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Abstract — In order to investigate the pharmacological properties of I-muscone, effects of -muscone and musk
were studied on the cardiovascular system with various experimental models. In isolated rat aorta, l-muscone
and musk made the relaxation of blood vessels in maximum contractile response to phenylephrine (10° M) in
endothelium-containing rings of the rat aorta, but not in endothelium-denuded rings. However, [-muscone and
musk in the presence of the inhibitor of NO synthase and guanylale cyclase did not make the relaxation of
blood vessels. In spontancously hypertensive rats (SHRs), I-muscone and musk slightly reduced blood
pressure but significantly decreased heart rate. In the isolated perfused rat hearts, /-muscone and musk did not
affect significantly on LVDP, contractile force, coronary flow and (-dp/dt)/(+dp/dt). These results suggest that
[-muscone and musk have weak cardiovascular effects with relaxation of blood vessel and decrease of heart

ratc, but without significant cardiac functions.
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AYEZS A 3 (Sprague-Dawley)s AS3AHEE
AE ella] ZFutol 1053 (300-350 g)e A}%Em I, 13~16

Felo] A 340 g W) AHA ¥t # (spontaneously
hypertensive rat, SHR)= Harlan Spragne Dawley Co.(U.S.
AR BE| kel 82, dhgo] fAIEE FF AR
A AFelela ALAZ] F, dwidehy SRt o9
7A7gt FEE A8t HEel RSt B A
2742 1247 A AT (A 8A7E 2 847}
=)y, &% 300-500 Lux, 2317, 7] 10-183]/hr, 5+ X 55
+15%2] Z78)el|4] polycarbonate A5AAHW280x L400
X H170 mm)e]] 3vie]¥] e AL&-sigieh. w¥ ARE (o)

ot +E2E A58 QA s1of Aol Agakich
ALZAIE W Al

I‘Muscone & A}k A kAol A] A2H 728 ALE
%}l ©.n, atropine sulfate, epinephrine bitartrate, phenyleph-
rine, heparin @ sod. pentobarbital 5-2] A& ol] ALE3 =&

A|2FE-2 Sigma Chemical Co.(U.S.A)e] AlekE ALE-5193
=
AlE{HHH

7| &% ISU0IMC] HTISIEY ojgiuie

49 A2e 24T 7 FERE Aekste] ARAA
A Z)E AFEsle] AlslA sts] F5 o) T (descending
thoracic aortaey- AZ23}31, pH 7.4, 95% AtA9} 5% o)4k
gekre] Ei371A| 2 3514 ice-cold Krebs-Ringer(in mM:
NaCl 118.3, KCl 4.7, MgSO, 1.2, KH,PO, 1.2, CaCl, 2.5,
NaHCO; 25.0, EDTA-Ca 0.016 and glucose 11.1; ¢]8} KR
olzl 3 fFEle] HZic}h I W S Fe] 2
Pz 9 2D 52 AL AT KR D59 ol
7o) 2~3mme BFH ring FEE HECH LH-L]7} 9l=

9 mae 9 Weel gt WHAR] BES 93]
2 o) AFo] AN QES FstsIsh a7t
P =T ZLE UTHE DA B I Wl Aol

