e 20 1
2
T
s
S 40 -
e
&
8 60 1
[~
3
E —e— DMSO
80 - —o— P009 60 nM
—v— Po09 200 nM
—— P009 2.0 uM
100 -

Fig., 1. Concentration-response curves for acetylcholine in the absense and
presence of P009 (0.06, 0.2 and 2.0 uM). Responses are expressed as
percentage relaxation of the contraction to phenylephrine (3 uM). each point

represents the mean = S, E. M, 4 experiments.
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Log [ATP]
6.5 6.0 -5.5 -5;0 4.5 4.0 -3.5

—e— DMSO
—O— P009 60 nM

80 - —v— P009 200 nM
—v— P009 2.0 uM

Percentage of Relaxation

100 -

Fig. 2. Concentration-response curves for ATP in the absense and presence of
PO09 (0.06, 0.2 and 2.0 M), Responses are expressed as percentage

relaxation of the contraction to phenylephrine (3 uM).

Calimycin W37} E2fst= 8 F-oM PEo 93] 53 22 Mo}
72.6 £3.9% o|tstaTh. P009(60 nM T 200 nM)E AA 28t e wfofl calimycing]
PE-F% 5ol th3t 2v) o282 747} 52,7 +£6.2% R 22.0 +£2.1 %2 745}
Aom, P009 2.0 uME A2 3HL BPol: calimycing] o] %z2tg.e 3| xjct
E gt (Fig. 3).
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Log [Calimycin]

-7.5 -7.0 -6.5 -6.0
0 2 — — —-
_ 201
2
o 40 -
«
s
[
g 60 -
=
8
o
& g0 - —e— DMSO
—O— P-009 60 NM
~¥— P-009 200 M
—o— P-009 2.0 yM
100 -

Fig., 3. Concentration-response curves for calimycin in the absense and
presence of P009 (0.06, 0.2 and 2.0 gM). Responses are expressed as
percentage relaxation of the contraction to phenylephrine (3 uM). each point

represents the mean = S, E. M. 4 experiments,

3-4. Uy v] &G ol & 2] WhGol gt P009L] o 3}

U3 E #AL ¢ FZZo|A sodium nitroprusside (0.003 - 1.0 pM):= PE
of o3l FEH 5L {UYEHOT o|UslYrT} PIIE £ %5(2.0 pM)o
A nitroprusside®] o|¥ZhE-& o|HAZ oLt FHujo|RALo= o] ot
(Fig. 4).

U E AL 1 -2l atriopeptin III (1 - 10 nM)& PEo 23l F=H

&S BUYEHoT olUslYth PIYE L2 HE(2.0 uM)olA atriopeptin

_.77_



1118} o] &21go go] glalth(Fig. 5).

Papaverine(3 - 300 uM)2 MAj3] PEol 3] = $5g gapo|z
#AZith P009 100 #ME papaverine?] o]2zhgof Thst oddto] gl A
= ¢chFig. 6).

Log [Nitroprusside]
-85 80 -75 -70 65 60 -55 -50

0
= 20
.2
L
i
s
o 40 -
o
-
(o]
)
8 60
o=
Q
L
a
80 -
—e— DMSO
—C— P009 200 nM
—¥— P009 2.0 uM
100 -

Fig. 4. Concentration-response curves for sodjum nitroprusside (SNP) in the
absense and presence of P009 (0.2 and 2.0 uM). Responses are expressed as
percentage relaxation of the contraction to phenylephrine (3 uM). each point

represents the mean = S. E. M. 4 experiments.
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Log [Atriopeptin HI]

. 9.0 8.5 -8.0 7.5 7.0
. 201
0
=
po
3 40 -
@
s
[)
g 60 -
&
(4]
g >
) —e— DMS
80 —O— P009 2.0 uM
100 -

Fig. 5. Concentration-response curves for atriopeptin IIl in the absense and
presence of P009 (2.0 uM). Responses are expressed as percentage relaxation

of the contraction to phenylephrine (3 uM).
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Log [Papaverine]

0 5.5 5.0 45 4.0 3.5

c
O 20
i
©
P
0
Q ]
@
o)
o
Q60 -
el
c
Q —e— DMSO
S oo —O— P009 2.0 yM
o

100

Fig. 6. Concentration-response curves for papaverine in the absense and
presence of PO09 (2.0 uM). Responses are expressed as percentage relaxation

of the contraction to phenylephrine (3 uM).

3-5 Endotoxinel] 23] §EH Hel THE A Stoll tidt P009e] o3t
BHE LPS (600 mg/ml)E TR Krebs oo & Alzt wjorstdle wiof
phenylephrineo]] thgt &-gIHE $502 o]EAZ} (Fig. 7). LPSS &7
Ml S35 & wholl phenylephrineo] that Hoj $3% VNsIA A AT} (Y= A
LPS-A 2] @3ollq KClojl chyt wrg4d=t ulastel 2zt 129 +11.29} 92.9 +7.9)
S LPS W P009(0.2 &= 2.0 pM)2} 7l vjdslde o] Desol AR
¢ phenylephrined]] th¥t whgAdo] BBEE Zoz UEldth P09 2.0 uMojA
phenylephrinee] th¥t Zcf %2 130 +8. 94t}
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120

—&— Control

—O— LPS (600mg/mL)
100 - —w— LPS + P009 (0.2 uM)
—— LPS + P009 (2.0 uM)

80 -

60 -

% Contraction to 60 mM KCI

0 = T T v T
85 -80 -75 -70 65 60 -55 -50
Log [Phenylephrine]

Fig. 7. Concentration-response curves for phenylephrine in the absense and
presence of LPS (600 mg/ml) and PO09 (0.2 or 2.0 uM). Values are expressed
as percentage of maximal KCL (60 mM). each point represents the mean = S, E,

M. 4 experiments.
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H 4% 22 9 2

gk

Zg=

o

PO09= H FHEHIZY 71E3Yol= AT Fo] ¢lelou, phenylephrineoi
o3 fFx¥ +£5& F7MAZth o] A3} P0097} endothelium-derived relaxing
factor(EDRF)&] APatael felol &3 ol 8- Welsts AL oulgich

P0092] o]2|3t 2}-&-& endothelium®] ¥}2]L} muscarinic receptore] tidt zhg
o] 7113 4 elct, Tt £ dFolA P003 (2.0 uM)E endothelial cell layer
S 3R] ¢ ZALoE UElyton], Ach#rt ofujz} ATP W calcium ionophore?l
calimycin®] o|gztgole 72 FFE nlX& ZLE Hol gREAJR g2 ¢
t ZRoE wehdch B3 2FE(2.0 £M)E] P003E U¥E AAL Y Y2
o A SNPojl 2]3t o)tz x ZstslE= Zlog vlelyttl. 2eu} SNPo| thdh A skt
€2 W&y ojfAe] uiyt 2ERrt VA uielth. P009: particulate
guanylate cyclase?] B3 3}E T3l MPE F7MA o2 A HUFPZL o3}
+ atriopeptin 1112} phosphodiesteraseE Al R 2] cGMP &tk Z71x| 2
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