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Abstract

Two fractions with high potency for inhibiting the activity of monoamine oxidase B
(MAO-B) in vitro have been fractionated from an ethanol extract of the pilose antler of
Cervus nippon TEMMINCK var. mantchuricus Swinhoe (Rokujo). The inhibitory effect of one
fraction extracted with diethylether was increased with the incubation period, but it was
easily reversed by washing the membrane preparation after an incubation with the fraction.
On the other hand, the action of butanol-extracted fraction was persistent after the removal
of the extract, and selective to MAO-B in comparison with MAO-A. However, further
purification revealed that the ether fraction merely contained cholesterol, several known
fatty acids and lipids, and that the active substance included in the butanol fraction was,
unexpectedly, hypoxanthine, Therefore these Rokujo ingredients may exert the inhibitory
action for MAO-B in a non-competitive manner against the biological amines i» vifro, and
also i vivo as reported previously.

Key words Rokujo, Cervus nippon TEMMINCK var. manichuricus Swinhoe, monoamine
oxidase B, MAO inhibitor, purification, aging.

Abbreviations MAOQO, monoamine oxidase ; MAO-A and MAO-B, types of A and B of
MAO . 5-HT, serotonin ; TA, tyramine ; PEA, phenylethylamine ; MPTP, 1 - methyl-4-
phenyl-1,2,3,6-tetrahydropyridine ; Rokujo, B #,

with the aid of specific inhibitors.’ Namely, type

Introduction

The oxidative deamination of neurotransmit-
ter amines and other monoamines is now consid-
ered to be accomplished by two or more func-
tionally different forms of monoamine oxidase
(MAO).
ally divided into two subtypes, type A and type B,

The membrane-bound MAOQO is gener-

based on their distinct selectivity to the substrates

A enzyme (MAO-A) is responsible for the metabo-
lism of serotonin (5-HT) and sensitive to clorgy-
line ; on the other hand, phenylethylamine (PEA)
is a good substrate of type B enzyme (MAO-B)
which is inhibited by deprenyl.Z) The activity of
MAO in various mammalian organs has been
known to increase with aging.S) Especially, it
was demonstrated that the proportion of MAO-B
activity in the liver and brain increases during

“HEIESE | T060 ALRF ALK AL+ &R TH

L KRNI E BHEE
*Correspondence should be sent to Prof. Y. Nomura
at his present address . Department of Pharmacology,
Faculty of Pharmaceutical Sciences, Hokkaido Uni-
versity, Kita-ku, Sapporo 060, Japan.

Journal of Medical and Pharmaceutical Society for
WAKAN-YAKU 5, 116122, 1988




MAO-B inhibitor in Rokujo extract 117

post-natal development of rats throughout the
life span‘w Therefore measuring the activity of
MAOQO-B may be one of the markers for evaluating
the degree of senescence.

We previously reportedsx that a water extract
of pilose antler of Chinese deer (Rokujo) showed
significant effects on several biochemical degen-
erations related to the aging process of the senes-
cence-accelerated mouse when orally administer-
ed for 8 successive days. Among these effects,
reduction of MAO-B activity was apparent both
in senescent and control groups, accordingly, we
speculated that the Rokujo extract included some
MAO-B-inhibiting substances whith would exert

In the
present study, purification and identification of
such MAO-B inhibitors from Rokujo extract
were carried out by evaluating the effects of

. . . . N . 5)
their action in vitro as well as in vivo .

fractionated materials iz vitro on the degradation
of isotope-labeled subtrates which was added to
the mitochondrial fraction from adult mouse liver
used as the MAO-B preparation.

Materials and Methods
Extraction and purification from Rokujo .

Unossified pilose antler of Manshu-shika (Cervus
nippon TEMMINCK var. mantchuricus Swinhoe)

Pulverized pilose antler of Cervis nippon
TEMMINCK var. mantchuricus Swinhoe (4.14 kg)

extracted with 12 liters of hot water (3 times)

aqueous phase (water extract)

1
+

Water residue

precipitated with 95% ethanol (3 times)

ethanol extract (671 g)

a portion of ethanol extract (200 g)
dissolved in 400 ml water

extracted with diethylether

Precipitate (419 g)

water layer

extracted with ethylacetate

1
water layer

extracted with n-butanol

water layer

silica-gel
column

urea
uracil
creatinine

hypoxanthine

Fig. 1

ethylacetate layer

butanol extract (16.8 g)

ether extract (5.6 g)

silica-gel
column

i
cholesterol
tripalmitin
palmitic acid
stearic acid
oleic acid

Extraction and purification procedures from Rokujo.
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was purchased from Jilin (% 4£) province of China.
General procedures for the extraction and purifi-
cation from the sliced deer antler (Rokujo) are
shown in Fig. 1. The upper part of Fig. 1 indi-
cates the first extraction with hot water followed
These

extracts were almost identical with the water and

by the second extraction with ethanol.

ethanol extracts we had used for the subchronic
administration to senile mice in our previous re-
ports.s'ﬁ) As shown in the lower part of Fig. 1, a
portion of the ethanol extract was subjected to a
series of extraction with diethylether, ethylace-
tate, and »-butanol, respectively. Final separa-
tion of the ether and butanol extracts were done
through a silica-gel column, and the identifica-
tion was carried out using thin-layer chromato-
graphy. A single batch of these fractions were
used in common in the present study.

