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Abstract

Attenuation of monoamine oxidase B (MAO-B) activity may provide protection against oxidative neurodegeneration. For this reason,
inhibition of MAO-B activity is used as part of the treatment of Parkinson’s and Alzheimer’s patients. The hdokaria rhynchophylla
(Mig.) Jacks. (Rubiaceae) is a traditional Chinese herbal drug that is generally used to treat convulsive disorders. In this study, therfractionatio
and purification ofJncaria rhynchophyll@xtracts using a bioguided assay isolated two known compounds, (+)-catechin)agmli¢atechin.
The compounds inhibited MAO-B, as measured by an assay of rat brain MAO-B separated by electrophoresis on a 7.5% native polyacrylamid
gel. The 1Gg values of (+)-catechin and+)-epicatechin were 88.6 and 5§, respectively, and inhibition occurred in a dose-dependent
manner, as measured by the fluorescence method. The Lineweaver—Burk plot réyealees for (+)-catechin and-)-epicatechin of 74
and 21uM, respectively. This suggests that these two compounds, isolated here for the first tiliénicaria rhynchophyllamight be able
to protect against neurodegeneration in vitro, and, therefore, the molecular mechanism deserves further study. This finding may also increa:
interest in the health benefits Ohcaria rhynchophylla
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction been reported to act as antihypertensive principl&saqg
et al.,, 1979; Aisaka et al., 1985; Masumiya et al., 1999;
The hook ofUncaria rhynchophyllgMiq.) Jacks. (Rubi- Watanabe et al., 2003
aceae) is a traditional Chinese herbal drug that is described Monoamine oxidase (MAQ), a flavin-containing enzyme,
as having the ability to remove heat, check hyperfunction is widely distributed in both the central and peripheral
of the liver, and relieve dizziness, tremor, and convulsion nervous systemsWaldmeier, 1987; Muller et al., 1993
(Hsieh et al., 1999 The herb is also used to treat headache, and plays a central role in the control of substrate avail-
dizziness resulting from hypertensiokuramochi et al., ability and activity. MAO catalyzes the oxidation of a
1994, and convulsive disorders, such as epilepiycaria variety of amine-containing neurotransmitters to vyield
rhynchophyllahas also been found to inhibit tumor necrosis the corresponding aldehyde, hydrogen peroxideQ#),
factoro (TNF-a) and nitric oxide production in BV-2 mouse and ammonia @'Brien et al., 1993 MAO exists in two
microglial cells in vitro. The neuroprotective effects of forms, MAO-A and MAO-B, which are distinguished on
Uncaria rhynchophylldollowing transient global ischemia  the basis of different pharmacological and biochemical
have also been evaluate®uk et al., 200R In previous characteristics. MAO is a key enzyme in catecholamine
studies, a number of alkaloids from the getirscaria have metabolism, and increased catecholamine metabolism
seen in aging has been extensively studied. The regulation
* Corresponding author. Tel.: +886 2 2736 1661x6151. of MAO activity may alleviate symptoms and slow the
E-mail addressImh@tmu.edu.tw (M.-H. Lee). progression of neurodegenerative disorders. In humans,
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MAO-B activity increases with agd-6wler et al., 200pand

217

2.4. ldentification of isolated compounds

is especially elevated in certain neurodegenerative diseases

(Castagnoli and Murugesan, 2004; Dewey, 2004; Girgin
Sagin et al., 2004; Nagatsu, 2Q04rherefore, inhibition

of MAO-B activity may improve the quality of life of the
elderly.

In a previous paper, we reported the inhibitory effect of
27 Chinese herbal medicines on MAO-B derived from rat
brain homogenates ip et al., 2003. None of the medicines
had previously been evaluated for MAO-B inhibition.
Uncaria rhynchophyllaexhibits inhibition similar to these
medicines. In this study, MAO-B activity was used to guide
the isolation of any bioactive compounds preserdirtaria
rhynchophylla The active constituents were isolated, their
structures elucidated, and their MAO-B inhibitory effects
evaluated individually.

2. Materials and methods
2.1. Material

The hooks ofUncaria rhynchophyllawere purchased
from the Chinese drug market in Taipei, Taiwan, and
identified by Dr. H.C. Chang, Bureau of Food and Drug
Analysis, Department of Health Executive Yuan, Taiwan,
Republic of China. A reference specimen (no. M-10) was

deposited in the Graduate Institute of Pharmacognosy, Taipei

Medical University, Taiwan.
2.2. Extraction and isolation

The dried hooks (2kg) were extracted three times with

The structures of the purified compounds were identified
by direct comparisons of their retention times, melting points
and spectral datdi-NMR and3C-NMR) with data found
in the literature.

2.5. Animals

Wistar rats (300-350 g) were purchased from the National
Laboratory Animal Breeding and Research Center, Taiwan.
The rats were maintained under a 12h light-dark cycle.
Water and pelletized feed were supplied ad libitum. Animal
studies followed the guidelines of protocols approved by the
National Science Council. The protein content of rat brain
homogenates was estimated using bovine serum albumin
(BSA) as the standard and showed a linear regression
relationship y=0.937x+ 0.3235,r2=0.9926) within the
range of 62.5-50Qg/ml of BSA.

