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Developmental research on moschus-analogue crude drugs
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-Abstract

In order to develop new moschus-analogue crude drugs, the chemical components and
physiological activities of extracts from reproductive or accessory genital glands obtained
from sheep or swine were studied. In order to examine any similarity between extracts from
these glands and that of moschus in their physiological effects, electrophoresis and activity
measurements were made using the inductive effect on mouse submandibular gland arginine
peptidase activity as an index, and the results were subsequently analyzed. Comparison of
these data on activity values and zymograms obtained from the electrophoresis measure-
ments revealed that a great similarity in physiological effect existed between sheep testicle
extract and moschus extract.

Subsequently studies on similarity in chemical constituents between these two extracts
revealed that both extracts contain substances in their polar fractions which induce arginine
peptidase activity, and that they also contain various kinds of C,, steroid compounds. The
polar fraction of the sheep testicle extract and the moschus extract were then subjected to
further pharmacological testing for their anti-inflammatory effects. Three methods consist-
ing of the fertilized egg method, the carrageenin paw edema method, and Whittle’s method
ad.opted as assays gave similar results for both extracts with regard to anti~inflammatory
effect.

These chemical and biological experimental results led us to the conclusion that the
polar fraction of the sheep testicle extract is closely akin to moschus extract.

Key words moschus, arginine peptidase (mice submandibular gland), sheep testicle
extract, C,,-steroid, fertilized hen egg method, carrageenin paw edema method, Whittle’s
method

Abbreviations BAPNA ; ¢-N-Benzoyl-D,L-arginine- p-nitroanilide, GC;gas chro-
matography, Rokushingan ; 75#i#,, TLC;thin-layer chromatography

of Moschus moschiferus LINNE (moschus deer),l)

Introduction which inhabits Tibet, Yun-nan, and the Hi-

malayas area. Since ancient times moschus has

“Moschus,” one of the animal folk drugs been used as a valuable raw material for the
listed in the Pharmacopoeia of Japan, is a dried oriental cardiotonic drug, Rokushingan.Z) How-
preparation of the secretion from the sex glands ever, this substance is becoming difficult to obtain
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because of a decline in the numbers of the mos-
chus deer in recent years along with the enforce-
ment of the Washington Treaty which restricts the
amount of captures as a safeguard against prob-
able extinction of the deer. In order to solve this
problem, we attempted to develop a new oriental
drug possessing biological activities similar to
those of moschus by searching for any mam-
malian source which could be substituted for this
rare animal.

As for the physiological activities of mos-
chus, /6’*adrenergic-potentiating?) anti-inflam-
matoryf) cardiotonic, and androgenic-like ef-
fects”” have been reported. It is also conceiv-
able that additional unknown activities of mos-
chus exist. There are two approaches to the
development of an alternative animal source.
The first method involves complete analysis and
subsequent chemical synthesis of every moschus
constituent bringing about its action as a drug.
However, it is almost impossible to clarify all of
the chemical substances in the secretion which are
connected with biological effects. The second
method is to analyze the sex glands of animals
which are evolutionally close to the moschus deer,
and to compare their chemical constituents or
biological activities with those of moschus. The
latter method will avoid any failure to find un-
known but important substances, which would be
probable if the first approach. were adopted.
From an evolutionary viewpoint, it is hardly
believable that the moschus deer came into the
world suddenly and accidentally. At the same
time, no one can confirm the existence of any
animal whose sex gland contains similar constitu-
ents to those of moschus.

Bearing in mind the above considerations, we
picked readily available sheep and swine from the
Ariodactyl group of animals to which the mos-
chus deer belongs, and compared the chemical
constituents and biological activities of their re-
productive or accessory genital glands with those
of moschus. We also discussed the possibilities
for the development of a new type of moschus-
analogue crude drug based on the results
obtained.

Materials and Methods

Animals

All experimental animals were obtained
from Sankyo Laboservice Co., Tokyo. After feed-
ing the animals for at least one week, they were
then subjected to the pharmacological experi-
ment.
Materials

Moschus was purchased from Shibata Co.,
Osaka.
Meat Center, and sheep testes was imported from
Australia also through Sasebo Meat Center.

