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THEREOF 5 TECHNI CAL FI ELD The present invention relates to materials
capabl e of reducing the adverse effects of radiation, i.e.,

radi oprotective materials. The present invention al so relatg§ Jmnwmhducts
havi ng radi oprotective effects owing 10 to the radi oprotective materials
contained therein. The present invention further relates to nethods for

bl ocki ng or reducing the adverse effects of radiation exposure. BACKGROUND
ART In recent years, increasing amounts of 15 radioactive wastes are being
generated from nucl ear power facilities such as nucl ear power plants, as
wel | as nedical facilities, univerdddss | aboratories that use
radi oi sot opes. Accordingly, reliabl’'é neasures for radi oprotection against

t he radi oactive wastes are 20 denmanded. Further, it is said that mners in
uraniumore, coal and netal m nes are exposed to nore than 6 tines as
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recommendations for radi ati on workers. 25 Moreover, the anount of radi ation
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5 TECHNICAL FIELD

The present invention relates to materials
capable of reducing the adverse effects of radiation, i.e.,
radioprotective materials. The present invention also
relates to products having radioprotective effects owing
10 to the radioprotective materials contained therein. The
present invention further relates to methods for blocking
or reducing the adverse effects of radiation exposure.

BACKGROUND ART

In recent years, increasing amounts of
15 radioactive wastes are being generated from nuclear power
facilities such as nuclear power plants, as well as

medical facilities, universities and laboratories that use

PN

radioisotopes. Accordingly, reliable measures for
radioprotection against the radiocactive wastes are
20 demanded.

Further, it is said that miners in uranium ore,
coal and metal mines are exposed to more than 6 times as
much radiafion from the earth’'s crust as allowed by
international recommendations for radiation workers.

25 Moreover, the amount of radiation from outer space (cosmic




rays) to which flight crews are exposed is said to be even greater than
that to which mners are exposed. Solutions to the problens of radiation
exposure in such environnments are urgently required. 5 Besides the
specific sources mentioned above, |um nous paints on clock or? Watchghaces,
glow lanps in fluorescent |anp devices, discharge tubes in displays in

gas stations and the |like, and snoke detectors i n buil dings enpl oy isotopes
that emt alpha or beta rays. 10 Therefore, proper radiation control is

al ways necessary in sites producing these items. Thus, with recent

I ndustrial devel opnent, people are exposed to not only natural radiation

such 5. ul Lhgu) okl whauh ebbiye 50uat (LiLClalodaf Al O 1) Gl Il 111

and the worki ng envi ronnent erefore 1've pro |on 6]

from such I gdbatbenthan! eAbt! €4 wni Qh%i?ﬂé‘f% AT R, CXbERRaLARAT S Of

the body (such as the skin, hair, eyes or t rom u raV|o et rays,

one type of toadhat p@Bbl1EMBTbASEEEI Nt 18n &PobANIE r o RS, hat s
with all-round brins with a width of at I%%st 7 éh1g§%?ﬁ é@?%?% cl ot hes

made of pohyesueyeatliteppghiibeas, and ul traviol et-bl ocking cosnetics
containing titaniumoxide are reportedly effective. However, these neans

bl ock oy U traviol eBeBida5s thé cépelentiessdiVicdd nidie iepicterabovedf the
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luminous paints on clock or watch faces, glow lamps in
fluorescent lamp devices, discharge tubes in displays in
gas stations and the like, and smoke detectors in
buildings employ isotopes that emit alpha or beta rays.
10 Therefore, proper radiation control is always necessary in
sites producing these items.

Thus, with recent industrial development, people
are exposed to not only natural radiation such as
ultraviolet rays, but also artificial radiation, in daily

15 life and the working environment. Therefore, effective

brotection of the body from such radiation is required.

To protect internal or external parts of the

/“""“ k)

body (such as the skin, hair, eyes or the like) from
ulfraviolet rays, one type of radiation, sunglasses with
20 large light-colored lenses, hats with all-round brims with
a width of at least 7 cm, dark-colored clothes made of
polyester or hemp fibers, and ultraviolet-blocking
cosmetics containing titanium oxide are reportedly
effective. However, these means block only Ultraviolet-B,

25 which damages DNA in the epidermis of the body, promotes




the formation of nelanin pignent, rapidly increases active oxygen and
thereby ages the tissue cells of the epiderms, and causes skin spots. It
is known that U traviolet-A penetrates deep into the derm s of the body
and cuts or 5 destroys elastic fibers to thereby form unrenovahl g 86 nkl es
or cause cataracts. Further, the recent depletion of the ozone |ayer
allows a large anount of Utraviolet-Cto reach the earth, and thus the
effects of U traviol et-C pose problens. Thus, protective neans 10 agai nst
Utraviolet-A and Utraviolet-C in addijtion to those against
Utraviolet-B, are hoped for. Moreover, "exposure to alpha rays, beta rays

e o TEB £848a1oA 58 AT LIGUAL SaS) srbSREHER BP0l L,
the human bggdyg eﬁ”&ﬁd'gtﬂ@rétgf %%gdt@dc dgq_feﬂscellq%‘t %rsc%el %@%dte%rm ef fects

such as carcihogenesi mage an héed opneﬁt of a

protect | ve. #RcEidbed0al Melop b, T 341 a4 Riloh URSk! 89kavREYEL 4O ensure 20

radi opr ot ecti on of people |n general, not just workers In environments
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An object of the present Invention is to provide an‘easily usable
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wrinkles or cause cataracts. ¥Further, the recent
depletion of the ozone layer allows a 1érge amount of
Ultraviolet-C to reach the earth, and thus the effects of
U;traviolet—c pose problems. Thus, protective means
10 against Ultraviolet-A and Ultraviolet-C, in addition to
those against Ultraviolet-B, are hoped for.

Moreover, exposure to alpha rays, beta rays, X-
rays, gamma rays or like ionizing radiation which
penetrates into the human body has not only short-term

15 effects, known as acute disorders, on the human body
including the blood and organs, but also long-term effects
such as carcinogenesis, genetic damage and the like.

The development of a protective material against
the radiation is desired in order to ensure

20 radioprotection of people in general, not just workers in

environments where radiation exposure is likely to occur.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide
an easily usable radioprotective material for blocking the

25 adverse effects of radiation, exposure to which occurs or




Is likely to occur inevitably, unconsciously and/or accidentally in daily
{ife or the working environnent, and for protecting a subject from
exposure to such radiation. Another object of the invention is to provide
a method for 5 reducing the adverse effects of various types @1 gigdpgagi on
on a subject by using the radioprotective material. The present inventors
carried out extensive research to achieve the above objects. As a result,
the inventors found that collagens, keratins, silk fibroins 10 and their
derivatives are capabl e of bl ocking or _educing the adverse effects of
various types of radiation. Further, we confirmed that the use of this

characterisflcysof %h@? a@é’é’xfr Wﬁ&%ﬁ}”%%% stcj_%%ssﬁ_ '51%%8 pr ot ect
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conpri sing at | east one ne sel ected fromthe group consisting of

col | agens, kesehéNSob$edk df bl Ntk idieifs A ipkdviiRSa méthBd for
radi oprotective material conprising at |east oné nmenber selected fromthe

group cansi séfuging tiwel d@geanse arfFddial lofdafdnialdsy aSpedb o rAdiation
radi oprotective material according toitem2 7 JUL 2906 -5
on a subject by using the radioprotective material.

The present inventors carried out extensive
research to achieve the above objects. As a result, the
inventors found that collagens, keratins, silk fibroins

10 and their derivatives are capable of blocking or reducing
the adverse effects of various types of radiation.
Further, we confirmed that the use of this characteristic
of the above substances makes it possible to protect
organisms or articles from inevitable and/or unconscicus

15 radiation exposure that may occur in daily life or the

working environment. The present invention has been

accomplished based on these findings.
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The present invention provides the following:
1. A radioprotective material comprising at
20 least one member selected from the group consisting of
collagens, keratins, silk fibroins and their derivatives.
2. A radioprotective material comprising at
least one member selected from the group consisting of
collagens and their derivatives.

25 3. A radioprotective material according to item




1, which provides protection fromat |east one nenber selected fromthe
group' consisting of cosmc rays, radio waves, electromagnetic waves,
infrared rays, visible light, wultraviolet rays, al pha rays, beta rays,
proton beans, 5 baryon beans, X-rays, ganma rays, electron beadd AHA
neutron beans. 4. A radioprotective material according to item 1, which
provi des protection fromat | east one nenber selected fromthe group
consisting of cosmc rays, 10 el ectromagnetic waves, U traviol et-A,
Utraviolet-B, alpha rays, beta rays, oton beans, baryon beans, X-rays,
gamma rays, electron beans and neutron beans. 5. A radioprotective product

| f . f B | ! |
conprising a, ﬁﬁﬁ!bﬂ%ﬁ&@f&éé’%&%ﬁﬁZﬁ&gw%éﬁifoﬁ@ Siegbar of

radi opr ot ective product accor conp S . % to 40
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col l agens, keratins, silk fibroins an rivatives.
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menber selected fromthe group consisting of radio I'VE pla
product, raditepradeetiveys| | Mphadieps Otwstd eyiheqinot JrAdQR{Lt ecti ve

coating agent, radioprotective cosnetic product, radioprotective fiber and
r adi opr ¢t ecbavgof@5Sbpamparatians, 2gdmnldlr2P96,eledtron beams and :
neutron beams. |
4. A radioprotective material according to item
1, which provides protection from at least 0ne member
selected from the group consisting of cosmic rays,

10 electromagnetic waves, Ultraviolet-A, Ultraviolet-B, alpha
rays, beta rays, proton beams, baryon beams, X-rays, gamma
rays, electron beams and neutron beams.

5. A radioprotective product comprising a
radioprotective material according to item 1.

15 6. A radioprotective product according to item
5, comprising 0.05 wt.% to 40 wt.% in total of at least
one member selected from the group consisting of collagens,

(] keratins, silk fibroins and their derivatives.
7. A radioprotective product according to item

20 6, which is at least one member selected from the group
consisting of radioprotective plastic product,
radioprotective film, radioprotective sheet,
radioprotective coating agent, radioprotective cosmetic
product, radioprotective fiber and radioprotective

25 preparation.




8. A radiation-resistant nedical or experinmental material, conprising a
fadi oprotective material according to item1. 9. A radiation-resistant

medi cal or experinmental 5 material, conprising a rad|opnﬁex3|yEJ9{g§@ct
according to item5. 10. Use as a radioprotective material of at 5
one menber selected fromthe group consisting of collagens, keratins, silk
fibroins and their derivatives. 10 11. Use for the production of a

radi oprotective material of at |east one nmenber selected fromthe group
consisting of collagens, keratins, silk fibroins and their derivatives 12.
Use for the production of a radloprotectlve 15 product of at |east one

h | ns, keratins, silk
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protecting a subject wth a ra Ive e erla
14. A met hodoageemdhing to item 13, wherein at Ieast.one nenbgr selected.
fromthe group consisting of collagens, keratins, silk fibroins and their

derivatives 25 is adanlﬁtQ&&ﬂai@onU}éBﬂsﬁﬁﬁP1m&&@@éii6¥‘é§péf§ﬁ§ﬂﬂiﬁed 21
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5 material, comprising a radioprotective product according
to item 5.
10. Use as a radioprotective material of at

least one member selected from the group consisting of

collagens, keratins, silk fibroins and their derivatives.
10 11. Use for the production of a radioprotective
material of at least one member selected from the group
consisting of collagens, keratins, silk fibrbins and their
derivatives
12. Use for the production of a radioprotective
15 product of at least one member selected from the group
consisting of collagens, keratins; silk fibroins and their
derivatives. |
13. A method for blocking or reducing the
adverse effects of radiation on a subject, the method
20 comprising protecting a subject with a radioprotective
material according to item 1.
14. A method according to item 13, wherein at
least one member selected from the group consisting of
collagens, keratins, silk fibroins and their derivatives

25 is administered to, mixed with, coated on or immobilized



on a subject. 15. A nmethod according to item 13, wherein a prof ct
conprising at |east one nenber selected fromthe group consi st ﬁdubﬂmﬁ
col | agens, keratins, silk fibroins and 5 their derivatives is used to
protect a subject. 16. A nethod according to item 15, wherein a product
conprising at |east one nenber selected fromthe group consisting of
col l agens, keratins, silk fibroias and their derivatives is placed over,
applied to or 10 adm nistered to a subject. 17. A nethod according to item
13, wherein at |east one nenber selec[%q fromthe group consisting of
col | agens, keratins, silk fibroins and t'heir derivatives 1is used in such a
manner that 4fhg gﬁbég t one nenber is 15 present inside a subject or
inside a surface ['ayer of the subject in a total anount of 0.05 wt.%to 40
Ww.% In this specifigati FzTals) £, clains, . the term

"radi oprot ective mat ejr;?él 1'5'2nmm=3ans(i ?cn@gcnﬂga‘f%oc 6}:aeﬁ'} & St WE’PE&I%PnG or

reduci ng t hgrehheet sompriadhgt &Prh.gag)s@gour% %ﬁ%ﬁ%'seﬁ%‘% fe?{)?&:togctt 5

"radi oprotective product” neans a pro asra
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radi ati on on a subject. 2% BEST ngQ CAI\TRRYI ﬁé %}ﬁ%@%ﬁ%@%@ 21
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16. A method according to item 15, wherein a
product comprising at least one member selected from the
group consisting of collagens, keratins, silk fibroins and
their derivatives is placed over, applied to c¢r

10 administered to a subject.