KR gh3oloz 24l #AFFe] oA 324 10~153 A
= 3AAA WA E AAA R
grEo0] 3 ring FE-L2 G JH el zpFo] 7FaiR]A]
Z Fo)3}H4] KR 2 10 ml7} A$A] organ chamber
of #<=%} 3 organ chamber 2] KR -Z=el-2 heat/circul-
ator(Poly Science, Model 73)% ©]-&3te] 37CSF R A7
5L A|EA 02 95% AbAol 5% olAbElekie] E3|AE
FFetdchpH 7.4). 3 ringe BAE TN stimupd
o] &5t wAF}=v] 152 stimup-2 organ chambert}]2]
holderel] H-at=|) v, AF§-2] stirupS 10 cm W2]e] <7}
o2 holders} ﬁéﬁﬁﬁ}ﬂl g #, w=ld &3 iso-
metric force transducer(Myograph F-60, Narco bio-system)2]
7¥2) 716l Aol FRe] A5y} transducer coupler
-(Type 7173, Narco bio-system)Z- %8| physiograph(Narco
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bio-system, Trace 80)8] 712 ]|l 7| FH =% 3} 2
ol kA 60% o)A} WA Fhe] HY Aefel] 2L
3 27) 3087 AR LE B ringel 19w FHS
o] resting tensiono] 2 gof] £2slr & dleic}.
Aok :'L—‘J Eolgl vk W7t A 22 "'ﬂ
A8 % ring 2L phenylephrine 10°MZ 454 ?1
R ghgloll 34l 2 obE& TABER 75)o] YL BE
J'—‘S-’—T.'—’ﬂ'% E-5hed A Bkl
it Eafshe LakolAel o] shakgo] Wsle B4 ol
gkelzlel nitric oxide(NO) f-2]ol] 25t 7= & &el3}r]
£)3}ed soluble guanylate cyclase 2] #Ql methyleneblue
10°Mo]} nitric oxide synthase 21| A2l N®-nitro-L-argi-
nine(L-NNA) 10°M& #3-& 2t7F 3082k A A2qt 5 7
Tl oI olshubeel WS Daksjlel.
MEM TR Fo| ol 0jxl=
AF 300~350 g W] A4 23} F]2 sodium pen-
tobarbital(40 mg/kg, ip)2 THHAR F A4F dEHENL
24 38} A" 27t SP28 catheterZ 4l skm 1 vk
A Zeo4] SP36 catheterZ 21512 %3} mid scapular re-
gionefl/] & dte 2 mAo] Wgith ol catheters= hepa-
rin $-4(100 LUYS 2 A9 DA, FEIv 4 433
B85 ohg- 24471 A Fokd muEls)r] Al dEE
WMol ML catheter® Grass polygraghell 32X Gould
pressure transducerol] A 28407 HF€ ¢h(mean arterial pres-
sure; MAP)T} AlabE 42 25l 285 oF 241 &
oF ¥AE 2 A-g-A17] F kES AT oS 10, 30,
60, 90, 120, 150, 180 A 22 HFHY A HU-5+E
Z2) 5l ch(Wong 5, 1990a; 1990b).
7¢ A A= 0.25% sodium carboxymethyl cellulose(CMC-
Na)lloll @=tale] Al-4-3153.0w, [-muscones} AMEF2 Al E-
ghakd]of] $£8}e] 4.5, 1.5, 0.45, 0.15 mg/kg E 300, 100, 30,
10 mg/kg s 27t -+ f’}"ﬂ o, YaEst 3L HgEY
(mmHg)=877| EU+(FF7] 3 ‘ﬂ‘ 2a7) dahy3el &
gke] Z2AslE 1, A EAE 27 W5 (beats/min)
ol Eslo] 2 aksict.
MEsEI AgR2 (s e
872 sodium pentobarbital(30 mg/kg, i.p)2 whH A7l
& heparin(1000 LU /kg iv.y& F3s}3L Grover 5(1995)2)
ahel uhet Alahg "AEEtech &, 7] cannula(PE
2402 AFol@L . rodent ventilatorE- o] &3] S1FFEFL A
F19 in sim AP oA N5 cannula S ) el A8t
el TEFhe) AL BE3F) Langendorff apparatuse]]
Apge] v Aake) Fetgle B8 23 248 AAs L
At BB(75 mmHg)ahel A Al-_,_i %319 3709 A
oz BRINADG. AL 2R FFAI WS A
% 3%F A (latex balloon)2 vieh-2 F< cannula S o4 =
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2 F) A0 AT EAle] R AL E
isovolumetric3}A] Z]3}7] €5 pressure transducerOJ]
733]4::-11;]_ )\l zLCL 15 ‘%7‘} 01}2]3],1:] TE e = LVEDP(left
ventricular end diastolic pressure}S 5 mmHg=2 F3 o] %
4 Rsig A ABs10Ed FAART 2 Ae Modi
fied Krcbs-Henscleit bicarbonate buffer(in mM: NaCl 116,
KCl 4.7, MgS0, 1.1, KH,PO, 1.17, NaHCO, 24.9, CaCl,
2.52, glucose 8.32, pyruvate 2.0)8 Al g43slger £x %
ITCE KR AA T A 2z g Al 95% 0,
2} 5% CO.2| £% pas3 3] 1 pHE 74F sigclh

