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(57) ABSTRACT

Administration of either a tocopherol represented by the gen-
eral formula (1) or a tocotrienol compound ester derivative
before or after exposure to radiation is effective in preventing
or treating health disorders caused by the radiation exposure.
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RADIATION PROTECTION DRUG
CONTAINING TOCOPHEROL OR
TOCOTRIENOL COMPOUND ESTER
DERIVATIVE AS ACTIVE INGREDIENT

TECHNICAL FIELD

[0001] The present invention relates to the prevention and
treatment of health disorders caused by exposure to radiation
or cosmic rays, and protection against radiation injuries
caused as side effects of radiodiagnosis or radiotherapy.

BACKGROUND ART

[0002] With the recent spread of measuring instruments
and medical instruments which utilize radiation, persons who
operate them and doctors and technical experts who conduct
radiotherapy of cancer are always confronted with injury risk
incurred by exposure to radiation. With an increase of the
utilization of airplanes, carcinogenesis risk incurred by expo-
sure to cosmic rays of aircrews and passengers is in question.
In addition, carcinogenesis risk incurred by exposure to a
slight amount of radiation of persons who undergo a medical
examination by utilization of X-ray CT or the like is in ques-
tion. On the other hand, it is pointed out that common persons
may possibly be injured by exposure to radiation owing to an
accident or terrorism connected with an atomic power station.
Therefore, the development of a radiation protection drug for
overcoming the risk of health disorders caused by exposure to
radiation is an important social problem. However, very few
radiation protection drugs for preventing and treating health
disorders caused by exposure to radiation have been put to
practical use (in the U.S.A., amifostine has been approved for
preventing xerostomia in cancer radiotherapy in head-neck; J.
Clin. Oncol. 18,339 (2000)), and the development of a novel
radiation protection drug is desired. Various aminothiols have
been reported as radiation protection drugs for effective pro-
tection against health disorders caused by exposure to radia-
tion (non-patent document 1). Shikita et al. have reported the
effectiveness of heat-killed lactobacillus preparations as a
radiation protection drug (Radiat. Res. 125,293 (1991)), and
Kagiya et al. have reported chromanol glycoside (patent
document 1). The present inventors have reported the utiliza-
tion of edaravone, a cerebral neuroprotective drug, as a radia-
tion protection drug (patent document 2 and non-patent docu-
ment 2), the protective effect of nitroxides on radiation (non-
patent document 3), and heat-treated yeasts containing
minerals (patent document 3).

[0003] Patent Document 1: JP 10-72356 A

[0004] Patent Document 2: Japanese Patent Application
No. 2002-67739

[0005] Patent Document 3: Japanese Patent Application
No. 2005-379185

[0006] Non-Patent Document 1: Tsutomu Sugawara et al.,
“Houshasen to Igaku”, Kyoritsu Shuppan Co., Ltd., 1986
[0007] Non-Patent Document 2: J. Radiat. Res, 45, 319-
323 (2004)

[0008] Non-Patent Document 3: Free Radic. Biol. Med.,
40, 1170-1178 (2006)

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

[0009] The present inventors found that ester derivatives of
a tocopherol or a tocotrienol compound afford effective pro-
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tection against radiation as a drug for effectively preventing
health disorders (side effects) caused by exposure to radiation
and radiodiagnosis or radiotherapy of cancer, whereby the
present invention has been accomplished.

[0010] An object of the present invention is to provide an
inexpensive drug for effective prevention and treatment of
health disorders due to radiation in the case of exposure to
radiation and diagnosis or therapy of cancer.

Means for Solving the Problem

[0011] Thatis, the present invention relates to the radiopro-
tective effect of ester derivatives of a tocopherol or a tocot-
rienol compound.

