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Abstract of the invention (elected Fig. 1)

The drugs inhibiting the activity of excitatory neurotransmitter
glutamic acid and the drug potentiating the activity of glutamic acid are
provided. The activity-inhibitor for glutamic acid in the brain, which
comprises L-lysine or its derivatives or L-arginine or its derivatives as an
effective component, and the activity-potentiator for glutamic acid in the

brain, which comprises glycine or its derivatives as an effective

component.



CA 02212904 1997-08-11

THE ACTIVITY-INHIBITOR AND ACTIVITY-POTENTIATOR
FOR GLUTAMIC ACID IN THE BRAIN

Field of the invention

I'he present invention relates to an activity-inhibitor and activity
potentiator for glutamic acid that is a major excitatory neurotransmitter
in the central nervous system. The drugs according to the present

invention are effective for prevention or treatment of various diseases

caused by an abnormal activity of glutamic acid in the brain such as

dementia and epilepsy, respectively.
Background of the invention

I'he mghly developed motor and mental function of human beings

are controlled by a complicated communication network of a large
number of nerve cells (neurons).

In this neural network, activity of each neuron (electrical signal) is
transmitted to the target neurons through the neurotransmitter (chemical
signal) released to the terminal junctions of the neuron (synaptic cleft).
The neurotransmitter is stored within vesicles (synaptic vesicles) present
at the nerve terminal and when a depolarization occurs due to an electrical
activity of the neuron, the calcium channel at presynaptic membrane is
opened and the neurotransmitter is then released by an influx of
extracellular calcium ion into the nerve terminal. The neurotransmitter
diffuses into the synaptic cleft, reaches the receptor at postsynaptic
membrane of the target neuron, and then opens its sodium channel to

cause new electrical activity. Since the type of neurotransmitter to be
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released has already been determined at each synapse and the affinity of
each neurotransmitter for its receptor has also been determined, a specific
information is transmitted through the intrinsic pathway in the network.
As a type of the neurotransmitters, a great variety of substances are
known such as amines, amino acids and neuropeptides. Recently, it has
been pointed out that glutamic acid, belonging to amino acid-type
neurotransmitter, plays an important role in memory and motor function.
For example, reduction of a long-term potentiation (phenomenon wherein
an electrical response of neurons for a temporal electrical stimulation
after tetanic stimulation is maintained for a long term) in hippocampus
and 1mpairments of spatial memory were observed in the mice that lacks
el subunit of the glutamic acid receptor (NMDA receptor), and it is
therefore suggested that glutamic acid is involved in neural plasticity and
memory formation. (Nature, January 12, 1994, p.151). Additionally, in
the mice in which metabolic glutamic acid receptor-1 (mGluR1) had been
deleted, abnormal motor activity and impairment of spatial memory were
also observed although there was little anatomical and electrophysiological
difference between this deficit and normal mice (Nature, November 17,

1994, p.237).

Furthermore, the following evidences are reported, which support

the influences of glutamic acid in the brain on memory and motor
function.
(1) A large number of neurons which uses glutamic acid as a

neurotransmitter (glutamater gic neurons) are located in hippocampus and

cerebellum that is closely involved in learning and memory.
(2) A modulation of transmission efficacy at the synapse, which

would be involved in fundamental mechanism of learning and memory, is

plastically occurred in a synapse wherein glutamic acid is used as a
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neurotransmitter. That is, it is known that phenomenon such as long-
term potentiation or long-term depression is occurred in a postsynaptic
membrane followed by a temporal modulation of an input induced by
glutamic acid.

(3) Rats with bilateral lesions of hippocampus or with
intraventricular administration of an antagonist for glutamic acid receptor
(NMDA receptor) to inhibit an activity of the glutamic acid in the brain,
can not learn the position of a platform in the water in the spatial learning
of Morris’s water maze task (Nature, February 27, 1986, p.774).

Reviewing these evidences, it is considered that a reduction of
glutamic acid activity in the brain causes an impairment of the
transmussion due to reduced excitation in neurons and then causes
symptom of memory impairment such as dementia. Alternatively, it is
also considered that, when an excess activity of glutamic acid influences
motoneuron, it causes motor disturbances such as epilepsy. Accordingly,
It 1s expected that these diseases can be prevented or improved by
potentiating the reduced transmission or inhibiting the excess activity,
respectively.

Accordingly, the object of the present invention is to provide the

activity-potentiator and activity-inhibitor for the glutamic acid in the

brain.

Summary of the present invention

T'he present invention provides an activity-inhibitor for glutamic
acid in the brain, which comprises L-lysine or its derivatives as an

etfective component in order to solve the above problems.
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The present invention also provides an activity-inhibitor for
glutamic acid in the brain, which comprises L-arginine or its derivatives
as an etfective component.

T'he present invention further provides an activity-potentiator for

glutamic acid in the brain, which comprises glycine or its derivatives as

an effective component.

