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1
CYTOPROTECTIVE AGENT

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough

indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation reissue application of
U.S. patent application Ser. No. 15/496,256, filed Apr. 25,

2017, now U.S. Pat. No. RE47,684, issued Nov. 5, 2019. This
application and U.S. patent application Ser. No. 15/496,256
are applications for reissue of U.S. Pat. No. 9,078,880,
issued Jul. 14, 2015, from U.S. patent application Ser. No.
13/381,995, each of which relates to and claims priority
from Japanese Patent Application Serial No. JP 2009-
160278 filed Jul. 6, 2009]. This application additionally
relates to and claims priority from] and PCT Patent Appli-
cation Serial No. PCT/JP2010/051711 filed Feb. 5, 2010, the
entire contents ol which, including sequence listing, 1s also
incorporated herein by reference.

TECHNICAL FIELD

The present mvention relates to a cytoprotective agent.

BACKGROUND ART

Ischemic damage 1s understood as pathosis including any
and all symptoms caused by a restricted blood flow at any
part of the body, wherein cells are necrotized by energy
depletion 1n an 1schemic region, so that the region falls into
dysfunction. As a method of treatment for a case that the
ischemia 1s caused by a thrombus, the development of a
thrombolytic drug and a thrombolytic drug therapy using the
same has been pursued with an object of lysing the thrombus
to recover the blood supply to the 1schemic region.

For example, a thrombolytic drug of alteplase (recombi-
nant DNA tissue plasminogen activator, rt-PA) has been
developed focusing attention on the action of the plasmino-
gen activator (t-PA). According to Brain Res., 2000; 854:
245-248, alteplase activates plasminogen to plasmin, and the
plasmin degrades fibrin, which constitutes a nucleus to
generate a thrombus.

Further, SMTP (Stachybotrys microspora triprenyl phe-
nol) compounds are a group of compounds having a ftri-
prenyl phenol skeleton produced by a filamentous bacte-
rium, and are known to have a thrombolysis promotion
action or a vascularization inhibitory action according to

Japanese Patent Laid-Open No. 2004-2247377, Japanese Pat-
ent Laid-Open No. 2004-224738, and W0O2007/111203.
With respect to the thrombolysis promotion action, an action
mechanism 1s indicated by FEBS Letter, 1997; 418: 58-62,
that an SMTP compound causes a change 1n the conforma-
tion of plasminogen resulting 1n increasing the sensitivity of
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2

the plasminogen to t-PA and the binding of the plasminogen
onto a thrombus etc. so as to promote lysis of the thrombus.

SUMMARY OF INVENTION

Technical Problem

When a thrombus 1s removed by administration of a
thrombolytic drug and a blood flow 1s restored 1n a region
having lapsed into 1schemia, there arises a problem of
so-called 1schemia reperfusion damage. In the brain, for
example, cerebral edema may be augmented, or intracranial
hemorrhage may take place. Consequently, the development
of a drug having a cytoprotective action to reduce the risk of
various cell damages caused by 1schemia, especially the risk
of 1schemia reperfusion damage 1s important.

While concerning an SMTP compound, since 1t has a
plasminogen activation action, 1t has been presumed that 1t
would exhibit a thrombolysis promotion action, but 1t has

not been known yet about other eflects of the same on
ischemic damage.

In view of the foregoing, the present invention aims to
provide a cytoprotective agent with superior eflectiveness in
inhibiting dysfunction caused by i1schemia, as well as a novel
use of a triprenyl phenol compound as a drug.

Solution to Problem

An aspect of the present mnvention 1s a cytoprotective
agent for use with respect to 1schemic damage comprising as
an active igredient a triprenyl phenol compound repre-
sented by the following general formula (1I).

()

/

XWO ‘ N 0

HO/ \/

In the general formula (I), X 1s —CHY—C(CH,),Z, Y
and 7 are each independently —H or —OH, or jointly form

a single bond, and R represents a hydrogen atom or a
substituent with a molecular weight of 1000 or less.

Specific examples of the triprenyl phenol compound
represented by the general formula (I), wherein the R 1s a
substituent with a molecular weight of 1000 or less include
a triprenyl phenol compound represented by the following
general formula (II) or (11I).
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In the general formula (II) or (II1), X', X* and X° are each
independently —CHY—C(CH,),Z; Y and Z are each 1nde-
pendently —H or —OH, or jointly form a single bond; R’
represents any one among the following (A) through (D):

(A) aresidue of an amino compound selected from the group
consisting of a natural amino acid, a D-1somer of a natural
amino acid, and a compound derived by substituting a
carboxy group 1n a natural amino acid or a D-1somer of a
natural amino acid by a hydrogen atom, a hydroxy group, or

a hydroxymethyl group, from which one amino group has
been removed (provided that —(CH),—OH 1s excluded);

(B) an aromatic group having at least one selected from the
group consisting of a carboxy group, a hydroxy group, a
sulfonic group and a secondary amino group as a substituent
or a part of a substituent, or an aromatic group that contains
a secondary amino group and may contain a nitrogen atom;

(C) an aromatic amino acid residue represented by the
tollowing formula (I1I-1);

(11-1)

/X"

COOH

In the formula (II-1), R> is a substituent, which may be
present or absent, representing at least one substituent
selected from the group consisting of a hydroxy group, a
carboxy group, and a C1 to C5 alkyl group, and n represents
an mteger of O or 1; or

(D) a substituent represented by -L'-L*-R* wherein L'
represents a linking group comprising a C1 to C4 alkylene
group having a carboxy group, L* represents a linking group
expressed by —NH—C(—=0)— or —NH—C(=S)—
NH—, and R* represents a 9-fluorenylalkyloxy group hav-
ing a C1 to C3 alkyloxy group, or a polyheterocyclic group
represented by the following formula (11-2),
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(1)

(I1T)

(11-2)

HO

and R* represents a residue of an amino compound
selected from the group consisting of a natural amino acid
with two amino groups, a D-1somer of a natural amino acid
with two amino groups, a compound derived by substituting
a carboxy group i1n a natural amino acid with two amino
groups or a D-1somer of a natural amino acid with two amino
groups by a hydrogen atom, a hydroxy group, or a

hydroxymethyl group, compounds represented by H,N—
CH(COOH)—(CH,), —NH, (n being an integer from 0 to

9), and compounds represented by H,.N—CH(COOH)—
(CH,),—S,—(CH,), —CH(COOH)—NH, (m, p and q
cach 1ndependently %emg an integer from O to 9), from
which two amino groups have been removed.

With respect to a cytoprotective agent according to the
present invention, 1schemic damage 1s preferably thrombosis
(including thromboembolism; heremafter the same shall
apply). Further with respect to the cytoprotective agent
according to the present invention, ischemic damage 1s more

preferably cerebral infarction.

Advantageous Effects of Invention

According to the present invention, a cytoprotective agent
having superior eflectiveness in 1inhibiting dysfunction
caused by 1schemia, as well as a novel use of a triprenyl
phenol compound as a drug, can be provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram showing the percentage of a cerebral
infarction area mm Example 2 according to the present
invention.
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FIG. 2 1s a diagram showing the neurological symptom in
Example 2 according to the present invention.

FIG. 3 1s a diagram showing the percentage of a cerebral
infarction area i Example 3 according to the present
invention.

FI1G. 4 15 a diagram showing the neurological symptom in
Example 3 according to the present invention.

FIG. 5 1s a diagram showing the edema percentage in
Example 3 according to the present invention.

DESCRIPTION OF EMBODIMENTS

A cytoprotective agent according to the present invention
will be described below 1n more detail. A numerical range
expressed herein by “a to b” means a range inclusive of the
a and the b as the mimimum value and the maximum value.

A cytoprotective agent according to the present invention
contains a triprenyl phenol compound represented by the
general formula (I) as an active igredient and 1s used
against 1schemic damage.

A triprenyl phenol compound represented by the general
tormula (I) according to the present invention, (hereinafter
occasionally referred to as “a triprenyl phenol compound
according to the present invention”) protects cells from
being damaged by 1schemic damage and inhibits dysfunc-
tion caused by the 1schemia, although the specific action and
mechanism thereof have not yet been clanfied.

In this regard, “1schemic damage™ 1s generally understood
as a pathosis including any and all symptoms caused by
restricted blood flow at any part of the body. Namely, 1t 1s
understood that cells are damaged by energy depletion 1n an
ischemic region, or cells are damaged after the recovery of
the blood flow (1schemia reperfusion damage) on the occa-
sion of 1schemic damage, whereby the region lapses into
dysfunction. According to the present invention, the tri-
prenyl phenol compound is thought to eflectively inhibit
ischemia reperfusion damage. In this respect, the above
action 1s different from resuming the blood flow to the
ischemic region and restoring the energy supply by promot-
ing lysis of a thrombus, thereby inhibiting cell damage.

Further, “dysfunction caused by ischemia” herein
includes any and all symptoms expressed as a result of
restricted blood flow at any part of the body.

“Inhibition of dystunction™ 1s a concept that also imcludes
“improvement of dysfunction”, and the eflectiveness thereof
can be evaluated by the size of a damaged region and the
severity of a symptom of a particular disease. For example,
with respect to brain dysfunction, the eflectiveness can be
evaluated by the size of a damaged brain area or the size of
an edema recognized by CT, MRI, cerebral angiography, or
the like, or the eflectiveness can be evaluated by an indica-
tor, such as neurological symptom, impairment of activity of
daily living, motor paralysis, or the like, that appeared as a
symptom. Further, the effectiveness can be evaluated by the
degree of increase of mterleukin-1§3 (IL-1), tumor necrosis
factor-a (TNF-a), interleukin-6 (IL-6), or the like, the
expression of which 1s enhanced by intlammation of tissues.

In order to effectively exert the function of a cytoprotec-
tive agent according to the present invention, it 1s eflective
to use 1t with respect to thrombosis, which 1s one type of
ischemic damage. Generally, thrombosis 1s understood as a
state 1n which blood 1s solidified intravascularly. Specific
examples of a pathosis or a disease include transient 1sch-
emic attack, disseminated intravascular coagulation syn-
drome, thrombotic microangiopathy, thrombosis phlebitis,
deep vemn thrombosis, idiopathic thrombosis, cerebral
infarction (cerebral thrombosis, cerebral embolism), myo-
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cardial infarction, and pulmonary thromboembolism. In
particular, a cytoprotective agent according to the present
invention can be used favorably with respect to cerebral
infarction.

A triprenyl phenol compound to be contained as an active
ingredient 1n a cytoprotective agent according to the present
invention 1s a triprenyl phenol compound represented by the
general formula (I). A cytoprotective agent according to the
present mvention contains at least 1 triprenyl phenol com-
pound according to the present invention as an active
ingredient.

In the general formula (1), X 1s —CHY—C(CH,),Z, and
Y and 7Z are each independently —H or —OH, or jointly
form a single bond. R represents a hydrogen atom or a
substituent with a molecular weight of 1000 or less.

As the substituent with a molecular weight of 1000 or
less, preferable 1s a substituent with the molecular weight of
800 or less, more preferable 1s a substituent with the
molecular weight of 700 or less, and further preferable 1s a
substituent with the molecular weight of 600 or less, from a
viewpoint of the eflicacy as a cytoprotective agent.

As the triprenyl phenol compound according to the pres-
ent 1nvention, that obtained by a chemical synthesis as well
as that obtamned by puritying a culture of a filamentous
bacterium, for example Stachybotrys microspora, can be
utilized. Examples of a method for obtaiming a triprenyl
phenol compound according to the present invention by
purifying a culture of a filamentous bacterium includes a
method comprising purification of an object compound from
a culture to be obtained by adding a pre-determined additive
organic amino compound to a culture liquid of Stachybotrys
microspora. Such a method 1s described, for example, 1n
Japanese Patent Laid-Open No. 2004-224°737, Japanese Pat-
ent Laid-Open No. 2004-224738, and WO 2007/111203.

With respect to a triprenyl phenol compound according to
the present invention, an enantiomer, a diastereomer, and a
mixture of enantiomers or a mixture of diasterecomers can be
utilized. Such an enantiomer, a diastereomer, and a mixture
of enantiomers or a mixture of diastereomers may be
obtained by a chemical synthesis or by purification of a
culture of a filamentous bactertum. In case 1t 1s obtained by
purification of a culture of a filamentous bactertum, by using
a D-1somer or an L-isomer of an additive organic amino
compound to be added to a culture medium of a filamentous
bacterium, the corresponding 1somer can be obtained.

In case the R of a triprenyl phenol compound according
to the present mvention 1s a substituent with a molecular
weilght of 1000 or less, specific examples include a triprenyl
phenol compound represented by the following general
formula (II) or (III).

[ Triprenyl Phenol Compound Represented by General
Formula (I1I)]

One of the specific examples of a triprenyl phenol com-
pound according to the present invention 1s a compound
represented by the following general formula (1I).

(1)

/
T

Xl\/\l/\/\/o ‘

HO

\

OH
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In the general formula (II), X' is —CHY—C(CH,),Z, and
Y and Z are each independently —H or —OH, or jointly
form a single bond.

