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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 hook ofUncaria rhynchophylla
(Miq.) Jacks. (Rubiaceae) is a traditional Chinese herbal drug that is generally used to treat convulsive disorders. In this study, the fractionation
and purification ofUncaria rhynchophyllaextracts using a bioguided assay isolated two known compounds, (+)-catechin and (−)-epicatechin.
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he compounds inhibited MAO-B, as measured by an assay of rat brain MAO-B separated by electrophoresis on a 7.5% native poly
el. The IC50 values of (+)-catechin and (−)-epicatechin were 88.6 and 58.9�M, respectively, and inhibition occurred in a dose-depen
anner, as measured by the fluorescence method. The Lineweaver–Burk plot revealedKi values for (+)-catechin and (−)-epicatechin of 7
nd 21�M, respectively. This suggests that these two compounds, isolated here for the first time fromUncaria rhynchophylla, might be able

o protect against neurodegeneration in vitro, and, therefore, the molecular mechanism deserves further study. This finding may a
nterest in the health benefits ofUncaria rhynchophylla.

2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

The hook ofUncaria rhynchophylla(Miq.) Jacks. (Rubi-
ceae) is a traditional Chinese herbal drug that is described
s having the ability to remove heat, check hyperfunction
f the liver, and relieve dizziness, tremor, and convulsion
Hsieh et al., 1999). The herb is also used to treat headache,
izziness resulting from hypertension (Kuramochi et al.,
994), and convulsive disorders, such as epilepsy.Uncaria
hynchophyllahas also been found to inhibit tumor necrosis
actor-� (TNF-�) and nitric oxide production in BV-2 mouse

icroglial cells in vitro. The neuroprotective effects of
ncaria rhynchophyllafollowing transient global ischemia
ave also been evaluated (Suk et al., 2002). In previous
tudies, a number of alkaloids from the genusUncariahave
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been reported to act as antihypertensive principles (Chang
et al., 1979; Aisaka et al., 1985; Masumiya et al., 19
Watanabe et al., 2003).

Monoamine oxidase (MAO), a flavin-containing enzy
is widely distributed in both the central and periph
nervous systems (Waldmeier, 1987; Muller et al., 199)
and plays a central role in the control of substrate a
ability and activity. MAO catalyzes the oxidation of
variety of amine-containing neurotransmitters to y
the corresponding aldehyde, hydrogen peroxide (H2O2),
and ammonia (O’Brien et al., 1993). MAO exists in two
forms, MAO-A and MAO-B, which are distinguished
the basis of different pharmacological and biochem
characteristics. MAO is a key enzyme in catecholam
metabolism, and increased catecholamine metab
seen in aging has been extensively studied. The regu
of MAO activity may alleviate symptoms and slow t
progression of neurodegenerative disorders. In hum

378-8741/$ – see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
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MAO-B activity increases with age (Fowler et al., 2002) and
is especially elevated in certain neurodegenerative diseases
(Castagnoli and Murugesan, 2004; Dewey, 2004; Girgin
Sagin et al., 2004; Nagatsu, 2004). Therefore, 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 (Lin 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 present inUncaria
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,
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2.4. Identification of isolated compounds

The structures of the purified compounds were identified
by direct comparisons of their retention times, melting points
and spectral data (1H-NMR and13C-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 12 h 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= 0.9370x+ 0.3235, r2 = 0.9926) within the
range of 62.5–500�g/ml of BSA.

2.6. Enzyme preparation

The MOA-B was prepared from the brains of Wistar rats,
as described previously (Endo et al., 1994).
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eposited in the Graduate Institute of Pharmacognosy, T
edical University, Taiwan.

.2. Extraction and isolation

The dried hooks (2 kg) were extracted three times
ethanol at room temperature for one week. The solu
ere combined and evaporated under reduced pre

o yield a total extract. The extract was fractionated w
-hexane, ethyl acetate andn-butanol. Fractions determin
o be active by means of a bioguided assay were pa
hrough a Diaion HP-20 column and eluted with a grad
olvent system of methanol (MeOH) in water (H2O). After
onitoring the resulting fractions for bioactivity, the act

ractions were combined, passed through an octadecyls
ODS) column, and eluted with a MeOH–H2O solven
ystem.

.3. HPLC analysis

The combined active fractions were passed thro
reverse-phase high-performance liquid chromatog

HPLC) at a rate of 1.0 ml/min. The column was a Lic
pher RP-18, 4.6 mm× 250 mm (Merck, Darmstadt, Ge
any), and the solvent system was MeOH:H2O (20:80) tha
as degassed prior to use. An LC-10A pump (Shima
orporation, Chromatographic Instruments Division, Ky
apan) was connected to an SPD-6A ultraviolet spectro
ometric detector set at UV 280 nm.
.7. Polyacrylamide gel electrophoresis (PAGE)

The identified compounds were mixed with rat brain
ogenates (protein content 6.86 mg/ml) in 50 mM phosp

uffer (pH 7.5) overnight and then electrophoresed on n
.5% polyacrylamide gels (Lee et al., 2002).

.8. Fluoroscopy of MAO-B inhibition

The MAO-B inhibition was measured with a fluoresce
icroplate reader (FLA-2000 Reader, Fujifilm, Japan) w

he filter set for excitation at 473± 10 nm and emission
80± 10 nm (Lin et al., 2003), using benzylamine as the su
trate. The compoundl-deprenyl (an MAO inhibitor) wa
sed as a positive control.

