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[ABSTRACT]
The present disclosure provides a pharmaceutical composition for preventing or treating
Parkinson’s disease comprising O-cyclic phytosphingosine-1-phosphate. The present
composition can prevent the death of SH-SYS5Y nerve cells, which are dopaminergic nerve cells,
5 and increase the expression of tyrosine hydroxylase, an enzyme required for dopamine formation.
Accordingly, the present composition can be effectively used for preventing or treating

Parkinson’s disease.
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[DESCRIPTION]
[Invention Title]

Composition for preventing or treating Parkinson’s disease comprising O-cyclic

phytosphingosine-1-phosphate
[Technical Field]

The present disclosure relates to a composition for preventing or treating Parkinson’s
disease comprising O-cyclic phytosphingosine-1-phosphate.  In particular, the present
disclosure relates to a composition comprising O-cyclic phytosphingosine-1-phosphate which
can inhibit the death of dopaminergic nerve cells and increase the expression of tyrosine
hydroxylase, thereby preventing or treating Parkinson’s disease.

[Background Art]

Parkinson's disease (PD) is a disease caused by a deficiency of a neurotransmitter called
dopamine. The deficiency of dopamine is caused by the gradual and selective loss of
dopaminergic nerve cells in the substantia nigra region of the midbrain. Parkinson's disease
causes tremor or paralysis of arms, legs, and face, stiffness, movement disorders due to
bradykinesia and postural instability.

The causes of Parkinson's disease are very diverse. About 5% of all patients are caused
by genetic factors, and external environmental factors such as inflammation and oxidative stress
play an important role. Parkinson's disease is caused by abnormal aggregation of alpha-
synuclein proteins in dopaminergic nerve cells. Aggregation of these proteins is further
promoted by oxidative stress.  So far, the treatment of Parkinson's disease has been achieved by
supplementing dopamine neurotransmitters, but this does not provide a fundamental treatment
for Parkinson's discase. For the fundamental treatment of Parkinson's disease, it is necessary to
inhibit the death of nerve cells involved in the production of dopamine and to promote the
production of dopamine. For the fundamental treatment of Parkinson's disease, researches on
small molecule therapeutic drugs that directly target disease-modifying genes, gene therapy,
monoclonal antibodies, immunotherapy targeting related indications, and biologics such as stem
cells and induced pluripotent stem cells are ongoing. Recently, PD treatment using stem cells
has been tried in clinical practice.

O-cyclic phytosphingosine-1-phosphate is a compound represented by the following
Chemical Formula I, which has been disclosed in Korean Patent No. 10-1340556 as useful for
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preventing hair loss or promoting hair growth.

However, to date, no literature has been reported showing that O-cyclic
phytosphingosine-1-phosphate can inhibit the death of SH-SYS5Y nerve cells, which are
dopaminergic nerve cells, and increase the expression of tyrosine hydroxylase, an enzyme

required for dopamine formation, in a cell model of Parkinson's disease.

[Disclosure]

[ Technical Problem]

The present inventors have studied intensively to develop an effective therapeutic agent
for Parkinson's disease, and as a result, found out that O-cyclic phytosphingosine-1-phosphate
inhibits the death of SH-SY5Y nerve cells, which are dopaminergic nerve cells, and increases the
expression of tyrosine hydroxylase, an enzyme required for dopamine formation, and completed
the present invention.

Therefore, an object of the present disclosure is to provide a composition for preventing

or treating Parkinson’s disease comprising O-cyclic phytosphingosine-1-phosphate.
[Technical Solution]

One embodiment of the present disclosure relates to a pharmaceutical composition for
preventing or treating Parkinson’s disease comprising a compound represented by the following

Chemical Formula I or a pharmaceutically acceptable salt thereof:
OH NH;

¢ oH (.