2.6. Enzyme preparation

The MOA-B was prepared from the brains of Wistar rats,
as described previoushefdo et al., 1994

2.7. Polyacrylamide gel electrophoresis (PAGE)

The identified compounds were mixed with rat brain ho-
mogenates (protein content 6.86 mg/ml) in 50 mM phosphate
buffer (pH 7.5) overnight and then electrophoresed on native
7.5% polyacrylamide geld e et al., 200R

methanol at room temperature for one week. The solutions 2-8- Fluoroscopy of MAO-B inhibition
were combined and evaporated under reduced pressure

to yield a total extract. The extract was fractionated with
n-hexane, ethyl acetate anebutanol. Fractions determined

The MAO-B inhibition was measured with a fluorescence
microplate reader (FLA-2000 Reader, Fujifilm, Japan) with

through a Diaion HP-20 column and eluted with a gradient
solvent system of methanol (MeOH) in water,®). After
monitoring the resulting fractions for bioactivity, the active

580+ 10 nm (Lin etal., 2003, using benzylamine as the sub-
strate. The compound-deprenyl (an MAO inhibitor) was
used as a positive control.

fractions were combined, passed through an octadecylsilane

(ODS) column, and eluted with a MeOH»8 solvent
system.

2.3. HPLC analysis

2.9. Kinetic analysis of MAO-B inhibition

The 50% inhibitory concentration (Hg) values for the
test samples and for various concentrations of benzylamine
(0.5, 1, 2, 4, 8 and 16 mM) were determined. The apparent

The combined active fractions were passed through inhibition constantsK;) for the isolated compounds were
a reverse-phase high-performance liquid chromatographcalculated using Lineweaver—Burk plots.

(HPLC) at a rate of 1.0 ml/min. The column was a Licro-
spher RP-18, 4.6 mm 250 mm (Merck, Darmstadt, Ger-
many), and the solvent system was MeOBH20:80) that

was degassed prior to use. An LC-10A pump (Shimadzu

Corporation, Chromatographic Instruments Division, Kyoto,

3. Results

The 40% methanol eluate from the Diaion HP-20 column

Japan) was connected to an SPD-6A ultraviolet spectropho-showed good activity, as did the subsequent 10% methanol

tometric detector set at UV 280 nm.

fraction from the ODS column. Purification and analysis
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Fig. 1. The MAO-B activity inhibitory effects of isolated principles of
Uncaria rhynchophyllaon 7.5% native polyacrylamide gels, (A) for (+)-
catechin; (B) for {)-epicatechin. Lane 1, control; lane 2, clorgyline (24,
MAO-A inhibitor) added; lane 3r-deprenyl (2Q.M, MAO-B inhibitor)
added; lane 4, 13,8M sample added; lane 5, 27u8/ sample added; lane
6, 41.4u.M sample added; lane 7, 55 sample added.

of this fraction by reverse-phase HPLC identified two ma-
jor compounds, identified from the literature as (+)-catechin
(Zhang et al., 1990and ()-epicatechinBae et al., 1994
The yields of (+)-catechin and-)-epicatechin were 0.0441
and 0.0378%, respectively.

Analysis of the MAO-B inhibitory activity showed
that (+)-catechin Kig. 1A) and (—)-epicatechin Fig. 1B)
inhibited MAO-B, when compared todeprenyl. Both com-
pounds, at concentrations of 41.4 and 58\2, inhibited
MAO-B activity (Fig. 1). Furthermore, these two isolated
compounds exhibited dose-dependent MAO-B inhibitory
activity during fluorospectrophotometry: theg@values of
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Fig. 2. . Kinetic analysis of (+)-catechin and)-epicatechin (1Gp values)
on MAO-B by Lineweaver—Burk plots.
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(+)-catechin and )-epicatechin were 88.6 and 5.,
respectively. The Lineweaver—Burk plots for both$@on-
centrations, using various concentrations of the benzylamine
substrate, indicated that (+)-catechin aréd)-€picatechin,
acted as mixed-type inhibitors with respect to the substrate
benzylamine and hal; values against this substrate of 74
and 21uM, respectively Fig. 2A and B, respectively). The
ICs50 value of the positive control,-deprenyl (an MAO-B
inhibitor), was 0.3.M and theK; value was 0.002M.
L-Deprenyl also showed the mixed-type mode of inhibition
(Lin et al., 2003.

4. Discussion

Uncaria rhynchophyllahas been reported to contain
various alkaloids including rhynchophylline, corynoxeine,
corynantheine and hirsutine, among otheranianaka et
al., 1983; Ozaki, 1989 These compounds show antihy-
pertensive, neuroprotective and vasodilative effeEtsrig
et al.,, 1992; Kuramochi et al., 1994; Gonzalez-Polo et
al., 2003; Spencer, 20D3vhen total extracts ofJncaria
rhynchophyllaare used.