[0012] More specifically, the present invention relates to
use of a tocopherol or tocotrienol compound ester derivative
represented by the general formula (1) or a pharmaceutically
acceptable salt thereof for the manufacture of a drug for
preventing, treating or reducing health disorders caused by
exposure to radiation:

[Formula 1]
. (6]
R
R20
Q
R3 (o) CH;
R4

wherein Q is a group represented by

[Formula 2]
—GCHZCHZCHZCHQTCH3 or

CH;
[Formula 3]

—€CH,CH,CH=C3:-CH;

CH;

[0013] R'is a hydrogen atom or a methyl group,
[0014] R?is a group represented by
@
R,N(CH,),CO— [Formula 4]

wherein each of Rs, which may be the same or different, is a
hydrogen atom, a C,_, alkyl group or

[Formula 5]
R,’N(CH,),,CO— 3)

(wherein each of R®s, which may be the same or different, is
a hydrogen atom or a C, _, alkyl group, and m is 0 to 3), and 1
is 1 to 4,
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(ii)

[Formula 6]
H

R'— C— (CH,),—CO—

NR,

wherein n is O to 2, R is as defined above, and R' is a group
selected from the group consisting of residues of alanine,
arginine, valine, leucine, isoleucine, asparagine, aspartic
acid, glutamine, glutamic acid, phenylalanine, methionine,
cysteine, serine, threonine, tyrosine, proline, hydroxyproline,
histidine and lysine, or

(iif)

[Formula 7]

o @
—h

|

wherein each of Ys, which may be the same or different, is
—OH, —O7, or —OA wherein A is an alkali metal, and
[0015] each of R® and R*, which may be the same or dif-
ferent, is a hydrogen atom or a C,_, alkyl group.

[0016] In addition, the present invention relates to a drug
for preventing, treating or reducing health disorders caused
by exposure to radiation which comprises a tocopherol or
tocotrienol compound ester derivative represented by the
general formula (1) or a pharmaceutically acceptable salt
thereof:

[Formula 8]
2! (¢9)
R?0
Q
R? (0] CH;
R4

wherein Q is a group represented by

[Formula 9]
—¢ CHCH,CH,CH -5~ CH;
or
CH;
[Formula 10]
—CH,CH,CH==C-5-CHj
CHj
[0017] R'is a hydrogen atom or a methyl group,
[0018] R?is a group represented by
®
R,N(CH,),CO— [Formula 11]
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wherein each of Rs, which may be the same or different, is a
hydrogen atom, a C,_, alkyl group or

[Formula 12]
R,°N(CH,),,CO— 3)

(wherein each of R’s, which may be the same or different, is
a hydrogen atom or a C, _, alkyl group, and m is 0 to 3), and 1
is 1 to 4,

(i)

[Formula 13]
H

R'— C—(CH,),—CO—

NR,

wherein n is O to 2, R is as defined above, and R' is a group
selected from the group consisting of residues of alanine,
arginine, valine, leucine, isoleucine, asparagine, aspartic
acid, glutamine, glutamic acid, phenylalanine, methionine,
cysteine, serine, threonine, tyrosine, proline, hydroxyproline,
histidine and lysine, or

(iif)

[Formula 14]

)
(6]

Y—P——

wherein each of Ys, which may be the same or different, is
—OH, —O7, or —OA wherein A is an alkali metal, and
[0019] each of R? and R*, which may be the same or dif-
ferent, is a hydrogen atom or a C,_, alkyl group.

[0020] Furthermore, the present invention relates to a com-
pound represented by the general formula (2), or a pharma-
ceutically acceptable salt thereof (preferably, hydrochloride):

[Formula 15]
. (03]
R
R0
Q
R? O CH;
R?

wherein Q is a group represented by

[Formula 16]
—{ CH,CH,CH,CH 35— CH;

CH;
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[0021] R'is a hydrogen atom or a methyl group,
[0022] R?is a group represented by (v)
[Formula 17]
O
I .
O/C— or (vi)
N
I
CH;
[Formula 18]
H O
CH; _é — H_ (preferably L-form)
NHCH;
and
[0023] each of R® and R*, which may be the same or dif-

ferent, is a hydrogen atom or a C,_, alkyl group.