R' represents any one among the following (A) through
(D):
(A) aresidue of an amino compound selected from the group
consisting of a natural amino acid, a D-1somer of a natural
amino acid, and a compound derived by substituting a
carboxy group in a natural amino acid or a D-1somer of a
natural amino acid by a hydrogen atom, a hydroxy group, or
a hydroxymethyl group, from which one amino group has
been removed (provided that —(CH),—OH 1s excluded);
(B) an aromatic group having at least one selected from the
group consisting of a carboxy group, a hydroxy group, a
sulfonic group and a secondary amino group as a substituent
or a part of a substituent, or an aromatic group that contains
a secondary amino group and may contain a nitrogen atom;
(C) an aromatic amino acid residue represented by the
following formula (I1I-1):

(I1-1)

COOH

wherein R” is a substituent, which may be present or absent,
representing at least one substituent selected from the group
consisting of a hydroxy group, a carboxy group, and a C1 to
C5 alkyl group, and n represents an 1nteger of O or 1; or
(D) a substituent represented by -L'-L°-R*, wherein L'
represents a linking group comprising a C1 to C4 alkylene
group having a carboxy group, L” represents a linking group
expressed by —NH—C(—=0)— or —NH—C(=S)—
NH—, and R* represents a 9-fluorenylalkyloxy group hav-
ing a C1 to C3 alkyloxy group, or a polyheterocyclic group
represented by the following formula (I11-2):

(11-2)

A compound according to the general formula (II), 1n
which R' is the (A), will be described.

The (A) 1s a residue of an amino compound selected from
the group consisting of a natural amino acid, a D-1somer of
a natural amino acid, and a compound derived by substitut-
ing a carboxy group 1n a natural amino acid or a D-1somer
of a natural amino acid by a hydrogen atom, a hydroxy
group, or a hydroxymethyl group, from which one amino
group has been removed (provided that —(CH),—OH 1s
excluded).

There 1s no particular restriction on a natural amino acid
insofar as 1t 1s an amino acid able to exist naturally, and
examples thereof include an a-amino acid, a f-amino acid,
a y-amino acid and a 6-amino acid. Such an amino acid may
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8

be obtained from a natural product, or artificially by means
of an organic synthesis or otherwise.

Examples of a natural amino acid include, as an c.-amino
acid, glycine, alanine, threonine, valine, 1soleucine, tyrosine,
cysteine, cystine, methionine, histidine, aspartic acid, glu-
tamic acid, asparagine, glutamine, arginine, lysine, hydrox-
ylysine, ornithine, citrulline, homocysteine, 3,4-dihydroxy-
phenylalanine, @ homocystine, diaminopimelic  acid,
diaminopropionic acid, serine, leucine, phenylalamine and
tryptophan; as a 3-amino acid, p-alamine; as a y-amino acid,
v-aminobutyric acid and carmitine; and as a 6-amino acid,
S-aminolevulinic acid and 5-aminovaleric acid.

Examples of a compound derived by substituting a car-
boxy group 1n the natural amino acid and a D-1somer of the
natural amino acid by a hydrogen atom, a hydroxy group, or
a hydroxymethyl group include an amino alcohol and an
amine. Examples of the amino alcohol include 2-aminoetha-
nol.

Specific examples of a compound according to the general
formula (II), in which R" is the (A), include the compounds
shown 1n the following Table 1. “Additive Organic Amino
Compound” 1n the Table means such an additive organic
amino compound as 1s used, when a triprenyl phenol com-
pound 1s obtained by purification of a culture obtained by
adding a pre-determined additive organic amino compound
to a culture liquid of Stachybotrys microspora (heremafter
the same shall apply).

TABLE 1

AN

f;! O
W f!n- ‘ \
HO\““" i
OH
SMTPs
Additive
Com- Mole- Organic
pound cular Amino
No Mass R = Compound
SMTP-3  473.6 OH L-serine
COOH
SMTP-4  333.7 L-
phenylalanine
COOH
SMTP- 547.7 L-
4Me phenylalanine
methylester
COOMe



Com-
pound

No

SMTP-4D

SMTP-5

SMTP-5D

SMTP-6

SMTP-6D

SMTP-10

SMTP-11

SMTP-12

SMTP-13

Mole-

cular
Mass

533.7

499.6

499.6

572.7

572.7

499.6

485.6

457.6

517.7

TABL.

9

5 1-continued

SM1Ps
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OH

Additive
Organic
Amino
Compound

D-

phenylalanine

L-leucine

D-leucine

L-tryptophan

D-tryptophan

L-isoleucine

L-valine

L-glycine

I.-methionine
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TABLE 1-continued
R
/
N
/ O
= = “on,, O
o™
OH
SMTPs
Additive
Com- Mole- Organic
pound cular Amino
No Mass R = Compound
SMTP-14  549.7 OH L-tyrosine
v
AN
COOH
SMTP-15  542.7 L-arginine

H
N\WT/JHQ
NH

COOH

A compound shown in the above Table 1 can be used
favorably as a triprenyl phenol compound according to the
present invention.

A compound according to the general formula (II), 1n
which R' is the (B), will be described.

The (B) 1s an aromatic group having at least one selected
from the group consisting of a carboxy group, a hydroxy
group, a sulfonic group and a secondary amino group as a
substituent or a part of a substituent, or an aromatic group
that contains a secondary amino group and may contain a
nitrogen atom.

Examples of the aromatic group include a compound
expressed by the following structural formulas.

COOH,

OH, y
§:§ / \ / \
__ //___

COOH

Q o ¢\
COOH, , //___\bH

nooe—d N
o

OH, // \bH

COOH

COOH

2
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-continued
/OH
/ / d
OH HO SOsH
N /\ Pt
‘ 10
\/ Com-
? 15 pound
N/\‘I\I No
SMTP-21
N ,,
NH
N""\"-:/ 20
/803H
SMTP-22
</ > 25
30
Specific examples of a compound according to the general SMTP-23
formula (II), in which R' is the (B), include the compounds
shown 1n the following Table 2.
TABLE 2 33
SMTP-24
R
/
N
O 40
= =z K2 O
HO““‘“‘ SMTP-25
OH 45
SM'TPs
Com- Mole- Additive
pound cular Organic Amino
No Mass R = Compound 50) SMIP-26
SMTP-18  477.6 OH -aminophenol
/\‘ 7 P P
e vd 55 SMTP-27
SMTP-19  5035.6 COOH p-aminobenzoic
Z ‘/ acid
N
60  SMTP-28
SMTP-20  3505.6 m-aminobenzoic

acid

L
N COOH

65

Mole-
cular
Mass

505.6

521.6

521.6

521.6

521.6

521.6

521.6

521.6

afas

Q0

HO

w
O

)

12

SMTPs

TABLE 2-continued

e

®
Q
O
-

O
1

COOH

COOH

\
%

COOH

OH

COOH

OH

COOH

a
\ \COOH
/\/OH

\
4</

COOH

Additive
Organic Amino

Compound

o-aminobenzoic
acid

4-aminosalicyclic
acid

4-amino-3-
hydroxybenzoic
acid

3-hydroxy-
anthranilic
acid

3-aminosalicyclic
acid

5-aminosalicyclic
acid

3-amino-4-
hydroxybenzoic
acid

5-hydroxy-
anthranilic
acid
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TABLE 2-continued

R
/
N
/ O
HO
OH
SMTPs
Com- Mole- Additive
pound cular Organic Amino
No Mass R = Compound
SMTP-32  503.6 ’//\ adenine or
adenosine
SMTP-36  545.3 5-amino-2,3-
dihydro-1,4-
phthalazinedione
SMTP-37  607.7 HO SO3zH 1-amino-2-
X -~ naphthol-4-
‘ sulfonic
/ acid
A
SMTP-42  541.7 SOzH p-sulfanilic
7 -~ acid

A

A compound shown in the above Table 2 can be used
tavorably as a triprenyl phenol compound according to the
present invention.

A compound according to the general formula (II), 1n
which R' is the (C), will be described.

The (C) 1s an aromatic amino acid residue represented by
the following formula (II-1); wherein R is a substituent,
which may be present or absent, representing at least one
substituent selected from the group consisting of a hydroxy
group, a carboxy group, and a C1 to C5 alkyl group, and n
represents an integer of O or 1.

(1I-1)

COOH

Examples of an aromatic amino acid residue represented
by the formula (II-1) include the compounds represented by
the following structural formulas.
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R

X
COOH

14

OH
\)\

X
COOH

COOH

Specific examples of a compound according to the general

Compound Molecular

No Mass
SMTP-43 519.6
SMTP-43D 519.6
SMTP-44 535.6
SMTP-441D 535.6

TABLE 3

SMTPs

\_/

COOUH

/

\

COOH

OH

Vs

COOH

OH

)~

oo

formula (II), in which R' is the (C), include the compounds
shown 1n the following Table 3.

OH

Additive Organic
Amino Compound

L-phenylglycine

D-phenylglycine

L-4-hydroxy-phenyl-
glycine

D-4-hydroxy-phenyl-
glycine
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TABLE 3-continued A compound shown 1n the above Table 3 can be used
tavorably as a triprenyl phenol compound according to the
/R present 1nvention.
N

A compound according to the general formula (II), 1n
which R' is the (D), will be described.

ff;ﬁ‘ O
W | 0 The (D) is a substituent represented by -L'-L*-R7,
) wherein L' represents a linking group comprising a C1 to C4

HO™ alkylene group having a carboxy group, L* represents a
10 linking group expressed by —NH—C(—0)— or —NH—

O C(—=S)—NH—, and R* represents a 9-fluorenylalkyloxy
SM1Ps :
group having a C1 to C3 alkyloxy group, or a polyhetero-
Compound Molecular Additive Organic cyclic group represented by the following formula (1I-2).
No Mass R = Amino Compound
SMTP-45-1  535.6  HO DL-3-hydroxyphenyl- 1°
glycine (1I-2)
20
COOH
SMTP-45-11 533.6 HO DL-3-hydroxyphenyl-
X glycine
/ 25
COOM Specific examples of a compound according to the general
formula (1I), in which R" is the (D), include the compounds
shown 1n the following Table 4.
TABLE 4
R
/
N
o X I%
\I/\/\]/\/ . \‘ AN 0
HoW™ Y
OH
SM'TPs
Compound Molecular Additive Organic Amino
No Mass R = Compound
SMTP-46 722.9 Na-Fmoc-
L-omithine
SMTP-47 722.9 No-Fmoc-

I.-omithine
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TABLE 4-continued

R
/
N
/ O
\]/\/\I/\/ “,, O
HO\\““‘
OH
SMTPs

Compound Molecular Additive Organic Amino

No Mass R = Compound

SMTP-48 890.0 No-FITC-

L-omuithine

SMTP-49 890.0 O Na-FITC-

1 H [.-omithine
/\/\_/ NTN\/\%

z 0 =
HOOC S
\/ﬂ OH
\ /

HO

A compound shown in the above Table 4 can be used 4, a compound derived by substituting a carboxy group 1n a
favorably as a triprenyl phenol compound according to the natural amino acid with two amino groups or a D-1somer of

present nvention. a natural amino acid with two amino groups by a hydrogen
[ Triprenyl Phenol Compound Represented by the General atom, a hydroxy group, or a hydroxymethyl group, com-

Formula (III)]
One of the specific examples of a triprenyl phenol com- 45 pounds represented by H,N—CH(COOH)—(CH,),—NH,

pound according to the present invention 1s a compound (n being an imteger from 0 to 9), and compounds represented
represented by by the following general formula (III). by H,N—CH(COOH)—(CH,),,—S,—(CH,)_—CH
(111)
R2
X3 O A O X3
\/\{/\/\/ O O / ‘ W
ol N OH
OH OH

In the general formula (IIT), X* and X~ are each indepen- (COOH)—NH, (m, p and q each independently being an
dently —CHY—C(CH,),Z; Y and Z are each independently integer from O to 9), from which two amino groups have

—H or —OH, or jointly form a single bond. R* represents been removed.
a residue of an amino compound selected from the group 6>  The n represents an integer from O to 9, preferably an
consisting of a natural amino acid with two amino groups, integer from O to 6, more preferably an integer from 1 to 3,

a D-1somer of a natural amino acid with two amino groups, and further preferably an integer from 1 to 4.
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The m represents an integer from O to 9, preferably an
integer from O to 4, more preferably an integer from 1 to 3,
and further preferably 1 or 2.

The p represents an integer from 0 to 9, preferably an
integer from O to 4, more preferably an integer from 1 to 3,
and further preferably 1 or 2.

The g represents an integer from 0 to 9, preferably an

integer from 0 to 4, more preferably an integer from 1 to 3,
and further preferably 1 or 2.

If the p 1s 0, m+q 1s preferably an integer from O to 9, more
preferably an mteger from 0 to 6, further preferably an

integer from 1 to 5, and especially preferably an integer from
1 to 4.

Compound Molecular

No Mass
SMTP-7 R69.1 OH
O K
COOH O
/:\/\/N
SMTP-7D 8691 OH
)\‘
O N N
COOH O
/‘\/\/N
SMTP-8 ¥&3.1 OH
= ‘
COOH 0 N
/\/\/\N
SMTP-8D ¥&3.1

10

20

Examples of a natural amino acid with 2 amino groups
include, as an a-amino acid, hydroxylysine, citrulline, cys-
tine, homocystine, diaminopimelic acid, diaminopropionic
acid, lysine and ormithine.

Examples of a compound derived by substituting a car-
boxy group 1n a natural amino acid with 2 amino groups and
a D-1somer of a natural amino acid with 2 amino groups by
a hydrogen atom, a hydroxy group, or a hydroxymethyl
group include H,N—(CH,),—NH, (k 1s an integer from 1 to
10, preferably an integer from 1 to 6, and more preferably an
integer from 1 to 4).

Specific examples of a compound represented by the
general formula (III) include the compounds shown 1n the
following Table 3.