As used herein, the pharmaceutically acceptable salt includes both non-toxic inorganic
and organic acid salts, for example, hydrochloride, sulfate, nitrate, phosphate, acetate, adipate,
aspartate, benzoate, benzenesulfonate, citrate, camphorate, camphorsulfonate, diphosphate,
cthanesulfonate, fumarate, glutamate, malate, lactate, methanesulfonate, succinate, tartrate,

picrate, tosylate, and the like, and in particular, may be hydrochloride.
2
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The compound represented by the Chemical Formula I or a pharmaceutically acceptable
salt thereof can be obtained commercially or can be casily prepared by a method known in the art
(refer to Korean Patent No. 10-1340556).

The compound represented by the Chemical Formula I of the present disclosure, or a
pharmacecutically acceptable salt thereof was shown to inhibit nerve cell death in Parkinson's
disease cell models induced by treatment with rotenone and MPP*, respectively, in SH-SYS5Y
nerve cells, which are dopaminergic nerve cells, and increase the expression of tyrosine
hydroxylase, an enzyme required for dopamine formation in nerve cells (Examples 2 to 4, Figs. 2
to 4). Thus, the compound represented by the Chemical Formula I of the present disclosure, or
a pharmaceutically acceptable salt thereof can be effectively used in a pharmaceutical
composition for preventing or treating Parkinson’s disease.

The pharmaceutical composition according to the present disclosure may comprise
another therapeutic agent for Parkinson's disease in addition to the compound represented by the
Chemical Formula I or a pharmaceutically acceptable salt thereof.

The pharmaceutical composition according to the present disclosure may be
administered orally (e.g., ingestion or inhalation) or parenterally (e.g., injection, transdermal
absorption, rectal administration), and the injection may be, for example, intravenous injection,
subcutaneous injection, intramuscular injection or intraperitoneal injection. The pharmaceutical
composition according to the present disclosure can be formulated as a tablet, capsule, granule,
fine subtilae, powder, sublingual tablet, suppository, ointment, injection, emulsion, suspension,
syrup, spray, ctc., depending on the route of administration. Preferably, the pharmaceutical
composition may be in the form of a tablet. The various types of the pharmaceutical
composition according to the present disclosure can be prepared by known techniques using a
pharmaceutically acceptable carrier commonly used for cach formulation. Examples of the
pharmaceutically acceptable carrier include excipients, binders, disintegrating agents, lubricants,
preservatives, antioxidants, isotonic agents, buffers, coating agents, sweetening agents,
solubilizing agents, bases, dispersing agents, wetting agents, suspending agents, stabilizing
agents, coloring agents, and the like.

The pharmacecutical composition according to the present disclosure may contain the
compound represented by the Chemical Formula 1 or a pharmaceutically acceptable salt thereof
in an amount of about 0.001 to 95% by weight depending on the form thereof.

The specific dosage of the pharmaceutical composition of the present disclosure may

3
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vary depending on the type of the mammal including a human being treated, weight, gender,
severity of disease, the judgment of a doctor, etc. Preferably, in the case of oral administration,
0.01 to 50 mg of the active ingredient per 1 kg of body weight may be administered, and in the
case of parenteral administration, 0.01 to 10 mg of the active ingredient per 1 kg of body weight
may be administered. The total daily dose may be administered at one time or divided into
several doses depending on the severity of the disease, the judgment of the doctor, and the like.
One embodiment of the present disclosure relates to a health functional food for
preventing or improving Parkinson’s disease comprising a compound represented by the

following Chemical Formula I or a pharmaceutically acceptable salt thereof:
OH NH,

& oH ().

The type of the health functional food according to the present disclosure is not
particularly limited, and it may be in the form of oral preparations such as powders, granules,
tablets, capsules, suspensions, emulsions, syrups, or may be added to gencral foods such as
candy, confectionery, gum, ice cream, noodle, bread, beverage, etc.

The health functional food of the present disclosure may be prepared using fillers,
extenders, binders, wetting agents, disintegrants, sweeteners, fragrances, preservatives,
surfactants, lubricants, excipients, and the like in a conventional manner depending on the form
thereof.

In the preparation of the health functional food, the content of the compound represented
by the Chemical Formula I or a pharmaceutically acceptable salt thereof varies depending on the
type of the health functional food, but is about 0.001 to 10% by weight, preferably 0.1 to 5% by
weight.

