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Abstract — In order to investigate pharmacological properties of /-muscone, effects of /-muscone and musk on
cerebral ischemia and central nervous system were compared, Cerebral ischemia insult was performed using
unilateral carotid artery occlusion in Mongolian gerbils. The histological observations showed a preventive
effect of the [-muscone treatment with ischemia-induced brain damage. The ATP in brain tissue was decrcased
in vehicle-treated ischemic gerbils. This decrease was prevented by the /-muscone treatment. In contrast to
what was seen with ATP, the lactate and lipid peroxide were both elevated in vehicle-treated ischemic gerbils.
This elevation was prevented by the -muscone treatment. While /-muscone had no effects on thc hexobarbital-
induced sleeping time and the convulsions induced by electric shock, pentetrazol and strychnine, it had effect
on rotarod test and spontaneous activity test. Respiration rate and depth were increased by the l-muscone
treatment. Furthermore, /-muscone showed anti-stress effect. Our findings suggest that the pharmacological
profile of I-muscone on cerebral ischemia and central nervous system are similar to that of musk.
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MAA | 2hst AEAT
AT o} 45Foe Wry FALAE el
x| AFsled -2 10% formalin neutral buffer -§-24(Sigma
Chem. Co., USA)l| 1097} F7He F A g el o]-23k4dc}.
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AAEA HAs sEF 2447k0] A t}-2 Beder-
son 5(1986)8] vkl wie} 7 ALAEE 45F 08 A5
3} it We FAAA s FAL 255 formalin 2 7
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el Folgls TAYL 2 o5 5o F83] A5
o}, 2+ 9] FA-% Autotechnicon(Citadel, Shandon, U.S.
AYg AME3to] Fr(clearing) ¥ AFAAL A sl
AR g oke] paraffin blockS 9FE7] %]l embeding center
$ AFES4T). Panatfin AFAYe] Tt 29& paraffin
warming chambere]l Y27 base mold¢)| paraffing H-& &
Z2-& base moldell FAIF| T cyto-plateel] &elET Z
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F2F 60T ovenell o] FAlo]9]9] paraffing =
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FHATE SH3gen, FEdo 2= 1.1,3,3-tetracthoxy-
propane(malondialdehyde [MDA] tetraethyl acetal)}g- A}-8-3}
v

Protein &+3k2  Bradford(1976)2] ¥hgel] wl=} bovine
serum albuming T F-4-W 0 F AlSshe] Aeksledc),
SFMHAM ojx|= &HE

Hexobarbital = TMHA|ZH| Cist =&

44 Al ol hexobarbital - Na 50 mg/kgs 27}5A15k
F, AP sy A2 A2 239wzl
A7 e 2xagdn) 172 10mte] 2 3o, HAAE he xobar-
bital - Na $of 30% el A7Fod stga, et
chlorpromazine - HCl-~ A-4-3}%3 ),

Z|Cf M| X=20 CHEt =8
Ho) A7) 252 Woodbury 5(1952)2] WS- 2y 2
shl Aishicr. 27 1099 1202 shed, el 0
mA% HAHZ 0127 E-stglch. o)d| u}l= 7ralA] A=
o o5t Ag_rH /xpﬂ-ﬁe Agsla, AEshe Azs A
2 ¥, Ao 2 34T driAel A7he 2Asc 7
Ae A7) 255 7Fst7] 30 Aol A2 Foistd i, o
FoFE 2= phenobarbital - Na2- A3kl o).

Pentetrazol 78t A& 0| CHEt ==

Swinyard 5-(1952)¢] #Pgel| £3led A AFhsict. &, pen-
tetrazol 85 mg/kgS AF ol HsbFapst, A AHo ]
U s ATE Stk 4 TN A

0% Aol AFTodstdy, HrdEE= phenobarbltal
Na2 Al2dlgded, 172 10ule] = ALEslgc).