[0024] When Qis

[Formula 19]
—t CH,CH,CH,CH-5—CH;
|

CH;

in the compound represented by the general formula (1) or
(2), the compound is an aminoalkylcarboxylic acid ester
derivative of a tocopherol.

[0025] When Qis

[Formula 20]
—t CHZCH2CH=T 75— CHs

CH;

in the compound, the compound is an aminoalkylcarboxylic
acid ester derivative of a tocotrienol compound.

[0026] The compound represented by the general formula
(1) or (2) is preferably in d-form or dl-form.

[0027] Inthe formulas (i) and (ii), R is preferably a hydro-
gen atom, a methyl group or an ethyl group, more preferably
a methyl group.

[0028]
[0029] The alanine, arginine, valine, leucine, isoleucine,
asparagine, aspartic acid, glutamine, glutamic acid, phenyla-
lanine, methionine, cysteine, serine, threonine, tyrosine, pro-
line, hydroxyproline, histidine and lysine exemplified above
as R' may be in any of D-form, L-form and DL-form, while
they are preferably in L-form or DL-form.

[0030] While the pharmaceutically acceptable salt is not
particularly limited, a typical example thereof is hydrochlo-
ride.

In the formula (ii), n is preferably O or 1.
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[0031] Inthe compound represented by the general formula
(1) or (2), each of R? and R* is preferably a hydrogen atom or
a methyl group, more preferably a methyl group.

[0032] In the group represented by the formula (4), Y is
preferably —ONa.

[0033] “A Process for Producing an Ester of a Tocopherol
or a Tocotrienol Compound and N,N-dimethylglycine, or its
Hydrochloride”

[0034] Such acompound can be synthesized by the process
described by Takataetal.in JP 1-121285 A, JP 2002-80475 A,
non-patent document J. Lipid Res., 43, 2196 (2002), etc. For
example, d-y-tocopherol-N,N-dimethylglycine ester hydro-
chloride (R'=—=CH,, and R*-—N,N-dimethylaminoacetate
hydrochloride) can be obtained by reacting d-y-tocopherol
with N,N-dimethylglycine hydrochloride in an amount of 1.2
moles per mole of d-y-tocopherol and with dicyclohexylcar-
bodiimide in anhydrous pyridine at room temperature, isolat-
ing and purifying the reaction product by silica gel column
chromatography, and converting the purified product to
hydrochloride with hydrochloric acid-dioxane, followed by
recrystallization.

[0035] “A Process for Producing an Amino Acid Ester
Derivative of a Tocopherol or a Tocotrienol Compound”

[0036] Such an ester was synthesized by the process
described in literature (non-patent document: Wakasugi K. et
al., Tetrahedron Lett., 42, 7427-7430 (2001)). In acetonitrile
are dissolved a.- or y-tocopherol (1 equivalent), a correspond-
ing amino acid (1 equivalent; the amino group of cysteine is
protected with a tertiary butoxycarbonyl group ((CH,)
3;0CO—) and the thiol group is protected with a trityl group
((C¢Hs5);C—), N-methylalanine is protected with a tertiary
butoxycarbonyl group, and N-methylproline and N,N-dim-
ethylglycine are used without protection), N,N-dimethylbu-
tylamine (3 equivalents) and 4-(dimethylamino)pyridine (1
equivalent), and a solution of dimethylsulfamoyl chloride (2
equivalents) in acetonitrile is added thereto with stirring. The
reaction is carried out at 45-50° C. for 1 hour under an argon
atmosphere. Water is added to the reaction solution, followed
by extraction with ethyl acetate. The organic layer is washed
with water and saturated aqueous sodium chloride solution
and dried over magnesium sulfate. The solvent is distilled off
and the residue is purified by a silica gel column chromatog-
raphy (eluent: hexane/ethyl acetate) to obtain an ester (yield:
20-80%). The tertiary butoxycarbonyl group as protective
group was removed by treatment with hydrochloric acid/ethyl
acetate at 0° C. for 20 minutes and removal of the solvent by
distillation to obtain hydrochloride (yield: 90%). The tertiary
butoxycarbonyl group and trityl group for cysteine were
removed by the method known in literature (non-patent docu-
ment: Pearson D. A, et al., Tetrahedron Lett., 30, 2739-2742
(1989)), that is, they were removed by dissolution in methyl-
ene chloride and reaction with triethylsilane and trifluoroace-
tic acid at 0° C. for 1 hour. Ether was added to the reaction
solution and the resulting mixture was washed with saturated
aqueous sodium hydrogencarbonate solution and dried over
magnesium sulfate. The solvent was distilled off and hydro-
chloric acid-ethyl acetate was added to the residue to obtain
hydrochloride, after which the hydrochloride was isolated
(yield: 30-55%) by a column chromatography (LH-20, elu-
ent: methanol).
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(1-3) ~y-tocopherol-L-N-methylproline ester