One embodiment of the present disclosure relates to a method for preventing or treating
Parkinson’s disease comprising administering to a subject in need thereof an effective amount of
a compound represented by the following Chemical Formula I or a pharmaceutically acceptable

salt thereof:
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One embodiment of the present disclosure relates to a use of a compound represented by
the following Chemical Formula I or a pharmaceutically acceptable salt thereof for preventing or

treating Parkinson’s discase:
OH NH,

|

O

0
s
oH (1),

o]

[ Advantageous Effects]

O-cyclic phytosphingosine-1-phosphate or a pharmaceutically acceptable salt thereof
according to the present disclosure can inhibit nerve cell death in a Parkinson's disease cell
model induced by treatment with rotenone or MPP" and increase the expression of tyrosine
hydroxylase, an enzyme required for dopamine formation in nerve cells. Accordingly, it can be
effectively used in a composition for preventing, treating or improving Parkinson’s disease.

[Brief Description of Figures]

Fig. 1 is a graph showing the effect of the concentration of the cP1P drug on the
proliferation of the SH-SY5Y human nerve cell line.

Fig. 2 is a graph showing the efficacy of the cP1P drug to inhibit the death of SH-SY5Y
nerve cells in the rotenone-treated Parkinson's disease cell model.

Fig. 3 is a graph showing the efficacy of the cP1P drug to inhibit the death of SH-SY5Y
nerve cells in the MPP"-treated Parkinson's disease cell model.

Fig. 4 shows the results of measuring the effect of the cP1P drug on the expression of
tyrosine hydroxylase (TH) in SH-SY5Y nerve cells by immunohistochemical method (a) and
Western blot method (b).

[Best Mode]
Hereinafter, examples are presented to help the understanding of the present invention.

However, the following examples are only provided for easier understanding of the present

invention, and the present invention is not limited to the following examples.
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Example 1: Effects of cP1P drug on proliferation of dopaminergic human nerve
cells (SH-SYSY)

The SH-SY5Y human nerve cell line purchased from ATCC was used as a nerve cell line
to evaluate the effect of the cP1P drug on the proliferation of dopaminergic human nerve cells.
Dulbeco's Modified Eagle's Media/high glucose (with 10% FBS, 0.5% P/S) was used as a

medium for culturing nerve cells, and the nerve cells were cultured at 37°C in 5% CO, incubator.

In order to observe the effect of cP1P drug on the proliferation of the dopaminergic
human nerve cells, SH-SY5Y cells were treated with cP1P drug at concentrations of 10 nM, 100
nM and 1000 nM, respectively, and cultured for 48 hours. MTT assay (Molecular Probes) was
performed according to the manufacturer's method to measure the cell proliferation rate.

The results are shown in Fig. 1.

As shown in Fig. 1, the effect on the proliferation of SH-SYSY cells appeared even at a
low concentration of 10 nM of the cP1P drug. The effect on the nerve cell proliferation was

highest when the concentration of the cP1P drug was 100 nM.

Example 2: Effects of cP1P drug in rotenone-treated Parkinson's disease cell model

Rotenone is a substance widely used in cell models to induce Parkinson's disease. It is
well known that when a nerve cell is treated with rotenone, mitochondrial function is destroyed,
and oxidative stress is induced to cause death of the nerve cell.

The SH-SYSY nerve cell culture medium was treated with cP1P drug at concentrations
of 100 nM and 1000 nM, respectively, and cultured for 24 hours. Then, rotenone (Sigma) was

dissolved in DMSO, diluted to a final concentration of 2 UM, and added to the SH-SY5Y nerve

cell culture medium. The SH-SY5Y nerve cells were cultured for an additional 24 hours. SH-
SYSY nerve cells were obtained and cultured in the same manner as in Example 1.

Necrotic cell death was measured for the cultured SH-SYS5Y nerve cells using a lactate
dechydrogenase (LDH) detection kit (BioVision).