TABLE 5
R
/
N
O
o™
OH
SMTPs
Additive Organic Amino
Compound
L-omithine
m\OH
ry, /\)\/\/k
D-omithine
‘\\\OH
.*,#w /\)\/\)\
L-lysine
D-lysine

COOH
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TABLE 5-continued

SMTPs
Compound Molecular Additive Organic Amino
No Mass R = Compound
SMTP-9 977.2 OH L-cystine
/ ﬂ\\OH
COOH O N 0O "’Hfff/\)\/\/l\
/\/S\S /\/N
COOH
SMTP-29 839.1 OH DL-2,3-diaminopropionic acid
P AOH
HOOC N N0 ;/\/I\/\/I\
)\/ N
SMTP-31 925.2 COOH COOH DI.-2,6-diaminopinelic acid
N
O E WVY
0 Non

A compound shown in the above Table 5 can be used
tavorably as a triprenyl phenol compound according to the

present mvention.
Specific examples of a compound represented by the .,

general formula (I) include, 1n addition to a triprenyl phenol
compound represented by the general formula (II) or (III),
the triprenyl phenol compounds shown in the following

Table 6.
TABLE 6

H
/
N
O
\I/\/Y\/#”% O
H O\\,\‘i '
OH

SMTP-0
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TABLE 6-continued

24

OH
N/\/

O
\]/\/\K\/%"ﬂ. O

HO™
OH
SMTP-1
/\/OH
OH N
/ \ 0O
HO
/
OH
SMTP-2
Compound No Molecular Mass Additive Organic Amino Compound
SMTP-0 385.5 ammonium chloride
SMTP-1 429.6 2-aminoethanol
SMTP-2 463.3 2-aminoethanol

A compound shown 1n the above Table 6 can be used
tavorably as a triprenyl phenol compound according to the
present mvention.

A triprenyl phenol compound according to the present
invention can be used 1n a liberated form, 1n a form of a

pharmaceutically permissible salt or an ester, or 1n a form of
a solvate. An inorganic acid, such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
and an organic acid, such as citric acid, formic acid, fumaric
acid, malic acid, acetic acid, succinic acid, tartaric acid,
methanesulfonic acid, and p-toluenesulionic acid are favor-
ably used for forming a pharmaceutically permissible salt of
a compound according to the present invention. Further, a
compound containing an alkali metal, such as sodium,
potassium, calcium, and magnesium, or an alkaline-earth
metal, a basic amine, and a basic amino acid are also
advantageous for forming a pharmaceutically permissible
salt of a compound according to the present invention.
Further, a C1 to C10 alcohol or a carboxylic acid, preferably
methyl alcohol, ethyl alcohol, acetic acid, or propionic acid,
1s advantageous for forming a pharmaceutically permissible
ester ol a compound according to the present invention.
Further, water 1s also advantageous for forming a pharma-
ceutically permissible solvate of a compound according to
the present invention.

There 1s no particular restriction on a kind of a carrier or
a formulation additive to be used for preparing a cytopro-
tective agent according to the present invention. A cytopro-
tective agent according to the present invention 1s formu-
lated using a triprenyl phenol compound according to the
present invention, and a pharmaceutically permissible solid
carrier (e.g. gelatin, and lactose) or liquid carrier (e.g. water,
a physiological saline solution, and a glucose aqueous
solution).

Depending on a kind of a triprenyl phenol compound to
be used as an active ingredient, the seriousness of 1schemic
damage and a location of an affected part 1n the body, a
cytoprotective agent according to the present invention 1s
administered preferably at 0.01 to 100 mg/kg as a single
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cllective dose for an adult, and more preferably administered
at 0.1 to 30 mg/kg. There 1s no particular restriction on the
number ol administrations, and the use by any of one-time
administration, multiple administrations, and a continuous
administration 1s acceptable. The administration interval and
administration duration can be selected by those skilled 1n
the art according to clinical findings, 1mage diagnostic
findings, hematological findings, a comorbid disease, past
history, efc.

I a cytoprotective agent according to the present mnven-
tion 1s used by multiple administrations, from a viewpoint of
a sustainable contact of an aflected part with the cytopro-
tective agent according to the present invention, a mode with
administrations immediately after the onset of a symptom
and 12 hours after the onset 1s preferable, and a mode with
a continuous administration for 1 hour to 24 hours per day
1s also preferable.

There 1s no particular restriction on an administration
means to an adult, and various administration routes, such as
intravenous administration, subcutaneous administration,
intramuscular administration, and oral administration, can
be selected. For example, at an acute phase of various
diseases, an intravenous administration, more precisely an
intravenous 1jection or a drip infusion 1s preferable from a
viewpoint of rapid and sure administration of a desired dose
to a patient. For example, those skilled 1n the art may choose
a rapid intravenous 1njection for 10% of a single dose, and
a drip mfusion over 30 min to 1 hour for 90% thereof.

A cytoprotective agent according to the present invention
can be used without any particular restriction in a period, 1n
which the possibility of cell damage caused by 1schemia
increases. Examples of “a period in which the possibility of
cell damage increases” include a period aflected by the
above-described various thromboses. Further a period dur-
ing or aiter a treatment of thrombosis utilizing an antico-
agulant, an anftiplatelet, a thrombolytic drug, etc. may be
included. A period after the recovery from thrombosis may
be also 1ncluded, and 1n the period the cytoprotective agent
may be used prophylactically.
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If 1t 1s possible that cell damage should be caused by
ischemia, the same may be used without limitation to the
above-described periods.

A cytoprotective agent according to the present invention
may be used singly or together with one or more throm-
bolytic drugs.

By combined use of a cytoprotective agent according to
the present invention and a thrombolytic drug, the therapeu-
tic effect 1s expected to be enhanced by inhibiting effectively
dysfunction by i1schemia reperfusion damage caused by
thrombolysis due to a thrombolytic drug. In this case, a
cytoprotective agent according to the present invention and
a thrombolytic drug may be used at the same time or
separately at diflerent times.

Examples of a thrombolytic drug usable in combination
include alteplase, urokinase, desmoteplase, and monteplase.

A cytoprotective agent according to the present invention
1s eflectual to a group of patients, to whom a thrombolytic
drug 1s not any more applicable, because long time has
passed after the onset of a symptom. In case of cerebral
infarction, i1t 1s eflectual to use a cytoprotective agent
according to the present invention for a patient to whom, for
example, alteplase cannot be administered, because 3 or
more hours have passed after the onset of a symptom. In this
connection, 1f the onset time 1s not clear, the latest symp-
tomless time (the latest time when a patient was confirmed
as symptomless) 1s deemed as the onset time.

If a cytoprotective agent according to the present inven-
tion 1s used against thrombosis (including thromboembo-
lism), 1t 1s eflectual to use 1t for a patient to whom a
thrombolytic drug 1s contraindicated. It 1s also effectual to
use a cytoprotective agent according to the present invention
for a patient, who has discontinued administration of a
thrombolytic drug due to appearance of a sign or a symptom
of contraindication during the administration of a throm-
bolytic drug. Such contraindications include hemorrhagic
diathesis, hemorrhage, hypertension, and impaired blood
glucose. For example, 1n case of cerebral infarction, for a
patient to whom a thrombolytic drug cannot be adminis-
tered, because the risk of intracranial hemorrhage would be
increased, a cytoprotective agent according to the present
invention may be used.

If a cytoprotective agent according to the present inven-
tion 1s used against thrombosis (including thromboembo-
lism), 1t 1s eflectual to use 1t for those among patients of
thrombosis, to whom a thrombolytic drug 1s usually unable
to use for treatment. Examples of such patients include
patients of transient 1schemic attack, disseminated intravas-
cular coagulation syndrome, thrombotic microangiopathy,
thrombosis phlebitis, deep vein thrombosis, and 1diopathic
thrombosis.

A cytoprotective agent according to the present invention
can be used without limitation to the use for humans.
Examples of another subject for application include a
domestic amimal, such as a cattle, a horse, and a sheep, and
a pet, such as a dog, a cat and a monkey.

The present mvention includes a method of treatment of
ischemic damage including administration of a drug con-
taining a triprenyl phenol compound according to the pres-
ent invention to a patient aflected by 1schemic damage. With
respect to the method of treatment of 1schemic damage
according to the present invention, the term “treatment”
means 1improvement ol a symptom, which includes 1nhibi-
tion ol aggravation, and reduction or relaxation, of a symp-
tom.
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By the method of treatment of 1schemic damage accord-
ing to the present mvention, mnhibition of aggravation of
ischemic damage, or reduction or relaxation of a symptom,
can be attained.

The dose, administration interval, administration dura-
tion, and administration method of a drug containing a
triprenyl phenol compound according to the present inven-
tion for a method of treatment of 1schemic damage accord-
ing to the present invention are similar to the cytoprotective
agent according to the present invention described above.

The method of treatment of 1schemic damage according to
the present invention 1s favorably applicable to thrombosis
(1including also thromboembolism) as 1schemic damage, and
more favorably applicable to cerebral infarction.

One mode of the method of treatment of 1schemic damage
according to the present invention 1s a method of treatment
of 1schemic damage including administration of a drug
containing a triprenyl phenol compound according to the
present mvention to a patient during a period in which the
possibility of cell damage caused by ischemia increases. The
expression “a period 1 which the possibility of cell damag
increases” 1s as described above. The use of this method of
treatment 1s favorably applied to thrombosis (including also
thromboembolism), which 1s a type of 1schemic damage, and
its use with respect to cerebral infarction 1s more favorable.

One mode of the method of treatment of 1schemic damage
according to the present invention 1s a method of treatment
of 1schemic damage including use of a drug containing a
triprenyl phenol compound according to the present mven-
tion together with one or more thrombolytic drugs. The use
of this method of treatment 1s favorably applied to throm-
bosis (including also thromboembolism), which 1s a type of
ischemic damage, and 1ts use with respect to cerebral
infarction 1s more favorable.

Examples of a thrombolytic drug to be used together with
a drug containing a triprenyl phenol compound according to
the present invention include alteplase, urokinase, des-
moteplase, and monteplase. A drug containing a triprenyl
phenol compound according to the present invention and a
thrombolytic drug may be administered to a patient at the
same time or separately at different times.

One mode of the method of treatment of 1schemic damage
according to the present invention 1s a method of treatment
of 1schemic damage including administration of a drug
containing a triprenyl phenol compound according to the
present mnvention to a patient 3 or more hours after the onset
of a symptom. The use of this method of treatment is
tavorably applied to thrombosis (including also thrombo-
embolism), which 1s a type of 1schemic damage, and 1ts use
with respect to cerebral mfarction 1s more favorable.

For example, in the case of cerebral infarction, it 1s
ellectual to use a drug containing a triprenyl phenol com-
pound according to the present invention for a patient to
whom alteplase cannot be administered because 3 or more
hours have passed since the onset of a symptom. In this
regard, 11 the onset time 1s not clear, the latest symptomless
time (the latest time when a patient was confirmed as being
symptomless) 1s deemed as the onset time.

One mode of the method of treatment of 1schemic damage
according to the present invention 1s a method of treatment
of 1schemic damage including administration of a drug
containing a triprenyl phenol compound according to the
present invention to a patient to whom a thrombolytic drug
1s contraindicated. The use of this method of treatment 1s
tavorably applied to thrombosis (including also thrombo-
embolism), which 1s a type of 1schemic damage, and 1ts use
with respect to cerebral infarction 1s more favorable.
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Such contraindications include hemorrhagic diathesis,
hemorrhage, hypertension, and impaired blood glucose. For
example, 1n the case of cerebral infarction, for a patient to
whom a thrombolytic drug cannot be administered because
the risk of intracranial hemorrhage would be increased, a
drug containing a triprenyl phenol compound according to
the present invention may be administered.

One mode of the method of treatment of 1schemic damage
according to the present invention 1s a method of treatment
of 1schemic damage including administration of a drug
contaiming a triprenyl phenol compound according to the
present invention to a patient to whom a thrombolytic drug
1s not usually usable for treatment. The use of this method
of treatment 1s favorably applied to thrombosis (including
also thromboembolism), which 1s a type of 1schemic dam-
age, and its use with respect to cerebral infarction 1s more
tavorable.

Examples of a patient to whom a thrombolytic drug 1s not
usually usable for treatment, include patients of transient
1schemic attack, disseminated intravascular coagulation syn-
drome, thrombotic microangiopathy, thrombosis phlebitis,
deep vein thrombosis, and 1diopathic thrombosis.

One mode of the method of treatment of 1schemic damage
according to the present invention 1s a method of treatment
of 1schemic damage including administration of a drug
contaiming a triprenyl phenol compound according to the
present invention to a patient who 1s suflering from or
predicted to sufler from 1schemia reperfusion damage. The
use ol this method of treatment 1s favorably applied to
thrombosis (including also thromboembolism), which 1s a
type of 1schemic damage, and 1ts use with respect to cerebral
infarction 1s more favorable.

By the above method of treatment of ischemic damage,
prevention of 1schemia reperfusion damage, inhibition of
aggravation, or reduction or relaxation of a symptom can be
attained.

EXAMPLES

The present mvention will now be described by way of
examples thereol, provided that the invention should not be
limited thereto. Unless otherwise specified herein, “%™ 1s by
mass.