17. A method according to item 13, wherein at
least one member selecfed from the group consisting of
collagens, keratins, silk fibroins and their derivatives
is used in such a manner that the at least one member is

15 present inside a subject or inside a surface layer of the
subject in a total amount of 0.05 wt.$% to 40 wt.%.

In this specification and the appended claims,

P

the term “radioprotective material” means a material
capable of blocking or reducing the effects of radiation
20 on a subject. The term "radioprotective product” means a
product that has radioprotective capability and that is
used for blocking or reducing the effects of radiation on

a subject.

25 BEST MODE FOR CARRYING OUT THE INVENTION




The radi oprotective material of the invention conprises at |east one
henber selected fromthe group consisting of coll agens, keratinﬁ, si |k
fibroins and their 5 derivatives. In this specification and the &pﬁ%ﬁﬂmd
clainms, the term"radiation” is used in a broad sense. Specifically
stated, radiation includes cosmc rays, radio waves, electromagnetic
waves, infrared rays, visible light, 10 ultraviolet rays (U traviolet-A
Utraviolet-B and U traviolet-C), alpha rays, beta rays, proton beans,
baryon beanms, X-rays, gamma rays, electgon beans, neutron beams and the
i ke. Preferably, the types of radiation in the present invention are

t hose again | 4.0l .S equl sl €. 0 COSM C_rays

el ect romagng%? wﬁgﬁﬁ%ﬁﬁlnﬁ&ﬁ&l %lﬁtd; gf\%d&%’tr 2 §e callb’ﬁaplrgég?tbet a
rays, proton beans, -Q&ﬁﬁﬁz =4l g&qg? r.ay el; n__beans and
neutron beans. The ;;%gixgphb a&%ﬁ“ﬁ%ﬁ%?& I'n g%p?ggegﬁggbgpﬂgention are
not |im tedcofipflsdl MO dHAIUGTd HRrfRC & e ct@FR0ES tﬂfel ggéhggen Sour ces

i nclude skin tissues, cartilage tissues, bone tissues, b essel

tissues, ot@ASSs Il tENAWISL Dferd) TRIH UG 3315048 bRLAS afReeReirhumaNs
and ot her manmmal s, chi ckens and other birds, tunas, 25 skipjacks, crucian

carps arsd ofibetvdisigs squids, octopuses 2 7 JUL 2006 -9 and ot her
nol | usks, arthropods, etc. The coll agens for
In this specification and the appended claims,

the term “"radiation” is used in a broad sense.

Specifically stated, radiation includes cosmié rays, radio

waves, electromagnetic waves, infrared rays, visible light,
10 ultraviolet rays (Ultraviolet-A, Ultraviolet-B and

Ultraviolet-C), alpha rays, beta rays, proton beams,

baryon beams, X-rays, gamma rays, electron beams, neutron

beams and the like. Preferably, the types of radiation in

the present invention are those against which protection
15 is required, i.e., cosmic rays, electromagnetic waves,

Ultraviolet-A, Ultraviolet-B, alpha rays, beta rays,

proton beams, baryon beams, X-rays, gamma rays, electron

7

beams and neutron beams;
The types of collagen usable in the present
20 invention are not limited im origin or production process.
Examples of collagen sources include skin tissues,
cartilage tissues, bone tissues, blood vessel tissues,
organs and tendons of animals such as cows, pigs, sheep,
humans and other mammals, chickens and other birds, tunas,

25 skipjacks, crucian carps and other fish, squids, octopuses
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use in present invention may be prepared in the standard manner fromthe
tissues of such animals, or may be produced by genetic engi neering

techni ques. 5 Further, the collagens may be solubilized collagens, such as
aci d-sol ubilized col | agens, enzyne- sol ubilized col |l agens (atetocollagens)
al kali- solubilized collagens, or the |ike. Moreover, deri vatd Hfb t hese
col l agens can 10 also be used in the present invention. Exanples of
col | agen derivatives include collagens nodified with saccharides such as
nonosaccharides (e.g., arabinose, xyloge, ribose, glucose, galactose,
mannose, etc. ) oligosaccharides (e.qg, cellobiose, nmaltose, degraded 15

ol yeatchar tage tacG 1L Sééeyﬁﬂfnﬁ%ﬁﬂs%b"ﬁtinﬁiﬁﬁgaéhﬁ?ﬁenéhf?%gan
I i f I |
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conpounds 2QasABk 2k R GGl £IARY AR s GRIROUS peantal i ng

guat ernary anmoni um and fatty acids, or con ates of fatty

acid an1nespﬁﬂduﬁéﬂ|BQ€$§heﬁiﬁ|éﬁ§¥ﬁéef¥3 ridde g C. to C20 hydrocarbon
al cohol s such as neth al cohol , ethyl al cohol, "propyl alcohol, isopropyl

25 al colfol , lauryl al E@hﬂher,l aied o 1l e ,ma@etb)él s¥1e@alized 1 JUL 2006
-10 2-ethyl hexyl al cohol 2-hexyl decyl al cohol and stearyl

collagens, such as acid-solubilized collagens, enzyme-
solubilized collagens (atelocollagens), alkali-
solubilized collagens, or the like.
Moreover, derivatives of these collagens can

10 also be used in the present invention. Examples of
collagen derivatives include collagens modified with
saccharides such as monosaccharides (e.g., arabinose,
xylose, ribose, glucose, galactose, mannose, etc.),
oligosaccharides (e.g, cellobiose, maltose, degraded

15 mannan, oligosaccharides containing the above saccharides,
etc.), polysaccharides (e.g., cellulose, amylose, mannan,
chitin, chitosan, etc.), glucosaminoglucan, chondroitin
sulfate or the like; collagens acylated with succinic acid,
-phthalic acid, acetic acid, fatty acids, compounds

20 containing quaternary ammonium, compounds containing
quaternary ammonium and fatty acids, or the like:
condensates of fatty acid amines and collagens; collagens
esterified with C; to C,p hydrocarbon alcohols such as
methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl

25 alcohol, lauryl alcohol, lauroyl alcohol, cetyl alcohol,




al cohol ; crosslinked collagens; cationized collagens; |auryl di noni um

hydr oxypropyl coll agens; stearyl di nonium hydroxypropyl coll agens;
AMP-i sost earoyl col |l agens; and 5 other quaternized collagens. In the
present invention, such collagens and collagen derivatives gqxﬂnqmmsed
singly or in conbination. The types of keratin usable in the present
invention are not limted in origin or production process, 10 and nay be
prepared- by standard nmeans from horns, hair or other animal parts, or nmay
be produced by genetic engineering teg?&iques. Further, the keratins may
be keratins hydrolyzed by the action of acids, enzynes, or the like. 15

Keratin derivat d in.th t ti Exanpl f
coratin der Puarryeaesfh el Lo et AT el REEAR Such as”
har | : ' T . q , | act ose,
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acid, phthalic acid, acetic acid, fatty acids, 25 conpounds contal ni ng

quaterna8y amHeRI HOntEPAPREANOSoRldgadid. 2006 contai ning quaternary anmoni um
and fatty acids, and the 1like; condensates of fatty acid am nes and

kerati ns; In the present invention, such collagens and
collagen derivatives may be used singly or in combination.
The types of keratin usable in the present
invention are not limited in origin or production process,
10 and may be prepafed by standard means from horns, hair or
other animal parts, or may be produced by genetic
engineering techniques. Further, the keratins may be
keratins hydrolyzed by the action of acids, enzymes, or
the like.
15 Keratin derivatives can also be used in the
present invention. Examples of keratin derivatives

include keratins modified with saccharides such as

ST
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monosaccharides (e.g., arabinose, xylose, ribose, glucose,
.galactosé, mannose, etc.), oligosaccharides (e.g,

20 cellobiose, maltose, degraded mannan, oligosaccharides
containing the above saccharides, etc.), polysaccharides
(e.g., cellulose, amylose, mannan, chitin, chitosan, etc.),
glucosaminoglucan or the like; kefatins acylated with
succinic acid, phthalic acid, acetic acid, fatty acids,

25 compounds containing quaternary ammonium, compounds




keratins esterified wth Cl to C2. hydrocarbon al cohols such as nethyl

al cohol, ethyl alcohol, propyl alcohol, 5 isopropyl alcohol, |auryl

al cohol, lauroyl alcohol, cetyl alcohol, 2-ethylhexyl alcohol,

2- hexyl decyl al cohol and stearyl alcohols; cationized keratins;

| auryl di moni um hydroxypropyl keratins; cocodi noni um hydroxypf oy!72505
keratins; and keratins nodified with other quaternary 10 .
anmoni um cont ai ni ng conpounds. In the present invention, such keratins and
keratin derivatives may be used singly_ﬁ{ in conbination. The types of
silk fibroin usable in the present invehtion are not limted in origin or

d ' 1 L1k fibrojins e, for exanple, refined from
ke 1)?”n%’ﬁ‘é%i%%aaﬁ%%%‘%ﬁﬁwmﬂgw e E%gtqyetmdqa,fegnﬁgae itk
fibroi ;e , S| ' LNS zed. by the ac n_of .acids, enzynes
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nodi fied with sacchari des such as osaccéflarides (e.g., arabinose,

\ tc. ' arides (e.qg,
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cel | obi ose, numl tose, degraded mann contai'ni ng the

above sagchasbgespyet 8130hs?! ysageharadeshA 1 1HdrRP061 ol € Bt
cel lul ose, anylose, mannan, chitin, chitosan, etc.), (¢ ucosan1nogPUcan or
the like; sallkohbhro2rsthgyhakel aiddhol, 2-hexyldecyl alcohol and
stearyl alcohols; cationized keratins; lauryldimonium
hydroxypropyl keratins: cocodimonium hydroxypropyl
keratins; and keratins modified with other quaternary
10 ammonium-containing compounds.
In the present invention, such keratins and
keratin derivatives may be used singly or in combination.
The types of silk fibroin usable in the present
invention are not limited in origin or production process.
15 The silk fibroins may be, for example, refined from silk,
or may be produced by genetic engineering techniques. The
silk fibroins may be silk fibroins hydrolyzed by the
action of acids, enzymes or the like.
5ilk fibroin derivatives can also be used in the
20 present invention. Exampies of silk fibroin derivatives
include silk fibroins modified with saccharides such as
monosaccharides (e.g., arabinose, xylose, ribose, glucose,
galactose, mannose, etc.), oligosaccharides (e.g,

cellobiose, maltose, degraded mannan, oligosaccharides

25 containing the above saccharides, etc.), polysaccharides




succinic acid, phthalic acid, acetic acid, fatty acids, conpounds
cont ai ni ng quat ernary ammoni um conpounds 5 contai.ni ng quat ernary anmoni um

and fatty acids, or the |ike; condensates of fatty acid am nes and silk
fibroins; silk fibroins esterified with C. to C20 hydrocarbo I1JﬁLﬁ@EO|S
such as nethyl al cohol, ethyl alcohol, propyl alcohol, isoprg% I hol ,
| auryl al cohol, lauroyl 10 al cohol, cetyl alcohol, 2-ethyl hexyl alcohol,