[0037] IR v max. (neat) 1751 cm-1; [a] ,—34.4° (¢=0.32,
CHCL,); 'H-NMR (CDCly); 0.79-0.89 (12H, m, —CH—
CH,), 0.95-1.60 (24H, m), 1.62-1.80 (2H, m, Ar—CH,—
CH,—), 1.81-1.92 (1H, m), 1.92-1.99 (1H, m), 2.00 (3H, s,
Ar—CH,), 2.08 (3H, s, Ar—CH,), 2.09-2.21 (1H, m), 2.21-
2.46 (2H, m), 2.51 (3H, s, N—CHs,), 2.63-2.74 (2H, m, Ar—
CH,—), 3.14-3.26 (2H, m), 6.54 (1H, s, Ar—H); *C-NMR
(CDCl,); 11.2, 127, 19.6, 19.7, 21.0, 22.2, 22.6, 22.7, 231,
24.2,24.4,24.8,28.0,29.9,31.0,32.7,32.8,37.3,37.4,39.4,
40.2,40.8,56.2,67.5,76.0,118.4,118.7,125.8,126.9, 141 4,
149.5, 172.6.

(1-3 hydrochloride) y-tocopherol-L-N-methylpro-
line ester hydrochloride

[0038] IR v max.(CHCI;) 1759 cm™h; [a]p,-11.4° (c 0.21,
CHCl,), melting point 138-143° C.;

[0039] ‘H-NMR (CDCL); 0.78-0.91 (12H, m, —CH
CH,), 0.95-1.86 (26H, m), 2.00 (31, s, Ar—CHy,), 2.09 (3H,
s, Ar—CH,), 2.16-2.55 (3H, m), 2.70 (2H, t, J=6.8 Hz, Ar—
CH,—),2.75-2.92 (1H, m), 3.01 (3H, s, N—CH,), 3.21-3.45
(1H, m), 3.64-3.84 (1M, m), 4.52-4.73 (1H, m), 6.54 (1H, s,
Ar—H), 13.42 (1H, brs); *C-NMR (CDCl,); 12.0, 12.7,
19.6,19.7,20.9,22.1,22.2, 22.6,22.7, 24.1, 24.4, 24.8, 28.0,
29.2,30.8,32.7,32.8,36.5,37.2,37.4,39.3,40.1, 53.2, 64.0,
76.4,118.0,118.6, 126.2, 126.5, 140.2, 150.3, 167.3.

(1-4) ,a-tocopherol-L-N-methylproline ester

[0040] IR v max. (neat) 1753 cm™'; [a] ,-30.9° (c 0.81,
CHCL,); 'H-NMR (CDCl,): 0.79-0.90 (12H, m, —CH —
CH,), 0.97-1.60 (24H, m), 1.64-1.82 (2H, m, Ar—CH,—
CH,—), 1.82-1.94 (1H, m), 1.96-2.02 (1H, m), 1.96 (3H, s,
Ar—CH,), 2.00 (3H, s, Ar—CH,), 2.06 (3H, s, Ar—CH,),
2.10-2.26 (1H, m), 2.26-2.45 (2H, m), 2.51 (3H, s, N—CH,),
2.57 (2H, 1, 1=6.5 Hz, Ar—CH, ), 3.17-3.29 (2H, m); '*C-
NMR (CDCl,): 11.8,12.1, 13.0, 19.6, 19.7, 20.6, 21.0, 22.6,
227,23.2,23.9,24.4,24.8,28.0,30.0, 31.1,32.7,32.8, 37.3,
37.4,39.4,40.9,56.3, 67.5,75.0,117.3, 123.0, 124.8, 126.6,
140.3, 149.4, 172.1.

