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Abstract

We have previously shown that an aqueous extract of the hooks and stems of Uncaria
sinensis (Oliv.) Havil., Uncariae Uncus Cum Ramulusis, protects against glutamate-
induced neuronal death in cultured cerebellar granule cells by inhibition of Ca?* influx.
Because it is not known which components of Uncaria sinensis are active, in this study we
have evaluated, by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT)
staining, the neuroprotective effects of the oxyindole alkaloids corynoxeine, rhyncho-
phylline, isorhynchophylline and isocorynoxeine, and the indole alkaloids geissoschizine
methyl ether, hirsuteine and hirsutine, isolated from the hooks and stems of Uncaria
sinensis, on glutamate-induced cell death. We also investigated the inhibitory effects of the
compounds on *Ca’* influx in cultured rat cerebellar granule cells.

Cell viability evaluated by the MTT assay was significantly increased by application of
rhynchophylline (10—3M), isorhynchophylline (10~4-10-3M), isocorynoxeine (10—4—
10—3M), hirsuteine (1074=3 x 10~#M) or hirsutine (10~%-3 x 10~#M) compared with
exposure to glutamate only, with the effect of isorhynchophylline being the strongest.
The increased “*Ca>* influx into cells induced by glutamate was significantly inhibited by
administration of rhynchophylline (10~3 M), isorhynchophylline (3 x 10~4-10—3M), iso-
corynoxeine (3 x 1074—10"3M), geissoschizine methyl ether (10~3M), hirsuteine
(3x 10=*=10—3M) or hirsutine (3 x 10~4-10"3 ™).

These results suggest that oxyindole alkaloids such as isorhynchophylline, isocorynox-
eine and rhynchophylline and indole alkaloids such as hirsuteine and hirsutine are the
active components of the hooks and stems of Uncaria sinensis which protect against
glutamate-induced neuronal death in cultured cerebellar granule cells by inhibition of Ca?*
influx.

Glutamate mediates the death of central neurons in
several pathological conditions, for example
ischaemic-hypoxic injury, epilepsy and neuro-
degenerative diseases (Choi 1988, 1990; Meldrum
& Garthwaite 1990). The extracellular concentra-
tion of glutamate in the brain increases during brain
ischaemia (Benveniste et al 1984) and over-
stimulation of glutamate receptors of neuronal
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cells, as a result of excessive release of glutamate,
has been found to be toxic to the cells (Rothman &
Olney 1986). Glutamate receptors can be classified
as metabotropic and ionotropic; ionotropic recep-
tors include the N-methyl-D-aspartate (NMDA)
receptor and non-NMDA receptors (Nakanishi
1992). Overstimulation of ionotropic glutamate
receptors has been found to be toxic to neuronal
cells as a result of Ca?* influx (Rothman & Olney
1986; Choi 1988; Kristian & Siesjo 1998).

We have previously shown that an aqueous
extract of the hooks and stems of Uncaria sinensis
(Oliv.) Havil., Uncariae Uncus Cum Ramulusis,
protects against glutamate-induced neuronal death
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in cultured cerebellar granule cells by inhibition of
Ca2t influx (Shimada et al 1998). The active
components of Uncaria sinensis have not been
identified. The Uncaria genus produces many types
of alkaloid, including oxyindole alkaloids such as
corynoxeine, rhynchophylline, isorhynchophylline
and isocorynoxeine, and indole alkaloids such as
geissoschizine methyl ether, hirsuteine and hirsu-
tine (Yamanaka et al 1983). It is known that these
alkaloids have many activities, including an anti-
convulsive effect on glutamate-induced convulsion
in mice (Mimaki et al 1997) and vasodilative and
Ca?*-channel-blocking activity in isolated rat
thoracic aorta (Yamahara et al 1987; Yano et al
1991; Horie et al 1992).

In this study, to identify the active components,
we evaluated the protective effects of alkaloids
isolated from the hooks and stems of Uncaria
sinensis against glutamate-induced neuronal death
and their inhibitory effects on glutamate-induced
Ca?* influx in cultured rat cerebellar granule cells.