Testosterone propionate was obtained from
Teikoku Zoki Co., Tokyo. a-N-Benzoyl-D, L-ar-
ginine-p-nitroanilide (BAPNA) and cellulose ace-

Swine testes was donated from Sasebo

tate membrane were obtained from Nakarai
Co., Kyoto. Tris (hydroxymethyl) aminometh-
ane (Tris), acrylamide, N-1-naphthyl-ethylene-
diamine dihydrochloride and brilliant blue G
were obtained from Wako Pure Chemical Indus-
try - Co., Tokyo.
Dainippon Pharmaceutical Co.,

Nembutal was obtained from
Tokyo. The
other chemicals were obtained from common
commercial sources.
Separation of the samples for physiological studies
Crude samples were obtained by direct
extraction of crude moschus or testicle extraction
of sheep and swine after mincing them with hot
Each extract was dissolved
in n-hexane and was extracted with 95 9% meth-

acetone for 5 hours.

anol giving n-hexane layer as the non-polar frac-
tion and methanol layer as the polar fraction.
The solvent was evaporated in vacuo and the
residue was subjected to physiological studies.
Physiological studies for arginine peptidase activity
in mice submandibular gland

Male mice 8 weeks of age of the ddY strain
weighing around 25g were used. Male mice
were castrated after being anethetized with nem-
butal (0.02 mg/body weight : intraperitoneally).
After one month, mice were divided into twenty-
four groups of five animals each. In each group,
mice were administered intraperitoneally 20 mg
of the crude extracts of moschus, sheep testicle
and swine _csticle, and 1 mg of testosterone pro-
pionate in 0.2 ml of liquid paraffin per day for 2, 3,
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4,6, 8,10 days, respectively. The submandibular
gland was removed from the mice, washed in
0.9 9 NaCl solution to remove traces of blood, and
These
glands were homogenized in 4g cold deionized

then stored at —150 C in liquid nitrogen.

water per g of tissue. The tissues were cen-
trifuged at 10000 X ¢ for 30 min at 4°C, and the
supernatant was subjected to electrophoretic
analysis and determination for arginine peptidase
activity.
Electrophoretic analysis for arginine peptidase
activity

According to the Kim and Ogita meth-
od® electrophoresis was carried out in 7%
polyacrylamide gel for 3 hours at a constant cur-
rent of 5mA. The gel buffer was 0.05 M Tris-
borate buffer (pH 8.8) containing 0.1 % NaCl and
electrode buffer was 0.1 M NaOH-borate buffer
(pH 6.8). After electrophoresis, a cellulose ace-
tate membrane which had been immersed in sub-
strate solution was placed on the gel and incubat-
ed for 30 min at 37°C. BAPNA substrate solu-
tion was freshly prepared as follows ; 50 mg
BAPNA was dissolved in 1 ml of ethylene glycol
monomethylether, to which was added 1 ml of 0.1
M phosphate buffer (pH 7.6). After incubation,
the cellulose acetate membtane was immersed in
a staining solution consisting of 40ml of 0.1 M
Tris-HCl buffer (pH 8.8), 55 mg of N-1-naphthyl
-ethylenediamine dihydrochloride, 100 mg of so-
dium nitrite and 500 mg ammonium sulfamate.
After immersion for 5 min, the cellulose acetate
membrane was immediately washed in deionized
water to remove traces of the staining solution,
and then was immersed in 2N HCl solution.
Arginine peptidase activities were revealed as red
bands on the cellulose acetate membrane.

Determination for arginine peptiaase activity

Modified Riekkinen’s method” was used as
follows ; A substrate solution was prepared from
43.5 mg of BAPNA and 2 ml of dimethylsulfoxide
with 50 mM phosphate buffer solution to make a
total volume of 100 ml. A mixture of 1 ml of the
substrate solution and 1 ml of the sample super-
natant was allowed to stand at 37 C for 1 hour.
To the solution was added 1 ml of 20 % perchloric
acid with stirring, and the resultant solution was
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centrifuged at 10000 X ¢ for 10 min. .A solution of
1 ml of the supernatant and 1 ml of 0.2 % sodium
nitrite was allowed to stand at 4 'C for 10 min and
1 ml of 0.5% ammonium sulfamate solution was
added to it.