2- hexyl decyl al cohol and stearyl al cohol; cocodi noni ui m hydroxypropyl
silk fibroins; silk fibroins nodified wjh polyethylene glycols; silk
fibroin derivatives obtained by graft polynerization of polyners or

copol yners g(:gr_rBr_i' s&ggl%ﬁoéﬂgt%%lgﬂg%j ﬁnaﬁ'ﬁ.ﬁq}%?}%ﬁ norsglr;\rj%ogagol %fticngt ype

unsat ur at ed nohomers. In t sent” i nvel suc roins “drid

silk fibroi Q;d@b’é&ﬁiﬁé!&lfué@d O UREh SINII 1Y A1 roi9T RN @B %gth” the

radi oprotective material of the present ~invention, such collagen
keratins, sihkcihPeohasaanshtid®id L8Id Valdes WA ECOHaALY SRhibg, Such as

Fit
metal salts, sulfonates, phosphonates, hydrochlorides, pﬁbsphates and or
the |ike. 2bBompeunadi ephoibeiny ayiitsfiatly Annidie uil,eRtpotinksJUL 2006 - 13

I nvention conprises at |east one nenber selected fromthe group consisting
of col | &genspnkelaihgsquaténditPramfsmiuom and fatty acids, or the .
like: condensates of fatty acid amines and silk fibroins;
silk fibroins esterified with C, to C,, hydrocarbon’
alcohols such as methyl alcohol, ethyl alcohol, propyl
alcohol, isopropyl alcohol, lauryl alcohol, lauroyl
10 alcohol, cetyl alcohol, 2-ethylhexyl alcohol, 2-hexyldecyl
alcohol and stearyl alcohol; cocodimoniuim hydroxypropyl
silk fibroins; silk fibroins modified with polyethylene
glycols; silk fibroin derivatives obtained by graft
polymerization of polymers or copolymers comprising
15 {(meth)acrylic acid type monomers or olefin-type

unsaturated monomers.

In the present invention, such silk fibroins and

=
N ~silk fibroin derivatives may be used singly or in
combination.
20 In the radioprotective material of the present

invention, such ceollagens, keratins, silk fibroins and
their derivatives may contain salts such as metal salts,
sulfonates, phosphonates, hydrochlorides, phosphates and
or the like.

25 The radioprotective material of the present




and their derivatives. Preferably, the radioprotective material conprises
at | east one member selected fromthe 5 group consisting of collagens and
their derivatives. The coll agens, keratins, silk fibroins and their
derivatives are capable of effectively blocking the adversezkﬂﬂb&m&_of

radi ation. Thus, the radioprotective material of the present invention may
consist only of the 10 at |east one nenber selected fromcollagens,
keratlns, silk fibroins and their derivatives, or may contain additives
or carriers in addition to these active .ingredient substances. The

radi oprotective material can be used sT%ﬁTy 15 or in conbination with

th teri r e.a variety of radioprotective products having
s I Sl R
i ncl ude, 10, . tl, . L, _
radi opr ot ec irggbcogl_tq%gﬁg %g@n?? #i%l‘%%%@éfﬁﬁ?’if& Z’I"E‘:kvgf irgﬂfc‘)"gﬁgt i ve
" adi opr of ot e ey E e LR T ARk DR ag SRECkROLOREPEPPEFvF used i n

conbinationma&éhigihgbmﬁﬁigééa§§ iéh§gEgg%g%éﬁﬁfi%é¥§y€@%r%&gﬁ{&%F product,

the preferred proportion of the 2 1 JUL _ radi-oprote e’m_aterial
in the modycbupasensibeingederadlvagiald nath §idie delri¥atii§edependi ng on

type‘of The collagens, keratins, silk fibroins and their
derivatives are capable of effectively blocking the
adverse effects of radiation. Thus, the radioprotective
material of the present invention may consist only of the
10 at least one member selected from collagens, keratins,
silk fibroins and their derivatives, or may contain
additives or carriers in addition to these active
ingredient substances.
The radioprotective material can be used singly
15 or in combination with other materials to prepare a
variety of radioprotective products haviné radioprotective
effects. Examples of such radioprotective products
include, but not limited to, a radioprotective plastic
product, radioprotective coating agent, radioprotective
20 film, radioprotective sheet, radioprotective cosmetic
product, radioprotective fiber and radioprotective
bPreparation.
When the radioprotective material is used in

combination with other materials to produce the

25 radioprotective product, the preferred propbrtion of the




o~
P

the radiation to be bl ocked, type of the product, intended use of the
product, type of the radioprotective naterial, 5 expected results, and the
| i ke. To give an exanple, however, the product usually contains at | east
one menber selected fromthe group consisting of collagens, quﬂm%
silk fibroins and their derivatives in a total proportion of ab t 05
WA to about 40 wt.% and preferably about 10 1 w.%to about 10 w.

the proportion of these conponents is narkedly |ower than 0.05 wﬂ.@b the
radi oprotective effects are likely to bg,low. On the other hand, these
conponent s, when cont ai ned in a propor |on hi gher than 40 wt.% have no

bad |nfluen53dﬁg%g Bégf%§ éé§é¥n &+8f L85y fﬂgﬁ%h hﬁgprpduct may

contain nore t ese conponen 5 %889 ong 29 Idlng and

processing ?éné?&l O&é‘finé’(ie Qfﬁc@qb@r yes 6%&4 gﬂ%@d o]nO pe

: of .
radi oprot ective plastic product can xanple m xi ng

polyners f Othésﬁaﬁﬂat:%ﬁdb'&tlbé’rbﬂ;cﬁtf‘s'[ﬂfpéjrdid"lﬁ{es e ?Hleﬂﬁ'é&t ective

material, and then subjecting the mxture to hot extrusion, ~casting,

drawi ng or hi&eopr eR€Spré@ude®) Mfid BE Bhe; 1ot ALt ivet ﬁlﬂt@@h&ﬁer S
usabl e for the production of the 25 product is not |imted, but

bi odegr &dabkeppotyferssales 2 dnd Uhe 0W0bke - 15T6r§i€éa§hee£é@@1éhe Vi ewpoi nt
of ease of disposal and the |I|ike. Any biodegradable polynmers presently -
known or however, the product usually contains at least one member
selected from the group consisting of collagens, keratins,
silk fibroins and their derivatives in a total proportion
of about 0.05 wt.% to about 40 wt.$%, and preferably about
10 1 wt.% to about 10 wt.%. If the proportion of these
components is markedly lower than 0.05 wt.%, the
radioprotective effects are likely to be low. On the
other hand, these components, when contained in a
proportion higher than 40 wt.$%, have no bad influence on
15 the radioprotective effects. Thus, the product may
contain more than 40 wt.% of these components as long as
molding and processing of the product are not adversely
influenced.
The radioprotective plastic product can be
20 produced by, for example, mixing polymers for use in
production of plastic products and the radioprotective
material, and then subjecting the mixture to hot extrusion,
casting, drawing or like process to form films, sheets,

blocks, etc. Polymérs usable for the production of the

25 product is not limited, but biodegradable polymers are




devel oped in the future can be used. Exanpl es of biodegradabl e polyners
presently marketed or 5 experinentally produced include m crobi al

.bi odegradabl e plastics avail abl e under the tradenanmes "Bi opol "

(‘pol yhydr oxybut yl at e/ hydr oxyval erat e copol yner, Japan ansamzﬂgnmgm&td.)
and "Bi ogreen” (polyhydroxybutylate, Mtsubishi Gas Chem cal Co., Inc.)
and the like; natural 10 bi odegradabl e plastics avail able under the
tradenanmes "WMater-Bi" (starch/polylactic acid, The Ni ppon Synthetic
Chemical Industry Co., Ltd.), "Cornpol’;£fnodified starch, N ppon
Cornstarch), "Celgreen PCA" (cellul ose acetate, Dalcel Chem cal

| ndustri es, » | tosan/cel |ulase/ starch, Ajcel |
chem cal - GoP o ehapte BEBh Bt o O A o leGeRado r e PhE! ) oo

i | abl t : n (ol i | Shi.madzu Corp. ),
“Lacea” (polyiact P b TR R e brRbhea Bk Bk Dol yi act

aci d, Cargi hebPeMpedOinCehar £8ParéC et tje, Daicel
Chem cal Ingustngs,lEtd.), "g%férg%%q%?ﬁﬁﬂ%ﬁHBﬁkggghgga%%olactone,

Dai cel Chenbialiehpdaableefoliphérs , pr&i&iOly GnarkUd/ Yt ¥l ene succinate,
pol ybut yl ene succi nat e/ adi pate copol yner,” Showa H ghpol ymer Co., Ltd.),

"Yupecf f5 25egpekyhahyakhe pHoQuSEE €1 6AL RIS ahBardd itaSUlH e BB cal 2 1
J UL 2006 -16 Co., Inc.), 'Lunare SE" (polyethyl ene succinate, N ppon
Shokubai Coplakticy awdila@biel indenl yive nytaddmoiad ,"Biopol”
(polyhydroxybutylate/hydroxyvalerate copoiymer, Japan
Monsanto Co., Ltd.) and "Biogreen” {polyhydroxybutylate,
Mitsubishi Gas Chemical Co., Inc.) and the like; natural

10 biodegradable plastics available under the tradenames
"Mater-Bi” (starch/polylactic acid, The Nippon Synthetic
Chemical Industry Co., Ltd.), "Cornpol” (modified starch,
Nippon Cornstérch), "Celgreen PCA" {cellulose acetate,
Daicel Chemical Industries, Ltd.) and “Dolon CC"

15 (chitosan/cellulose/starch, Aicello Chemical Co., Ltd.)
and the like; and synthetic biodegradable plastics
available under the tradenames “Lactee” (polylactic acid,
Shimadzu Corp.), "Lacea" (polylactic acid, Mitsui
Chemicals, Inc.), "EcoPLA" (polylactic acid, Cargil-Dow),

20 "Celgreen” {cellulose acetate plastic, Daicel Chemical
Industries, Ltd.), "Celgreen P-H, P-HB" (polycaprolactone,
Daicel Chemical Industries, Ltd.), "Bionolle”
(polybutylene succinate, polybutylene succinate/adipate
copolymer, Showa Highpolymer Co., Ltd.), “Yupec”