Enzyme preparvation . Immediately after the
decapitation of male ddY mice (30 g), the liver
was rapidly removed and homogenized with 10
volume of ice-cold 0.32 M sucrose buffered with 10
mM sodium phosphate (pH 7.4). The following
procedures were carried out at 4C. The homog-
enate was centrifuged at 600 g for 10 min and the
supernatant was further centrifuged at 15,000 g
for 10 min. Obtained pellet was washed once, re-
suspended with the buffer to yield a protein con-
centration about 1 mg/ml, and stored at —20°C
until use.

Chemicals © 2-Phenyl [1-*Clethylamine hydro-
chloride ([**C]PEA, 60 mCi/mmol), [7-*C]ty-
ramine hydrochloride ([**C]TA, 56 mCi/mmol),
and 5-hydroxy [side-chain-2-*C]tryptamine cre-
atinesulfate ([**C]15-HT, 57 mCi/mmol) were
from Amersham.
of MAO - activity . Enzyme
stock solution was diluted with 8 volume of 50 mm
sodium phosphate (pH 7.4) and preincubated at
37°C for 10 min in the presence or adsence of the
Rokujo extracts, as indicated in each experiment.

Measurement

An aliquot (270 1) of the membrane preparation
was incubated at 37°C for 20 min with 30 ul of a
diluted radiolabeled substrate ([**C]PEA, ["*C]-
TA or [**C]5-HT) solution. The substrate con-
centration in the reaction mixture was 3.3 uM for
PEA, and 125 gM for TA and 5-HT, respectively.

No.2 1988)

The reaction was terminated by an addition of 1
N HCI (200 gl). The metabolites were extracted
with 2 ml of toluene (for PEA and TA), or diethyl-
ether (for 5-HT) by a vigorous shaking for 1 min,
and the mixture was left at 4°C overnight. A
1 ml portion of the upper organic phase was add-
ed to 10 ml of scintillation cocktail and the ra-
dioactivity was measured by a Beckmann LS-
250 liquid scintillation spectrometer. All experi-
ments were carried out with duplicate incuba-
tions. Every value is indicated as the relative
percentage of MAO-B activity. Each point in

the figures is the average from two tubes.

Results

Screening of MAO inhibitors from 6 fractions
Six fractions were obtained during the puri-
fication of Rokujo ingredients, and they were
screened for the identification of in vitro MAO-B
inhibitor. As shown in Fig. 2, MAO-B activity
in the liver membrane preparation was inhibited
dose-dependently in the presence of butanol ex-
tract or diethylether extract from Rokujo, how-
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Fig. 2 Effects of six fractions separated from
Rokujo on the MAO-B activity in mouse liver
mitochondrial membranes iz vitro.

Radioactivity of formed [“C]PEA metab-
olites by MAO-B in the liver membranes was
determined in the presence of water extract
(®), water layer residue (M), ethanol extract
(¥), butanol extract (2), diethylether extract
(O), or cholesterol (¢). Values are indicated
as the relative percentage of MAO-B activity.
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ever, their dose-inhibition curves were not paral-
lel each other. Other fractions produced no ap-
parent changes in the MAO-B activity.
Characterization of the MAO-B inhibition by
butanol and ether fractions

As shown in Fig. 3 and Fig. 4, the MAO-B in-
hibiting action of the ether extract was increased

with the incubation period, however, it was easi-
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Fig. 3 Time course of the effects of butanol ex-
tract (&) and diethylether extract (O) at a con-
centration of 120 x#g/ml on MAO-B activity in
mouse liver membranes.

ly reversed after washing the membrane preparation
On the other hand, the
effect of butanol extract was not so reduced by

with the buffer solution.

a removal of the extract from the membranes.
However, prolonged incubation of butanol ex-
tract with membrane preparation spoiled the sup-
pression of MAO-B activity, suggesting that the
active substances included in the butanol extract
may inhibit MAO - B enzyme irreversibly, but
that it may be inactivated by other membrane en-
zymes.

Fig. 5 suggests further difference between the
effects of two extracts. When dose-dependence
of the effect of butanol extract was examined in
the presence of constant concentrations of ether
extract, the inhibition of MAO-B activity seemed
not additive of the independent effects of these
two extracts.