After 5min standing at 4 °C, 2ml of 0.5% N

- 1-naphthyl - ethylenediamine dihydrochloride
was added and the whole was kept at 37 'C for 30
min in a dark place. Activity was determined by
measuring absorbance at 546 nm.
Thin layer chromatography and gas chromato-
graphy analyses of the constituents of the polar
fraction of woschus extract and sheep testicle
extract

For the thin-layer chromatographical (TLC)
analysis, Merck TLC plate (60 F-254) was em-
ploved. A 1:1 mixture of ethyl acetate and
benzene was used as a developing agent. After
the “development, dil-H,SO, was sprayed and
TLC plate was heated to detect the constituents.
For the gas chromatographical (GC) analysis,
each polar fraction was trimethylsilanized with
20 molar excess of BSA. The glass column
(4 mmgx1 m) with 1.0 9 OV-17 on Gaschrom Q
was used at the colymn temperature 210 °C.
Anti-inflammalory ltest for the examination of
biological similarities

Following three anti-inflammatory tests
were conducted and the statistical significanees
were assessed by Student’s ¢-test.

Fertilized hen egg method . The fertilized
hen egg method was carried out according to the
method of Otsuka et al Eggs on 6 days of
fertilization were sterilized by soaking them in
benzalkonium chloride at 37 = 1°C for 3 days.
Then a hole (about 2 cm in diameter) was made on
the chorion of the air chamber part, the chorial
membrane was cut carefully not to damage the
chorioallantois, and a pre-treated filter paper
disk was inserted through the hole.

The treatment of the filter paper disk was
carried out as follows. Filter paper of 12 cm in
diameter was sterilized at an autoclave at 121 C
for 20 min, soaked in methanol solution of the
prescribed amount of the study agent, and then
dried to evaporate the solvent. After the proce-
dures described above the hole was sealed with
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cellophane tape and the egg was put in the incuba-
All these operations were per-
After 4 days of
incubation the egg was broken to take out the

tion apparatus.
formed under sterile conditions.

filter paper disk to which granuloma adhered.
The weight of granuloma was calculated by
deducting that of the known filter paper disk from
that of filter paper disk with granuloma.
Carrageenin-induced paw edema wmethod '

Groups of 6~7 Wistar rats (120~ 140 g) were used.
Each study agent (prescribed amount) was
suspended in 5% arabic gum solution and given
One hour later 0.1 ml of 1%
carrageenin was subcutaneously injected at the
right hind-paw to induce edema. Then the treat-
ed rat paw was put in a container filled with 0.1 9%
benzalkonium chloride solution and the volume of

orally to each rat.

the overflow was measured at 1,2,3,4, and 5
hours after the injection to examine the severity
of edema with the passage of time by use of the
rate of increase of edema.

x—Eo

rate of increase in edema :%B-—X 100 (%)

Ec ' volume of normal leg before subcutaneous injec-
tion at the paw

Ex | volume of the leg with edema after subcutaneous
injection

Whittle’s method”” : Male ddY mice (about
20 g) Study agents (prescribed
amounts) were suspended in 5 % arabic gum solu-

were used.

tion and given orally to them. One hour later
2 9% brilliant blue solution (0.1 ml/10 g) was inject-
ed into the caudal vein and 15 min later 0.7 %
acetic acid solution adjusted to pH 3.5 (0.1 mg/kg)
was intraperitoneally injected. Forty-five min-
utes later they were sacrificed by spinal cord
dislocation and the abdominal wall was cut to
expose the entrails. After washing the entrails
with physiological saline, the washings were col-
lected, filtered through glasswool, and diluted
with physiological saline to give a final volume of
10 ml. After the addition of 0.1ml of 01N
NaOH to the solution the absorbance was mea-
sured at 610 nm to calculate the amount of the
pigment leaked by use of calibration curve, and
then the rate of inhibition was calculated by

comparison with the control values.

Results and Discussion

To make a study of the similarity of effects
on physiological activation of enzyme between
testicle extracts of swine and sheep and moschus
extract an intraperitoneal injection of each
extract was given to mice and values of arginine
peptidase activity in their submandibular gland
were compared. Testosterone was used as the
The results showed that the
the

enzyme activity but the induction of the enzyme

control (Fig. 1).
testosterone dose - dependently increased
activity was weak as seen in the groups receiving
moschus extract and animal testicle extracts.
Thus, there was a difference in effect on the
activity of arginine peptidase in mice subman-
dibular gland between the extracts of native
The weak
inducing effect on the enzyme activity produced

gland and synthesized testosterone.

by all the extracts of natural products was sup-
posed to be due to antiandrogen effect.”