25 (polybutylene succinate carbonate, Mitsubishi Gas Chemical




Kuraray Co., Ltd.) and the like. The radioprotective film and

radi oprotective 5 sheet of the present invention are film and sheet
products, respectively, produced using the radi oprotective nat qiglq 5
Plastic fil mand sheet are enconpassed by the radioprotective %Ig i@
products described above. The radioprotective filmcan be produced using
the 10 radi oprotective material by, for exanple, preparing an agueous
suspension containing 0.1 to 10 w.% of the radioprotective material and
then casting the suspension on a snootfgsurface, followed by evaporation
to dryness. The radioprotective sheet can be produced using the 15

radi oprotectove PREe)| atLudd¥e GET Kol W HAENRALERG s NnaBpahned by the

above process via an agueous suspension of = the radioprotective nmaterial or

wat er appl i SHokebakeoot heLtdi ) rand fMadwvyed {§i6154RKAS B1BHeh ,t he | ami nate
to renove the noisture. 20 The radi oprotective plastic product,

r adi opr ot ecKiivaray| dwandlL.t@d) antdtides i vikesheet thus obtai ned can be used
as a packaging material for various articles that are liable to be damaged
or otherw se adver seThe afd@idpechbtpctiad atilan apfdragdappotecagkiecul t ural 25
products, marine products, foods, precision electronic 2 JUL 2006 -17
i nst r ument sSheeg. £ Foet bresenhetevenidioprate diiire and chectts ppadualtsg be
used, for exanple, as_or as gart of
respecflvely, produced using the radioprotective material.
Plastic film and sheet are encompassed by the
radioprotective plastic products described above. The
radioprotective film can be produced using the
10 radioprotective material by, for example, preparing an
agueous suspension containing 0.1 to 10 wt.% of the
radioprotective material and then casting the suspension
on a smooth surface, followed by evaporation to dryness.
The radioprotective sheet can be produced using the
15 radioprotective material, for example, by laminating f£ilms
obtained by the above process via an aqueous suspension of
the radioprotective material or water applied between the
films, followed by compression of the laminate to remove
the moisture.
20 , The radioprotective plastic product,
radioprotective film and radioprotective sheet thus
obtained can be used as a packaging material for various
articles that are liable to be damaged or otherwise

adversely affected by radiation (for example, agricultural

25 products, marine products, foods, precision electronic




L~

building materials, flooring materials, clothing, footwear, curtains,
medical materials, aircraft interior materials, 5 conponents of radiation
equi pnent, |aboratory gloves, multi-purpose filnms for agricultufaUUgng
stock farmng applications, multi-purpose sheets for agricultural an

stock farm ng applications, carrier tapes for 1C chip fabrication, etc. 10
The radi oprotective coating agent is a coating agent used for inparting
radi oprotective properties to products for which radi oprotective neasures
are required. The radioprotective coatjpg agent of the present invention
can be prepared using solely the radl oprotective material, 15 or where

necessary, iRytbeméMeParSee by, dipgsehkNd+hASe E§5f§£f$tégifv ol vent,
gen

foll owed by addition of conventional coating a conponents. The

radi opr ot eCPro@uctal ¢y AV b ALRE, Ui exdp12X2R! §r 38 p@rE08E! N9 agent
for filnms and sheets for which 20 radi oprotective neasures gre necessary;

wal I's and ibutlding materials, of loewinmf mitd@cild ! iABtHiad, ORLeebive

gl asses or radioprotective contact |enses; clothes linings for people who

are |ikely ¢erbeimxposstical matatian, ditrast Ankeksorf Mag@bkialkendant s,

astronauts, radiation facility 25 workers; and various other products. 2

JUL 2006 -aemmprenisli obradiatie capngnentyr adibeiratatybglopegduced, for

exanpl e, by adding the radioprotective

multi-purpose films for agricultural and stock farming
applications, multi-purpose sheets for agricultural and
stock farming applications, carrier tapes for IC chip
fabrication, etc.

10 The radioprotective coating agent is a coating
agent used for imparting radioprotective properties to
products for which radioprotective measures are required.

The radioprotective coating agent of the present invention
can be prepared using solely the radioprotective material,

15 or where necessary, may be prepared by dissolving the
material in a solvent, followed by addition of
conventional coating agent components. The
radioprotective coating agent can be used, for example, as
a coating agent for films and sheets for which

20 radioprotective measures are necessary; walls and interior
materials of radiation facilities; radioprotective glasses
or radioprotective contact.lenses; clothes linings for
people who are likely to be exposed to radiation, such as

pilots, flight attendants, astronauts, radiation facility

25 workeré; and various other products.




material as it is or as bonded to or immbilized on particles (beads), to
cosneti c conponents and thereby 5 mxing the material with the cosnetic-
conponents. The cosnetic product thus obtained is useful as a

radi oprot ecti on neasure for people who are likely to be exposedJdiolils

radi ation (for exanple, astronauts, mlitary personnel, pilots, flight
attendants, radiological 10 technol ogi sts, nuclear power plant workers,
radiation facility workers, people who live near radiation facilities,
etc.). Moreover, the cosnetic product cgg-be wused as a radiation
(ultraviolet rays)-blocking cosnetic product that protects the exposed

skin of the face, hanthe 1ba@iSprdtait Mad | QYsmdtARE pradAdicalhi 8R
(Utraviolet-A, UItravioIet-C? al pha rays and beta rays) emanated fromthe

at nospher e, pebdateani fooreehmsls ) Oy LM MEHe Wdidprotdddt@velherefore,
the cosnetic product can al so be used as a radioprotection neasure for

peopl e i n noatekihilvasgiROienvt rasnssided The srdirdmiilecidd @nf | ber can be
prepared, for exanple, by kneading the radioprotective material directly
into fiber paptihalag (beadsl ertal ¢dosmstboatinmmnedirerdmy therebgndi ng t he
material_onto the surface of fiber. Since 25 the radioprotective fiber thus
obt ai necP bl Bégadngr thednekerial witlposhe qesndis @fdagionearfts.ar Toas types of

radi ati on emanated from the atnosphere, the earth's surface, electronic
and cosmetic product thus obtained is useful as a

radioprotection measure for people who are likely to be
exposed to radiation (for example, astronauts, military
personnel, pilots, flight attendants, radiological

10 technologists, nuclear power plant workers, radiation
facility workers, people who live near radiation
facilities, etc.). Moreover, the cosmetic product can be
used as a radiation (ultraviolet rays)-blocking cosmetic
product that protects the exposed skin of thé face, hand,

15 etc. from various types of radiation (Ultraviolet-A,
Ultraviolet-C, alpha rays and beta rays) emanated from the
atmosphere, electronic or electrical equipment, or the

(“f like. Therefore, the cosmetic product can also be used as
a radiqprotection measure for people in normal living

20 environments.

The radioprotective fiber can be prepared, for
example, by kneading the radioprotective material directly
into fiber (spinning raw material), or coating, adhering
or bonding the material onto the surface of fiber. Since

25 the radioprotective fiber thus obtained blocks or reduces
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el ectrical equipnment, etc., it can be used, for exanple, for the linings
of space suits; underwear, gloves and 5 other clothing for pilots, flight
attendants, radiation facility workers, etc.; curtains for radiation
facilities; and interior materials of radiation faculties, sEig@Erﬁﬁt,
aircraft, etc. The radi oprotective preparation is used for 10 8 g the
adverse effects of radiation on non-affected parts in radiotherapy or

radi ographi c i nspection to thereby protect the body. The form of
preparation is not I|imted, and can be suitably sel ected dependi ng on the
i ntended use from external, non-oral, 6&@] and other forms. 15 The

A Obr O SCHRY S PESOA UL Yt Sl AR of S BIAIBLC enaRle AT GAL 1 00 e

h ti ' [ ti an.exter.na
Brgz)g? ;te :Jo;‘IE cr%grﬁn%15 éﬁ%%\ rrle{rﬁé) %a&grﬁgsgrsg#f#ées'r%Ef?)ac?crgnﬁg)r(ﬁa&fial preparation
20 (injecti Qfec\gy%gggl%ﬁjdia@%n@,ntee&p' %Lr,%ﬂaglatb'e?[ﬂls%h t@%r %%{éjg%}or an oral

preparation, Int mahner . r, théradiopr Ve materia

and radi oprekeohd VerRIAGI s CHLE H8ad ASIRMAEEONAGTES! agh Medi cal or

experinmental material. e radiation- resistant I'call or experinental

mat eri als i soeh8Bt Lbhik@r£dss i Toddl 200t -a%Qefﬁ‘a%ﬁ%', 2@Rlihegbhons or
experinments that inhibits functional deterioration due to the actions of
radi ati on facility workers, etc.; curtains for radiation facilities;
and interiof materials of radiation faculties, spacecraft,
aircraft, etc.
The radioprotective preparation is used for
10 reducing the adverse effects of radiation on non-affected
parts in radiotherapy or radiographic inspection to
thereby protect the body. The form of preparation is not
limited, and can be suitably selected depending on the
intended use from external, non-oral, oral and other forms.
15 The radioprotective preparation is produced, for example,
by formulating the radioprotective maferial, singly or in
combination with conventional pharmaceutical carriers,
into a preparation such as an external preparation (cream,
ointment, patches or the like), a non-oral preparation
20 (injection, suppositories, enteric preparation or the
like) or an oral preparation, in the standard manner.
Further, thé radioprotective material and
radioprotective product can be used as radiation-resistant

medical or experimental material. The radiation-resistant

25 medical or experimental material is a material for use in




emtted by radiation sterilization or the like. As used herein, nedical or
experinental materials include not only 5 non-biological materials such as
vari ous pharnmaceutical conponents, nedical devices and | aboratory
instrunments, but also biological nmaterials such as enzynes, C%LLa gﬁﬁ

bi ol ogi cal tissues. The radiation- resistant nedical or experi P b
material of the present invention can be 10 prepared using the

radi oprotective material or radioprotective product of the present

i nvention, for exanple, by m xing the_éggioprotective material with a
non- bi ol ogi cal or biological material; by i mmobilizing the

di t ' terial . - bi ol ogi cal 15, bj ol qgi cal terial,;
by coveri ngrEiRGAIurBPayr AL OnF “Or; bRBEr ek the b g T o
di t ' b Qs f,.f | ting . t,
Cheet or 11 FRreeRpftty berRrs bR Oh bk b tnE i fof SRATRE T cot
sheet or fi [ Piod ¥ SIS R T B oot
Cheir dori varosetary caatersonr *EpaEfthaeEht of Gt EPtac' af, bl of focie

of radiati oRe@Bid,SHBISEL1 oFh¥gpelDfeRt feﬂétéﬂ¥$£%iégh é@gdﬁg?%i 2

met hod for 25 bl ocking or reducihg the adverse e 0 lon-on a
JUL 20065 - AbdnsbhpeebichhemARbhod1§080EHShEGvES] H¥s aﬁhéﬁﬁé&e@fﬁ mber
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selected fromthe group consisting of collagens, keratins, i broi ns
and their deompahenes,tnefioh&CletrDeéesUdh@Claboratory instruments,
but also biological materials such as enzymes, cells and
biological tissues. The radiation-resistant medical or
experimental material of the present invention can be
10 prepared using the radioprotective material or
radioprotective product of the present invention, for
example, by mixing the radioprotective material with a
nbn-biological or biological material; or by immobilizing
the radioprotective material on a non-biological or
15 ©biological material; or by covering a ﬁon—biological or

biological material with the radioprotective product in

the form of, for example, a coating agent, sheet or film.

(II) Method for blocking or reducing the adverse effects
20 of radiation
As mentioned above, collagens, keratins, silk
fibroins and their derivatives are capable of blocking or
reducing the adverse effects of radiation on a subject.
Thus, the present invention also provides a method for

25 blocking or reducing the adverse effects of radiation on a




In the nmethod of the present invention, the 5 radiation to be bl ocked or
reduced are the same as for the radioprotective material. Mreover, in the
met hod of the present invention, wusable collagens, keratins, 2lJﬁ£ @£r0|ns
and derivatives thereof are the same as for the radi oprotecti ial.
10 In the nmethod of the present invention, the subject to be protected is
not limted as-long as it needs protection fromthe adverse effects of
radi ation. Exanples of such subjects include agricultural products, nmarine
products, foods, donestic animals, pets,, humans, 15 electronic precision
instruments, textiles, nedical or expeftnental materials, etc. In the

el o o LB B Nnd WA b R SRR e LB R T

silk fibroins t hel't derlva Tas Iong

t h f
Sﬁbjzgcz he}&sgﬁsed %ﬁejr%?or@%r&é) gglem&égésq on J'“a‘ltlri}&'golpres ﬁ’?‘agﬁ’%tgﬁg 8%55&88 ‘ of the

subj ect "dogsy RELESS I %QQ%[ ubj ect .
Specific enbod?ﬁ%ﬁ?s of t%ﬁgrgg théh‘ 8¥%Bﬁx{ |nve Su%Hn€%dde
using (e.g., adm nistgiige n?é'thUc!— AO0Ge p%?egarf@ rigweﬁ%%hngtﬁé

i mobi |izing), to protect the subject, a | agen, keratin, srlk fibroin

or derigatiy&difer@ofto HaB Yockda %ﬁ%&&iﬁié& Qtef GHY IstiiRd a8N¥ o thiese
radioprotective material.