Materials and Methods

Materials

The oxyindole alkaloids corynoxeine, rhyncho-
phylline, isorhynchophylline and isocorynoxeine,
and the indole alkaloids geissoschizine methyl
ether, hirsuteine and hirsutine (Figure 1) were iso-
lated from the hooks and stems of Uncaria sinensis
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Figure 1. HPLC (A) and chemical structures (B) of oxyindole
and indole alkaloids isolated from the hooks and stems of
Uncaria sinensis.

Laboratories, as described elsewhere (Sakakibara et
al 1997). Because these alkaloids are insoluble in
water they were dissolved in dimethylsulphoxide
(DMSO; Wako Pure Chemicals, Tokyo, Japan) at a
concentration of 10~ M.

Cell culture

Cerebellar granule cells were cultured as described
elsewhere (Gallo et al 1982; Shimada et al 1998).
In brief, ten (approx.) cerebella were dissected from
the brains of 7—8-day-old Wistar rats, chopped into
small pieces and placed in Krebs—Ringer buffer
solution (KRB; 25mL). This was centrifuged at
150 g for 30s, the pellet was resuspended in KRB
(25mL) containing 0-025% trypsin (Sigma, St
Louis, MO), and incubated at 37°C for 13 min. The
trypsinization was stopped by addition of 0-005%
trypsin inhibitor (Sigma) with 0-01% deoxy-
ribonuclease (Sigma). The resulting pellet was
centrifuged, dissociated into cells, and suspended in
basal Eagle medium (Sigma) containing 10% foetal
bovine serum (Sigma), 2mM  glutamine,
20 ugmL~! gentamicin (Sigma) and 25 mm KCI.
The cells were seeded at a density of
106 cells mL~" in poly-L-lysine (Sigma) -coated 96-
well culture plates. The cultures were maintained at
37°C with 5% CO, in a humidified incubator.
Cytosine arabinoside (Sigma; 10 uM) was added
18 h after plating to prevent the proliferation of
glial cells. The culture medium was not changed
thereafter. The cultured cells were used at 7—8 days
in-vitro for the experiments.

Cell viability

Cell viability was assessed by 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
staining as described elsewhere (Mosmann 1983;
Shimada et al 1998). MTT is converted to an
insoluble blue formazan product by dehy-
drogenases within mitochondria in living cells but
not in dying cells (Mosmann 1983). Cultured cells
were washed with Mg?*-free Locke’s solution
(mM: NaCl 154, KC15-6, NaHCO; 3-6, HEPES 5.0,
CaCl, 2-3, glucose 5-6, pH 7-4), then incubated with
Mg?+-free Locke’s solution with (control) or
without (vehicle) 100 uM L-glutamic acid (as glu-
tamate; Sigma). In accordance with previous stu-
dies (Wagelius & Korpi 1995; Taniwaki et al 1997;
Shimada et al 1998) Mg>+ was omitted from the
incubation solution to prevent Mg+ blockade of
the NMDA receptor channel. Different concentra-
tions (107>-10—3M) of 2-amino-5-phosphonova-
leric acid (APS5; RBI, Natick, MA, USA), a specific
NMDA receptor antagonist, or alkaloids isolated
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from the hooks and stems of Uncaria sinensis, were
also dissolved in Mg>+-free Locke’s solution, with
or without glutamate (100 uM), and then applied to
the cells. All these incubation solutions were
adjusted to contain 1% DMSO; we had previously
confirmed that this concentration of DMSO had
almost no influence on glutamate-induced -cell
death. After 1h incubation at 37°C, MTT (Sigma;
500 ugmL~") was added and incubation was con-
tinued for 30 min at 37°C. Cells were then washed
and lysed in isopropanol with 0-04 M HCI to dis-
solve the blue formazan products. Optical density
was read at 570 nm with a spectrophotometer and
expressed as percentage of the vehicle.

Ca’* influx

Influx of 4°Ca’* was measured as described else-
where (Lazarewicz et al 1990; Shimada et al 1998).
Granule cells were incubated for 1h in Mg?+-free
Locke’s solution containing different drugs,
#CaCl, (Amersham, Little Chalfont, Bucking-
hamshire, UK; 1uCimL~") and 1% DMSO at
37°C, and washed 3 times with Ca®*- and glucose-
free Locke’s solution containing 2 mM EGTA. The
incubation solution was discarded and cells were
solubilized with 1 M NaOH. The amount of radio-
activity incorporated by the cells was measured by
liquid scintillation counting and expressed as an
increase compared with vehicle.