On the other hand, among the groups receiv-
ing the extracts of natural glands arginine activ-
ity in both groups receiving sheep testicle extract
and moschus extract increased with increasing
dosages at lower doses, stayed constant between
at the doses of 80 mg (20 mg/day X 4) and 160 mg
(20 mg/day X 8), and then decreased reversely at
the high dose of 200 mg (20 mg/dayx10). In
general, both groups showed a similar pattern.
In the group receiving swine testicle extract,
however, the activity increased and decreased at
the doses of 40 mg (20 mg/day X2) and 60 mg (20
mg/day X 3) respectively. Thereafter the activ-
ity increased at the dose of 80 mg (20 mg/day X 4),
and remained unchanged at the range of 80~160
mg (20 mg/day X 4~8), and then at the high dose
200 mg (20 mg/day X 10) decreased. Namely, the
variation pattern of arginine activity in the group
receiving swine testicle extract was obviously
different from those in both groups receiving
moschus extract and sheep testicle extract. Con-
sequently, the effects of sheep testicle extract on
the induction and control of arginine peptidase
activity was found to be closer to those of mos-
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Fig. 1 Change of arginine peptidase activity in submandibular gland of castrated mouse.
The activities are plotted against the No. of injections of testosterone propionate {--2A--1
mg/ day), moschus extract (—@— 20 mg/day), and testicle extracts of swine (--{J-- 20 mg/
day) and sheep (-~-O--- 20mg/day). Drugs were injected i.p. once a day. Each point shows
mean + SE. of 5 castrated mouse.

Moschus Sheep

M 10 8 6 5 3 C M 10 8 6 5 3 C
L ] | E— )
No. of injection No. of injection

Fig. 2 Change of arginine peptidase zymograms from submandibular gland after the injection
of moschus extract and sheep testicle extract into castrated mice.
20 mg of moschus extract or sheep testicle extract in 0.2 ml of liquid paraffin was injected
i.p. once a day.
group . 5 castrated mouse.
M  male mice C : castrated mice

chus extract in dose-effect curve compared than testicle extract on arginine peptidase isozyme in
those of swine testicle extract. mice submandibular gland were compared by
The effects of moschus extract and sheep  means of electrophoresis (Fig. 2). As shown in
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the zymograms 1, II, and Il for arginine pep-
tidase in both groups, the activity of peptidase
gradually increased from the start of administra-
tion of the extracts up to the dose of 60 mg (20
mg/day X 3), reached a plateau between at the
doses of 120 mg (20 mg/day X6) and 160 mg (20
mg/day X 8), and rapidly decreased at the dose of
200 mg (20 mg/day X10). Namely, the variation
pattern of zymogram was extremely similar for
both groups.

Hence, further studies were performed on
chemical and biological similarities between both
extracts, in hope of using sheep testicle extract as
a potent alternative to the moschus one. At first,
a study was made to obtain a more active fraction
from moschus extract and sheep testicle extract
which exhibit arginine peptidase activity. Both

%L/\,w;

moschus and sheep testicle extract were frac-
tionated according to the procedure described in
“Experimental section” and detection of arginine
peptidase activity in each fraction was made by
means of electrophoresis. Resultingly each polar
fraction in both extracts exhibited the enzyme
activity. In 1975, Yoshii et al. proved that a
group of C,, steroids is contained in polar fraction
of moschus extract by means of TLC and lelond
When we separated the polar fraction of sheep
testicle extract by means of TLC, many spots
similar to those found in the polar fraction of
moschus extract were detected. And then on the
GC we also observed many peaks. From these
results it was proved that various C,, steroidal
components were contained in sheep testicle
extract as in moschus extract (Fig. 3). Some of

Sheep

Moschus

20 30 (min.)