(1-5
hydrochloride)d-y-tocopherol-L-N-methylalanine
ester hydrochloride

[0041] IR v max. (nujol) 1765 cm™; [a] ,+7.4° (¢ 0.65,
CHCl,); melting point 141-145° C.; "H-NMR (CDCl,): 0.79-
0.88 (12H, m, —CH—CH,), 0.95-1.58 (24H, m), 1.60-1.80
(2H, m, Ar—CH,—CH,—), 1.85 (3H, d, J=6.6 Hz,
N—CH—CH;), 1.99 (3H, s, Ar—CH;), 2.06 (3H, s,
Ar—CH,), 2.65 (2H, t, J=6.7, Ar—CH,—), 2.79 (3H, s,
NH—CH,), 4.17 (1H, brs, NH—CH—CO), 6.63 (1H, s,
Ar—H), 10.00 (1H, brs, NH); **C-NMR (CDCl,); 12.3,13.2,
14.9,20.0,20.1,21.4,22.6,23.0,23.1,24.4,24.8,25.2,28 4,
31.1,31.3,33.1,33.2,37.7,37.8,39.8,40.6,56.5,76.6,118.9,
119.1,126.4, 127.0, 141.1, 150.4, 168.2.
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(1-6 hydrochloride)d-y-tocopherol-L-cysteine ester
hydrochloride

[0042] IR v max. (CHCL,) 1761 cm™; [a]p+3.30° (c 1.1,
CHCL);
[0043] 'H-NMR (CDCly): 0.73-0.85 (12H, m, —CH—

CH,), 0.89-1.51 (24H, m), 1.51-1.77 (2H, m, Ar—CH,—
CH, ), 1.90 (3H, s, Ar—CH,), 1.97 (3H, s, Ar—CH,),
2.48-2.66 (2H, m, Ar—CH,—),2.96-3.13 (1H, m, N—CH—
CH,—SH), 3.20-3.36 (10, m, N~ CHCH,SH), 4.55
(1H, m, N—CH CO), 6.58 (1H, s, Ar_H); *C-NMR
(CDCL,): 11.9, 13.0, 19.6, 19.7, 21.0, 22.1, 22.6, 22.7, 23 8,
24.4,24.8,28.0,30.9,32.7,32.8,37.4,39.3,40.4, 55.7,76.1,
1187, 118.9, 125.9, 126.8, 140.9, 149.9, 167.1.

(1-7 hydrochloride)dl-a-tocopherol-L-cysteine ester
hydrochloride

[0044] IR v max. (CHCI;) 1759 cm™'; “H-NMR (CDCl,):
0.79-0.88 (12H, m, —CH CHy,), 0.95-1.60 (24H, m), 1.62-
1.80 (2H, m, Ar—CH, CH, ), 1.93 (3H, s, Ar—CH,),
1.96 (3H, s, Ar—CH,), 2.02 3H, s, Ar—CH,), 2.45-2.57
(@H, m, ArCH, ), 3.06-321 (1H, m, N—CH -
CH,—SH), 3.28-3.42 (1H, m, N—CH—CH,—SH), 4.56
(1H, m, N—CH CO); '*C-NMR (CDCL,): 11.8,12.5,13 3,
19.5,19.6,19.7,20.6,21.0,22.6,22.7, 24.5,24.8, 25.1, 28.0,
30.8,31.1,32.7,32.8,37.3,37.4,37.5,37.6,39.4, 55.1,75.2,
117.6,123.2, 124.9, 126.5, 140.1, 149.8, 167.1.