For comparison, the necrotic cell death was also measured for the control group that was
treated only with DMSO without cP1P drug and rotenone, and the control group that was treated
only with diluted rotenone solution without cP1P drug. In addition, the necrotic cell death was

6
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measured for the treatment of the nerve cells with the cP1P drug at concentrations of 100 nM and
1000 nM, respectively.

The results are shown in Fig. 2.

As shown in Fig. 2, in the control group treated only with rotenone, the degree of nerve
cell death was high enough to exceed 30%. However, when the cP1P drug was first treated, the
nerve cell death was inhibited to the level equivalent to that of DMSO treatment without
rotenone.

In addition, as shown in Fig. 2, the treatment of the cP1P drug reduced the degree of cell
death compared to the control group treated only with DMSO. This result appears to be
because the treatment with the cP1P drug enhances the proliferation of SH-SY5Y nerve cells.
From these results, it can be seen that the cP1P drug is useful as a therapeutic agent for

Parkinson's disease.

Example 3: Effects of cP1P drug in MPP*-treated Parkinson's disease cell model

To prepare a Parkinson's disease cell model by inducing oxidative stress with MPP* (1-
methyl-4-phenylpyridinium iodide, Sigma), MPP* was dissolved in a phosphate buffer solution,
diluted to a final concentration of 3 mM, and added to a nerve cell culture medium. To confirm
the efficacy of the cP1P drug in the MPP" environment, SH-SY5Y cells were pretreated with
cP1P drug at concentrations of 10 nM, 100 nM, and 1000 nM, respectively, for 1 hour, and then
exposed to oxidative stress by treatment with 3 mM MPP’ for 24 hours. The efficacy of the
cP1P drug on the survival of SH-SYSY cells after 24 hours of exposure to oxidative stress was
determined by MTT assay.

The results are shown in Fig. 3.

As shown in Fig. 3, when the SH-SY5Y cell line was treated with MPP* 3mM, the nerve
cells were killed. However, when the cell line was pretreated with the cP1P drug, the nerve cell
death was significantly reduced. In particular, the nerve cell death was significantly reduced
when the cP1P drug was treated at a concentration of 100 nM. From these results, it can be

seen that the cP1P drug is useful as a therapeutic agent for Parkinson's disease.

Example 4: Effects of cP1P drug on the expression of tyrosine hydroxylase (TH)

required for dopamine formation in nerve cells

7
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Tyrosine hydroxylase (TH) is an enzyme that converts amino acid tyrosine into L-DOPA,
a precursor of dopamine, and plays an important role in the formation of dopamine in nerve cells.
In order to confirm the efficacy of the cP1P drug on TH expression in SH-SY5Y nerve
5 cells, SH-SY5Y nerve cell culture was treated with the cP1P drug at concentrations of 10 nM and
100 nM, respectively. TH expression was determined by immunohistochemistry and western
blot after 24 hours.

The results are shown in Fig. 4.
As shown in Fig. 4, the expression of the TH enzyme was increased when the cP1P drug
10  was treated at concentrations of 10 nM and 100 nM. These results show that the cP1P drug can
be used as a therapeutic agent for Parkinson's disease caused by the death of dopaminergic nerve

cells.

15
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In some aspects, described herein are one or more of the following items:
[Item 1]
A compound for use in preventing or treating Parkinson’s disease or in the manufacture

of a medicament for the treatment or prevention of Parkinson’s disease, wherein the compound is

Ut

represented by the following Chemical Formula I or a pharmaceutically acceptable salt thereof:
OH NH,

//P

ToH (1),
[Item 2]
The compound for use according to item 1, wherein the compound represented by the
Chemical Formula I or a pharmaceutically acceptable salt thereof increases the expression of
10  tyrosine hydroxylase.
[Item 3]
The compound for use according to item 1 or 2, wherein the pharmaceutically
acceptable salt is hydrochloride salt.
[Ttem 4]
15 An oral preparation for use in preventing or improving Parkinson’s disease or in the
manufacture of a medicament for the treatment or prevention of Parkinson’s disease, wherein the
oral preparation comprises a compound represented by the following Chemical Formula I or a

pharmaceutically acceptable salt thereof:
OH NH,

/”

OH D.
20 [Item 5]

The oral preparation for use according to item 4, wherein the compound represented by
the Chemical Formula I or a pharmaceutically acceptable salt thereof increases the expression of
tyrosine hydroxylase.