Statistics

Six wells of culture plates were used for each group
and their mean was calculated in each experiment.
Values are means= s.d. from four separate experi-
ments. The data were analysed by the Kruskal—
Wallis test then the Bonferroni #test. P < 0-05 was
regarded as indicative of statistical significance.

Results

We evaluated the protective effect of each alkaloid
isolated from the hooks and stems of Uncaria
sinensis on glutamate-induced neuronal death by
MTT assay, and calculated cell viability. Exposure
to glutamate only reduced cell viability to 41%
(approx.). This neuronal death was dose-depen-
dently prevented by AP5, a specific NMDA
receptor antagonist (107°M, 44-7%; 3x 107> M,
52.7%; 10~4 M, 84-1%; 3 x 10~*M, 96-4%; 103 M,
97.0%). Corynoxeine had no significant protective
effect at any concentration (Figure 2A). Rhyncho-
phylline significantly inhibited glutamate-induced
cell death at 103 M only (85-2%; Figure 2B). Iso-

rhynchophylline had a distinct dose-dependent
protective effect against glutamate-induced cell
death; concentrations of 10~* to 10~3M afforded
significant protection compared with exposure to
glutamate only (10=%M, 55-7%; 3 x 10~* M, 88-0%;
10—3M, 97-0%; Figure 2C). Isocorynoxeine at
concentrations of 10~ to 1073 M also significantly
inhibited glutamate-induced cell death, but the
most effective dose was 3x107*M (10~*M,
56-8%; 3 x 10~*M, 84-3%; 10—3M, 74-3%; Figure
2D). Geissoschizine methyl ether had no significant
protective effect at any concentration (Figure 2E).
Hirsuteine and hirsutine at 10~#-3 x 10~4M sig-
nificantly inhibited glutamate-induced cell death
(hirsuteine 10~*M, 53-4%; 3 x 10~%, 63-7%; hir-
sutine 10~*M, 49-9%; 3 x 10~*M, 61-0%), but their
effects were weaker than those of iso-
rhynchophylline and isocorynoxeine (Figures 2F,
G).

By using 4°Ca?* as a radioactive tracer we next
evaluated the inhibitory effect of different con-
centrations (10—>—1073 M) of each alkaloid isolated
from the hooks and stems of Uncaria sinensis
against glutamate-induced Ca?* influx, and
expressed it as an increase compared with treat-
ment with vehicle only. Glutamate-only exposure
increased “Ca’* influx 7-6-fold (approx.). This
glutamate-induced *3Ca’* influx was dose-depen-
dently prevented by AP5 (10—>M, 6.7-fold;
3 x 1073 Mm, 5-9-fold; 10~*M, 3-5-fold; 3 x 10~4 M,
1-9-fold; 10—3M, 1.5-fold). Corynoxeine had no
effect on glutamate-induced *°Ca’* influx into
cerebellar granule cells (Figure 3A). Rhyncho-
phylline and geissoschizine methyl ether sig-
nificantly inhibited glutamate-induced #>Ca?*
influx only at 10=3M (rhynchophylline, 4-9-fold;
geissoschizine methyl ether, 2-4-fold; Figures 3B,
E). Isorhynchophylline, isocorynoxeine, hirsuteine
and hirsutine clearly and dose-dependently inhib-
ited glutamate-induced “*Ca?* influx, and for
concentrations of 3 x 10~* and 10~3M inhibition
was significant compared with exposure to gluta-
mate alone (isorhynchophylline 3 x 10~4M, 4.7-
fold; 103 M, 1.9-fold; isocorynoxeine 3 x 10~4 M,
3.4-fold; 10—3M, 1-6-fold; hirsuteine 3 x 10~4M,
3.8-fold; 10—3Mm, 1.7-fold; hirsutine 3 x 10~%M,
4-4-fold; 10—3 M, 1-5-fold; Figures 3C, D, F, G).