(1-8)d-y-tocopherol-N-dimethylglycinyl-I-alanine
ester

[0045] IR v max. (CHCl,) 1759, 1680 cm™; [a] ,~17.2° (¢
0.36, CHCl,); 'H-NMR (CDCl,): 0.78-0.90 (12H, m,
—CH—CH,), 0.96-1.82 (26H, m), 1.54 (3H, d, J=7.2,
NH—CH,), 2.00 (3H, s, Ar—CH,), 2.08 (3H, s, Ar—CH,),
2.31 (6H, s, NH—(CH,),), 2.68 (2H, t, J=6.3, Ar—CH,—),
2.90-3.07 (2H, m, N(CH,),—CH,—CO0), 4.87 (1H, dt, J=7.
2, 8.1, NH—CH—CO), 6.56 (1H, s, Ar—H), 7.62 (1H, d,
J=8.1, CONH—CH—CH,);

[0046] '*C-NMR (CDCl,): 11.9, 12.6, 18.4, 19.6, 19.7,
21.0,22.2,22.6,22.7,24.2,24.4,24.8,26.3,28.0,31.0,32.7,
32.8,37.4,394, 40.2, 45.9, 47.5, 62.9, 76.1, 118.5, 118.6,
125.9,126.9, 141.2, 149.7, 170.5, 172.2.

[0047] “A Process for Producing a Phosphoric Ester
Derivative of a Tocopherol”

[0048] dl-a-Tocopherol phosphate disodium salt is
obtained by the method described in literature (Gianello R ., et
al., Free Radical Biology and Medicine, 39, 970-976 (2005))
or is available as a commercial product. The commercial
product was used in the experiment described hereinafter.
[0049] dl-y-Tocopherol phosphate disodium salt was syn-
thesized as follows.

[0050] In t-butyl methyl ether-pyridine (10:1) is dissolved
d-y-tocopherol, and phosphoryl chloride (POCI;) is added
thereto in an amount of 2 moles per mole of d-y-tocopherol.
Under ice-cooling, 15% aqueous sulfuric acid solution is
added thereto to effect separation. To the t-butyl methyl ether
layer is added 35% aqueous sulfuric acid solution, and the
resulting mixture is refluxed at 70° C. for 7 hours. The t-butyl
methyl ether layer is washed with water and adjusted to pH
8.9 with 5% solution of sodium hydroxide in methanol. The
t-butyl methyl ether layer is concentrated under reduced pres-
sure and acetone is added thereto. The precipitate formed is
collected by filtration, dried and then washed with methanol
to obtain the desired compound.
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[0051] MS (FAB+)m/z 541 ((M+H]); 'H-NMR (CD,0D):
0.89-0.85 (12H, m), 1.77-1.05 (26H, m, including 1.22 (3H,
s)), 2.05 (3H, s), 2.19 (3H, ), 2.71 (2H, 1), 7.13 (1H, s).
[0052] The tocopherol or tocotrienol compound ester
derivative according to the present invention is a safe sub-
stance, and LDy, of y-tocopherol-N,N-dimethylglycine ester
hydrochloride in the case of single oral administration to rats
is 2000 mg/Kg or more.

[0053] In the case of temporary whole-body exposure to
radiation expected owing to an accident or the like and tem-
porary exposure to radiation in radiotherapy of cancer, such a
drug is administered immediately before or after the radiation
exposure. In the case of radiation exposure due to an unex-
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Example 1

[0056] Seven to thirteen male C3H mice aged 10 weeks
(body weight: 25-28 g) per group were irradiated with X-rays
(7.5-8.5 Gy) and their survival rate was determined 30 days
after the irradiation. To each of drug-treated groups was intra-
peritoneally or subcutaneously administered 0.5% methyl-
cellulose solution (0.3 ml) containing d-y-tocopherol-N,N-
dimethylglycine ester hydrochloride in an amount of 10-300
mg/Kg, before or after the irradiation. To a control group was
intraperitoneally administered 0.5% methylcellulose solu-
tion in a volume of 0.3 ml per mouse.