Azr 2 J)FE AdubE<(heart rate; HR) 3 TAEF
(cotonary flow; CFYE &3R5t A7 5 4 #AAdE= ~
%% grleldvi(Grover &, 1990; 1995). AAF %715
H7lele parameterd] ZA14 Al st(left ventricular deve-
loped pressure; LVDP)E {214 Ho $=27|(left ven-
tricular peak systolic pressure; LVP)a} o]2b7)2 23449k
(eft ventricular end diastolic pressure; LVEDP)?] o]z
€ AkZalgl ol mlRA|Ql dp/dt® ARESlyTh. & b
H=ZekL aortic cannula $Jof] A= coronary flow probe
(A7 1.0 mm)F o] %3}¢] electromagnetic flowmeter 2 &
7 stedt]. Plugsys bridge amplifiers &3 A" =& Al
52 Linearcorder® 7| &%)yt AAke) 2= A3 77
Zrell A AAE 37Ce] Ao dFeFA dAFA
FAlstsdch.

AAEEIO) CHet HEt

A% 330-380 g2] Sprague-Dawley7] 332 sodium pen-
tobarbital(40 mg/kg i.p)Z =} A7) F A% = FUL F
# 38 e F@7MA) catheter(SP28)YE Alglsle] Alal
B4 240 ol £a900], 22% AR B Al
A H7ER] catheter(SP28)E- Abalsle] &8 Foi3loict.
o|ufj Z} catheteri= heparin-8-2(100 LU.)2. 2 )¢ LA}

2% g AL¥ catheter® UGO BASILE 2-chan-
nel recorder “GEMINI" ] strain gauge preamplifierel] <12 %
blood pressure transducerol] A<43tgint. 2T whals
QA oF 1027 AT AAbRel g ke

—_—

= ZAstol e, atopine(lmghkg, iv)yg& FHF 5E&F
epinephrine(5 ug/kg iv.)yg Fojaty AwtE4gE A

o} A ¥ atropine T 2ol oS ek AT
4531 o) sk AETT 2o Shel AeFEST S,
AlubE s Z7)-8-2 atropine X% & epinephrineih-g&- Fo93}
of 2715 AlubEepol| gt b8 A |12 AlubEo] 71
MR g2yl #alksled th(Matsubara, 1990).
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—=— with endothelial cells
10 -J- without endothelial cells

% of Relaxation {PE 10° M contraction)
o
t

—£— NC.nitro-L-arginine 10°M
—¥— Methyleneblue 10°M j
T 1 T 1
-7 -6 -5 -4
Musk (Log g/ml}

Fig. 1. Relaxative effect of musk on phenylephrine-induced
contraction in isolated aorta of rat. The percent of relaxation
is plotted as a function of dose in the presence of N -mitro-L-
arginine 10° M (A), methyleneblue 10°M (W) with endothe-
lial cells (©) and without endothelial cells (M). Each values
represent mean+S.E.M. of 4 rats.