Example 1

Production of Cerebral Infarction Model Using
Acetic Acid

| Mongolian Gerbil Cerebral Infarction Model]

Anesthesia was induced to a male Mongolian gerbil (body
weight 55 to 65 g) by inhalation of 5% 1soflurane (trade
name Escain, Mylan Inc.), and maintained with 1 to 1.5%
isoflurane. The Mongolian gerbil was fixed in a dorsal
position, and the neck was dehaired and then disinfected
with 70% ethanol. After median incision of the neck, the
right common carotid artery was detached, clamped to block
the blood flow temporarily, and coated with 100% acetic
acid by 30 reciprocating motions so as to produce a throm-
bus. The blood vessel was reopened after 10 min of the
blockage of the blood flow to transier the thrombus by the
blood stream into the brain to make 1t 1schemic and generate
cerebral infarction. The operating field was closed with an
instant adhesive (trade name Aron Alpha (Krazy Glue),

Toagose1r Co., Ltd.) and disinfected with 70% ethanol.
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| Evaluation of Neurological Symptom]

Twenty four hours after the initiation of the operation
neurological symptoms were observed as an indicator for
cerebral infarction. Many types of neurological symptoms
specific to cerebral infarction, such as extension of a
hindlimb or circling to one direction, have been reported.
Applying a modified evaluation method of the method
proposed by Longa, et al. (Stroke 1989; 20:84-91) postop-
erative neurological symptoms were evaluated as per: no
deficit, 0; extension of limb, 1; circling to one direction, 2;
incline posture, 3; diminished motion, 4.

With respect to statistical analysis, for multiple compari-
sons was conducted firstly one-way analysis of variance
(ANOVA) and then a Bonferroni test was conducted, 1t
significant difference 1s detected. Significant difference was
positively recognized with significance level 5% (P<0.05).
All the results are expressed 1n meanzstandard error.
[Evaluation of Infarction Area Percentage]

After the evaluation of neurological symptoms according
to the above method, the animal was decapitated under
anesthesia with 1soflurane. The cramal bone was exiohated
of skin and opened, and, after scission of optic nerve, the
brain was extirpated and dipped 1n a physiological saline
solution to remove attached body hairs, etc. The extirpated
brain was placed in a brain matrix (RBM-1000C, ASI
Instruments) to carry out coronal slicing from the frontal
pole at thickness of 2 mm. The slices were dipped 1n 2%
2.3, 5-triphenyl-2H-tetrazolium chlornide (TTC), and 1incu-
bated for staining at 37° C. for 30 min 1n a CO, incubator.
The colorless TTC 1s reduced by hydrogen liberated by the
action of dehydrogenase contained 1n a normal cell convert-
ing to dark red colored water-insoluble 1,3,3-triphenylior-
mazan (1TPF), so that the normal cell 1s stained. Unstained
area (white area) was defined as an infarction area. Mean-
while, the corpus callosum, which 1s commissural fibers
connecting the right and left cerebral hemispheres, 1s not
stained and 1s white, and therefore 1image processing for the
analyses as described below was conducted excluding the
corpus callosum.

After staining 1mages of the brain slices were taken by a
digital camera under a stereoscopic microscope. For analysis
of the infarction area percentage, an 1mage analysis software
Image J (Version 1.4) was used. Full, excluding the corpus
callosum, 1mages of the taken 2nd, 3rd, and 4th brain slice
images were converted to grayscale. From the grayscale
images a histogram for the whole brain as the object scope
was obtained showing in the ordinate the frequency of
occurrence (Irequency) at certain brightness, and showing 1n
the abscissa the brightness (0 to 255). The sum from 0 to 255
was defined as the area size of the whole brain, and the sum
from 160 to 219 was defined as the area size of the infarction
area. Then the infarction area percentage was determined
according to the following formula using the total area size
of the infarction areas and the total area size of the whole
brain, of the 3 brain slice 1images. Statistical analysis was
conducted as above.

Infarction area percentage (%)=Total area size of
infarction areas excluding corpus callosum/Total
area size of the whole braimnx100

[Mouse Cerebral Infarction Model]}

Using male ddY line mouse (body weight 35 to 45 g), a
cerebral infarction model was produced and evaluated about
neurological symptoms and the infarction area percentage
according to methods similar to the production method and
the evaluation method for the Mongolian gerbil cerebral
infarction model.
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Example 2

Comparison of Effectiveness of Various Drugs on
Mongolian Gerbil Cerebral Infarction Model

The improvement effectiveness of SMTP-7, alteplase and
edaravone (cerebroprotective drug) on the infarction area
percentage and the neurological symptom was compared
using the Mongolian gerbil cerebral infarction model. At the
same time the dose dependence of the degree of improve-
ment was mvestigated.

SMTP-7 was produced according to a process described
in Japanese Patent Laid-Open No. 2004-224738 by purily-
ing a culture obtained by adding L-ornithine as an additive
organic amino compound to a culture medium of Stachy-
botrys microspora, strain IFO30018. To SMTP-7 produced
through purification and exsiccated, 0.3 N NaOH and a
physiological saline solution (0.9% NaCl) were added to
prepare a 50 mg/mlL solution. Thereafter, the solution was
adjusted to 10 mg/mlL, and weak alkaline pH with 0.3 N HCI
and a physiological saline solution, subjected to filtration
sterilization, divided into small fractions, and cryopreserved
at —30° C. The SMTP-7 was used atter dilution according to
need with a physiological saline solution.

The SM'TP-7 cryopreserved as above was dissolved at 1
mg/mlL 1n a physiological saline solution just before a test.
Alteplase (trade name Activacin, Kyowa Hakko Kirin Co.,
Ltd.) was dissolved 1n a solvent for Activacin at 1.03
mg/mlL. As for Edaravone (trade name Radicut, Mitsubishi
Tanabe Pharma Corp.), a stock solution of 1.5 mg/kg was
used. The above medicaments were used after dilution
according to need with a physiological saline solution.
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The doses of SMTP-7 were set at 0.1 mg/kg, 1 mg/kg and
10 mg/kg; the doses of alteplase at 0.01 mg/kg, 0.1 mg/kg
and 10 mg/kg; and the doses of edaravone at 1 mg/kg, 3
mg/kg and 10 mg/kg.

Administrations of SM'TP-7 and alteplase were started 1
hour, 3 hours, or 6 hours after the 1nitiation of 1schemia of
a Mongolian gerbil cerebral infarction model. An adminis-
tration of edaravone was started immediately after (O hour),
1 hour after, or 3 hours after the initiation of 1schemaa.

Anesthesia was induced to a Mongolian gerbil cerebral
infarction model by inhalation of 5% 1soflurane and there-
after maintained at 1 to 1.5%, so that an administration
should be able to start as soon as the above defined time
clapsed from the imitiation of ischemia. The Mongolian
gerbil was fixed 1n a dorsal position, and a polyethylene
catheter with a 27 G needle was 1nserted into the leit femoral
vein. SMTP-7 and alteplase were administered through the
catheter, wherein 10% of the dose by a bolus administration
and the rest by a continuous administration over 30 min.
Edaravone was administered continuously over 30 min. Six
Mongolian gerbils were used for each condition.

Twenty four hours after the initiation of the operation
neurological symptoms of the respective Mongolian gerbils
were examined to rate the neurological symptom. Then the
brain of each Mongolian gerbil was extirpated and the
infarction area was measured and the infarction area per-
centage was determined. The infarction area percentage and
scores of the neurological symptom are shown in Table 7.
Further, for SMTP-7 and alteplase, with respect to groups of
10 mg/kg administration, the infarction area percentage 1s
shown 1 FIG. 1, and the neurological symptom score 1s
shown m FIG. 2 (*: P<0.05, **: P<0.01, ##: P<0.01),
wherein t-PA 1n the Figures stands for alteplase (heremaftter
the same shall apply).

TABLE 7
Infarction area [%] Neurological scores
Sham 29 +£0.2 0+0
Control 14.9 = 3.08 3.33 £ 0.67
Initiation time of administration Initiation time of administration

0 hr 1 hr 3 hr 6 hr 0 hr 1 hr 3 hr 6 hr
SMTP-7 — 11.4 = 2.69 - - — 2.67 £ 0.33 —
(1 mg/kg)
SMTP-7 — 7.01 £ 0.56%** 5.90 £ 0.36™* 793 £ 1.64%% — 1.50 = 0.67% 1.67 = 0.61% 2.00 £ 0.45
(10 mg/kg)
alteplase — 11.2 = 2,74 — — — 2.67 £ 0.56 — —
(0.01 mg/kg)
alteplase - 9.67 £ 2.35 - - — 2.00 = 0.77 — —
(0.1 mg/kg)
alteplase — 5.43 = 1.33% 11.0 = 3.61 13.8 = 2.40 — 0.17 = 0.17% 1.33 £ 0.677" 3.17 = 0.48
(10 mg/kg)
edaravone — 12.8 = 2.87 — — — 3.17 £ 0.17 — —
(1 mg/kg)
edaravone 9.95 £ 3.22 8.29 = 1.61% 12.3 £ 5.59 - 1.50 £ 0.67% 1.50 £ 0.67* 2.50 £ 0.56 —
(3 mg/kg)
edaravone — 9.29 = 2.17 — — — 1.83 £ 0.65 — —
(10 mg/kg)
argatroban 10.0 £ 2.66 12.1 = 2.46 — — 2.33 £0.61 2.50 £ 0.50 — —
(1 mg/kg)
argatroban - 11.5 = 2.57 - - — 2.50 = 0.56 — —
(10 mg/kg)
ticlopidine 8.83 £ 1.73 13.1 £ 3.89 - — 2.33 £ 042 2.67 £0.56 — —
HCI

(1 mg/kg)
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TABLE 7-continued

9.84 + 1.81

ticlopidine
HCI
(10 mg/kg)

Numerical expression represents: mean £ SE (n = 6)

Sham: Group of sham treatment for generatmg cerebral infarction

*P < 0.05;

2.33 £ 042

¥*P < 0.01 ('The values of the control and the values of the groups of SMTP-7 (10 mg/kg) administration, and the values of the control and the values of the groups of edaravone (3

%g/l{g) administration were compared by ANOVA and thereafter by Bonferrom test.)
< (.05,

P < 0.01 (The values of the control and the values of the groups of alteplase (10 mg/kg) administration were compared by ANOVA and thereafter by Bonferroni test.)

When SMTP-7 was administered 1 hour after the initia-
tion of 1schemia, dose dependent improvement of the infarc-
tion area percentage and the neurological symptom was
recognized. In the group of 10 mg/kg administration, for
both of the infarction area percentage and the neurological
symptom, significant improvement compared to the control
group was recognized.

With respect to the infarction area percentage in the
SMTP-7 (10 mg/kg) administration group, there was statis-
tically significant improvement compared to the control
group, even 1f the administration nitiation time was delayed
alter the mitiation of ischemia (administrations were 1niti-
ated 1 hour, 3 hours, and 6 hours after the immtiation of
ischemia). The improvement rate of the group, for which the
administration was initiated 1 hour after the imitiation of
1schemia, was 635.7% showing eflectiveness nearly equiva-
lent to the case of administration of alteplase, whose
improvement rate was 78.9%.

With respect to the neurological symptom score of the
SMTP-7 (10 mg/kg) administration groups, for which the
administration was 1nitiated 1 hour after or 3 hours after the
initiation of i1schemia, there was not remarkable 1mprove-
ment compared to the alteplase (10 mg/kg) administration
group, but statistically significant improvement compared to

the control group was recognized. In the SMTP-7 (10
mg/kg) administration group, for which the administrations
was 1mitiated 6 hours after the initiation of 1schemia, there
was no statistically significant improvement recognized, but
some 1mproving tendency was recognized.

When alteplase was administered 1 hour after the initia-
tion of 1schemia, dose dependent improvement of the infarc-
tion area percentage and the neurological symptom was
recognized. In the group of 10 mg/kg administration, for
both of the infarction area percentage and the neurological
symptom, significant diflerences compared to the control
group were recognized.

Among the alteplase (10 mg/kg) administration groups,
significant improvement in the infarction area percentage
compared to the control group was recognized 1n the case of
the administration 1 hour after the mitiation of 1schemia. In
the case of the administration 3 hours after the initiation of
iIschemia, some 1mproving tendency was recognized, but
there was no significant improvement compared to the
control group recognized. In the case of the administration
6 hours after the initiation of 1schemia, there was no statis-
tically significant diflerence compared to the control group.

With respect to the neurological symptom score of the
alteplase (10 mg/kg) administration groups, for which the
administration was 1itiated 1 hour after or 3 hours atter the
initiation of 1schemia, there was significant improvement
compared to the control group recognized. In the case of the
administration 6 hours after the initiation of 1schemia, how-
ever, there was no statistically significant difference com-
pared to the control group.
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When edaravone was admimistered 1 hour after the 1ni-
tiation of ischemia, dose dependent improvement of the
infarction area percentage and the neurological symptom
was recognized. In the group of 3 mg/kg administration, for
both of the infarction area percentage and the neurological
symptom, significant improvement compared to the control
group was recognized. By increasing the dose to 10 mg/kg,
no further improvement of the effectiveness was recognized
and the same level was maintained.

Among the edaravone (3 mg/kg) administration groups,
improving tendency was recognized in the case of the
administration O hour or 1 hour after the mmitiation of
ischemia. No improvement was recognized 1n the case of the
adminmistration 3 hours after the initiation of ischemia.

With respect to the neurological symptom score among,
the edaravone (3 mg/kg) administration groups, significant
improvement was recognized 1n the case of the administra-
tion O hour or 1 hour after the nitiation of i1schemia. No
significant improvement was recognized in the case of the
administration 3 hours after the initiation of 1schemia.

Example 3

Comparison of Effectiveness Between SMTP-7 and
Alteplase on Mouse Cerebral Infarction Model

"y

The improvement effectiveness of SMTP-7 and alteplase
on the infarction area percentage, the neurological symptom
and the edema percentage was compared using the mouse
cerebral infarction model. At the same time the dose depen-
dence of the degree of improvement of SMTP-7 was inves-
tigated.