Moreover, in the method of the present invention,
usable collagens, keratins, silk fibroins and derivatives
thereof are the same as for the radioprotective material.

10 In the method of the present invention, the
subject to be protected is not limited as long as it needs
pProtection from the adverse effects of radiation.

Examples of such subjects indlude agricultural products,
marine products, foods, domestic animals, pets, humans,

15 electronic precision instruments, textiles, medical or
experimental materials, etc.

In the method of the present invention, the
process of using collagens, keratiﬁs, silk fibreins or
their derivatives on the subjecf is not limited as long as

20 they are used so as to be present inside or on the surface
of the subject. As used herein, the expression “be
present on the surface of the subject” does not
necessarily mean adhering to the surface of the subject.

Specific embodiments of the method of the

25 present invention include using (e.g., administering,




conponents (active ingredients) and a base material, 5 carrier or additive.
O her specific enbodi nents of the nethod include placing (e.g., covering,
coating or fitting) a product (e.g., coating agent, film sheet, cosnetic
product, fiber, external preparation, non-oral preparation or oral
preparation) conprising a collagen, 10 keratin, silk f|brmr§tuupgm vative
t hereof over the subject; applying the product to the subject; an

adm nistering (e.g., externally adm nistering, internally adm nistering,
injecting or ingesting) the product to_%ge subject. 15 In any of the above
enmbodi ments, it is desirable that the €b6llagen, keratin, silk fibroin or

derivative n, su yoportion that the subj ect has 0. 05
.%to 40 \/\PgﬁﬁspreggFg‘ggyoﬁbbwo 1%%‘ adduPTRye %qun JgCtof these

conmponent n or e. a surface I f the subject.

Fbagver fhg Ebgg?é?ﬁezﬂg#gg%?tloﬁﬁﬁgp%vg é&ﬁf ﬁ%‘ % J

subj ect, ex rgsult or not Ilntted to
t he above. 3%§%§?hesgr%pg?@?onigfoéhéggp nﬁg%LI sjfghﬁ§¥kedly | ower than

0.05 wt A, themdaneapab f [ nse effects of
JUL 2006 -ZSm%aEFaF?ogg?gyvg lﬂéﬁ@&iiﬁk€%ﬁ%ﬁ##£§%&¥%%%ongq;

cont ai nesl i Badrpeeport h@A1BiGEEr it 4DMisie BaveaiRhRrd fnthéence on

the effects of the present invention.
method include placing (e.g., covering, coating or

fitting) a product (e.g., coating agent, film, sheet,
cosmetic product, fiber, external preparation, non-oral
preparation or oral preparation) comprising a collagen,

10 keratin, silk fibroin or derivative thereof over the
subject; applying the product to the subject; and
administering (e.g., externally administering, internally
administering, injecting or ingesting) the product to the
subject.

15 In any of the above embodiments, it is desirable
that the collagen, keratin, silk fibroin or derivative
thereof be used in such a proportion that the subject has
0.05 wt.3% to 40 wt.%, preferably about 1 wt.% to about 10
wt.% in total of these components inside the subject or

20 inside a surfece layer of the subject. However, the
preferred proportion may vary depending on the type of
subject, expected results and the like, and therefore is
nhot limited to the above. When the proportion of these
components is markedly lower than 0.05 wt.$%, the

25 capability of blocking or reducing the adverse effects of




Therefore, these conponents nmay be contained in a 5 proportion higher than
40 wt: % as long as they do not adversely influence the functions and shape
of the subject. (I111) Use of at |east one nenber selected fromthe group
consi sting of collagens, keratins, silk fibroins and their 10 ﬁénﬂ&gﬂmves
As stated above, collagens, keratins, silk fibroins and their derivatives
are capabl e of blocking or reducing the adverse effects of radiation.
Accordingly, the present invention further provides use of at |east one 15
menber selected fromthe group consisti of collagens, keratins, silk
fibroins and their derivatives as a ratfoprotective material; use of at

I t | ect f t i sti f |1 :
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radioprotec&&xga?ﬁé&ri lé&?ﬂg‘y e(g{ at Ieaﬁﬁlone nquir_ of selected from
th OR Jraiei Ehall (49 Pty REVE GO Ref

de(rai 8;?:15(322{:15&5; ggdf&gtflgg %_?fegc{ d&é)p&' of (S;g;i v%tpr.oa;#r:t I Thencol I ag(rans,
keratins, si ﬁ ?lﬁroins and er|v§$ivesl%o%%éﬁﬁ%edfna &Fﬁ?nrhe nodes of
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foll owi ng Exanpl es and Experinents are oVl rate the present
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adversely influence the functions and shape of the subject.

(III) Use of at least one member selected from the group
consisting of collagens, keratins, silk fibroins and their

10 derivatives

As stated above, collagens, keratins, silk

fibroins and their derivatives are capable of blocking or
reducing the adverse effects of radiation. Accordingly, |
the present invention further provides use of at least one

15 member selected from the group consisting of collagens,
keratins, silk fibroins and their derivatives as a
radioprotective material; use of at least one member
‘selected from the group consisting of collagens, keratins,
silk fibroins and their derivatives for production of a

20 radioprotective material; and use of at least one member
of selected from the group consisting of collagens,
keratins, silk fibroins and their derivatives for
production of a radioprotective product. The collagens,
keratins, silk fibroins and derivatives to be used, and

25 the modes of using these substances are as described above.




i nvention. Unless otherw se specified, the proteins used in the follow ng
Exanpl es and Experinments are: a collagen (tradenane "Colla", manufactured
by Nitta Gelatin Inc.), a collagen derivative (a cationized collagen
tradenane 10 "Pronois W42CAQ', manufactured by Seiwa Kasei -ng;ﬁ] a
keratin (tradename ~human epitheliunt, manufactured by Phar mac U§
Inc.), a keratin derivative (a cationized keratin, tradenane Pronnls
WWH HQ f. manufactured by Seiwa Kasei Inc.), a silk fibroin (tradenane
"fibroin 15 powder", manufactured by g\abo Co., Ltd.), a silk fibroin
derivative [cocodi noni um hydroxypropyl $tTk am no acids, MAB500, tradenane
~Crosi | kquat % manufactured by Croda Inc.], a silk sericin (tradenane
"sericin powder% manufactured by Serene), a m |k casein (tradenane 20
"Hanmer stei n”, manufactured by Mer C@M ), a mlk casein derivative
(N, N-di ret hyl at ed casei n, manufact ur- bi ochem Novabi ochem Corp.), a

b [ tradepaies . t d by Fuji [
Proter n) . a soybean oo o e i lema Y Gyt JErdnbatd WBY 1O
J(Laury! o MBEBYLAER080 01 PLORKLA £ OHd ARedNEO HRUE ou 20061;25 WES00,

t r aaename owat soya ma actured wheat "protein
d

derivatisre GBydE @X¥nd34téi ABE hyh BOTERL r r Lysate,
MA6000, tradenane F'lHydr otri %I jélltl)m W% ?reacﬂu cjlftu(r:'gﬂ by&%ré%&r ctr% ). 5

invention. Unless otherwise specified, the proteins used

in the foilowing Examples and Experiments are: a collagen
(tradename "“Colla’”, manufactured by Nitta Gelatin Inc.), a
collagen derivative (a cationized collagen, tradename

10 "Promois W-42CAQ", ﬁanufactured by Seiwa Kasei Co., Ltd.),
a keratin (tradename "human epithelium”, manufactured by
Pharmaceuticals, Inc.), a keratin derivative (a cationized
keratin, tradename “Promois W-WH-HQ", manufactured by
Seiwa Kasel Inc.), a silk fibroin (tradename “fibroinr

15 powder”, manufactured by Daiwabo Co., Ltd.), a silk
fibroin derivative [cocodimonium hydroxypropyl silk amino
acids, MW3500, tradename "Crosilkquat”, manufactured by
Croda Inc.], a silk sericin (tradename "sericin powder”,
manufactured by Serene), a milk casein (tradename

20 "Hammerstein”, manufactured by Merck Co., Ltd.), a milk
casein derivative (N,N-dimethylated casein, manufactured
by Cabiochem-Novabiochem Corp.), a soybean casein
(tradename "Fujipro AL", manufactured by Fujipurina
Protein), a soybean casein derivative (hydroxy-

25 3(lauryldimethylammonio)propyl chloride hydrolysate




Exanpl e | Radi oprotective plastic product (sheet) A resin conposition was
prepared by mxing, at 600C in a twin-screw mxer, 62.5 parts by wei ght of
a polylactic acid resin (tradenanme "EcoPLA", average 10 nol ecul gr vve|8
8800, L/D: 98.5/1.5, manufactured by Cargil-Dow), 20.8 parts by Hbbof
a fatty acid polyester (tradenane 'Bionolle 101", manufactured by Shovva

H gh Polyner Co., Ltd.) and 16.7 parts by weight of silk f ibroin. The
obtai ned resin conposition was extruded from 15 a T-die extruder at an
extrusion tenperature of 1600C, and cogQLed at a die tenperature of 600C to
prepare a radioprotective plastic produCt (sheety with a size of I nun

(reasur ed atbardong LTI eS8yt S i Bloaiidfidl &tore i asti o
product (sheggl) )Thg SEd gtgiera%&fv%j&‘#’& hd except for using

t he same anount " oOf I pla e silk fibrointo
prepare a raqkeRmaks (ﬁ%&g&ﬁ i

radi opr ot ecthge pl agg'{i%ﬁOHiégﬁ&Eg %%ng%% uc]%ys(a e’eﬁ@ @adg)e

excel | ent t eatdshaRBIr Hyar5XaTel o Wgdi qamsf&éwlee@'@ftcfoa%r %L&t) (film

A resin conposition was prepared by m xing, at 60°'Cin a twin-screw
m xer, 62.5 parts by weight of a polylactic aC|d resin (tradenane
"EcoPLA", an aver age

Example 1 Radioprotective plastic product (sheet)

A resin composition was prepared by mixing, at
60°C in a twin-screw mixer, 62.5 parts by weight of a
polylactic acid resin (tradename "EcoPLA”, average
10 molecular weight 8800, L/D: 98.5/1.5, manufactured 5y
Cargil-Dow), 20.8 parts by weight of a fatty acid
pelyester (tradename “"Bionolle 101", manufactured by Showa
High Polymer Co., Ltd.) and 16.7 parts by weight of silk
fibroin. The obtained resin composition was extruded from
15 a T-die extruder at an extrusion temperature of 160°C, and
cooled at a die temperature of 60°C to prepare a
radioprotective plastic product (sheet) with a size of 1
mm (thickness) x 180 mm x 10 m. The sheet had a tear
strength of 10.2 kgf (measured according to JIS K-6732).
20
Example 2 Radioprotective plastic product (sheet)
The procedure of Example 1 was followed except
for using the same amount of collagen or keratin in place
of the silk fibroin to prepare a radioprotective plastic

25 product (sheet). The obtained radioprotective plastic




nmol ecul ar wei ght 8800, L/D: 98.5/1.5, manufactured by Cargil-Dow), 20.8
parts by weight of a fatty acid polyester (tradenane "Bionolle 101",

manuf actured by Showa 10 Hi gh Pol ymer Co., Ltd.), and 16.7[%Hf§ Fg(mﬁight
of collagen. The obtained resin conposition was subjected to rg ZI n
extrusion using an inflation extruder at a rotational speed of 220 rpm to
prepare a radioprotective plastic product (film with a size of 0.08 nm
(thickness) 15 x 900 mmx 10 m The filmhad a tear strength of 2.25 kgf
(measured according to JI'S K-6732). Exgﬂgle 4 Radi oprotective plastic
product (film The procedure of Exanple*3 was foll owed except 20 for using

t he sane annun% o% é%é%@é{q%gin or keratin in | ace of the collagen, to
prepare a r2tPOPrbt £T1¢ I EXRGIFAT HES EPeRI Tt ai ned

radi oprotective plastic product (film had an excellent tear strength. 25
Exanpl e 5 Radi oprotective filmJ UL 2006 -27 Twenty grans of coll agen

wh I ' d adj usted .t 0,000, dded
fo 80 m of BB Res et TR PR R e ™™ or m o suspensi on.
The suspension was spg eatk 1! Moo QL1 oh Al Frzpddlblehadinh058¢ by
evaporating the noisture, thereby preparing-a radioprotective’frim

Exanpl e 56 Ragi @PLQt £CHIME- ddtdlh ThEdF OGAY St PHFMIA gh % Hol | oved

except '
polylactic acid resin (tradename “"EcoPLA”, an average

molecular weight 8800, L/D: 98.5/1.5, manufactured by
Cargil-Dow), 20.8 parts by weight of a fatty acid
polyester (tradename “"Bionolle 101", manufactured by Showa
10 High Polymer Co., Ltd.), and 16.7 parts by weight of
collagen. The obtained resin composition was subjected to
rotation extrusion using an inflation extruder at a
rotational speed of 220 rpm, to prepare a radioprotective
plastic product (film) with a size of 0.08 mm (thickness)
15 x 900 mm x 10 m. The film had a tear strength of 2.25 kgf

(measured according to JIS K-6732).