Fig. 3 Gas chromatograms of polar fraction of moschus extract
and sheep testicle extract as trimethylsilyl ethers.

a) 5p-androstane-3q, 17 a-diol
b) 5pB-androstane-34, 17 8-diol



FIBEEF £ (Vol. 3 No. 1 1986) 7

the steroid components contained in moschus
extract were also found in sheep testicle extract.
From the results given above it is clear that sheep
testicle extract is similar to moschus extract in
the chemical components of polar fraction.
Next, the anti-inflammatory test was select-
ed as a pharmacological method to examine their
biological similarities because pharmacological
study on the anti-inflammatory effect of moschus
has been made relatively exact. Moreover, prog-
ressive stage of inflammation is classified into
three stages as follws ; the first stage of increase
in capillary permeability, the second stage of
leukocytoplania, and the third stage of prolifera-
tion.
stage have already been established. Therefore,

Animal experimental techniques in each

the anti-inflammatory test is favorable for the
comparative study on the similarity of the effect
between these two extracts. So three characteris-
tic methods among the anti-inflammatory tests
were used in anticipation of studying on the sim-
ilarity of the effects between both extracts
diversely.

First, the results of the fertilized hen egg test
showed that significant inhibition of granulation
was observed at the dose of 1.5 ug of moschus
extract and at the doses of 10 and 20 xg of sheep
testicle extract per filter paper disk, compared
with the control (Table I).
tionship was not observed in both extracts.
Therefore, both extracts were found to have
similar action.

Dose-response rela-

Table I Anti-inflammatory activity of moschus, sheep testicle extract
and hydrocortisone acetate in ferticle egg method.
Wet weight of
Dose granulation inhibition Survival ratio
Drugs (wg/dise) i (%) of chick embryo
mean + SE.
Control 181.0%+14.5 9/10
Hydrocortisone acetate 50 108.9+ 8.1** 39.8 7/10
Moschus extract 1 135.3+12.2* 25.2 9/10
" 5 140.5+ 8.3** 22.4 10/10
Sheep testicle extract 10 129.2+ 8.4** 28.6 9/10
" 20 128.2+14.7* 29.2 7/10

** | Significantly different from control (p <0.01)
* . Significantly different from control (p <0.05)

Next, the carrageenin-induced paw edema
test was used to examine the inhibitory effect of
each extract on edema. Oral administrations of
sheep testicle extract (500 mg/kg) and moschus
extract (200 mg/kg) produced significant inhibi-
tion of edema comparable to that by the known
anti-inflammatory agent, phenylbutazone (Fig. 4).
In particular the time-effect curve during the
period of 5 hours after the start of administration
This
result also proved that these two extracts were

was extremely similar for both extracts.

similar in efficacy.
Moreover, Whittle’s method was used to test
inhibitory effects of both extracts on capillary

permeability (Table II). The known agent, aspi-

rin, exerted marked inhibitory effects, while
moschus extract exerted poor inhibitory effects.
However, interestingly, sheep testicle extract
showed a similar tendency to the above method.

There was a little difference in the level of
anti-inflammatory effect of moschus extract ob-
served in these experiments and the same could be
said of sheep testicle extract.
gests that both extracts may have a similar action

This result sug-

mechanism. From the results of the chemical
and biological experiments described above it can
be concluded that polar fraction of sheep testicle
extract may be used as a replacement for mos-
chus extract.
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Fig. 4 Effect of moschus extract, sheep testicle extract and phenylbutazone on the swelling of
rat hind paws induced by carrageenin.

Control (—@— 5 % arabic gum soln.), moschus extract (-=-O--- 200 mg/kg), sheep testicle

extract (--A-- 500 mg/kg) and phenybutazone (—M— 150 mg/kg) were orally administered

1 h before the injection of carrageenin. Each value represents the mean * S.E. of 8 animals.

Table II Inhibitory effects of moschus extract, sheep testicle
extract and aspirin on capillary permeability.

Leaked dye in

Dose : Inhibition
Drugs me/ke) ™) %)
Control 337+17.6  (9)
Aspirin 200 126+ 8.6** (8) 62.6
Moschus 100 276+20.1* (8) 18.1
Sheep Testicle extract 150 286+ 3.6 (8) 15.1

After drugs were orally administered, 2 % brilliant blue soln. was
injected the candal vein and 0.7 % acetic acid soln. was injected i.p.
Each value represented the mean S.E. for the number of animals
given in parentheses.

**  Significantly different from control (» <0.01)

* . Significantly different from control (p <0.05)
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