W7} 9l S5 E3 ringofl A AR 10° g/ml o] 4
&) Zxofa] Wiz ejEAd Hato]shibgol viebgal H T o]
AF A= 949% o)t WS A A st NO synthase2]
A A A L-NNAO* M)2} soluble guanylate cyclase ]
A<l methyleneblue(10°M)2] A elE AFske] v oj&A]
o]ekg AalAch(Fig. 1). o] e Abgke] NOE Fralst
1} 77 potencyt w2 A& A Alglc)

I-Muscone] 73-%- 10° g/ml ojAke) F=ofla] Wiu] &g
o ojghhe-2 e onl, 3 olgkA = 10% g/mle]
A 17.7% olgck. WHE AAAY L-NNA% methy-
leneblue?] A2 l-muscone?] ¥H olghS ApdslEct
(Fig. 2) 0] ZA3}= [-musconec] NOE 28kt = pote-
ney= & AL AR}, A}skel wlEl A= musconef]
oF 20§ A =2} potency”}t A
MEM TEQF Fo| FHto| 0jX| = L&

Aa} 87 2] @k 120.0+2.0 mmHgo } £ A&l A
Aggt AHA 2EF A ggde] 176.7+12.2 mmHg 2 A
A} Ao nls) Hato] @A3| F71abe o] F F & AY
o AHgEF A7} AR 2B ALL FHAssAct =%
vehicledl 0.25% CMC-NaT-& Fo]3) A4 w8k F o
A% Azbel| M2 "ot g AlubEs st A T o]
o] Hata} AlMFESTE CMC-Na g Foiz] ¢he AHA ¢
g3t F o g FARBI LR o] FoAs ol & dR2Te
= S5k

AVEF Rl tlETe) H)E #-24
HE vehllA) gdghet, 545 1508 e
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Fig. 2. Relaxative effect of l-muscone on phenylephrine-in-
duced contraction in isolated aorta of rat. The percent of
relaxation is plotted as a function of dose in the presence of
NC-nitro-L-arginine 10°M (A), methylencblue 10°M (W) with
endothelial cells (0) and without endothelial cells (M). Each
values represent mean=+S.E.M. of 4 rats.

ol @il A T vl ashe FAHE vehigl
thFig. 3). Aol 9leiMe B8 Fof g3k gz
ol wls ol olE AlbEs haakeg vehygich
(Fig. 4).

[-Muscone 0.45mg/kg Foi7-2 Fol%& 90¥ e tZT
o ¥ls] 24 le Pshhas Jehfiglen, o] He} A
< 4% 015 mgkg FoITE FoI% 18087 2+

200
=
=
E 180
2
=1
»
@ 160
=8
5
&
¥ 140 5 | -m- musk 10 mgikg
: —A— musk 30 ma/kg
© —¥— musk 100 ma/kg
g —— musk 300 mg/kg

/r —(O— prapranolol 100 mgfkg
00— T T ( T T T

0 30 60 90 120 150 180
Time (min)
Fig. 3. Effects of vehicle (@), musk 10 (), 30 (A), 100 (W),
300 (#)mg/kg and propranolol 100 (O)mg/kg on mean arterial
pressure in conscious spontaneously hypertensive rats. Each
values represent mean+S.EM. of 5 rats (*p<0.05, **p<0.01
vs vehicle group).
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—@— vehicle
—— musk 10 mg/kg
—d— musk 30 mgikg
muysk 100 mg/kg
0 % musk 300 ma/kg
propranolol 100 mg/kg

T T T T T T T
0 30 60 90 120 150 180

Time (min)
Fig. 4. Effects of vehicle (@), musk 10 (M), 30 (A), 100
(¥), 300 (#)mg/kg and propranolol 100 (O)mg/kg on heart
rate in conscious spontaneously hypertensive rats. Each values
represent mean = S.E.M. of 5 rats (*p<0.05, **p<0.01 vs vehi-
cle group).

o vl# o)A els Fd7tag Hedth 1.5 mgkg $F
AlME FofF 1203 thmgoll wle] o] zhisteict
(Fig. 5). AHbEE AFF FodFollxg) o] 25 Foi8
o] muscone Fo37-ol|x| thFTo] vlE §-ejHow 7+
2= 5IH(Fig. 6).