Substrate-specific inhibition by the butanol frac-
tion

Using three substrates for types A and B of
MAQO, the substrate-selectivity in the action of
butanol extract was evaluated (Fig. 6). The
butanol extract strongly inhibited the degrada-
tion of ["*C]PEA and that of [**C]TA in the liver

membrane preparation. However, degradation
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Fig. 4 Effects of the Rokujo extracts before and after the removal of the extracts in mouse

liver membranes.

The liver membranes were preincubated for 10 min with butanol (B) and diethylether (E)
extracts. A half of the incubated membranes were once washed with buffer solution and the
extracts were removed. MAO-B activities in the washed membranes and other half of the

incubated membranes were determined.
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Fig. 5 Interaction between butanol and diethylether extracts on the inhibition of MAO-B

activity in mouse liver membranes.

MAO-B activity in the presence of butanol extract alone (O), butanol extract plus 60
ug/ml diethylether extract (©) and butanol extract plus 120 ug/ml diethylether extract (®)

are shown.
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Fig. 6 Substrate-specific inhibition of MAO ac-
tivity by butanol extract in mouse liver mem-
branes.

[14C15-HT (%), [**C]TA (2) and ["*C]PEA (0)
were used for the specific substrates for MAO-
A, both MAO-A, B and MAO-B, respectively.

of [**C]5-HT which was considered to be medi-
ated by MAO-A"? was not obviously suppressed
in the presence of the butanol extract.
Active substances identified from the butanol frac-
tion

As previously indicated in Fig. 1, the final
purification of the butanol extract through a
silica - gel column yielded several known com-
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Fig. 7 MAO-A inhibition by hypoxanthine (®)
and uracil (2) isolated from the butanol extract
of Rokujo.

[*C]5-HT was used for the substrate.

pounds which may be concentrated in the deer
antler as the metabolites of nucleic acid. These
included hypoxanthine, uracil, urea, and creati-
nine. Therefore these compounds were tested
for the MAO-A and MAO-B assays.
in Fig. 7 and Fig. 8, it was found that hypoxan-

As shown

thine showed remarkable suppressing effect on
the metabolism of [*C]5-HT and ["*C]TA in a
similar manner to the butanol extract itself. A
weaker effect of uracil was also detected, but cre-
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Fig. 8 MAO-B inhibition by hypoxanthine (@),
uracil (2), urea (x) and creatinine {©) isolated
from the butanol extract of Rokujo.

[“CIPEA was used for the substrate.

atinine and urea showed no obvious effect.
Purification of the ether fraction

From the diethylether extract, cholesterol as
a main constituent, together with some fatty acids
and lipids, were found. However, we did not
further pursue the active substances in the dieth-
ylether fraction because of its very small amount
and poor recovery.

Discussion

The present results showed that two fractions
from Rokujo extract possess high potency for in-
hibiting the activity of MAO-B in the liver mito-
chondrial preparation in vitro. The potency of
butanol extract was detectable under a concen-
tration of 30 xg/ml in the reaction mixture, and a
complete suppression was observed at 2 mg/ml or
more. The effect was also specific to the B type
enzyme of MAOQ as determined by the substrate-
selectivity. The relative low concentration re-
quired for the specific inhibition of MAO-B may
be of physiological significance in the case of in
vivo administration, as previously demonstrated
in the tissue preparations from age-promoted and
the control mice repetitively treated with Roku-
jo.S) Long-lasting inhibition of MAO-B activity
by a repeated Rokujo treatment may be in part
responsible for the anti-aging effect hoped for the

6)
In

chronic pharmacological action of Rokujo.s'
this regard, recent studies have shown that the
administration of the inhibitor for MAO-B can
prevent the induction of parkinsonism induced by
a neurotoxin, 1 -methyl-4 -phenyl-1, 2, 3, 6-tetra-
hydropyridine (MPTP), in rodents”® and pri-
mates. The anti-parkinsonism effect of MAO-
B inhibitor is now anticipated.

Purification of the active fractions yielded
only several known, low-molecular weight com-
pounds. Nevertheless, among these compounds,
hypoxanthine exerted a potent

MAO-B in a similar manner with its source, the

inhibition of
butanol extract. Since MAO is a flavin-type
enzyme which requires FAD as the coenzyme,
hypoxanthine may compete against FAD in the
binding site because of their structural similarity.
Thus the inhibition manner of hypoxanthine,
namely, that of butanol extract from Rokujo, is
non-competitive for the substrate, but may be
We could not
identify the active substance in the diethylether

competitive for the coenzyme.
fraction. However, the main ingredient of the
fraction was cholesterol which in itself showed
little MAO-inhibiting activity (see Fig. 2). Some
unidentified minor component might be active,
but still remained to be clarified.
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