.9. Kinetic analysis of MAO-B inhibition

The 50% inhibitory concentration (IC50) values for the
est samples and for various concentrations of benzyla
0.5, 1, 2, 4, 8 and 16 mM) were determined. The appa
nhibition constants (Ki) for the isolated compounds we
alculated using Lineweaver–Burk plots.

. Results

The 40% methanol eluate from the Diaion HP-20 colu
howed good activity, as did the subsequent 10% meth
raction from the ODS column. Purification and analy
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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 (20�M,
MAO-A inhibitor) added; lane 3,l-deprenyl (20�M, MAO-B inhibitor)
added; lane 4, 13.8�M sample added; lane 5, 27.6�M sample added; lane
6, 41.4�M sample added; lane 7, 55.2�M sample added.

of this fraction by reverse-phase HPLC identified two ma-
jor compounds, identified from the literature as (+)-catechin
(Zhang et al., 1990) and (−)-epicatechin (Bae 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 (Fig. 1A) and (−)-epicatechin (Fig. 1B)
inhibited MAO-B, when compared tol-deprenyl. Both com-
pounds, at concentrations of 41.4 and 55.2�M, inhibited
MAO-B activity (Fig. 1). Furthermore, these two isolated
compounds exhibited dose-dependent MAO-B inhibitory
activity during fluorospectrophotometry: the IC50 values of

F
o

(+)-catechin and (−)-epicatechin were 88.6 and 58.9�M,
respectively. The Lineweaver–Burk plots for both IC50 con-
centrations, using various concentrations of the benzylamine
substrate, indicated that (+)-catechin and (−)-epicatechin,
acted as mixed-type inhibitors with respect to the substrate
benzylamine and hadKi values against this substrate of 74
and 21�M, respectively (Fig. 2A and B, respectively). The
IC50 value of the positive control,l-deprenyl (an MAO-B
inhibitor), was 0.31�M and theKi value was 0.002�M.
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 others (Yamanaka et
al., 1983; Ozaki, 1989). These compounds show antihy-
pertensive, neuroprotective and vasodilative effects (Horie
et al., 1992; Kuramochi et al., 1994; Gonzalez-Polo et
al., 2003; Spencer, 2003) when total extracts ofUncaria
rhynchophyllaare used.

MAO-B enzymes from bovine, rat and human species all
have very similar amino acid sequences (Abell and Kwan,
2001); therefore, rat brain homogenates were used to detect
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ig. 2. . Kinetic analysis of (+)-catechin and (−)-epicatechin (IC50 values)
n MAO-B by Lineweaver–Burk plots.
AO-B inhibition in this study. MAO-B prefers hydrophob
ubstrates such as phenylethylamine and benzylamin
rovides protection by catalyzing the oxidation of xen
tics derived from dietary or environmental sources (Tieu
t al., 2003). The generation of hydrogen peroxide (H2O2)
y MAOs is also considered to be a cytotoxic factor
olved in oxidative stress and nigral cell degeneratio
arkinson’s disease. Therefore, pretreatment of animals
AO-B inhibitors (e.g., deprenyl and pargyline) has b
escribed as protective against neurotoxicity (Sziraki et al.
994).

The original crude extract ofUncaria rhynchophylla
howed an IC50 concentration of 30�g/ml (Lin et al., 2003).
hen the concentration of the present extract ofUncaria
hynchophylla was 100�g/ml, the MAO-B inhibitory
ctivity was 85.2%, as well as the IC50 concentrations of (+
atechin and (−)-epicatechin were 25.7�g/ml (88.6�M)
nd 17.1�g/ml (58.9�M) in the present study. The yields
+)-catechin and (−)-epicatechin were 0.0441 and 0.0378
espectively. In this study, the isolated constituents sho
AO-B inhibitory effects, but the yields were lower. T
ther eluates from the ethyl acetate fraction also exhi
AO-B inhibition, but the activity was less than that se
ith the isolated fractions. Further investigation of th
luates may yield additional active compounds contain
ncaria rhynchophylla.
(+)-Catechin and (−)-epicatechin are abundant in gre

ea. Catechin and its derivatives are thought to contr
o the beneficial effects ascribed to tea, such as the effe
cavenging of reactive oxygen species seen in vitro (Higdon
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and Frei, 2003). They may also function indirectly as
antioxidants through their effects on transcription factors
and enzyme activity. (+)-Catechin was also reported to
inhibit MAO-B activity in C6 astrocyte cells; the IC50 value
was less than 1�M (Mazzio et al., 1998).

In the present study, we isolated the active compounds
by following their inhibitory effect on MAO-B in rat brain
homogenates in vitro. This is the first report to isolate and
identify the active compounds fromUncaria rhynchophylla
as polyphenols, and to show that they exhibit MAO-B inhibi-
tion. Therefore, in addition to the known alkaloids contained
inUncaria rhynchophylla, which are usually thought to exert
an effect on various neurological symptoms, the polyphenols
(+)-catechin and (−)-epicatechin are also present and active
in Uncaria rhynchophylla. They have been shown in vitro to
have the potential to protect against neurodegeneration; in ad-
dition, they have antioxidant activity. Therefore, their molec-
ular mechanism of action deserves scrutiny. These findings
may increase interest in the health benefits ofUncaria rhyn-
chophyllaand lead to the inclusion ofUncaria rhynchophylla
in dietary supplements and functional foods.
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