Ag Aol ) A 8T PR FUG £ FAl4
2IRHLVDP), AMHES(HR), BAHEH YF(CF)Sl (dp/

200
2
€ 180 4
E
L
o
e
=
2 160
e
0 El
-(_“ *k
— =
g —— vehicle
S 140 o -8 muscone 0.15 mg/kg
g —h— [-muscane 0.45 mgikg
g —4%~ l-muscone 1.50 mg/kg

—4— l-muscone 4.50 ma/kg
/( —(~ propranclol 100 mag/ky
0

1 T 1 T T T T
0 30 60 90 120 150 180

Time (min)

Fig. 5. Effects of vehicle (@), -muscone 0.15 (W), 0.45 (A),
1.50 (W), 450 (#)mg/kg and propranolol 100 (O)mg/ke on
mean arterial pressure in conscious spontaneously hyperten-
sive rats. Each values represent mean+S.EM. of 5 rats (*p<
0.05, **p<0.01 vs vehicle group).
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390 -

360

330

Heart rate (beats/min}

300

@~ vehicle

-M- l-muscone 0.15 mg/kg
—h— /muscone 0.45 mg/kg
=¥ Lmuscone 1.50 mg/kg

0 —~4— lHnuscone 4.50 mg/kg

(O~ propranolol 100 mg/kg

T T T T T T T
0 30 60 20 120 150 180

Time (min)
Fig. 6. Effects of vehicle (@), muscone 0.15 (W), 0.45 (A),
1.50 (7), 450 (¢)mg/kg and propranolol 100 (O)mg/kg on
heart rale in conscious spontaneously hypertensive rats. Each
values represent mean =S.E.M. of 5 rats (*p<0.05, **p<0.01
vs vchicle group).

dty/(+dp/dt)el] N&F o3 ak-g Fslsl e, o] 2
13} 1ol vheh ik,

[-MusconeFo] 4] 1.5 yg/ml ©]3}e] F el A= LVDP °]
A2hg R fdskeat 15 il ol4ke] el
o] . 2~44% Zv)slgdch & ofAlwE a8 (positive ino-
troplc effect)O] A2zl gl o) olo] 3 BA A Q) fo)Al e
0-1 o] oAt}

CFel] W3}t I-muscone®] Z8-& 150 ug/mle) F =oAL
18.8 ml/minel| 4] 18.1 mi/min® 2 ¢¥7}F }4dle AS B
ovt 2wk de 15 pgml o5 ZE FRAAE W
35 deliln) woieh AESHRYE A s} 69
o AR olgh AHE vebllE (dp/dty(+dp/d)= o 4]
Aol Ae WEyl glgd et 15 yg/ml, 150 pg/mle] 52
ETel 4 0.73004] Zkzh 0.68 2 0.59747] ZHashe 7e

Table I. Effects of I-muscone on cardiac contractility and cor-
onary flow

Dose  LVDP HR CF (-dp/dty/

(ug/ml) (mmHg)  (beat/min) (ml/min) (+dp/dt)
before 84.84+6.7 306.2+16.0 19.0+1.0 0.83+0.11
vehicle 85.24+8.0 302.5+15.6 18.9+1.0 0.79+0.08
0.015 855+7.9 303.8+14.6 189%x1.1 0.77+0.10
0.15 852480 303.8+14.6 19.2+0.7 0.73+0.05
1.5 86.2-+5.5 301.2+16.1 19.1+0.8 0.73L£0.09
15 88.0+4.7 303.8+14.8 18.84+0.7 0.68+0.04
150 90.0x6.5 305.0+177 18.11+0.3 0.59+0.02 4

Data are meantS.E.M. LVDP; Left ventricular developed
pressure, HR; Heart rate, CF; Coronary flow.

o N oY

Table II. Effects of musk on cardiac contractilitly and coro-
nary flow

Dose  LVDP HR CF (-dp/dt)/

(mg/ml) (mmHg) (beat/min)  (ml/min) (+dp/dt)
before 99.20+8.8 277.0+4.4 20.7+-1.6 0.92+0.14 5
vehicle 99.20+8.8 276.0+4.3 20.0+t1.7 093+0.13 5
0.001 98.80+84 277.0+3.0 20.1+1.6 093+0.14 5
0.01 97.80+8.6 278.0+2.6 19.6x15 091+014 5
0.1 97.60+£7.8 275.0+3.2 19.8+1.7 086%+0.12 5

1.0 102.60+6.7 268.0£75 184+14 0.83+0.13 5

Data are mean£S.E.M. LVDP; Left veniricular developed pres-
sure, HR; Heart rate, CF; Coronary flow.