Brief description of drawings

Fig. 1 shows an example of single neuronal activity, which shows
influences of lysine (Lys), arginine (Arg) and glycine (Gly) on glutamic
acid-induced neuronal activity in the ventromedial hypothalamus (VMH).
Basal neuronal activity was evident by a continuous release of elutamic
acid using an electrical current of 10 nA (a) and 20 nA (b).

Fig. 2 shows an example of single neuronal activity, which shows
influences of lysine (Lys), arginine (Arg) and glycine (Gly) on glutamic
acid-induced neuronal activity in the VMH. Basal neuronal activity
caused by a continuous release of glutamic acid using an electrical current
of 10 nA (from the beginning) and 20 nA (after arrow).

Fig. 3 shows histograms of neuronal activity in the VMH before
and after iontophoretic application of lysine (left figures) or ar ginine
(right figures). The upper histoerams show neuronal activity of

individual neuron and the lower histograms show their mean with +SEM.

Detailed description of the invention

In the present invention, “activity-inhibition of glutamic acid in the

brain” means an inhibitory effect for an abnormal excitation of neurons
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caused by an excess glutamater gic neurotransmission. The drug having

such an inhibitory effect may be effective for prevention or treatment of

motor disturbances such as epilepsy.

“Activity-potentiation of glutamic acid in the brain” means a
potentiating effect for a reduced clutamater gic neurotransmission. The
drug having such a potentiating effect may be effective for prevention or
treatment of memory disturbances such as dementia caused by impairment
of transmission due to a reduced excitation of neurons.

T'he 1nventors of the present invention already filed a patent
application claiming an anti-dementia drug comprising ar ginine as one of
etfective components (Japanese Patent Laid-Open Application Hei 3
(1991)-275631).  However, the anti-dementia drug of this prior
invention is used for relieving symptoms of dementia caused by 1schemia
In the brain. This drug provides resistance for nerve cells to
neurotransmitters such as glutamic acid and aspartic acid in order to
prevent necrosis of the nerve cells caused by the neurotransmitter
excessively released as a result of metabolic abnormality in the brain after
ischemia.  Such substances providing a resistance may be actually acidic
fibroblast growth factor (aFGF), and arginine 1s only disclosed as one
example of substances which are able to promote the secretion of this
aFGF. Accordingly, arginine used as an effective component 1n the
present mvention completely differs from one used in the above prior
Invention in the application purpose, and of course the present invention
never deny the effectiveness of the prior invention.

The activity-inhibitor or activity-potentiator according to the
present invention contains amino acids (lysine, arginine, and glycine) and
Its derivatives as an effective component and may be safely used as a

medicine or a food additive. When used as a medicine, the present
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inhibitor or potentiator may be administered orally,

vy

It may be formed into a desired

intravenously, or externally.

dosage form depending upon an administration pathway to be
used. Although a dosage of the present i1nhibitor or
potentiator may be varied according to the type and symptom of
diseases, it may be administered to one adult 1n an amount of
1-100 g per day, preferably 5-30 g per day. The medicine
normally contains a pharmaceutically acceptable carrier or
diluent, in addition to the amino acid. For practical use,
storage or transportation, the medicine may be put 1n a
commercial package. Such a commercial package often carries a
written matter associated therewith. The written matter states
that the medicine can or should be used for the purpose

described in the specification.

The amino acids mentioned above may include those
which are synthesized in a known manner or those which are
optionally prepared in a known manner, for example, resemblance
having various protective groups for amino and carboxyl groups,

their salts, or condensates.

The effectiveness of each amino acid used 1n the
present invention will be further illustrated by the followlng

biological tests using experimental animals (aroused rats).
Examples

(1) Procedure

Extracellular single neuronal activity was recorded
from the ventromedial hypothalamus (VMH) of aroused Wistar rats
(male) in accordance with a published method (Nakamura, K. &
Ono, T.; J. Neurophysiol., 55, p.163-181, 1986). In detail,
single neuronal activity was recorded by using the eight-

barreled glass-micropipette with a carbon fiber (7 Hm

6
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diameter) -cored glass-microelectrode in i1ts center which was
protruded 15-20 Mm from the tip of the center micropipette.
Five barrels were filled with monosodium glutamate (0.05 M; pH
8.5), lysine HCl1l (0.05 M; pH 6.0), arginine (0.05 M; pH 6.0),
glycine (0.05 M; pH 8.5) and NaCl (0.15 M), respectively, and
each chemical substance was released i1ontophoretically from

each barrel by applying a suitable polar

6a
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electric current of 10-90 nA. Two barrels were filled with 4M NaCl in
order to take balance of the electric current. FEach chemical substance
was administered for 30-60 seconds with an enough interval so that the

neurons can recover from the effects of the chemical substances.

Furthermore, Nat and Cl- were released in order to evaluate the
nonspecific current effect for the neurons.