Example 4 Radioprotective plastic product (£film)
The procedure of Example 3 was followed except
20 for using the samé amouht of silk fibroin or keratin in
place of the collagen, to prepare a radioprotective
plastic product (f£ilm)}. The obtained radioprotective

plastic product (£ilm) had an excellent tear strength.

25 Example 5 Radioprotective film




10 for using the sane anobunt of silk fibroin or keratin each having an
aver age nol ecul ar wei ght of 200,000 to 3,000,000 in place of the collagen,
to prepare a radioprotective film 15 Exanple 7 Radi oprotective sheet
Purified water was uniformy sprayed on the surface of the ra?qgg[qmﬁctive
filmobtained in Exanple 5 or 6 to such an extent that no water drops
remai ned. Ten such filnms were |am nated. The | am nate was conpressed 20
and then dried by heating at 1050C to adhere the films w th one anot her,
thereby giving a radi oprotective sheet._.. Exanple 8 Radi oprotective coating
agent One kilogramof silk fibroin, 5 bﬁ%? 25 pol yet hyl ene gl ycol 300

(pol ysorbate 80) and %50 of 1 JU 20q5§1-28 g&}hacr |ic acid copolyner LD
(manuf actured by Eudragrt)? WP S FIBE): ARs 8VeTREL owed by i xi ng,

to- ‘ i t nt. | e 9 Radi tective
coati ng agend bRALEECALEML o d AIT AR ca R A0 e REPei ng t he
t +Qf il . Of o t. (] I in, t
Srepare aridi Sartagf e R stk BeRE Ty, i o T EIRIER: Bect i ve
cosnetic (CEgaH) al 8h8péndidn St 3l §38peheonC §ALALPLLaWCLAinly over

5 a plate and dried at 105°C by evaporating the moisture,

thereby preparing a radioprotective film.

Example 6 Radioprotective film
The procedure of Example 5 was followed except
10 for using the same amount of silk fibroin or keratin each
having an average molecular weight of 200,000 to 3,000,000

in place of the collagen, to prepare a radioprotective

£ilm.

15 Example 7 Radioprotective sheet
Purified water was uniformly sprayed on the
surface of the radioprotective film obtained in Example 5
or 6 to such an extent that no water drops remained. Ten
such films were laminated. The laminate was compressed
20 and then dried by heating at 105°C to adhere the films

with one another, thereby giving a radioprotective sheet.

Example 8 Radioprotective coating agent
One kilogram of silk fibroin, 5 g of

25 polyethylene glycol 300 (polysorbate 80) and 250 g of




sequentially added 5.8 parts by wei ght of pol yoxyethylene oleyl ether
phosphoric acid (tradenane "Crodaphos", 15 manufactured by Croda Inc.), 2.5
parts by weight of cetostearyl alcohol (tradenanme "Crodacohol Sff,

manuf actured by Croda Inc.), 7.1 parts by weight of high- purit Vﬁﬁﬁbhne
(tradenanme "Sun Wite P-200", manufactured by N kko Rica C‘orp.z!J =

parts by weight of liquid 20 paraffin (manufactured by Wako Pure Chem ca
Ind. Ltd.), 0.4 parts by weight of poly(2)oxyethylene stearyl ether
(tradenane "N kkol BS-2", manufactured Ni kko Chem cal Co., Ltd.), 2.1
parts by weight of poly( 10) oxyethylé' " stearyl ether (tradenane ~N kkol

IS PR Dl eabd SR
Cr I

Véko gu?e enlc #d%ﬁ E%ﬁffgﬂjﬁ§% C eh& %ﬁnﬁruggﬁ§ﬁ8§§%ggg d
55.7 parts By, N O{gcgaJ%MdJaé¥ﬁ§M§4% and 8. 3 parts by weight of silk

fibroin. The resulting mxture wa ffed in a homoni xer at 250 rpm
thereby giving a radi oprotective cosnetic product (crean). 10 Exanple 11
Radi oprotective cosnetic product (cream) The procedure of Exanple 11 was

fol | oned exgephpld 0f medibriSENR YL Plagerld agen or keratin in place
of the silK fibroin, to prepare a radi oprotective cosnetic

The procedure of Example 8 was followed except
for using the same amount of collagen or keratin in place
of the silk fibroin, to prepare a radioprotective coating
agent.

10
Example 10 Radioprotective cosmetic (cream)

Into a 1 L stainless steel container were
sequentially added 5.8 parts by weight of polyoxyethylene
oleyl ether phosphoric acid (tradename "Crodaphos”,

15 manufactured by Croda Inc.), 2.5 parts by weight of
Cetostearyl alcohol (tradename "“Crodacohol S7,
manufactured by Croda Inc.), 7.1 parts by weight of high-
purity vaseline (tradename "Sun White P-200", manufactured
by Nikko Rica Corp.), 11.6 parts by weight of liquid

20 paraffin (manufactured by Wako Pure Chemical Ind. Ltd.),
0.4 parts by weight of poly(2)oxyethylene stearyl ether
(tradename “"Nikkol BS-2", manufactured by Nikko Chemical
Co., Ltd.), 2.1 parts by weight of poly(10)oxyethylene
stearyl ether (tradename “Nikkol BC-10EX", manufactured by

25 Nikko Chemical Co., Ltd.), 4.6 parts by weight of liguid




product (cream. 15 Exanple 12 Radioprotective fiber In a tw n-screw m xer
62.5 parts by weight of a polylactic acid resin (tradenanme "EcoPLA",
average nol ecular weight 8800, L/D: 98.5/1.5, nmanufactured by 20

Cargil -Dow), 20.8 parts by weight of a fatty acid polyester (t;ﬁﬂ§Q€ﬂﬁ
"Bionolle 101", manufactured by Showa Hi gh Polynmer Co., Ltd.) {046
parts by weight of keratin were m xed at 60*C to prepare a spinning
material conposition. The obtained spinning material conposition 25 was
dried by heating at 1050C for 12 hours.%ﬁubsequently, JUL 2006 -30 using a

pressure nelter type spinning nmachine, the dry conposition was nelted at

radi opr of ectPORLLR | bEF2aTalle (IRCRERR (o or sTuARGTHEC THe G30Bedur o of
Crarel e 12 468,01 | N eRg Sl oL LIS SaE i of ol agen of
oreparof | nUIEAaRRPEREECRY oke Find b dni el <000 0SB o
water. The QQtQEﬂﬁﬂtSQfu%f?@tﬂ@ﬁof@ﬁiﬁgtt§57¥x£é%ts by weight of
5 purified water and 8.3 parts by weight-of silk fibroin.
The resulting mixture was stirred in a homomixer at 250
rpm, thereby giving a radioprotective cosmetic product

{cream).

10 Example 11 Radioprotective cosmetic product (cream)

The procedure of Example 11 was followed except
for using the same amount of collagen or keratin in place
of the silk fibroin, to prepare a raﬁioprotective cosmetic
preduct (cream).

15
Example 12 Radioprotective fiber

In a twin-screw mixer, 62.5 parts by weight of a
polylactic acid resin (tradename "EcoPLA”, average
molecular weight 8800, L/D: 98.5/1.5, manufactured by

20 Cargil-Dow), 20.8 parts by weight of a fatty acid
polyester (tradename "Bionolle 101", manufactured by Showa
High Polymer Co., Ltd.) and 16.7 parts by weight of
keratin were mixed at 60°C to prepare a spinning material
composition. The obtained spinning material composition

25 was dried by heating at 105°C for 12 hours. Subsequently,




15 sprayed on a fiber (1001- cotton) in an anmount of 240 parts by weight
relative to 100 parts by weight of the fiber and dried at 1050C, thereby
giving a radioprotective fiber. Exanple 15 Radioprotective fiber 20 The
procedure of Exanple 14 was foll owed except for using the sang ?Eﬁg of
the coating agent of Exanple 9 in place of the coating agent 03 &bﬁe 8
to prepare a radioprotective fiber. 25 Exanple 16 Radi oprotectlve fiber 2
1 JUL 2006 -31 One hundred parts by weight of water, 2 parts by weight of
the coating agent prepared in Exanple 8zgand 10 parts by weight of fiber
(100% cotton) were placed into a washer dyeing machi ne and treated at 600C

for 2 hoursus¥ngha bkagéui\@sméb@@rtﬁﬁél %ﬁ%%ﬁd&&%ﬁwﬁ f@er,f her eby

giving a radioprotective fiber. Exanple The

procedure otompaspteodbwdBsméoté@Vee £86ePtand i@ HMSi%ghmisgme anmount
of the coating agent of Exanple 9 in place of the coating agent” of Exanple

8 to prepar éemperadiiopr of etsove, f therebExPerimen dadidprAQddagen, keratin
or silk fibroin was added to aqueous solutions containing I m of
a-anyl ase (€iPeR.Co. Ltd., enzyne activity: 8,000 Um) to give final
concent%?tions of 2 wt.%and 10 wt.% The resulting
Example 13 Radioprotective fiber
The procedure of Example 12 was Ffollowed except
for using the same amount of collagen or silk fibroin in
Place of the keratin, to prepare a radioprotective fiber.
10
Example 14 Radioprotective fiber
| Fifty grams of the coating agent prepared in
Example 8 was added, dispersed and dissolved into 100 ml
of water. The obtained solution was warmed to 70°C,
15 sprayed on a fiber (100% cotton) in an amount of 240 parts

by weight relative to 100 parts by weight of the fiber and

dried at 105°C, thereby giving a radioprotective fiber.

SN

Example 15 Radioprotective fiber

20 The procedure of Example 14 was followed except
for using the same amount of the coating agent of Example
9 in place of the coating agent of Example 8, to prepare‘a

radioprotective fiber.

25 Example 16 Radioprotective fiber




solutions were irradiated with gamma rays (10 kGy). The 20 resi dual

a-anyl ase activity of the irradiated solutions was neasured to find the
residual amount (% of a-anylase activity. For conparison, the 2slap#l 200§
procedure was repeated using silk sericin, mlk casein, soy casein, wheat
protein or albumn in place of the collagen, keratin 25 or silk fibroin,
and the residual anmount (% of a-anylase | JUL 2006 -32 activity was
nmeasured. The neasurenent of a-anylase activity was carried out in the
followng manner: 1 m of each of the _gamma ray-irradiated enzyne
solutions, suitably diluted, 5 was separately added to 20 mMl of a 1 w.%

potato starch soluti@he HohdRUEdDNd %@ﬂv}oe%bha\% ﬂ‘l:‘OQ:a@'erTh‘i gggg LP gﬁ

reaction was detected by nonitori’hg rea an iddin

" taking the i t oPhid bogl ' ti th d
aki ng the wbighet oMEEd Q8 NE SAGED pr éd)lrintb%.‘gégﬁ&%g?e} %@ dp Lhe en

of the reaction. From 10 the time Tequired unti t he reéaction,

Lhe enzymepastsvbyywsesneobs tad aoney Gdigdd) ik d phl-bdandntgayati on:
Dilution ratio of gamma ray- Enzyne Activity 200 x irradi ated enzyne

sol ution Twasheeqéyeng unddhiideamddraftd®ant g0 clFokhe hesirdual
proportion (% of a-anylase activity was calcul ated by conparison of the
enzyne 5 The fiber was then taken out and dried at 105°C, thereby

giving a radioprotective fiber.