SMTP-7 and alteplase were prepared as in Example 2.
Ten mg/kg each was administered into the femoral vein 1
hour or 3 hours after the mitiation of 1schemia 1n a mouse
cerebral infarction model, wherein 10% was administered
by a bolus administration, and the rest by continuous admin-
istration over 30 min. Further, 0.1 mg/kg or 1 mg/kg of
SMTP-7 was administered into the femoral vein 1 hour after
the mitiation of ischemia i a mouse cerebral infarction
model, wherein 10% was administered by a bolus adminis-
tration, and the rest by continuous administration over 30
min. Six mice were used for each condition.

Twenty four hours after the initiation of the operation
neurological symptom of each mouse was examined to rate
the neurological symptom. Then the brain of each mouse
was extirpated and the infarction areca was measured and the
infarction area percentage was determined. The edema per-
centage was determined according to the following formula:

Edema percentage (%)=(Volume of the cerebral
hemisphere affected by ischemia—Volume of the
other side cerebral hemisphere)/Volume of the
other side cerebral hemispherex100

The evaluation results for SMTP-7 and alteplase at the
dose of 10 mg/kg are shown 1n Table 8. The infarction area




US RE49,351 E

33

percentage of the same 1s shown 1n FIG. 3, the neurological
symptom score 1s shown in FIG. 4, and the edema percent-
age 1s shown 1 FIG. 5. (*, P<0.05; **, P<0.01; #, P<0.03;
#t, P<0.01)

Evaluation results of SMTP-7 at different doses are shown
in Table 9.

TABLE 3

Infarction area [%] Neurological scores

34

Among the SMTP-7 (10 mg/kg) administration groups,
statistically significant improvement in the neurological
symptom score compared to the control group was recog-

nized in both of the group having nitiated the administration
aiter 1 hour, and the group having initiated the administra-
tion after 3 hours.

Edema percentage [%0]

Sham 2.99 + 0.27 0+0 0.568 + 0.796
Control 11.9 £ 2.54 3.17 £ 0.477 13.2 + 1.76
Initiation time of Initiation time of Initiation time of
administration administration administration
1 hr 3 hr 1 hr 3 hr 1 hr 3 hr
SMTP-7 4.87 = 1.06%* 505 = 0.576%* 1.67 +0.422% 1.33 £ 0.558*%* 581 = 0.967** 6.23 £ 1.07**
alteplase  6.15 = 1.947  11.9 + 2.26 1.17 £ 0.749% 250 £ 0.500  3.63 = 2.67* 12.6 + 1.84

Numerical expression represents: mean £ SE (n = 6)
Sham: Group of sham treatment for generating cerebral infarction

*P < 0.05;

**pP < 0.01 (The values of the control and the values of the groups of SMTP-7 administration were compared by ANOVA and thereafter by

Bonferroni test.)

"p < 0.05;

P < 0.01 (The values of the control and the values of the groups of alteplase administration were compared by ANOVA and thereafier by

Bonferroni test.)

Significant increase in the infarction area percentage was
recognized 1n the control group compared to the sham group
(Group of sham treatment for generating cerebral infarc-
tion).

Among the alteplase administration groups, significant
improvement in the infarction area percentage compared to
the control group was recognized in the group having
initiated the administration 1 hour after the initiation of |
ischemia. In the group having mitiated the administration 3

hours after the nitiation of 1schemia, no significant improve-

ment compared to the control group was recognized.
Among the SMTP-7 (10 mg/kg) administration groups,
significant improvement in the infarction area percentage

30

5

Sham
Control
SMTP-7

With respect to the edema percentage, among the
alteplase administration groups, significant improvement
was recognized 1n the group having mnitiated the adminis-
tration after 1 hour, but no significant improvement was
recognized in the group having initiated the adminmistration
after 3 hours.

Among the SMTP-7 (10 mg/kg) administration groups,
significant improvement compared to the control group was
recognized 1n both of the group having initiated the admin-

istration after 1 hour, and the group having mnitiated the
administration after 3 hours.

TABLE 9
Infarction Neurological Edema
area [%o] SCOres percentage |%]
2.99 £ 0.27 0x0 0.568 £ 0.796
11.9 £ 2.54 3.17 £ 0477 13.2 £ 1.76
0.1 mg/kg 10.08 = 2.07 2.5 £ 0.5 10.15 = 1.817
1 mg/kg 6.66 £ 0.71% 2 +£0.632 8.81 = 2.292
10 mg/kg 4.87 £ 1.06** 1.67 + 0.422% 581 = 0.967*%

Numerical expression represents: mean = SE (n = 6)

Sham: Group of sham treatment for generating cerebral infarction

*P < 0.05;

¥¥P < 0.01 (Comparison with the values of the control by ANOVA and thereafter by Bonferrom test.)

compared to the control group was recognized 1n both of the 55
group having initiated the administration after 1 hour, and
the group having initiated the administration after 3 hours.

Significant increase 1n the neurological symptom score
was recognized 1n the control group compared to the sham
group (Group ol sham treatment for generating cerebral
infarction).

60

Among the alteplase administration groups, significant

improvement in the neurological symptom score was rec-
ognized in the group having initiated the administration after 65
1 hour. In the group having initiated the administration after

3 hours, no significant improvement was recognized.

Significant improvement in any of the infarction area
percentage, the neurological symptom score and the edema
percentage was recognized compared to the control group in
the SMTP-7 (10 mg/kg) administration group and the
SMTP-7 (1 mg/kg) administration group.

Example 4

Comparison of Effectiveness Between SMTP-7 and
Alteplase on Cerebral Blood Flow

e

The improvement effectiveness of SM'TP-7 and alteplase
on the cerebral blood flow was compared using the mouse
cerebral infarction model.




US RE49,351 E

35

SMTP-7 and alteplase were prepared as in Example 2.
SMTP-7 and alteplase were administered in an amount of 10

mg/kg mto the femoral vein 1 hour after the mitiation of

1schemia 1n a mouse cerebral infarction model, wherein 10%
was administered by a bolus administration, and the rest by
continuous administration over 30 min. Three mice were
used for each condition.

The cerebral blood flow was measured at 6 time points,
namely before the mitiation of 1schemia, immediately after
the 1mitiation of 1schemia, and after the completion of the
drug administration 0 hour (immediately after the comple-
tion), 1 hour, 3 hours, and 24 hours.

The cerebral blood flow measurement was conducted by
cutting the head skin of a mouse to expose the cranial bone,
and measuring the blood flow of the whole brain surfaces by
a laser-Doppler apparatus (moorFLPI, Moor Instruments
Ltd, UK). The analysis was conducted using moorFLPI
(Version 2.1) by rating percentage (%) relative to the value
betfore the mitiation of 1schemia of each group. The results
are shown 1n Table 10.

TABLE 10

Immediately after
initiation of

Before
initiation of

5

10

15

36

solutions were adjusted to 10 mg/mlL, and weak alkaline pH
with 0.3 N HCI and a physiological saline solution, sub-
jected to filtration sterilization, divided into small fractions,
and cryopreserved at —30° C.

r

T'he cryopreserved triprenyl phenol compounds were dis-
solved at 1 mg/mL 1n a physiological saline solution just
before a test. Ten mg/kg each was administered into the
femoral vein 1 hour after the mitiation of 1schemia 1n a

mouse cerebral infarction model, wherein 10% was admin-
istered by a bolus administration, and the rest by continuous
administration over 30 min. S1x mice were used for each
condition.

Twenty four hours after the initiation of the operation, the
infarction area percentage, the neurological symptom, and
the edema percentage of each mouse were evaluated. The
evaluation results are shown 1n Table 11. In Table 11, the
evaluation results of the group, 1n which the administration
of SMTP-7 (10 mg/kg) was initiated after 1 hour 1n Example
3, are also shown.

After completion of administration

iIschemia ischemia O hr
Control 100% 30.61 £ 2.22% 45.08 + 7.99%
alteplase 100% 27.30 £ 2.35%  56.45 = 14.70%
SMTP-7 100% 34.17 £ 5.22% 43.74 + 12.67%

Numerical expression represents: mean + SE (n = 3)

1 hr

38.52 £ 2.92%
73.49 = 20.33%*
4448 + 12.59%

3 hr 24 hr

31.97 £ 4.92%
66.83 = 11.10%*
48.90 £ 15.89%

43.37 £ 7.51%
71.63 = 6.06%*
76.01 £ 9.71%*

*P < 0.05 (Comparison with the values immediately after the imitiation of 1schemia by ANOVA and thereafter by Bonferrom test.)

In the SMTP-7 administration group the recovery of the
cerebral blood flow was slower than the alteplase adminis-
tration group, but 24 hours after the completion of the
administration the cerebral blood flow recovered to the same
level as the alteplase administration group. There was sta-
tistically significant difference compared to the control

group.

Example 5

Study of Effectiveness of Triprenyl Phenol
Compound on Mouse Cerebral Infarction Model

Improving effectiveness on the mouse cerebral infarction
model was studied using SMTP-6, SMTP-22, SMTP-25,
SMTP-43, and SMTP-44D as triprenyl phenol compounds.

The used SMTP-6 was prepared 1dentically as SMTP-7,

except that L-tryptophan was used as an additive organic
amino compound. The used SMTP-22 was prepared 1den-
tically as SMTP-7, except that 4-aminosalicylic acid was
used as an additive organic amino compound. The used
SMTP-25 was prepared 1dentically as SMTP-7, except that
3-aminosalicylic acid was used as an additive organic amino
compound. The used SMTP-43 was prepared 1dentically as
SMTP-7, except that L-phenylglycine was used as an addi-
tive organic amino compound. The used SMTP-44D was
prepared 1dentically as SMTP-7, except that D-4-hydroxy-
phenylglycine was used as an additive organic amino com-
pound. With these triprenyl phenol compounds 50 mg/mL
solutions were prepared by adding 0.3 N NaOH and a
physiological saline solution (0.9% NaCl) Thereatter, the
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TABLE 11

Infarction Neurological Edema

area [%o] scores percentage |%]
Sham 2.99 £ 0.27 0x0 0.568 = 0.796
Control 11.9 = 2.54 3.17 £ 0477 13.2 =+ 1.76
SMTP-7 4.87 = 1.06%*  1.67 = 0.422% 5.81 = 0.967**
SMTP-6 9.81 £ 1.43 3 +0.447 9.80 = 2.74
SMTP-22 4.37 = 0.51*%*  1.67 = 0.422% 4.55 = 0.99%%
SMTP-25 10.16 £ 1.04 25 +£0.5 10.95 £ 2.57
SMTP-43 570 £ 1.17** 1.5 £ 0.5% 3.28 £ 1.37%%
SMTP-44D 775 £ 2.71 2.17 £ 0.401 6.86 £ 2.92%

Numerical expression represents: mean + SE (n = 6)
Sham: Group of sham treatment for generating cerebral infarction

*P < 0.05;

**P < 0.01 (Comparison with the values of the control by ANOVA and thereafter by
Bonferrom test.)

In the SMTP-22 administration group and the SMTP-43
administration group significant improvement in the infarc-
tion area percentage, the neurological symptom score and
the edema percentage was recognized.

Example 6

Study of Parameter Change by Real Time Rt-PCR
Method

Using the Mouse Cerebral Infarction model changes of
parameters related to inflammation among the triprenyl
phenol compound (10 mg/kg) administration groups, the
alteplase (10 mgkg) admimstration groups, and the
alteplase (10 mg/kg) and aspirin (10 mg/kg) combine
administration group were evaluated by a real time RT-PCR
method. As the parameters IL-1p, TNF-a nd IL-6 were
selected, which were typical parameters related to inflam-
mation.
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As ftriprenyl phenol compounds, SMTP-7, SMTP-6,
SMTP-22, SMTP-25, SMTP-43 and SMTP-44D were used.

The triprenyl phenol compounds and alteplase were pre-
pared same as 1 Example 2 and Example 5. Aspirin was
dissolved at 1 mg/mL 1n a physiological saline solution.

The administrations of SMTP-7 (10 mg/kg) and alteplase
(10 mg/kg) were mitiated 1 hour or 3 hours after the
initiation of ischemia. The administration method was same
as Example 3.

The combined administration of alteplase (10 mg/kg) and
aspirin (10 mg/kg) was 1nitiated 3 hours after the 1mitiation
of 1ischemia. Alteplase was administered same as 1n Example
3, and aspirin was administered by a bolus intravenous
injection into the femoral vein.

The admuinistrations of SMTP-6, SMTP-22, SMTP-25,
SMTP-43 and SMTP-44D were mitiated 1 hour after the
initiation of 1schemia. The administration method was same
as Example 5.

S1x mice were used for each condition.

After 24 hours of the mnitiation of the operation, a Krebs-
HEPES bufler was perfused from the heart and then the
brain was extirpated.

After preparing brain slices, the fourth slice was divided
to the left brain and the right brain, and homogenized
respectively with 1 mL of TRIZOL (registered trademark)
reagent (Invitrogen). After incubating at room temperature
for 5 min, adding chloroform (0.2 mL), and mixing for 15
sec, incubation was carried out at room temperature for 3
min. The samples were centrifuged at 4° C. for 15 min at
12,000xg.

Since RNA moved to a water layer, the water layer was
collected and, after addition of 0.5 mL of 1sopropyl alcohol,
tollowed by incubation at room temperature for 10 muin,
centrifuged at 4° C. for 10 mun at 12,000xg. Since a pellet
was formed 1n a tube after the centrifugation, the supernatant
was removed, and 1 mL of 75% ethanol was added followed
by stirring to wash the pellet. The mixture was then centri-
fuged at 4° C. for 5 min at 7,500xg. After removing again
the supernatant, being left for natural drying for 8 min, the
pellet containing the RNA was dissolved i 100 ul. of
RNase-Iree water. cDNA was produced by reverse transcrip-
tion of the RNA using a SuperScript (registered trademark)
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VILOTM c¢DNA Synthesis Kit (Invitrogen) by a Thermal
Cycler 2720 (Applied Biosystems). More particularly, 4 uL
of SxXVILOTM Reaction Mix, 2 ulL of 10x SuperScript

(registered trademark) Enzyme Mix, and 1 ug of each RNA
were mixed and diluted to 20 ul. with RNase-free water.