Strychnine F8 A& x|Al0]] CHSt =2

Araki 5(1972)9] 9] w2} AAskaick. %, 4] 107
2] Z 1T 2 5} strychnine nitrate 1.5 mg/kg-2- = 3}54}
Sz, 22 AR ) A WARe) A7ee Sl
o). WAlE A 4 302 Aol ATR Felsidz, o
Z9FE-2- phenobarbital - Na2 Al-8-3}gic).
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22 FHAse PRl 3kl AYE AF 120}l
122 Agsled, 28] vk Fa A7)0, 14]7F Fell £ 4
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- HCL& ARg-3}adet.
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AF o] -5 uet 587} 71 E5] activity cage s
o)-43ke] Nahorski S(1975)¢] wPgel Eafo] ALAsheteh.
AF 23~30g 34 AH griE]E 170 = 3], 2ule]y
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Table 1. Histological evidences for neuroprotective effects of /-
muscone and musk from ischemia-induced brain damage

Treatment Dose Neuronal dema Hemorrhage
(mg/kg, p.o.) necrosis 2
Control 5 - +++ +++ +++
[‘Muscone 5 0.15 +++ ++ +
5 0.45 ++ - ++
§ 1.50 ++ + ++
5 4.50 + + ++
Musk 5 10 +++ ++ ++
5 30 ++ ++ 4
5 100 ++ + +
5 300 + + -

-y none, +; mild, ++; moderate, +++; severe. n=number of an-
imals in each group.

EEESSEINY
Table T % Fig. 164 B ule} zho] &8 o ]2
N2 HAGMNEA A} A EZRET U Ego] SAsl
ovf, BT & §FIEH T A Téabo] Haslo] 10
mg/kg Foi T A5 YAl x &2 Jehlgd o) pgak
2l 300 mgkg FoIZE A HAET o)z} @itk L
Muscone Fo T G A| ALBET-ol| 29} 7ho] Sk u}E =4
224 Aol g vehfigl e, 53] 4.5 mgkg FodTellA]
,\,;])47:]4]__& J,],n]_, ﬂ]O}:g],O:‘ oL_]_ 1:] _4 /“]]_—‘E“'? —,}_ Tﬁg
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Table IMMell4] ¥z wle} o] XA} gerbil brainol|4]2)
ATP &8F-2 0.90 tmole/g brain tissuesd 1}, 5] 208 =&
ANF 308 0.22 pmole/g brain tissue7}x| F23] 7ha
shodvh. AT AR Fell A thzFel vlE frel Aol

2718 vl en £3] 30 mgkgT-# 300 mg/kg

T& AFA7R]) ATP 3rek-g Z7)A 7). -Muscone o]
A% 0.45 mghkgT 1.5 mg/kgdollA] thzol] v)#) -2
RIS

Lactate &H3f

Table NI A Hi= wle} 72o] AL gerbil brainell+] 2] lac-
6.33 pmole/g brain tissuesd oo}, HE 2 A3t
55 AT 2= 9.72 umole/g brain tissue E. &
24 QA Frbsladct. Al A LekBol T oz
=3 zelE vpehllz] ¢kghovt, lmuscone P& LSEF
o 45mghg FoATE AL A Foi&apola] 2T
Hlel felAdiAl ghastd on ol FAMFY lactate T=F
o} wlszshsd ).
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Fig. 1. Representative photomicrographs of neuronal preserva-
tion in 2-4m H & E-stained sections from vehicle-treated (A),
300 mg/kg musk-treated (B) and 4.5 mg/kg l-muscone-treated
(C) gerbil brain 24 hrs after 20 min unilateral carotid artery
occulusion (X 40). This photo also shows hippocampal field.

Lipid peroxidation A

Table IIel|A E = ule} Zre] A4k gerbil brainol| A lipid
per0x1dat1on—r] 21391 MDA 2.69 nmole/mg protein®] ]
2}, 58 2 ABF 3 4.32 nmole/mg protein &8 -5-2] A
Al Frbsbet. Alge pgk7el 300 mgkg ol Tt
of & ulsto] {Fo] A A A€ $)om, l-muscone
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Table II. Effects of [-muscone and musk on neurological
change after ischemia in gerbils

Treatment Dose (mg/kg, p.o.) Neurological grade
Control 1.38+£0.26
[-Muscone 0.15 2.00+0.45
0.45 1.801+0.49
1.50 1.60L£0.40
4.50 1.80£0.49
Musk 10 1.20+0.20
30 1.80+0.49
100 1.40+0.40
300 1.401+0.40

Values are means £ S.E. for 5 to 8 gerbils per group.