< Bof 4129 olste] sl Z1o 2 eyttt

AFgF £944) 0.1 mg/ml ©]8}9] =4 LVDP] w3}
= ZA vehiA] w@stor), 1.0 mgmle] F% Fo A=
0.1 mg/ml 53 A] ¥} LVDP7} 5.1% Z7}ssich. & oFA
& 22 (positive inotropic effect)o] w9l o), ofol o
g AR ¢ o)A glodc).

CF‘-"ﬂ gt Algke] 2w 1.0 mg/mle] EEeA e 74

Helovl z¥ch e 0.1 mgml 0]58] BE B EolA]
% u\iﬂ"‘i L}'E'}‘LH ] 1—39\}4.

AMPEEHR)E 9F 3% ZH4ste] ZHAlE el $-38kE
g5 viehil et Wt digk AR Fo4-2 $ls
ok A2 ol Al vebllE (dp/do)/(+dp/di)E A
AExod e Wsrt 1920 0.1 mg/ml, 1.0 mg/mle] ¥
el 092904 ZH2: 0.86 & 0.8374A] Fhashe AES
Boj Ao e5A4e] Frlehs 1oz eyl
AAERI| CHEt Hak

Atropine-&- A =gl

T

F# o4 epinephrine &%, -F-1A] 71

&

b=

[+4]

£ 100 H
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7] .

(51

L 50

(%)

£

@

=]

]

Y o

Q

T | T |
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Fig. 7. Inhibitory effects of /-muscone (V) and musk (#) on
heart acceleration. Data are shown as means+S.E.M. Signi-
ficant difference from vehicle group (O) values (*p<0.05, **p
<0.01).
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AAIEE 2ol sled Ak 5 mg/kg, 10 mg/kg 2 20
mg/kge] LT T A7t ARbEr F7HE 52.9%,
11.8% 2 14.1%% HE7 vlwste] {4 o= AAS
A AR EA-Z eh SohFig. 7).

I-Muscone-& 5 mg/kg % 10 mg/kg FodFrol| 4] zhzh Alut
Ed ZL8 44.8%, 49A%Z o)A o= AA A dA &
A5 vyl e}, 20 mgkg FoIFelde eyt 5%
AbEa 27182 Bof AAIA dA &) gle o=

ehoh(Fig. 7).

d|
]

r
o
2
oo
o

AFAA A A Fo

]
i}

il
2
G, oN
_40-1_,
gL

g, e %]
22 glow s rle] Aol ZHAl= o7 &b
B} olFojA . glo), AN FAHRLE
muscone2] 2fe] F el e} A= w5 wn]sie, E3] [
muscone] A &A 2o il AL ¥ wH vz} ¢l
). #HZ8 ¥y &8lH musconed] 7] Y FEA
off gt okz]zh-g-o] Axel 9lel 30, 100 mgkg F=2 A
ool &) oFgF Pt o Aluk 2k zhge] glok
sk, AEAue &3 Zoake 2 s Ea At
L3 FEXNE Z74zhe B8 ¥ 773)1¢] ch(Matsubara, 1990).

3} Toyoguchi $(1987)2 musconeo] Auba= 7k2-2+4
2 g)eont, et 2 FAAY Foll= Guke] glvky sl
t}h. o]2} Zho] Abgke] FA15-4) musconee]] Ttk 414EHA|
Zhg-of] digh &) Bl sl et 7 Wge) Ak ar
W &3}z] £3)7] ulell, & Tl A= l-muscone?] 4
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