Example 17 Radioprotective fiber
The procedure of Example 16 was followed except
10 for using the same amount of the coating agent of Example

9 in place of the coating agent of Example 8 to prepare a

radioprotective fiber.

Experiment 1

15 A collagen, keratin or silk fibroin was added to
aqueous solutions containing 1 ml of a-amylase (C-P‘R Co.
Ltd., enzyme activity: 8,000 U/ml) to give final
concentrations of 2 wt.% and 10 wt.%. The resulting
solutions were irradiated with gamma rays (10 kGy). The

20 residual a-amylase activity of the irradiated solutions
was measured to find the residual amount (%) of a-amylase
activity. For comparison, the same procedure was
repeated using silk sericin, milk casein, soy casein,
wheat protein or albumin in place of the collagen, keratin

25 or silk fibroin, and the residual amount (%) of a-amylase




P

activity found above with the enzyne activity before gamma ray irradiation.
Tabl el shows the results. 2 1 JUL 2006 -33 Table 1 Residual proportion of

a-arnylase activity (%9 Protein 2 wt.% 10 wt.% concentration Q$'
267 18.80 Keratin 2.01 20.10 Silk fibroj n 1.70 5.60 Silk de AR 1o
0.40 M1k casein 0.05 0.30 Soy casein 0.01 0.15 Weat protein 0.00 0.01
Albumn 0.00 0.0 5 No protein 0.00 0.00 The results reveal that the
col l agen, keratin and silk fibroin significantly inhibit the a-anylase 5
activity reduction caused by gamma ray irradiation as conpared w th other
proteins, demonstrating that the collatfnh, keratin and silk fibroin have a

hi gh protective _effect agai nst gamma rays. Therefore, collagens, keratins
activity was méasured.

The measurement of a-amylase activity was
carried out in the following manner: 1 ml of each of the
gamma ray-irradiated enzyme solutions, suitably diluted,

57 was separately added to 20 ml of a 1 wt.% potato starch
solution, followed by reaction at 40°C. The end of the
reaction was detected by monitoring reactions with an
iodine solution, taking the time at which iodine-starch
reaction became negative as the end of the reaction. From

10 the time required until the end of the reaction, the

enzyme activity was calculated according to the following

equation:

Dilution ratio of gamma ray-
irradiated enzyme solution
Time required until the end
of reaction '

Enzyme Activity = 200 x

15 The residual proportion (%) of a-amylase
activity was calculated by comparison of the enzyme
activity found above with the enzyme activity before gamma
ray irradiation.

Table 1 shows the results.




and silk fi
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concentration of 2.5 w.% The resulting solutions were irradiated with U/
rays for periods ranging fromO to 5 JUL 2006 -34 hours, and the residual
a-anyl ase activity of the irradiated solutions was then nmeasured. As
control experinments, UV irradiation was,performed in the sane nmanner as
above on a-anyl ase solutions containing silk 5 sericin, mlk casein, soy
casein, whegippgojein or albumin, and on an a-anylase sol ution containing

no protein, to neasure the reS|duaI a-anyl ase activity. Specifically, the
measurenent| was carried out ijn tResidhdbvprgpominm  offidsdmylase nl of a
sol ution 10| contai ni ng a-anyllase and one ofadteyprpteins was applied| to
t he upper surieeei®f a glass|slide, dried at roofq tenperature, and
irradi ated Webflcamtpht{igyi ol at Ianp %I%t Wv fromjl15s cn1éBoV§ fhe upper
surface of i SS. Af-teT ?\an]atl ot tHre—ch ci ﬁrync sekdti on
on the slideA5-gass—was disso'va“ R 2 nf distit¢8-88ter and the
a-anyl ase a L'E‘ LD of the resly -ting sttt ion was_lmeasured0 -8 f he safre
manner as i hoEXS 1%111 The rpmdulﬁ"o 5.60

Silk sericin 0.12 0.40

Milk casein 0.05 0.30

Soy casein 0.01 0.15

| Wheat protein 0.00 0.01
Albumin 0.00 0.05
No protein 0.00 0.00

The results reveal that the collagen, keratin
and silk fibroin significantly inhibit the a-amylase
activity reduction caused by gamma ray irradiation as
compared with other proteins, demonstrating that the
collagen, keratin and silk fibroin have a high protective

effect against gamma rays.

Therefore, collagens, keratins

and silk fibroins are useful as radioprotective materials

10 that reduce the effects of radiation (gamma rays).

Experiment 2

A collagen, keratin or silk fibroin was added to

aqueous solutions containing 1 ml of a-amylase (C-P‘R Co.
i5 Ltd., enzyme activity: 8,000 U/ml) to give a final

concentration of 2.5 wt.%. The resulting solutions were

irradiated with UV rays for periods ranging from 0 to 5




proportion (% of a-anylase activity was cal culated by conparing the
a-amyl ase activity neasured above with the 20 enzyne activity before the W
irradiation. Table 2 shows the results. 2 1 JUL 2006 -35 TabIeZ? @ﬁimgual
proportion of a-amylase activity (% UV irradiat'On ~tinme hour 4 2
hours Collagen 100 . 0 100 . 0 100 . O Keratin 100 . 0 100 . 0 100 . O
Silk fibroin 100 .0 100 . 0 98. 1 Silk sericin 100 . 087 . 0 71. 0 MIlk
casein 100 . 0 81. 1 66. 7 Soy casein 100 . 0 79 . 2 65 . 0 Weat proteln
100 . 0 80 .0 62. 8 A bumin 100 . 0 75,0 59 . 9 ~-iio protein 100 . 0 80
6 64. 0 The results reveal that when collagen, keratin or silk fibroin

LS. USed ASnBaEact BRACLES! LABLIRAETd S 2ol e B 2 L1 1 OV e

scarcely reduced by W irra I g agen, keratin

and ik fibpainabadesaltelohkaply Mok RUALEELd veasf LBGE ggal NSt LV

i rradi ation. Therefore, collagens, keratins and sil rorns are useful

as radi opr obepbiyReftl el Ul srihddadfon efkis epd Prosid s @fe radieati on (W
rays). manner as above on_a-amylase solutions containing silk
5 sericin, milk casein, soy casein, wheat protein or albumin,
and on an a-amylase solution containing no protein, to
measure the residual a-amylase activity.
Specifically, the measurement was carried out in
the following manner: First, 0.2 ml of a solution
10 containing a-amylase and one of the‘proteins was applied
to the upper surface of a glass slide, dried at room
temperature, and irradiated with an ultraviolet lamp (15
W) from 15 cm above the upper surface of the slide glass.
After irradiation, the dried enzyme solution on the slide
15 glass was dissolved in 0.2 ml of distilled water, and the

a-amylase activity of the resulting solution was measured

in the same manner as in Experiment 1. The residual

A

proportion (%) of a-amylase activity was calculated by
comparing the a-amylase activity measured above with the
20 enzyme activity before the UV irradiation. Table 2 shows

the results.




Experinment 3 Coll agen, keratin or silk fibroin was added to aqueous
solutions containing 1 m of a-anylase (CP-R Co. 15 Ltd., enzyne
activity: 8,000 Unl) to give a final concentration of 1. 25 wt b JUstop the
resulting solutions, glass slide sanples were prepared in the same nanner
as in Experinent 2, and irradiated with X-rays (10 kGy), 2 1 J UL 2006
-36 el ectron beans (10 kGy) or gamma rays. The residual a- anylase activity
was then neasured and the residual proportion (% of a-anylase activity
was found in the same nmanner as in Expgrinent 1. As control experinents, 5
i rradiati on was performed in the sane manner as above on a-anyl ase

sol utions cggggénbng silk sericin, mlk casein, soy casein, wheat protein
or al bumn on_an a-anyl ase sol uti on containing no protein, to neasure

the residugl a- anylase activity |anHebiadalhpropsrtiieh @f apodniylisd 99| of
10 a-anylage activity. Table 3 shows the resuhktgiviepl egp Resi dual
prgpogltion Uy &g onfalimé 1Y TyPRo@F N ETECLEOR CAMTE Kohdis
radlation r 1 peans 14dys got e a0+ =T T O
Keratin 100—daedoh 2"0p” o 50" g1 | 106=0 19 100 .0
Keratin 100.0 100.0 100.0
Silk fibroin 100.0 100.0 98.1
S8ilk sericin 100.0 87.0 71.0
Milk casein 100.0 81.1 66.7
Soy casein 100.0 79.2 65.0
Wheat protein 100.0 80.0 62.8
Albumin 100.0 75.0 59.9
No protein 100.0 80.6 64.0

The results reveal that when collagen, keratin
or gilk fibroin was used as a radioprotective material,

5 the a-amylase activity was scarcely reduced by UV
irradiation, demonstrating that collagen, keratin and silk
fibreoin have a remarkably high protective effect against
v irradiation. Therefore, collagens, keratins and silk
fibroins are useful as radioprotective materials that |

10 reduce the effects of radiation (UV rays).

2
. .

Experiment 3
Collagen, keratin or silk fibroin was added to
agqueous solutions containing 1 ml of a-amylase (C:P:R Co.
15 Ltd., enzyme activity: 8,000 U/ml) to give a final
concentration of 1.25 wt.%. Using the resulting solutions,
glass slide samples were prepared in the same manner as in

Experiment 2, and irradiated with X-rays (10 kGy),




O O Silk fibroi-n .0 90 . 6 93 288 . 6 Silk sericin 99 .8 22 .1 24 . 5
15 .1 MIlk casein 99 .7 66 .8 56 . 7 18. 8 Soy casein 100 . 0 43 . 2 31 .
1 11. 1 Weat protein 100 . 0 51 .8 28 .9 12 .4 Al bumn 9 S 112ﬂ;@LﬂMB
protein 10C 11.0 The results reveal that collagen, keratin and silk
fibroin mnimze the a-anylase activity reduction 15 caused by irradiation
with gamma rays or el ectron beans, denonstrating that collagen, keratin and
silk fibroin have an extrenely high protective effect against these 1 JUL
2006 -37 radiation sources. Therefore,,collagens, keratins and silk
fibroins are useful as radioprotective materials that reduce the effects

iati .5 I ment 4 Using
o anyl age sorct Foak e@erHIO kPR Wy Bl FEY o KDk mRerdal Bori vat i ve
[ [ ' ' ' - ' t r.atql 0 . % gl ass
i de sanpl CAriase bl IEy Had thclneSOleel oAl ShePkepifioliont T “The

sanpl es wer gropbadiah efs M &9 K-Aiytadd bdiQP et R Uhnd a3 n61eKQ) o
gama rays (10 kGy). The residual™ a- 7
manner as in Experiment 1. As control experiments,
5 irradiation was performed in the same manner as above on
a~amylase solutions containing silk sericin, milk casein,
soy casein, wheat protein or albumin, and on an a~amylase
solution containing no protein, to measure the residual a-

amylase activity and find the residual proportion (%) of

10 a-amylase activity. Table 3 shows the results.