MAO-B enzymes from bovine, rat and human species all
have very similar amino acid sequencédé¢ll and Kwan,
2001); therefore, rat brain homogenates were used to detect
MAO-B inhibition in this study. MAO-B prefers hydrophobic
substrates such as phenylethylamine and benzylamine and
provides protection by catalyzing the oxidation of xenobi-
otics derived from dietary or environmental sourcégey
et al., 2003. The generation of hydrogen peroxide>(®})
by MAOs is also considered to be a cytotoxic factor in-
volved in oxidative stress and nigral cell degeneration in
Parkinson’s disease. Therefore, pretreatment of animals with
MAO-B inhibitors (e.g., deprenyl and pargyline) has been
described as protective against neurotoxic8yifaki et al.,
1994.

The original crude extract ofJncaria rhynchophylla
showed an Igg concentration of 3@.g/ml (Lin et al., 2003.
When the concentration of the present extractotaria
rhynchophylla was 10Qug/ml, the MAO-B inhibitory
activity was 85.2%, as well as thedgconcentrations of (+)-
catechin and «)-epicatechin were 25;7g/ml (88.6u.M)
and 17.1ug/ml (58.9uM) in the present study. The yields of
(+)-catechin and-{)-epicatechin were 0.0441 and 0.0378%,
respectively. In this study, the isolated constituents showed
MAO-B inhibitory effects, but the yields were lower. The
other eluates from the ethyl acetate fraction also exhibited
MAO-B inhibition, but the activity was less than that seen
with the isolated fractions. Further investigation of these
eluates may yield additional active compounds contained in
Uncaria rhynchophylla

(+)-Catechin and-{)-epicatechin are abundant in green
tea. Catechin and its derivatives are thought to contribute
to the beneficial effects ascribed to tea, such as the effective
scavenging of reactive oxygen species seen in vifigdon
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and Frei, 200 They may also function indirectly as Gonzalez-Polo, R.A., Soler, G., Alonso, J.C., Rodriguez-Martin, A.,
antioxidants through their effects on transcription factors  Fuentes, J.M., 2003. MPP(+) causes inhibition of cellular en-
and enzyme activity. (+)-Catechin was also reported to ergy supply in cerebellar granule cells. Neurotoxicology 24, 219-

N 7 ) 225,
inhibit MAO-B activity in 96 astrocyte cells; the g value Higdon, J.V., Frei, B., 2003. Tea catechins and polyphenols: health ef-
was less than LM (Mazzio et al., 1998 fects, metabolism, and antioxidant functions. Critical Reviews in Food

In the present study, we isolated the active compounds  Science and Nutrition 43, 89-143.
by following their inhibitory effect on MAO-B in rat brain ~ Horie, S., Yano, S., Aimi, N., Sakai, S., Watanabe, K., 1992. Effects
homogenates in vitro. This is the first report to isolate and of hirsutine, an antihypertensive indole alkaloid fragmcaria rhyn-
. . . . chophylla on intracellular calcium in rat thoracic aorta. Life Sciences
identify the active compounds frokdncaria rhynchophylla 50. 491-498
as polyphenols, and to show that they exhibit MAO-B inhibi- - Hsien, c.L., chen, M.F., Li, T.C., Li, S.C., Tang, N.Y., Hsieh, C.T., Pon,
tion. Therefore, in addition to the known alkaloids contained C.Z., Lin, J.G., 1999. Anticonvulsant effect bincaria rhynchophylla
in Uncaria rhynchophyllawhich are usually thought to exert (Miq.) Jack. in rats_ with kaini(_: gcid-induced epileptic seizure. Amer-
an effect on various neurological symptoms, the polyphenols ican Journal of Chinese Medicine 27, 257-264. _
+)-catechin and-{)-epicatechin are also present and active Kuramochi, T., Chu, J., Suga, T, 1994. Gou-teng (fromcaria rhyn-
_( ” P p R chophylla Miquel)-induced endothelium-dependent and -independent
in Uncaria rhyn_ChOphy”aThey h_ave been shown in \{ItI’O _tO relaxations in the isolated rat aorta. Life Sciences 54, 2061—
have the potential to protect against neurodegeneration; inad- 2069.
dition, they have antioxidant activity. Therefore, their molec- Lee, M.-H., Chuang, M.T., Hou, W.-C., 2002. Activity staining of plasma

ular mechanism of action deserves scrutiny. These findings amine oxidase after polyacrylamide gel electrophoresis and its ap-
plication to natural inhibitor screening. Electrophoresis 23, 2369-

may increase interest in the health benefitsln€aria rhyn- 5372
chophyllaand lead to the inclusion &fncaria rhynchophylla Lin, R-D., Hou, W-C., Yen, K.Y., Lee, M.-H., 2003. Inhibition of
in dietary supplements and functional foods. monoamine oxidase B (MAO-B) by Chinese herbal medicines. Phy-

tomedicine 10, 650—656.
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