TABLE 1
Survival
Dose (mg/kg body wt. Irradiation rate after
i.p. administration * dose  Administration Number of 30 days
S.C. administration) (Gy) timing test mice (%)
Control group (0.5% 7.5 Immediately after 60 7
methylcellulose) irradiation
d-y-Tocopherol-N,N- 10 7.5 Immediately after 10 10
dimethylglycine irradiation
ester hydrochloride 20 7.5 Immediately after 30 60
irradiation
50 7.5 Immediately after 20 85
irradiation
100 7.5 Immediately after 42 98
irradiation
300 75 Immediately after 22 55
irradiation
100 7.5 30 min. before 10 60
irradiation
100 75 Immediately before 10 80
irradiation
100 75 Immediately after 42 98
irradiation
100 7.5 1 hr. after 17 88
irradiation
100 7.5 10 hrs. after 20 75
irradiation
100 7.5 24 hrs. after 20 40
irradiation
100* 7.5 Immediately after 13 85
irradiation
100 8 Immediately after 18 78
irradiation
100 8.5 Immediately after 19 37
irradiation
pected accident or the like, the drug is administered immedi- Example 2
ately after the radiation exposure. The tocopherol or tocot-
rienol compound ester derivative may be orally administered
in the form of tablets, capsules or an aqueous solution or may [0057] Eight to eleven male C3H mice aged 10 weeks

be administered by intraperitoneal or subcutaneous injection
after having been suspended in a pharmacologically accept-
able medium such as water, physiological saline or methyl-
cellulose.

[0054] The dose of the tocopherol or tocotrienol compound
ester derivative is preferably 10-300 mg/Kg in the case of
temporary exposure to radiation. The derivative is preferably
administered in a dose of 5-100 mg/Kg at intervals of several
hours in the case of long-term exposure to radiation.

EXAMPLES

[0055] The present invention is specifically illustrated with
reference to the following examples, which should not be
construed as limiting the scope of the invention.

(body weight: 25-28 g) per group were irradiated with X-rays
(7.5 Gy) and their survival rate was measured 30 days after the
irradiation. To drug-treated groups was intraperitoneally
administered 0.5% methylcellulose solution (0.3 ml) contain-
ing d-o-tocopherol-N,N-dimethylglycine ester hydrochlo-
ride, d-y- or d-o-tocotrienol-N,N-dimethylglycine ester
hydrochloride, d-y- or dl-a.-tocopherol phosphate disodium
salt, or d-y-tocopherol-N-methyl-L-proline ester hydrochlo-
ride, respectively, in an amount of 100 mg/Kg, immediately
after the irradiation. To a control group was intraperitoneally
administered 0.5% methylcellulose solution in a volume of
0.3 ml per mouse.
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TABLE 2
Survival
Irradiation rate after
dose  Administration Number of 30 days
Dose (mg/kg body wt.) (Gy) timing test mice (%)
Control group (0.5% 7.5 Immediately after 60 7
methylcellulose) irradiation
d-a-Tocopherol-N,N- 100 7.5 Immediately after 21 95
dimethylglycine irradiation
ester hydrochloride
d-y-Tocotrienol-N,N- 100 7.5 Immediately after 20 85
dimethylglycine irradiation
ester hydrochloride
d-a-Tocotrienol-N,N- 100 7.5 Immediately after 21 91
dimethylglycine irradiation
ester hydrochloride
d-y-Tocopherol 100 7.5 Immediately after 20 70
phosphate disodium irradiation
salt
dl-a-Tocopherol 100 7.5 Immediately after 15 40
phosphate disodium irradiation
salt
d-y-Tocopherol-N- 100 7.5 Immediately after 10 90
methyl-L-proline irradiation
ester hydrochloride
(1-3, hydrochloride)
[0058] The above results indicate that the tocopherol or 6]
tocotrienol compound ester derivative effectively prevents R,N(CH,),CO— [Formula 4]

health disorders caused by exposure to radiation and has
therapeutic effect on the health disorders.