Reverse transcription was conducted using the above
samples under the following conditions. After reacting at
25° C. for 10 min, at 42° C. for 60 min, and at 85° C. for 5
min, the product was stored at 4° C. With the cDNA as a
template real time RT-PCR was carried out by ABI PRISM
7000 using SYBR (registered trademark) GreenERTM
qPCR SuperMix for ABI PRISM (registered trademark;
Invitrogen). More particularly, 12.5 ul. of SYBR (registered
trademark) GreenERTM gqPCR SuperMix for ABI PRISM
(registered trademark), 0.5 uL of a forward primer, 0.5 uLL of
reverse primer and 2.5 ulL of the 20-fold diluted template
were mixed and diluted to 25 ul. with RNase-Ifree water.

Real time RI-PCR was conducted using the above
samples under the following conditions. After reacting at
50° C. for 2 min and at 95° C. for 15 min, a cycle of 94° C.
for 15 sec, 55° C. for 30 sec, and 72° C. for 30 sec was
repeated 40 times. Changes of the respective parameters
were determined by a calibration curve method. p-actin was
measured as an internal control, and the respective param-
cters were calculated as a relative value based on the p-actin.
The results are shown 1n Table 12. The values in Table 12 are
the 1psilesional values (the right brain).

The following primers were used:

p-actin forward:

(SEQ. ID. NO: 1)
5'-CCTTCCTTCTTGGGTATGGAATC -3,
p-actin reversge:

(SEQ. ID. NO: 2)

51" -TGCTAGGAGCCAGAGCAGTAATC-31,

IL-1p (Quiagen, QT01048355},
TNF-a (Quiagen, QT00104006),
and

IL-6 {(Quiagen, QT00098875) .

TABLE 12
Relative value
to P-actin IL-1p TNF-a I1.-6
Sham 0.00358 = 0.000676 0.0102 + 0.00334 0.00235 = 0.000457
Control 0.116 + 0.0428%* 0474 £ 0.191%** 0.173 = 0.0464*
Initiation time of administration Initiation time of administration Initiation time of administration
1 hr 3 hr 1 hr 3 hr 1 hr 3 hr
alteplase 0.0408 + 0.0173  0.347 = 0.172%% 0.164 = 0.0332" 0381 £ 0.155%% 0.0582 + 0.0254 0.341 = (.138%%-
alteplase + — 0.172 + 0.0502 — 0.143 + 0.0330" — 0.169 + 0.0532%
Aspirin
SMTP-7 0.0314 + 0.0171 0.0728 = 0.0380 0.151 = 0.0313* 0.147 = 0.0293% 0.0356 + 0.0138 0.0651 = 0.030R
SMTP-6 0.165 £ 0.0930 — 0.261 + 0.119% — 0.220 + 0.0R50%% —
SMTP-22 0.040 £ 0.0140 — 0.087 + 0.0295% — 0.071 = 0.0437 —
SMTP-25 0.060 = 0.0249 — 0.049 = 0.0158* — 0.0560 + 0.0259 —
SMTP-43 0.025 =+ 0.0118 — 0.058 = 0.0147" — 0.0234 + 0.0115 —
SMTP-44D 0.070 = 0.0435 — 0.081 = 0.0304™ — 0.0562 + 0.0354 —

Numerical expression represents: mean + SE (n = 6)

Sham: Group of sham treatment for generating cerebral infarction

*P < 0.05;

P < 0.01 (Comparison with the values of Sham by ANOVA and thereafter by Bonferroni test.)

"p < 0.05;

P < 0.01 (Comparison with the values of the control by ANOVA and thereafter by Bonferrom test.)
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TNF-a. and IL-6 in the control group were increased
significantly compared to the Sham group.

In the group, in which the administration of alteplase was
mitiated after 1 hour from the initiation of i1schemia, no
parameter was recognized, which showed remarkable
increase compared to the Sham group, but 1n the group, 1n
which the administration was 1nitiated after 3 hours, signifi-
cant increase in IL-1p, TNF-a and IL-6 compared to the
Sham group was recognized. Among others, significant
increase i IL-1 and IL-6 relevant to the control group was
also recognized.

In the group administered with alteplase and aspirin in
combination, the increase of IL-1 and TNF-a, which was
obvious when alteplase was administered singly, was not
recognized.

Among the SMTP-7 administration groups, not only 1n
the group, 1n which the administration was initiated after 1
hour, but also in the group, 1n which the administration was
initiated after 3 hours, remarkable increase in IL-1p, TNF-a
and IL-6 was not recognized, namely SMTP-7 inhibited
increase ol such parameters.

In the SMTP-22 administration group, the SMTP-25
administration group, the SMTP-43 administration group,
and the SMTP-44D administration group, remarkable
increase 1 IL-13, TNF-a and IL-6 was not recognized,
namely SMTP-22, SMTP-25, SMTP-43, and SMTP-44D
inhibited increase of such parameters.

In the SMTP-6 administration group, the increase in

IL-113, TNF-o and IL-6 was not inhibited.

Example 7

Study of Free Radical Scavenging Activity of
Triprenyl Phenol Compound

To study the free radical scavenging activity of a triprenyl
phenol compound, the following H-ORAC (hydrophilic
oxygen radical absorbance capacity) assay, and modified
H-ORAC (mH-ORAC) assay were conducted.

SMTP compounds evaluated by H-ORAC were used
respectively 1 a form of a sodium salt aqueous solution, and
the compounds evaluated by mH-ORAC were used respec-
tively 1 a form of an acetone solution.

In H-ORAC a test compound was diluted appropnately
with a bufler solution (75 mM phosphate bufler solution, pH
7.4) and used for measurement. In mH-ORAC a test com-
pound was diluted appropnately by a 50% (v/v) acetone
solution, prepared by diluting an acetone solution with
water, to prepare a solution of 40-fold the final concentra-
tion. The solution was diluted 10-fold with a builer solution
for measurement (acetone final concentration 1.25%). As for
the reference material Trolox, 500 uM/bufler solution was
diluted appropriately with a bufler solution.

To a 96-well microplate (transparent, flat bottom, black
wall) 50 uL of a test compound solution or a Trolox solution
was placed, and additionally 100 uL of a fluorescein 140
nM/bufler solution as a fluorescent substance was added
({inal concentration 70 nM), followed by incubation at 37°
C. for 10 mM.

As a free radical generator, 50 ul. of a 48 mM/bufler
solution of 2,2'-azobis(amidinopropane)dihydrochloride
was added (final concentration 12 mM), and fluorescence
intensity at fluorescence wavelength of 535 nm with exci-
tation wavelength of 485 nm was measured at 2 min
intervals for 90 min. The calibration curve was prepared
between the Trolox final concentrations of 5 to 15 uM. The
measurement was conducted by changing the concentration
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with n=3, and plotted on a diagram with time on the abscissa
and the fluorescence intensity on the ordinate. Therewith
evaluation was made using the value obtained by reducing
the area under the curve for the blank from the area under the
curve for the sample. The result was expressed as an
equivalent to Trolox. The results are shown in Table 13,
wherein TE stands for a Trolox equivalent.

TABLE 13

Measuring

method molTE/mol
SMTP-0 mH-ORAC 7.76 £0.36
SMTP-1 mH-ORAC 4.35 = 0.55
SMTP-4 H-ORAC 1.79 £ 0.02
SMTP-5D H-ORAC 1.71 = 0.20
SMTP-6 H-ORAC 3.73 £0.42
SMTP-7 H-ORAC 2.08 £0.13
SMTP-7 mH-ORAC 1.82 £ 0.27
SMTP-8 mH-ORAC 1.69 = 0.14
SMTP-11 H-ORAC 2.52 £0.12
SMTP-12 H-ORAC 3.18 £0.13
SMTP-13 H-ORAC 3.07 £ 0.51
SMTP-14 H-ORAC 4.43 = 0.49
SMTP-18 mH-ORAC 7.34 £0.22
SMTP-19 H-ORAC 1.36 = 0.05
SMTP-20 H-ORAC 1.80 = 0.46
SMTP-21 H-ORAC 3.57 £0.13
SMTP-22 H-ORAC 3.63 £ 0.15
SMTP-23 H-ORAC 6.34 + 0.37
SMTP-24 H-ORAC 3.95 £0.13
SMTP-25 H-ORAC 5.03 £0.72
SMTP-26 mH-ORAC 2.05 £0.27
SMTP-27 H-ORAC 5.01 £0.27
SMTP-28 H-ORAC 6.89 = 0.03
SMTP-29 H-ORAC 5.60 £ 0.08
SMTP-36 H-ORAC 3.61 £0.04
SMTP-37 H-ORAC 4.09 = 0.07
SMTP-42 H-ORAC 3.28 £ (0.25
SMTP-43 H-ORAC 2.74 £ 0.26
SMTP-43D H-ORAC 2.32 £0.12
SMTP-44 H-ORAC 4.84 = 0.43
SMTP-44D H-ORAC 5.56 £0.18
SMTP-46 H-ORAC 3.19 £ 0.13
SMTP-47 H-ORAC 2.13 £0.22

Meanwhile, just as a reference value, the ORAC value for a-tocopherol measured by an

ORAC assay same as the above was 0.50 + 0.02 by Trolox equivalent (Huang et al., J.
Agric. Food Chem., 50, 1815-1821 (2002)).

As obvious from Table 13, all of the SMTP compounds
according to the present invention have free radical scav-
enging activity equivalent to or higher than Trolox. Conse-
quently, it 1s clear that the SMTP compounds according to
the present invention have high antioxidative activity.

Example 8

Study of Plasmin Activity by Fibrinogen
Zymography Method

The quantity of plasmin/o.,-antiplasmin in plasma was
measured by a fibrinogen zymography method for evaluat-
ing the plasmin activity, when a triprenyl phenol compound
was administered to a mouse cerebral infarction model. As
triprenyl phenol compounds, SMTP-7, SMTP-6, SMTP-22,
SMTP-25, SMTP-43, and SMTP-44D were used.

The triprenyl phenol compounds were prepared same as
in Example 2 and Example 5. The admimstration of 10
mg/kg of a triprenyl phenol compound was 1nmitiated 1 hour
after the initiation of 1schemia. The administration method
was same as Example 3. Six mice were used for each
condition.

A blood sample was taken according to the following
method at 3 time points, namely after the completion of the
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administration O hour (immediately after the completion), 1
hour, and 3 hours. Under anesthesia with 1 to 1.5% i1soflu-
rane, the tail was cut 1n and 90 uL of blood was withdrawn
from the abdominal vena cava into a syringe containing 10
uL of sodium citrate (3.8%) (sodium citrate:blood=1:9, final
concentration of sodium citrate 0.38%).

After collection the blood was centrifuged (3000 rpm, 15
min, 4° C.) to separate plasma. A part of the plasma was
mixed with equal quantity of a sample bufler (125 mM
Tris-HCI (pH 6.8), 4% (w/v) SDS, 0.04% (w/v) bromophe-
nol blue, 20% (w/v) sucrose), which was then divided into
small fractions, and cryopreserved.

A part of the plasma was reserved and diluted 300-1old
with 0.1 N NaOH and the protein content was determined by
the Bradiford method in order to even out the protein mass
to be applied to an electrophoresis gel.

As the standard sample, a sample was prepared by react-
ing 10 ul of 120 nM plasmin (by SIGMA) and 10 uL of 600
nM a,-antiplasmin (by Wako Pure Chemical Industries,
Ltd.) at 37° C. for 30 min, and mixing the same with 20 uL
of the sample bufler.

An clectrophoresis gel was prepared by overlaying a
stacking gel on a 7.5% running gel containing 2 mg/ml.
fibrinogen (by SIGMA). Based on the determined protein
mass, 3 to 15 ulL of the sample was applied, so that the equal
amount of protein was applied.

After electrophoresis at 10 mA/sheet, for 3 hours the
stacking gel was removed and rinsed for 30 min twice with
about 100 mL/gel of a rinse liquid (2.5% 'Triton X-100).
After rinsing, incubation was carried out at 37° C. for 24 to
60 hours under gentle shaking with about 100 mL/sheet of
an incubation bufler (0.1 M glycine-50 mM Tris-HCI, pH
8.3 at 37° C.).

Thereafter the gel was stained by a stain solution (0.075%
CBB 8250, 22.5% methanol, 2.25% sulfosalicylic acid dihy-
drate, 7.5% trichloroacetic acid) at room temperature for 15
to 30 min with gentle shaking. Removing the stain solution,
the gel was decolored by a decoloring solution (methanol:
acetic acid:water=1:1:6), which was replaced with water at
an appropriate time point according to appearance ol bands
observed.

The 1image on the gel was read 1n by an 1imaging analyzer
(Printgraph (AE-6933FXCF), by AT'TO) and the band inten-
sity was evaluated. The results are expressed as a ratio to the

value of the control group at 0 hour after the completion of
the administration (immediately after the completion). The
results are shown 1n Table 14.