Finally, to examine whether these alkaloids were
toxic to cultured cerebellar granule cells we eval-
uated the effect of each alkaloid on cell viability in
the absence of glutamate (Table 1). Corynoxeine,
rhynchophylline and isorhynchophylline did not
significantly reduce cell viability at any con-
centration. Isocorynoxeine and geissoschizine
methyl ether significantly reduced cell viability
only at 1073M. Hirsuteine and hirsutine sig-
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Figure 2. Effect of individual alkaloids isolated
from the hooks and stems of Uncaria sinensis on
glutamate (100 uM)-induced neuronal death as
assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl-tetrazolium bromide (MTT) staining of cerebellar
granule cells. A. Corynoxeine, B. rhynchophylline, C.
isorhynchophylline, D. isocorynoxeine, E. geissoschi-
zine methyl ether, F. hirsuteine, G,. hirsutine. Cells
were incubated with each alkaloid for 1 h. Values are
means+s.d. from four separate experiments.
*P < 0-05, ¥*P < 0-01 compared with control.
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Figure 3. Effect of individual alkaloids isolated from the
hooks and stems of Uncaria sinensis on glutamate (100 uM)-
induced 4°Ca* influx into cerebellar granule cells. A. Cor-
ynoxeine, B. rhynchophylline, C. isorhynchophylline, D. isoc-
ory-noxeine, E. geissoschizine methyl ether, F. hirsuteine, G.
hirsutine. Cells were incubated with each alkaloid for 1h.
Values are means*s.d. from four separate experiments.
**P < 0-01 compared with control.
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Table 1.
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Effect of individual alkaloids isolated from the hooks and stems of Uncaria sinensis on cell viability in cerebellar

granule cells in the absence of glutamate as assessed by MTT assay.

Treatment Cell viability

Vehicle 107°™m 3x1075m 107*m 3x107*Mm 1073 ™M
Corynoxeine 100-0+£0-0 103-5+3-4 98-7£5-5 99-6+7-4 99-6+11-4 97-6+9-4
Rhynchophylline 100-04+0-0 103-5+54 103-4+6-2 103-8 £ 6-7 103-7£10-0 993+ 8.6
Isorhynchophylline 100-0£0-0 1002+ 2.7 104-7£7-2 104-6 £ 6-1 102-5+£3.7 97.2+4.7
Isocorynoxeine 100-0+£0-0 103-0£3-1 99.949.2 98-3+42 98759 76-1+£9-6%*
Geissoschizine methyl ether 100-0+0-0 99.74+4-5 101-0£4-6 993+ 3.6 91-0+84 61-048-1%*
Hirsuteine 100-0+£0-0 102-:3+4.9 102-7+£2-9 102-5+4-8 80-9 £ 4.7%* 41.34£3.7**
Hirsutine 100-0+£0-0 987420 99.5+3.5 99.0+1-3 7824 1.8%* 35.74£2.3%*

Cells were incubated with each alkaloid for 1h. Values are mean-ts.d. from four separate experiments. **P < 0-01 compared

with vehicle.

nificantly reduced cell viability at 3 x 10~*M and
1073 M.

Discussion

Glutamate is the major excitatory neurotransmitter
in the central nervous system and is important in
learning and memory. Brain ischaemia leads to
excessive release of glutamate, and neuronal death
as a result of Ca2t influx (Benveniste et al 1984;
Rothman & Olney 1986). Neuronal cells have
different types of ionotropic glutamate recep-
tor, NMDA and non-NMDA receptors, which inc-
Iude the x-amino-3-hydroxy-5-methyl-4-isoxazole-
propionic acid (AMPA) receptor and the kainate
receptor (Seeburg 1993). The NMDA receptor is
characterized by high Ca?* permeability; the other
two receptors have very low Ca?* permeability but
are still involved in Ca?* permeability as a result of
membrane depolarization (Choi 1988). Further,
neuronal cells have metabotropic glutamate recep-
tors, voltage-dependent Ca?* channels and Ca?*
storage (Henzi & MacDermott 1992; Seeburg
1993; Lnenicka & Hong 1997). Influx of Ca?* into
cells, induced by ischaemia and excessive release
of glutamate, leads to cell death as a result of
degradation of cytoskeletal protein, because of the
enhanced activity of various Ca?*-dependent
enzymes, for example phospholipase C and protein
kinase C (Choi 1988; Kristian & Siesjo 1998). It is
also clear that there is some connection between the
influx of Ca®* into cells and the enhanced pro-
duction of reactive oxygen species such as O, —,
H,0,, -OH and NO-.. It has become equally clear
that the combination of O, -~ and NO- (nitric
oxide) can yield ONOO™ (peroxynitrate), a meta-
bolite with potentially devastating effects (Samdani
et al 1997; Kristian & Siesjo 1998).