2 0.45 mg/kg
w3 o)l oA 7rashed.on
vl==3hdct.

EFMAAO 0IX= St

Hexobarbital 5= =MA|ZH0| CHEH =2

AFEE 100 2 300 mg/kg, l-muscone 10 Z 30 mg/kg-g 73
e
o1

FoATE Adgh A Rkl dlzgol

l% HAre] MDA 2}

FHok & wle) 2= Table IVe] vheholch. Aper
Folgh TolA FWAZ) B B Je BT & 99
t}. = Imuscone 30 mgkg Fo] Fell A F A7 o] 2T
o wlste] Hojglon}, FANH LS felAlel Hol o}
v1g3th. Chiorpromazine - HCI 4 mg/kg o3 Fell A= =
A zke] §-o)A oA dAbE|Ret. wabd], AFgkolu} f-mu-
sconee| hexobarbital A7 el| 2 o3 3kg wFtly 1A
E ]\- okl

— 5

Z oy =7 XF—.‘CHI CHet =2
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Table III. Effects of /-muscone and musk on levels of ATP,
lactate and lipid peroxide In gerbil brain following ischemia
and reperfusion

Dose ATP Lactate MDA
Treatment (mg/kg, (umol/g (umol/g (nmole/mg
p.o.) brain) brain) protein)
Normal 0.90+0.16  6.33+0.16 2.69+0.13
Control 0.22--0.03% 9.72+1.35* 4.32+0.30"
I-Muscone 0.15  0.27+0.07 588+0.14* 2.84+0.09%*
0.45 (.33+0.04% 6.124+0.23* 3.56+0.12"
1.5 031£0.03*" 6.09+0.16% 2.83+0.09**
45 029+0.02" 659+0.12 2.78+0.00%*
Musk 10 047+£0.15% 6.49+0.15 4.02+0.03"
30 0.824+0.06** 7.04+0.36 3.58--0.17"
100 0.51+0.14* 655058 3.55+0.22%
300 0.68+0.06%% 6.61+0.37 3.31+0.09*"

Values are means+S.E. for 5 to 10 gerbils per group. Signifi-
cantly different from the control group (*p<0.05, **p<0.01 in
Student's r~test). Significantly different from the normal group
('p<0.05, #p<0.01 in Student's z-test).

Z23+E Table Vel EAzlick. AH el 50 mA, 0.1%
' TS ddl HETE 50%2] AAtEE B
o], AaF 100 & 300 mgkgS FoI3H3E vl 2]
40%2] vha e AbgEd Bojr a2y ole o
Tl wlste] {244 gl Aol ohid T ARRA S el
FAIRED A2bel) QlolAE dzEel vlated ol 9
i}-¢]7} et & fmuscone 10 ¥ 30 mgkg< 74;?-35
o 35& AfollE 25 60%2) AbtEe XU
e A}UJE‘EJ_A Az} A izl vlete] & /‘é 51,1%
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A
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=
=4
=
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Table IV. Effects of [-muscone and musk on hexobarbital-induced sleeping time

Treatment Dose (mg/kg, p.o.) No. of mice Onset of sleeping (sec)  Sleeping time (sec)  Increment (%)
Control 10 1794+£172 589.1£70.0 -
I-Muscone 10 10 176.7+10.0 571.1+£94.9 3.1
30 10 181.9+10.8 991.5+435.1 68.3
Musk 100 10 203.8+17.1 4728614 -19.7
300 10 190.0+11.5 505.9+90.2 -14.1
Chlorpromazine - HCI 4 10 1329+11.9* 1048.9+162.6* 78.1
Significantly different from the control group (*p<0.05 in Student's r-test).
Table V. Effects of /-muscone and musk on maximal electric shock-induced seizures
Treatment Dose No. of No. of Death rate Convulsion time Death time
(mg/kg, p.o.) tested mice survived mice (%) (sec) (sec)
Control 10 5 50 117.8£31.0 378+ 3.2
I-Muscone 10 10 4 60 9734243 40.7+ 4.9
30 10 4 60 96.3+15.2 50.0+11.0
Musk 100 10 8 20 95.1+21.1 39.0+ 3.0
300 10 6 40 88.7+17.1 38.8+ 34
Phenobarbital - Na 50 10 10’ 0 15.6-+1.3* -