TABLE 14

After completion of administration

O hr 1 hr 3 hr
Control 1 = 0.26 1.01 £ 0.27 0.99 + 0.23
SMTP-7 1.49 + 0.13 3.23 £ 0.47%% 3.27 £ 0.67**
SMTP-6 1.08 = 0.12 1.17 £ 0.14 1.68 + 0.10
SMTP-22 1.79 = 0.21% 2.08 + 0.33% 1.99 + 0.78
SMTP-25 244 0.28%% 2.68 £ 0 33%% 2.98 + 0.60%*
SMTP-43 2.64 = 0.56%% 3.04 £ 0.47%% 3.18 £ 0. 78%*
SMTP-44D 0.53 £ 0.11 0.66 = 0.10 0.75 £ 0.22

Numerical expression represents: mean £ SE (n = 6)
*P < 0.05;

**P < 0.01 (Comparison with the values of the control of the same admimstration time by
ANOVA and thereafter by Bonferroni test.)

Among the SMTP-7 administration groups, 1n case of 1
hour after the completion of the administration significant
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increase of the plasmin activity was recognized and similar
activity was maintained in case of 3 hours after the comple-
tion of the administration.

Among the SMTP-22 administration groups, the SMTP-
25 administration groups, and the SMTP-43 administration
groups, even 1n the case immediately after the completion
significant increase of the plasmin activity was recognized
and similar activity was maintained 1n cases of 1 hour and
3 hours after the completion of the administration.

Among the SMTP-6 administration groups, and the
SMTP-44D admimstration groups, no significant increase of
the plasmin activity was recognized.

Example 9

Study of Therapeutic Effect of SMTP-7 1n
Crab-Eating Monkey Cerebral Infarction Model

A reducing effect of a cerebral infarction size and an
improving elfect of a neurological symptom of SMTP-7 1n
a crab-eating monkey cerebral infarction model were studied
according to the following testing method.

| Constitution of Groups]

Medium group: physiological saline solution, 2 to 3 year
old male crab-eating monkeys, 6 monkeys

SMTP-7 administration group: 10 mg/kg, 2 to 3 year old

male crab-eating monkeys, 6 monkeys
|Environmental Conditions of Animal Room]

Cage: stainless steel cage WxDxH=600x600x800 (mm)

Cage floor size: 0.36 m”
Temperature (allowable range): 20 to 26° C.
Humidity (allowable range): 40 to 70%
Lighting hours (setup): 12 hours/day (7:00 to 19:00)
Poundage condition: individual housing
[Feed]
Kind: solid feed LabDiet (by PMI Nutrition International )
Feeding method: daily 100 g
|[Drinking Water]
Kind: tap water
Water feeding method: free-feeding by a 500 mL water
bottle
| Administration of Test Substance]
Administration route of test substance:

administration

Test substance dose: 10 mg/kg

Admimstration method of test substance: The administra-
tion volume was set at 10 mL/kg. A Surtlo indwelling needle
was indwelled 1n the left saphenous vein, 1 mg/kg (1 mL/kg)
was administered 1 hour after ischemia as a bolus over 5 sec,
then 9 mg/kg (9 mL/kg) was administered continuously over
30 min using a syringe pump.

Preparation of administration liquid: SMTP-7 was dis-
solved 1n a physiological saline solution at 1 mg/mL. More
particularly, to 70.0 mg of a SMTP-7 sodium salt (contain-
ing 63.1 mg of SMTP-7) was added 63.1 mL of a physi-
ological saline solution, and the liquid was stirred by a
magnetic stirrer under heating 1n a hot-water bath (37° C.)
for dissolution. An ultrasonic treatment was conducted
according to need. After dissolution the liquid was subjected
to filter sterilization by a sterile filter (0.22 um, made of
cellulose acetate). The administration liquid was prepared
betore using. After the preparation 1t was kept 1n a 37° C.
hot-water bath until immediately before the use, and the
administration was fimshed within 4 hours after the prepa-
ration.

intravenous
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| Treatment of Cerebral Infarction]

Animal anesthesia was conducted according to the stan-
dard experimental protocol (SPHPR400-3A). More particu-
larly, anesthesia was induced by intramuscular administra-
tion of ketamine (Daiichi Sankyo Propharma Co. Ltd.) (10
mg/kg)+atropine (Mitsubishi Tanabe Pharma Corp.) (0.05
mg/kg). Therealter, conducting tracheal intubation, the ani-
mal was fixed to an operating table under inhalation anes-
thesia with 1soflurane (Abbott).

The treatment of cerebral infarction was conducted
according to the standard experimental protocol
(SPHPR710-15A). More particularly, after extirpating the
right eyeball, the eyeground bone outside the optic nerve
exit was removed by a dental drill to expose the dura mater.
The dura mater was carefully detached to identily the middle
cerebral artery. The origin part of the middle cerebral artery
was separated from the arachnoid mater and a light 1rradia-
tion probe for generating a thrombus was fixed on the middle
cerebral artery. At the distal end of the probe a probe of a
pulse Doppler blood flowmeter (Crystal Bio, PDV-20) was
placed. An intravenous administration of rose bengal (Wako
Pure Chemical Industries, Ltd.) (20 mg/kg) over 6 min was
initiated and an 1rradiation with green light with the wave-
length of 540 nm (1.40 million LUX) was conducted for 20
min to block the middle cerebral artery by a thrombus. The
initiation time of the light irradiation and the administration
of the rose Bengal was defined as the initiation time of
ischemia. The middle cerebral artery blood flow was mea-
sured by the pulse Doppler blood flowmeter continuously
for 2 hours from the initiation time of the light 1rradiation
and then the 1ncision was closed. A series of procedures were
carried out completely under an operating microscope to
mimmize mtraoperative hemorrhage to the utmost. Further,
the rectal temperature of an amimal under operation was
monitored, and the amimal was kept warmed by a heating
pad, so as to maintain the body temperature of the amimal in
a physiological range (37.0 to 38.5° C.).

|[Postoperative Management]

An imtramuscular administration of penicillin G (Mei
Seika Pharma, Limited) (100,000 Umit/head/day) was car-
ried out as a preventive measure against infection and an
analgesic treatment by means of an admainistration of 0.02
mg/head of buprenorphine hydrochloride (Lepetan, Otsuka
Pharmaceutical Co., Ltd.).

[Evaluation Method of Neurological Symptom]

Neurological symptoms as described below were
observed 24 hours after 1schemia according to J. Neurosci.
Meth., 2001; 105: 45-53.

Rating of a neurological symptom score:
(1) Consciousness

Active movement, same as normal animal (0)

Arousal state, aggressive (4)

Arousal state, able to escape (6)

Arousal state, but slow to react (8)

Drowsiness (mild), reactive to stimulation (10)

Drowsiness (severe), eye 1s opened by strong stimulation
(16)

Loss of sensation, reactive to persistent stimulation (20)

Coma (mild), reflex movement only (24)

Coma (severe), motionless (28)

(2) Sensory system

Sense of face (ipsilesional/contralesional)

Normal reaction to facial stimulation (0/0)

No normal reaction to facial stimulation (3/3)

Reaction of auricular (ipsilesional/contralesional)

Reactive when ear 1s pulled (0/0)

Not reactive when ear 1s pulled (3/3)
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Painful stimulation (inferior limb, 1psilesional/contral-
esional)

When toe 1s mipped, it 1s quickly drawn away (0/0)

When toe 1s nipped, 1t 1s slowly drawn away (3/3)

When toe 1s nipped, 1t 1s not drawn away (5/5)

(3) Motor system

Hand (ability to grip/move, ipsilesional/contralesional)

Normal (0/0)

Decrease 1n gripping force/disharmonious movement

(2/2)

Paralyzed, unable to grip (4/4)

Leg/foot (ability to grnip/move,
esional)

Normal (0/0)

Able to bend and lift knee (2/2)

Able to move but unable to lift (4/4)

Paralyzed, unable to move (6/6)

Upper arm muscle tone (1ipsilesional/contralesional )

Normal (0/0)

Obvious muscle relaxation (spastic) (3/3)

Inferior limb muscle tone (1psilesional/contralesional)

Normal (0/0)

Obvious muscle relaxation (spastic) (3/3)

(4) Skeletal muscle coordination system

Normal, able to walk (0)

Failure of muscular coordination (mild), disturbance in
walking (4)

Failure of muscular coordination, unable to climb to a
roost (6)

Able to stand up spontaneously, difficult to walk (10)

S1t down position on floor, circling movement by stimu-
lation (12)

Side-lying position on floor (16)

Motionless (18)

|Collection of Brain Specimen]

After the neurological symptom observation 24 hours
alter the operation, a euthanasia treatment was conducted by
means of a megadose of pentobarbital and the brain was
extirpated. S1x mm-thick coronal slices were prepared and
photographed for quantitative determination of a hemor-
rhagic infarction. Thereatter, the infarction area was stained
in a 2% TTC solution and photographs were taken for
quantitative determination of an infarction size. For evalu-

ations of the hemorrhagic infarction and the infarction area,
the occipital lobe side of each slice was used.

| Analysis Method]

Photographs of an individual were converted to TIF
images and hemorrhagic infarction areas and the respective
infarction areas were marked by Photoshop 7.0 (Adobe),
which sizes were then measured by Scion Image 0.4.0.3
(Scion Corporation).

As a hemorrhagic infarction area the sum of area sizes of
the respective cross-sections was used.

An 1infarction area was measured for cerebral cortex,
white matter, and basal ganglion separately with respect to
each cross-section, and the infarction volume (mm’) was
calculated by multiplying the thickness (6 mm) of the slice.

The experiment result data were tabulated and graphed by
Microsolt Excel (Version 2003, Microsoft Inc.) and
expressed 1n meanzstandard deviation (S.D.).

Statistical analysis was conducted using Microsoit Excel
(Version 2003, Microsoit Inc.), and an unpaired t-test (equal
variances) was carried out between the medium group and
the SMTP-7 administration group to judge that significant
difference was present 11 P<0.05.

ipsilesional/contral-
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[Results of Blood Flow Measurement]

Time to Occlusion and Total Occlusion Time are shown 1n
Table 15. With respect to Time to Occlusion and Total
Occlusion Time, no significant difference was recognized
between the medium group and the SMTP-7 administration
group.

Since the administration of the medium and SMTP-7 was
mitiated 60 min after 1schemia, the Total Occlusion Time
was divided into the Occlusion Time from the initiation of
the 1schemia to 60 min after the same, and the Occlusion 10
Time from 60 min after the same to 120 min after the same,
and analyzed respectively. As shown 1n Table 16, no sig-

nificant reducing action on the occlusion time was recog-
nized.

15
TABL.

L1l

15

Total Occlusion
Time (min)

Time to

Treatment Occlusion (min)

103.3 £ 6.5
6.8 £ 18.8

Medium group 20

SMTP-7 administration
group

Treatment

Medium group
SMTP-7 administration

group

*P < 0.05 vs. medium group

35

40

45

50

Treatment

Medium group
SMTP-7 administration

goup

3

e

Unit: mm

*P < 0.05 vs. medium group

Consciousness

10.3 = 3.
7.7+ 2.
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TABLE 16
Occlusion Time (min)
Treatment O~60 min 60~120 min
Medium group 46.3 £+ 4.9 57.0 £ 2.3
SMTP-7 administration 45.5 £ 3.8 41.3 + 18.9

oTroup

|Observation Results of Neurological Symptom]

The observation results of a neurological symptom 24
hours after ischemia are shown 1n the following Table 17. In
the SMTP-7 administration group significant neurological
symptom improving action (P<0.05) was recognized 1n the
sensory system and the skeletal muscle coordination system.
Further, significant neurological symptom improving action
(P<<0.05) was recognized also 1n the total score.

TABL.

T

17

Skeletal muscle

Sensory system Motor system  coordination system Total

2
0

9.7 = 1.0
7.5 £ 1.6%

13.7 = 2.7
10.7 = 2.7

10.0 = 3.1
5.3 £ 2.4%

43.77 = 8.1
31.2 =+ 7.9%

[Measurement Results of Infarction Size]

The measurement results of the hemorrhagic infarction
area size and the cerebral infarction size 24 hours after
ischemia are shown in the following Table 18 and Table 19.
In the SMTP-7 administration group, significant reduction
(P<<0.05) about the hemorrhagic infarction was recognized.
Further, by the SMTP-7 administration, significant reduction
(P<<0.05) 1n the infarction size of the basal ganglion, and
significant reduction (P<0.05) in the whole infarction size
were recognized.

TABL.

(Ll

18

Hemorrhagic infarction area size
Treatment (mm?)
29.0 £ 9.6

14.1 = 7.4 (P < 0.05)

Medium group
SMTP-7 administration

group

TABLE 19

Total Cerebral cortex  Basal ganglion White matter

3358.2 £ 1299.3 R77.7 + 1081.3 2291.2 = 379.7
1745.1 £ 749.5% 237.8 + 198.8  1419.7 £ 633.8*

189.3 = 105.8
7.7 £ 71.8
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From the above i1t has become clear that significant
reducing action of the infarction size 24 hours after 1schemia
was exhibited 1n a crab-eating monkey thrombotic middle
cerebral artery occlusion model as the result of the admin-
istration of SMTP-7 (10 mg/kg) 1 hour after 1schemia.
According to this result, a significant improving action of a
neurological symptom and a significant reducing action of a
hemorrhagic infarction were indicated.

Although the cerebral infarction area reducing action of
SMTP-7 1s believed to be attributable to the thrombolytic
action of the same, there was no influence on the occlusion
time of the middle cerebral artery according to the above
study results. A reason for this may be attributable to a short
measurement time ol the blood flow after the SMTP-7
administration. SM'TP-7 reduced significantly the infarction
s1ze of the basal ganglion including a striate body as a main
part. The striate body 1s the site most vulnerable to 1schemia
and 1s a region depending on the blood flow of the perto-
rating artery from the origin part of the middle cerebral
artery. While, the blood flow measuring point was at a distal
part of the middle cerebral artery, and SMTP-7 should have
lysed gradually a thrombus from the origin part of the
middle cerebral artery occluded by the thrombus, thus
presumably resulting 1n remarkable reduction in the infarc-
tion size of the basal ganglion.