A statistical significance was obtained when activity of the neuron
was changed by more than 30% under the release of each chemical

substance. A recorded site of the neurons was histologically confirmed.

(2) Results

Fifty single neuronal activities were recorded from the VMH.
T'wenty-five neurons showed spontaneous activity and the other 25
neurons showed a little or no spontaneous activity thereby glutamic acid
was administered continuously to induce neuronal activity (glutamic acid-
Induced activity). Neurons with spontaneous activity were further
excited by the administration of glutamic acid, but they did not responded
by the administration of lysine, arginine or glycine.

On the other hand, in the neurons which showed glutamic acid-
Induced activity, remarkable changes were observed by administration of
these amino acids, as shown in Figs. 1-3. Fig. 1 shows an example of
single neuronal activity, which shows influences of lysine (Lys), ar ginine
(Arg) and glycine (Gly) on glutamic acid-induced neuronal activity in the
VML In this example, activity of the neuron was evident during
lontophoretic application of glutamic acid from a point denoted by the

arrow ‘a2’ (10 nA). The activity of this neuron was not changes by

administration of Na* and Cl- (70 nA), but it was increased dose-

dependently by administration of a large amount of glutamic acid (20 nA.
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~arrow b). This increased activity was then inhibited by the release of
lysine in a dose-dependent manner. In particular, the glutamic acid-
induced activity was remarkably inhibited for more than 2 minutes by the
release of lysine (40 nA), and the inhibited activity was not recovered to
the pre-control level.

On the other hand, Fig. 2 shows an example of the single neuronal
activity, which shows influences of lysine, arginine and glycine when the
basal activity of the VMH neuron was maintained at a higher level by the

continuous application of glutamic acid (10 nA). In this neuron, the

activity was not changed by the release of glycine. A similar result was

obtained when Na* or Cl- was released as a control. On the contrary,
when lysine and arginine were released, the glutamic acid-induced
neuronal activity was inhibited in a dose-dependent manner.
Furthermore, glutamic acid (20 nA) was released from a point denoted by
the arrow in Fig. 2 to confirm the dose-dependent increase in activity.

F1g. 3 shows histograms of neuronal activity before and after
administration of lysine (left figures) and arginine (right figures). The
upper histograms show activity of individual neuron and the lower
histogram show their mean with +SEM. Fig. 3 demonstrates that the
neuronal activity induced by glutamic acid was inhibited completely
within 2-3 seconds after the administration of lysine and arginine.

Accordingly, the present invention can provide é drug inhibiting an
excess activity of glutamic acid, an excitatory neurotransmitter, or a drug
potentiating a reduced activity of glutamic acid. These drugs can
advantageously prevent or relieve diseases such as epilepsy caused by an

excess activity of glutamic acid, and such as dementia caused by a reduced

activity of glutamic acid.
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CLAIM§:

1. An activity-inhibitor for glutamic acid in the brain,

that is a drug which comprises (a) an effective amount of

L-lysine or a derivative thereof and (b) a pharmaceutically

acceptable carrier or diluent.

2. The activity-inhibitor for glutamic acid in the brain

according to claim 1, wherein the ingredient (a) 1s L-lysine.

3. The activity-inhibitor for glutamic acid 1n the brain

according to claim 1 or 2, which 1s for 1inhiblting abnormal

excitation of neurons caused by excess glutamatergic

neurotransmission.

4 . A medicine for treating or preventing (1) dementia
caused by reduced activity of glutamic acid in brain of a human
or (11i) epilepsy caused by excessive activity of glutamic acid

in brain of a human, which comprises:

(a) an effective amount of L-lysine or a

pharmaceutically acceptable salt thereof, and
(b) a pharmaceutically acceptable carrier or diluent.

0. The medicine according to claim 4, adapted such that

F

1 to 100 g of L-lysine or a pharmaceutically acceptable salt

thereof is administered to a human adult per day.

o . The medicine according to claim 4, adapted such that

5 to 30 g of L-lysine or a pharmaceutically acceptable salt

thereof is administered to a human adult per day.

7. A commercial package comprising the medicine as
defined in any one of claims 4 to 6 and a written matter
associated therewith stating that the medicine 1s to be used

for treating or preventing (1) dementilia caused by reduced

9

Fa e et R M a4 I AR st il es wr e WARM Ie e et ke . e e i e I MR . ¢ s B T S e v e LE YRV e KBRS F LR AR NN AT S D B e e, ht et et e e vt g e s . R . . . B TR LL PRV L P Oy PP PrT ST 2 ow-



CA 02212904 2001-09-05

72813-80

activity of glutamic acid in brain of a human or (11) epllepsy

P

caused by excessive activity of glutamic acid in braln of a

human.

3 . A commercial package according to claim 7, whereiln
the written matter states that the drug 1s to be used for

treating dementia.

SMART & BIGGAR
OTTAWA, CANADA
PATENT AGENTS
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FIG. 2
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