Significantly different from the control group (*p<0.05 in y’-test, *p<0.01 in Student's r-test).
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Table VI. Effects of l-muscone and musk on pentetrazol-indu-
ced seizures
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Table VIIL Effects of I-muscone and musk on rotarod test in
mice

Dose No. of No. of Onset of Increment

Treatment  (mg/kg, used convulsed convulsion (%)
p.0) mice  mice (sec)
Control 10 10 274.6x 62.5 -

I-Muscone 10 10 10
30 10 10

2508+ 63.2 -8.7

279.9+ 66.1 1.9

Musk 100 10 10 394.34 84.1 436

300 10 10 288.8+£120.1 5.2

Phenobarbital 100 10 0* - -
- Na

Significantly different from the control group (*p<0.01 in -
test).

Atel & 1A & 5 ¢lglc).

Pentetrazol 778t 80| Cist ==

o] ZA3}-Z Table VIl vehgich AF8F 100 F 300 mg/
kg, 2837 l-muscone 10 2 30 mgkgs 55 AYFL
el A o} wh s kR 2 A o] A=A sk AHE
@ A7HE F43 ZAE {24 e 2] vERA] of
W&kt

Strychnine 72 22 X|Al0f| CHEH =2

o] Zx}-5 Table VIIol] vjebfigict. A}k 2! [-muscone
ool A strychnine-f2 &0 2 Q1gk Algge] 2k
A E3lsdnh & APFERAILE fr2)A gl Aelr) A
= A okgrr}.

Rotarod A|&

Table VIl A B-=ule} 7ho] rotarodA| & of| 4] = A AT
& HetAA 7 3 vhel = gle Wk, AR 30 mg/kg®} 100
mg/kg -§-=Foll A z}z} 49te], 5=2], l-muscone 0.45 mg/kg
3 4.5 mg/kg S-=Fll A 77t 4vie]e] AL GEpste]
o Alele AR L2 Jeldigoh

NEESS S &E

Table IXo|A B wle} zre] Apg-gF-5-& AHAlrel
1087.82) ukgel AFgF 30 mg/kg, 100 mgkga} 300 mg/kg

Treatment Dose No. of No. of
(mg/kg, p.o.) tested mice fallen mice

Control 12 0
I-Muscone 0.15 12 0
0.45 12 4%
1.5 12 2

4.5 12 4*
Musk 10 12 2
30 12 4%

100 12 5%
300 12 3

Chlorpromazine - HCI 10 12 10**

Significantly different from the control group (*p<0.05, **p<0.01
in y’-test).

2ol ] Zhzd 664.0, 549.3, 53858 fo)A o g 7hAi-3ly
, l-muscone®] 7-9-% 0.15 mgkg=} 1.5 mg/kg -2-2Fe]| 4]
F2 878.8, 730.5%. F-94) 9= 7F4E Jehlgdc)
=2 0|xl= gek

UrethaneF-o 2 ¢l3te] A% FF o »]x]= Lmuscone
2] 38kS Table Xo vhebfigich. -Muscone S0 mg/kg,
100 mg/kge AW Fod A, tFET] 0.5% CMC-Na-sa-
line FoFol4 2} mloFgt W&} 0.8~2.6%)7 u|aLeh
A% W, B TEATF FUAOZ Z7H 8~10%)H
on, 5EAEE uet 2A 94 QA ZHE 10~29
%)=}, o1#E [muscone?] 242 doxapram - HCI 20
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Table IX. Effects of l-muscone and musk on spontaneous ac-
tivities In mice

Dose No. of Spontaneous activity

Table VII. Effects of /-muscone and musk on strychnine-indu- Treatment (mg/kg, p.o.) mice (Means+S.E.)
ced seizures and mortality Control 3 1087.838.8

Dose No. of No. of Death time Increment I-Muscone 0.15 8 878.8+ 29 4%+

Treatment  (mg/kg, used  died (sec) (%) 0.45 8 802.3+115.3
p-o) micc mice 1.5 8 730.5+85.8*