We have previously discovered, by means of a
well-controlled and double-blind study, that a

Japanese traditional (Kampo) medicine, Choto-san,
was effective in the treatment of vascular dementia
(Shimada et al 1994; Terasawa et al 1997). Choto-
san is a Kampo formulation comprising 11 crude
drugs (Terasawa 1993). The hooks and stems of
Uncaria sinensis, the most important component of
Choto-san, have been used in Japan for the treat-
ment of many symptoms accompanied by hyper-
tension and cerebrovascular disorders. This
formulation has been proven to have hypotensive
and vasodilative effects (Endo et al 1983; Kur-
amochi et al 1994), and improving effects on both
scopolamine- and A°-tetrahydrocannabinol-induced
spatial cognitive disruption in rats (Egashira et al
1993). We recently demonstrated that an aqueous
extract of the hooks and stems of Uncaria sinensis
prevents glutamate-induced neuronal death in cul-
tured cerebellar granule cells by inhibition of Ca?+
influx (Shimada et al 1998), although the active
components were not identified.

It is known that the alkaloids of Uncaria sinensis
have much pharmacological activity. Oxyindole
alkaloids such as rhynchophylline, isorhyn-
chophylline, corynoxeine and isocorynoxeine, and
the indole alkaloid hirsutine have vasodilative and
Ca?*-channel-blocking activity in isolated rat
thoracic aorta (Yamahara et al 1987; Yano et al
1991; Horie et al 1992). Hirsuteine, an indole
alkaloid, non-competitively antagonizes nicotine-
evoked dopamine release by blocking ion permea-
tion through nicotinic receptor-channel complexes
in rat pheochromocytoma PC12 cells (Watano et al
1993). Alkaloids obtained from Uncaria sinensis,
for example geissoschizine methyl ether, cory-
nantheine and dihydrocorynantheine, reduced spe-
cific [*H]5-hydroxytryptamine binding to mem-
brane preparations from rat brain (Kanatani et al
1985). Oral administration of geissoschizine methyl
ether or hirsuteine dose-dependently
inhibits glutamate-induced convulsion in mice
(Mimaki et al 1997).
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In this study, to determine the active components
we evaluated the effects of alkaloids isolated from the
hooks and stems of Uncaria sinensis on glutamate-
induced neuronal death and Ca?* influx in cultured
cerebellar granule cells. By MTT assay we found that
oxyindole alkaloids such as isorhynchophylline,
isocorynoxeine, rhynchophylline, and the indole
alkaloids hirsuteine and hirsutine significantly
increased cell viability. Among these alkaloids, iso-
rhynchophylline and isocorynoxeine had a stronger
protective effect than the others. Rhynchophylline
had a strong protective effect only at high con-
centrations. Hirsuteine and hirsutine were less active
than isorhynchophylline and isocorynoxeine. These
alkaloids have protective effects against glutamate-
induced neuronal death and also inhibited glutamate-
induced >Ca?* influx into cells. Thus, the protective
effects of these alkaloids against glutamate-induced
neuronal death are thought to be because of their
inhibition of Ca?* influx. The protection against
glutamate-induced cell death afforded by iso-
corynoxeine, hirsuteine and hirsutine followed the
pattern of a bell-shaped curve, despite their dose-
dependent inhibition of Ca’?* influx. This dis-
crepancy is thought to arise because at high con-
centrations they are toxic to cultured cerebellar
granule cells. The reason for the relatively weaker
protective effects of hirsuteine or hirsutine against
glutamate-induced neuronal death compared with
isorhynchophylline and isocorynoxeine, despite their
almost similar inhibitory effects on Ca?* influx, is
also considered to be related to the different cell
toxicity of these alkaloids.

In conclusion, the results of this study suggest
that the oxyindole alkaloids isorhynchophylline,
isocorynoxeine and rhynchophylline and the indole
alkaloids hirsuteine and hirsutine, isolated from the
hooks and stems of Uncaria sinensis, are active
components which provide protection against glu-
tamate-induced neuronal death in cultured cere-
bellar granule cells by suppressing Ca?* influx.
Further studies will need to focus on the mechan-
isms of action of these alkaloids at the molecular
receptor level.
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