The results of Examples 1 to 9 can be summarized as
follows.

As obvious from the results of Examples 2 and 3, 1t has
been confirmed that SMTP-7 exhibits a suppressing action
on the infarction area percentage and on the expression of a
neurological symptom in a cerebral infarction model animal.

As obvious from the results of Example 4, it has been
confirmed that SMTP-7 can gradually recover the cerebral
blood flow after infarction 1n a cerebral infarction model
amimal. From this fact it can be presumed that with SMTP-7
the risk of causing 1schemia reperfusion damage inherent to
rapid recovery of the blood flow 1s limited.

As obvious from the results of Example 6, 1t has been
confirmed that SMTP-7 exhibits an inhibitory action on
increase 1n mtlammation parameters of IL-13, TNF-a, and
IL-6 1n a cerebral mfarction model animal.

As obvious from the results of Example 7, 1t has been
confirmed that SMTP-7 exhibits a strong scavenging action
on a Iree radical, which 1s one of the damaging factors with
respect to cell damaging caused by 1schemia, and has an
antioxidative activity.

As obvious from the results of Example 8, it has been
confirmed that SMTP-7 exhibits an enhancing action on the
plasmin activity 1n the blood.

As obvious from the results of Example 9, it has been
confirmed that SMTP-7 exhibits a significant reducing
action on the infarction size, and exhibits a significant
improving action on a neurological symptom and a signifi-
cant mitigating action on a hemorrhagic infarction, in a
cerebral infarction model animal.

From the above, a composition containing SMTP-7 can
be used as a cytoprotective agent having the effectiveness for

inhibiting the dysfunction caused by ischemia.

As obvious from the results of Example 3, it has been
confirmed that SMTP-22 and SMTP-43 exhibit a suppress-
ing action on the infarction area percentage and on the
expression ol a neurological symptom 1n a cerebral infarc-
tion model animal.

As obvious from the results of Example 6, it has been

confirmed that SMTP-22, SMTP-25, SMTP-43 and SMTP-
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44D exhibit an inhibitory action on increase 1n inflammation
parameters of 1L-1§3, TNF-a, and IL-6 1n a cerebral infarc-
tion model animal.

As obvious from the results of Example 7, it has been
confirmed that SMTP-6, SMTP-22, SMTP-25, SMTP-43
and SMTP-44D exhibit a strong scavenging action on a free
radical, which 1s one of the damaging factors with respect to
cell damaging caused by 1schemia, and have an antioxida-
tive activity.

As obvious from the results of Example 8, 1t has been
confirmed that SMTP-22, SMTP-25 and SMTP-43 exhibit
an enhancing action on the plasmin activity in the blood.

With respect to SMTP-6, SMTP-25 and SMTP-44D,
however, it has been not confirmed 1n Example 5 that they
exhibit a suppressing action on the infarction area percent-
age and on the expression of a neurological symptom. On
the other hand, 1t has been confirmed that SMTP-6 has a
scavenging activity on a free radical. Further, it has been
confirmed that SMTP-25 inhibits increase of an inflamma-
tion parameter, has scavenging activity on a free radical, and
enhances the plasmin activity in the blood. It has been
confirmed that SMTP-44D 1nhibits 1ncrease of an intlam-
mation parameter, and has scavenging activity on a free
radical.

It can be presumed that SMTP-6, SMTP-25 and SMTP-
44D would exhibit a suppressing action on the infarction
arca percentage and on the expression of a neurological
symptom, 1f the dose thereof to a model animal should be
adjusted appropnately.

From the above, a composition containing any one
selected out of SMTP-6, SMTP-22, SMTP-25, SMTP-43
and SMTP-44D can be used as a cytoprotective agent having
the eflectiveness for inhibiting the dysfunction caused by
1schemia.

As obvious from the results of Example 7, 1t has been
confirmed that SMTP-0, SMTP-1, SMTP-4, SMTP-5D,
SMTP-8, SMTP-11 to 14, SMTP-18 to 21, SMTP-23,
SMTP-24, SMTP-26 to 29, SMTP-36, SMTP-37, SMTP-42,
SMTP-43D, SMTP-44, SMTP-46 and SMTP-47 exhibit a
scavenging action as strong as, or stronger than Trolox, on

a Iree radical, which 1s one of the damaging factors with
respect to cell damaging caused by ischemia, and have an
antioxidative activity.

From the above, a composition containing any one
selected out of SMTP-0, SMTP-1, SMTP-4, SMTP-5D,

SMTP-8, SMTP-11 to 14, SMTP-18 to 21, SMTP-23,
SMTP-24, SMTP-26 to 29, SMTP-36, SMTP-37, SMTP-42,
SMTP-43D, SMTP-44, SMTP-46 and SMTP-47 can be
used as a cytoprotective agent having the effectiveness for
inhibiting the dysfunction caused by 1schemia.

Consequently, a composition containing a triprenyl phe-
nol compound according to the present invention can be
used as a cytoprotective agent having the effectiveness for
inhibiting the dystunction caused by 1schema.

Further, a composition contaiming a triprenyl phenol com-
pound according to the present invention can be used for a
method of treatment for ischemic damage including the
administration of the composition to a patient aflected by
ischemic damage.

The entire disclosures of Japanese Patent Application No.
2009-160278 applied on Jun. 7, 2009 are hereby incorpo-
rated by reference.

All the literature, patent literature, and technical standards
cited herein are also herein incorporated to the same extent
as provided for specifically and severally with respect to an




US RE49,351 E

49

individual literature, patent literature, and technical standard
to the eflect that the same should be so icorporated by
reference.

Sequence Listing

SEQUENCE LISTING

<l60> NUMBER OF SEQ ID NOS: 2

<210> SEQ ID NO 1
«211> LENGTH: 23
<212> TYPE: DHNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer for b-actin

<400> SEQUENCE: 1

ccttecttet tgggtatgga atc

«<210> SEQ ID NO 2
<211> LENGTH: 23
«212> TYPE: DNA

<213> ORGANISM: Artificial
«220> FEATURE:
<223> OTHER INFORMATION: b-actin R

<400> SEQUENCE: 2

tgctaggagce cagagcagta atc

The 1nvention claimed 1s:

[1. A method of treatment of cerebral hemorrhagic infarc-
tion, comprising the step of administering a drug containing,
a triprenyl phenol of formula (II) or formula (III) to a patient
allected by cerebral hemorrhagic infarction:

(1)

R
/
N
}(1‘u5_,af”h“‘a~]ﬁﬁﬁﬁﬁ:ﬁ‘nhh_,,f”h“*uh_,a”(j ‘ "‘mhh‘_;’jri:zz::()
HO 7
OH
(I1I)
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wherein X', X* and X° are each independently —CHY—
C(CH,),Z; Y and 7Z are each independently —H or

—OH, or jointly form a bond, and R" is selected from
among any one of the following (A) through (C):

23

23

(A) a residue of an amino compound selected from the
group consisting of a natural amino acid, a D-1somer
of a natural amino acid, and a compound derived by
replacing a carboxy group in a natural amino acid, or
a D-1somer of a natural amino acid, with a hydrogen
atom, a hydroxy group, or a hydroxymethyl group,
from which one amino group has been removed,
with the proviso that R' is not hydroxymethyl;

(B) an aromatic group having at least one selected from
the group consisting of a carboxy group, a hydroxy
group, a sulfonic group and a secondary amino group
as a substituent or a part of a substituent, or an
aromatic group that contains a secondary amino
group and may contain a nitrogen atom; and

(C) an aromatic amino acid residue represented by the
following formula (II-1)

COOH

(11-1)

wherein, in formula (II-1), n is 0 or 1, and R” is at least
one substituent selected from the group consisting of a
hydroxy group, a carboxy group, and a C1 to C5 alkyl
group, wherein R® may be present or absent; and

wherein, in formula I1I, R* and the two nitrogens to which
it 1s attached are derived from a diamine selected from

the group consisting of: a natural amino acid with two
amino groups; a D-1somer of a natural amino acid with
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two amino groups; a compound derived from a natural
amino acid with two amino groups by replacing a
carboxy group with a hydrogen atom, a hydroxy group,
or a hydroxymethyl group; a compound derived from a
D-1somer of a natural amino acid with two amino
groups by replacing a carboxy group with a hydrogen
atom, a hydroxy group, or a hydroxymethyl group;
compounds having the formula H,N-—CH(COOH)—
(CH,) —NH, wherein n 1s an mteger from 0 to 9; and
compounds having the formula H,N-—CH(COOH)—
(CH,),,—S,—(CH,) —CH(COOH)—NH, wherein
m, p and q are each mdependently an integer from 0 to

9]

[2. The method of treatment of cerebral hemorrhagic

infarction according to claim 1, wherein the triprenyl phenol
compound is SMTP-7 ]

10

R

/

N

HO

OH
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35

40

52

[3. The method of treatment of cerebral hemorrhagic
infarction according to claim 1, wherein the patient 1s a
patient with respect to whom treatment with a thrombolytic
drug is contraindicated.}

[4. The method of treatment of cerebral hemorrhagic

infarction according to claim 3, wherein the triprenyl phenol
compound is SMTP-7.]

5. A method for treating cevebral thrombosis in a human
subject in need thereof, comprising administering a thera-
peutically effective amount of a compound represented by
formula (IIl) to the human subject suffering from cerebral

thrombosis, wherein use of a thrombolytic drug is contrain-
dicated in the human subject:

(111)

\N

O Q\‘/ O\/\/ﬁ/\/)@’
\(\/\OH

OH

wherein X° and X° are each —CHY—C(CH,).Z; Y and Z

jointly form a bond, and R° and the two nitrogens to which

it is attached arve derived from compounds having the

formula H. N—CH(COOH)Y—(CH,),—NH, wherein n is 3.

6. A method for treating cerebral embolism in a human
subject in need thereof, comprising administering: to a
subject experiencing a cevebral embolism and having expe-
rienced at least one symptom of said cerebral embolism for
three or more hours, a therapeutically effective amount of a
compound rvepresented by formula (Ill) to the human sub-

ject:

uy,

R‘?

/

N

X

XWW ‘~ ‘

HO/\/

F

OH

@,

\N

0 2\‘/0\/\/\(\/‘8 |
X

DR

OH
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wherein X° and X° are each —CHY—C(CH)),Z; Y and Z
Jointly form a bond, and R’ and the two nitrogens to which
it is attached are derived from compounds having the
formula H . N—CH(COOH)—(CH,) —NH, wherein n is 3.

7. A method for treating cerebral embolism in a human
subject in need thereof, comprising administering: to a
subject experiencing a cevebral embolism and having a
contraindication for use of a thrombolytic drug, a therapeu-
tically effective amount of a triprenyl phenol of formula (I1I)
to the human subject:

/

X?\/\]/\/\/O ‘
HO/

\

wherein X° and X° are each independently —CHY
—C(CH ) ,Z; Y and Z are each independently —H or —OH,

or jointly form a bond, and
R’ and the two nitrogens to which it is attached are derived

from compounds having the formula H,N—CH(COOH)—
(CH,) —NH, wherein n is an integer from 0 to 9.

8. A method of reducing ischemia reperfusion damage in
a human subject, wherein the human subject is suffering
from cervebral thrombosis or cevebral embolism and having
experienced at least one symptom of said cerebral throm-
bosis or cerebral embolism for three or more hours, said
method comprising administering a therapeutically effective
amount of a triprenyl phenol of formula (IIl) to the human
subject:

N/R\

Y

X\/\I/\/\/O ‘ AN
0 S
OH

wherein X° and X° are each

—(C(CH,),Z; Y and Z are each independently —H ov —OH,
or jointly form a bond, and

R’ and the two nitrogens to which it is attached are derived 65

from compounds having the formula H.N—CH(COOH)—
(CH,),—NH, wherein n is an integer from 0 to 9.

independently —CHY
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9. A method for treating cevebral thrombosis in a human
subject in need therveof, comprising administering, to the
subject suffering from cerebral thrombosis and having expe-
rienced at least one symptom of said cevebral thrombosis for

three or more hours, a therapeutically effective amount of a
triprenyl phenol of formula (III) to the human subject:



US RE49,351 E

3

NG

)@\/\I/\/\/O\‘/Q O O
HO/\/\K

OH

wherein X° and X° are each independently —CHY 5

—(C(CH ), Z; Y and Z are each independently —H or —OH,
or jointly form a bond, and

R’ and the two nitrogens to which it is attached are derived
from compounds having the formula H . N—CH(COOH)—
(CH,),—NH, wherein n is an integer from 0 to 9.

10. The method of claim 9, wherein said administering is
carried out within 12 hours of onset of at least one symptom
of cervebral thrombosis.

11. The method of claim 9, wherein said subject has
discontinued thrombolytic drug treatment for cerebral
thrombosis.

12. The method of claim 9, wherein said administering is
carried out after the administration of a thrombolytic drug.

56
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13. The method of claim 9, wherein no additional throm-
bolvtic drug is administered to the subject in combination
with the compound of formula (I1I).

14. The method of claim 7, wherein said triprenyl phenol
of formula (III) has Y and Z jointly forming a bond and n is

20 3.

15. The method of claim 8, wherein said triprenyl phenol
of formula (III) has Y and Z jointly forming a bond and n is

3.
16. The method of claim 9, wherein said triprenyl phenol

> of formula (IIl) has Y and Z jointly forming a bond and n is

3.
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