Control 10 10 2750+ 212 - 4.5 3 681.31£162.3
[-Muscone 10 10 10 261.9+£ 184 -4.8 Musk 10 8 759.54+136.0

30 10 10 267.8+ 23.0 -2.6 30 8 664.0--96.0**

Musk 100 10 10 457.5+£193.8 66.4 100 8 549.3+66.5**

300 10 10 300.7£ 305 9.3 300 8 538.5+£105.8**
Phenobarbital 100 10 0* - - Chlorpromazine 5 10 312.8+78.9**

Significantly different from the control group (*p<0.01 in x’-
test).

Significantly different from the control group (*p<0.05, **p<0.01
in Student's t-test).
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Table X. Effects of I-muscone on the respiration suppressed by urethane in rats

Treatment Dose No. of Respiration rate (% change) Respiration depth (% change)
(mg/ke, iv.) rats 3 min' 10 min 3 min 10 min
Control 8 -0.4L£1.2 -0.8+0.7 2.6+1.3 08+26
I-Muscone 50 4 8.6+4.0* 8.0+3.0** 10.2+8.8 19.0+£10.3*
100 4 10.0+5.0% 7.5%6.1 24.3+13.3* 29.1+8.6%*
Doxapram - HCl 20 4 36.3+£13.9%* -2,24+10.7 69.2424.0%* 44.0+£17.5%*

Significantly different from the conirol group (*p<0.05, **p<0.01 in Student's ¢-test). ‘Time afier drug dose.

I‘Muscone @ A}gke] ~E# Aol v)xE F5E Auiw
W Table XIoll4] R wle} zbo] A~ 24X 7 Hala]
B2 AlEF 10 mgkg Y muscone 1.5, 4.5 mg/kg Foi
A oA o2 AAE G o ek EAd-S vhehlA]
gkt w]Ake] Pk e s Rl 25le] 342.4 mg/100
g bwt.ell4] 1789 mg/100g bwt. 0 2 ##|s] 7ri3dlele
v}, lmuscone ¥ AFEke] AEakollA] 2T o]z} A
t}. A ascorbic acid§rebe- 2447 AEH A o] 2]
3 698.3 mg/100 g ad.wt.ol| 4] 443.8 mg/100 g ad. wt. 2 % =]
] ZdAaEglex, o]HE 4% AFSE 10, 30, 100, 300 mg/
kg A48k} Lmuscone 1.5 mgkg FoTollA] f2lde=z
Ao} geko)E& g veh A = Hsho) AlsF A8
2k7) J-muscone 1.5 mg/kp Fof 72 Al el & 2] BA
W ascorbic aicd FHaFR|712] Fr A H -

L

¥2R, 934, FAAHE 5 1R gz vz ¥

Table X)I. Effects of l-muscone and musk on adrenal weight,
spleen weight and adrenal ascorbate in restraint stress-induced
Tats

Dose Adrenal wt. Spleen wt. a?:;:;;lc
Treatment (mgkg, (mg/100g (mg/100g

(mg/100 g

p.o.) b.wt.) b.wt.) ad. wt)

Normal 16.5+0.3 342.4+222 698.3+39.2
Control 20.8+0.8% 178.9+15.1% 443.8+45.0"
I‘Muscone 0.15 20.8+0.3% 1925+7.0% 523.7%£35.8"
045 20.1+1.4" 188.0%£11.4" 4709+24.5%
1.5  18.7+0.4** 171.8+8.1% 610.0--18.7+*
45 18.1+04** 168.8+6.0% 5302x21.4"
Musk 10 18.0+0.9* 165.8+£7.1% 7206+£17.7**
30 187209 173.5+12.4% 652.6136.5%*

100 19.4+0.5% 1755+7.1% 618.0+21.8%*
300 18.8+1.0° 181.4+18.5% 703.8+65.7**

Values are means=S.EM. for 7 rats per group. Significantly
different from the control group (*p<0.05, **p<0.01 in Student's
r-test). Significantly different from the normal group (p<0.05, *p
<0.01 in Student's z-test).
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