[Item 6]
25 The oral preparation for use according to item 4 or 5, wherein the pharmaceutically

8a
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[item 7]

A pharmaceutical composition comprising a compound represented by the following

Chemical Formula I or a pharmaceutically acceptable salt thereof:
OH NH

(s NG
& on

and a pharmaceutically acceptable carrier, for use in preventing or treating Parkinson’s
disease or in the manufacture of a medicament for the treatment or prevention of Parkinson’s
disease.

[Item 8]

The pharmaceutical composition for use according to item 7, wherein the compound
represented by the Chemical Formula I or a pharmaceutically acceptable salt thereof increases
the expression of tyrosine hydroxylase.

[Item 9]

The pharmaceutical composition for use according to item 7 or 8, wherein the

pharmaceutically acceptable salt is hydrochloride salt.
[item 10]

Use of the compound or pharmaceutically acceptable salt thercof as defined in any one
of items 1 to 3, the oral preparation as defined in any one of items 4 to 6, or the pharmaceutical
composition as defined in any one of items 7 to 9, for preventing or treating Parkinson’s disease

or for the manufacture of a medicament for the treatment or prevention of Parkinson’s disease.

8b
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[CLAIMS]
[Claim 1]
A compound for use in preventing or treating Parkinson’s disease or in the manufacture
of a medicament for the treatment or prevention of Parkinson’s disease, wherein the compound is

represented by the following Chemical Formula I or a pharmaceutically acceptable salt thereof:
OH NH,

|

~p
o oH ().
[Claim 2]

The compound for use according to claim 1, wherein the compound represented by the
Chemical Formula I or a pharmaceutically acceptable salt thereof increases the expression of
tyrosine hydroxylase.

[Claim 3]

The compound for use according to claim 1 or 2, wherein the pharmaceutically

acceptable salt is hydrochloride salt.
[Claim 4]

An oral preparation for use in preventing or improving Parkinson’s disease or in the
manufacture of a medicament for the treatment or prevention of Parkinson’s disease, wherein the
oral preparation comprises a compound represented by the following Chemical Formula I or a

pharmaceutically acceptable salt thereof:
OH NH,

0.0
o on .
[Claim 5]

The oral preparation for use according to claim 4, wherein the compound represented by
the Chemical Formula I or a pharmaceutically acceptable salt thereof increases the expression of
tyrosine hydroxylase.

[Claim 6]

The oral preparation for use according to claim 4 or 5, wherein the pharmaceutically
9
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acceptable salt is hydrochloride salt.
[Claim 7]

A pharmaceutical composition comprising a compound represented by the following

Chemical Formula I or a pharmaceutically acceptable salt thereof:
OH NH

N
& on

and a pharmaceutically acceptable carrier, for use in preventing or treating Parkinson’s
disease or in the manufacture of a medicament for the treatment or prevention of Parkinson’s
disease.

[Claim 8]

The pharmaceutical composition for use according to claim 7, wherein the compound
represented by the Chemical Formula I or a pharmaceutically acceptable salt thereof increases
the expression of tyrosine hydroxylase.

[Claim 9]

The pharmaceutical composition for use according to claim 7 or 8, wherein the

pharmaceutically acceptable salt is hydrochloride salt.
[Claim 10]

Use of the compound or pharmaceutically acceptable salt thercof as defined in any one
of claims 1 to 3, the oral preparation as defined in any one of claims 4 to 6, or the pharmaceutical
composition as defined in any one of claims 7 to 9, for preventing or treating Parkinson’s disease

or for the manufacture of a medicament for the treatment or prevention of Parkinson’s disease.

10
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[Drawings]
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