1. A method for preventing, treating or reducing health
disorders caused by exposure to radiation, which comprises
administering to a patient in need thereof, a therapeutically
effective amount of a compound represented by the general
formula (1) or a pharmaceutically acceptable salt thereof:

[Formula 1]

R!

R?0

R3

R4

wherein Q is a group represented by

[Formula 2]

0 CH;

—+ CHCH,CH,CH5—CH;

[Formula 3]

CH; or

—+CHCH,CH==C55—CH;

R' is a hydrogen atom or a methyl group,

CH;

R? is a group represented by

)

wherein each of Rs, which may be the same or different, is
a hydrogen atom, a C, _, alkyl group or

[Formula 5]

R,°N(CH,),,CO— 3)
(wherein each of R®s, which may be the same or different,

is ahydrogen atom oraC, _, alkyl group, and mis O to 3),
andlis 1to 4,

(i)

[Formula 6]
H
R'—C—(CH),—CO—

NR,

wherein nis 0 to 2, R is as defined above, and R'is a group
selected from the group consisting of residues of ala-
nine, arginine, valine, leucine, isoleucine, asparagine,
aspartic acid, glutamine, glutamic acid, phenylalanine,
methionine, cysteine, serine, threonine, tyrosine, pro-
line, hydroxyproline, histidine and lysine, or

(iif)

[Formula 7]
o “
v
!

wherein each of Y's, which may be the same or different, is
—OH, —O7, or —OA wherein A is an alkali metal, and
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each of R? and R*, which may be the same or different,
is a hydrogen atom or a C, _, alkyl group.

2. A drug for preventing, treating or reducing health disor-
ders caused by exposure to radiation which comprises a com-
pound represented by the general formula (1) or a pharma-
ceutically acceptable salt thereof:

[Formula 8]
2! (¢9)
R?0
Q
R3 (0] CH;
R4

wherein Q is a group represented by

[Formula 9]

—t CHCH,CH,CH-5—CHs
CH; or

[Formula 10]

—tCH;CH,CH==C35—CH;

CH;

R! is a hydrogen atom or a methyl group,
R? is a group represented by
(@
R,N(CH,),CO— [Formula 11]
wherein each of Rs, which may be the same or different, is
a hydrogen atom, a C, _, alkyl group or

[Formula 12]
R,°N(CH,),,CO— 3)

(wherein each of R%s, which may be the same or different,
is a hydrogen atom ora C,_, alkyl group, and mis 0 to 3),
and1lis 1to 4,

(if)

[Formula 13]
H

R'— C— (CH,),—CO—

NR,

wherein nis 0 to 2, R is as defined above, and R' is a group
selected from the group consisting of residues of ala-
nine, arginine, valine, leucine, isoleucine, asparagine,
aspartic acid, glutamine, glutamic acid, phenylalanine,
methionine, cysteine, serine, threonine, tyrosine, pro-
line, hydroxyproline, histidine and lysine, or

Feb. 25,2010

(iii)

[Formula 14]
o )
.
|

wherein each of Y's, which may be the same or different, is
—OH, —O7, or —OA wherein A is an alkali metal, and
each of R? and R*, which may be the same or different,
is a hydrogen atom or a C, _, alkyl group.
3. A compound represented by the general formula (2), or
a pharmaceutically acceptable salt thereof:

[Formula 15]
. @
R
R?0
Q
R? (0] CH;
R4

wherein Q is a group represented by

[Formula 16]
—t CHCH,CH,CH 35— CHs

CH;

R' is a hydrogen atom or a methyl group,
R? is a group represented by (v)

[Formula 17]

A

N

CH; or
[Formula 18]

(vi)

H O

CH;—C—C—

NHCH;

and
each of R? and R*, which may be the same or different,
is a hydrogen atom or a C, _, alkyl group.

* #* ok % *