Table 3
Residual proportion of a-amylase
activity (%)

Type of No X-rays Electron| Gamma

radiation radiation beams rays

Collagen 1060.0 98.6 99.6 8B2.6

Keratin 100.0 84.7 98.8 90.9

S5ilk fibroin 100.0 90.6 93.2 88.6

Silk sericin 99.8 22.1 24.5 15.1

Milk casein 99 .7 66.8 56 .7 18.8

- Soy casein 1060.0 43.2 31.1 11.1
( | Wheat protein 100.0 51.8 | 28.9 | 12.4
: Albumin 99 .7 24.8 41.8 11.1

No protein 100.0 22.8 38.4 11.0

The results reveal that collagen, keratin and
silk fibroin minimize the a-amylase activity reduction
15 caused by irradiation with gamma rays or electron beams,
demonstrating that collagen, keratin and silk fibroin have

an extremely high protective effect against these




anyl ase activity was then neasured and the residual proportion (% of
a-anyl ase activity -was found in the sanme 15 manner as in Experinent 1. For
conparison, the sanme procedure as above was foll owed using a wheat protein
derivative, nmilk casein derivative or soy casein derivative in phagge 706
the col |l agen derivative, keratin derivative or silk fibroin derlvatlve
Table 4 shows the 20 results. 21 JUL 2006 -38 Table 4 Residual proportion
of a-anylase activity (%9 Type of No Electron Gamma radiation radiation
X-rays beans rays Collagen 100.0 99.6_ %9 4 88.1 derivative Keratin
derivative 98.0 98.1 78.9 65.4 Silk fibroin 100.0 97.6 88.6 32.8
derivative YHaak+phoat %?@5&%4 a@e\f%f%%eS %oi&a%eﬁg,okergtlh\éea'w | k casein

derivative 98.6 43. oy case€l'n
silk flbr01ns are useful as radioprotective materials that

reduce the effects of radiation (X~rays, electron beams

and gamma rays).

Experiment 4

Using a-amylase solutions containing a.collagen
derivative, keratin derivative or silk fibroin derivativé
at a final concentration of 1.25 wt.%, glass slide samples

10 were prepared in the same manner as in Expériment 2. The
samples were irradiated with X-rays (10 kGy), electron
beams (10 kGy) or gamma rays (10 kGy). The residual a-
amylase activity was then measured and the residual
proportion (%) of a-amylase activity was found in the same

15 manner as in Experiment 1. For comparison, the same
procedure as above was followed using a wheat protein
derivative, milk casein derivative or soy casein
derivative in place of the collagen derivative, keratin

derivative or silk fibroin derivative. Table 4 shows the

20 results.
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Silk fibroin
derivative

100.0

97.6

88.6

32.8

Wheat protein
derivative

99.8
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40.0

Milk casein
derivative

98.6

43.6

27.8

Soy casein
derivative

99.0

18.6

12.8

| No protein

100.0

15.0

8.0

The results reveal that, as with collagen,

keratin and silk fibroin, the collagen derivative, keratin

high protective effect against X-rays,

gamma rays.

Therefore,

collagen derivatives,

derivative and silk fibroin derivative have an extremely

electron beams and

keratin

derivatives and silk fibroin derivatives are useful as

radioprotective materials that reduce the effects of

10

invention blocks the effects of various types of radiation

15

INDUSTRIAL APPLICABILITY

radiation (X-rays, electron beams and gamma rays).

The radioprotective material of the present

and therefore is capable of significantly preventing

I




substances, is valuable fromthe viewpoint of environnental conservation.
Furthernore, the nethod of the invention can 15 effectively block or
reduce the adverse effects of radiation on a subject, and thus 'méﬁm§nt
the functional deterioration of or damage to the subject by ra |a€| n.
-40- 2 1 JUL 2006 CLAIMS 1. A radioprotective material which provides
protection fromat | east one nenber selected fromthe group consisting of
X-rays, gamma rays and el ectron beans, the 5 radi oprotective materi al
conprising at |east one menber selecteggfromthe group consisting of
col | agens, keratins, silk fibroins and ?heir derivatives. 2. A

r adi opr ot ectJd ri risi I ohe nenher selected fromthe

o oup. conei reatart SaPefrB LA lether SR MR{THIIEs S hofich

radi opr ot ectrizwe @kl a [ : i . Whi A rotection

from 10 kGy or %g?%6§f é??gﬁg?g ggn%%1 égémgﬁérgﬁpéﬁ%%ﬁ%%ﬁlgggﬁ%f 4. A

radi opr ot ecanwe c@hg@uabt@eﬁpéiﬁéagwﬁeré%ééfé%&l%{gfﬁé A JER! ef ial according
[ 0

toclaiml1. S. A radioprotective product acco claim 4, conprising
0.05 Wt . % t Blod@overY ithet Ah8bro4l abs | RS 1 OREHtIBDEY SfJAAlELGH rom the

group consisting of collagens, Kkeratins, silk fibroins and their
derivati¥esprotecting organisms and articles such as precision
equipment, photographic dry plates or the like from damage
caused by radiation emitted from experimental equipment,
color televisions or like electrical appliances containing
radiation tubes, or by radiation from outer space or the
10 earth’s crust. Further, the radioprotective material of
the invention, which is derived from naturally occurring
substances, is valuable from the viewpoint of
environmental conservation.
Furthermore, the method of the invention can
15 effectively block or reduce the adverse effects of

radiation on a subject, and thus can prevent the

functional deterioration of or damage to the subject by

i radiation.




20 6. A radioprotective product according to claim 5, which is at |east
one nenber selected fromthe group consisting of radioprotective plastic
product, radioprotective film radiréprotective sheet, radioprotlecdiiivaih
coating agent, radioprotective cosnetic product, 25 radioprotective fiber
and radi oprotective preparation. 2 1 JUL 2006 7. A radiation-resistant
medi cal or experinental material, &bApEsing a radioprotective materi al
according to claim1. 8 A radiation-resistant nedical or experinental 5
material, conprising & r SR SPPREeLFVEVDr odaEerhetor dhihght oprevapap4. o.
Use of at |east one nenber selected fromthe group consisting of

col | agarnte@iam nsromi &k flebpdi mocambmbichei se bertiadt fves, ther grhep
production of a radioprotective 10 material for blocking or reducing the

- adver sec@afdiettingf o0 Xkéyyor matmmeof rXyEaymd galaatrays wdnr ehectron
beans. 10. Use of at |east one nenber selected fromthe group consisting

of ool | agensrdaiating, widdefd1br didipratdng heitr dehistat bues, mbapethe
production of a radioprotective 15 product Tor bl ocking or reducing the

adver s efdade o0 kOl A0 LNl X3 1Y S, ST LS, 2R8Lat;plect Ton

beans. 11. A method for cki'ng or reducrng the adverse ects o6f at

| east one it ype. of. radiati.gn .sel ect.ed fromthe group consisting of x-rays,
gama ré(;l;e/ls]l a%%”g e raonnC} btg]aenlsr, CF%‘{%telvr?ﬁ'hod conpri si ng:

2. A radioprotective material comprising at
least one member selected from the group consisting of

10 céllagens and their derivatives.

3. A radioprotective material according to claim
1, which provides protection from 10 kGy or more of x-rays,
gamma rays and/or electron beams.

4. A radioprotective product comprising a

15 radioprotective material according to claim 1.

5. A radioprotective product according to claim
4, comprising 0.05 wt.% to 40 wt.% in total of at least one
member selected from the group consisting of collagens,
keratins, silk fibroins and their derivatives.

20 6. A radioprotective product according to claim
5, which is at least one member selected from the group
consisting of radioprotective plastic product,
radioprotective film, radioprotective sheet, radioprotective
coating agent, radioprotective cosmetic product,

25 radioprotective fiber and radioprotective preparation.




determ ning that a subject will be exposed to |OkGy or nore of said
X-rays, gamma rays and/or electron beans; in response to the determ nation
and prior to the 25 exposure, proteéting the subject with a

radi oprotective nmaterial conprising at |east one nenber sel ect ed ¥ /¥nilhe
-42- 21 JUL 2006 _group consisting of collagens, keratins, silk fibroins
and their derivatives® 12diathernbeshetarti ngdieatl armekperiRensea at

| east one menber selected fromthe group consisting of 5 coll agens,

kerati rmsatefialsfiperpnssamd &hehdiderovatitives imstadmihi stepreding, toi xed
with, coated on, or immobilized on the subject. 13. A nethod according to
claim ldlaimhetein a radioprotective plastic product, radioprotective film
10 radi oprotective sheet, radi oprotective coating agent, radi oprotective

cosnetic product,gor rmdiogioteshivesisibent ROAPELSI B akpkeaglknene nmenber
selected fromthe group consisting of collagens, keratins, silk fibroins

and gt hehdre @841 Vabb¥gsi 5$nysad LRy, il b&GL+ %?caé?i mg,hod
according to claim 13, wherein a product conprising at [east one renber
sel ected) fypmthe group consisting of collagens, keratins, silk fibroins
and their derivatives is placed over, applied to or adm nistered to the

subj ect. 20 15. Qanetq?d acgordiq% to claim1l, wherein at
_ . se of at ast one member selected from the

group consisting of collagens, keratins, silk fibroins and
their derivatives, for the production of a radioprotective

10 material for blocking or reducing the adverse effects of. 10
kGy or more of X-rays, gamma rays and/or electron beams.

10. Use of at least one member selected from the
group consisting of collagens, keratins, silk fibroins and
their derivatives, for the production of a radioprotective

15 preoduct for blocking or reducing the adverse effects of 10
kKGy or more of X-rays, gamma rays and/or electron beams.

11. A method for blocking or reducing the adverse
effects of at least one type of radiation selected from the
group consisting of x-rays, gamma rays and electron beams,

20 the method comprising:

determining that a subject will be exposed to
10kGy or more of said x-rays, gamma rays and/or electron
beams;

in response to the determination and pricr to the

25 exposure, protecting the subject with ra radioprotective

material comprising at least one member selected from the




| east one menber selected fromthe group consisting of collagens,
keratins, silk fibroins and their derivatives is wused in such a manner
that the at | east one nenber is predént inside the subject or inqﬂdgug eg
surface |l ayer of 25 the subject in a total anount of 0.05 w.%to 40 W.
-43- 2 1 JUL 2006, 16. A nethod according to claim11l, wherein the subject
i s sel EEfYP f FERSLAELGPoF cOPsl3UERY, ofkeraginsul turldt proriotts, amdri ne

products, foods, domestic animals, pets, electronic precision instrunents,
textil éshelns gpuicativew experinental materials. 17. A nethod according to
claim 11l wherein the subject is a human. 18. A nethod for bl ocking or
reduci ng the adverze Zfmethsdofacadia@tihgn thor om £lwctingn earsint he met hod
10 conprising: determining that a subject will be exposed to electron

beans; i¢agespanse detddie deteckedat FeBmanther i ol (s @RARMr &+
protecting the subject with a radioprotective 715 material conprising at

| east S fr he-; onsk st o , skeratins,
AR e e 4 e e e b e e Ty

wh i - | d f h i Sti f 20
colelr Sb&?\%ﬁll}({er a E.%‘i’?%gﬁk@ﬁ%ﬁr%ﬁhgma{%@ 53?{ \%ﬁi '\L(ilg[g&!?iﬂan (r)nOélt er ed

to, m&qgevg&gjegto_at ed on or inmmobilized on the

13. A method according to c¢laim 11, wherein a
radioprotective plastic product, radioprotective  film,

10 radioprotective sheet, radioprotective coating agent,
radioprotective cosmetic product, or radioprotective fiber
comprising at least one member selected from the group
consisting of collagens, kératins, silk fibroins and their
derivatives is used to protect the subject.

15 14. A method according to c¢laim 13, wherein a
product comprising at least one member selected from the
group consisting of collagens, keratins, silk fibroins and
their derivatives is placed over, applied to or administered
to the subject.

20 15. A method according to c¢laim 11, wherein at
least one member selected from the group consisting of
collagens, keratins, silk fibroins and their derivatives is
used in such a manner that the at least one member is
present inside the subject or inside the surface layer of

25 the subject in a total amount of 0.05 wt.$% to 40 wt.$%.




subject. 20. A nethod according to claim 18, wherein a radioprotective

pl astic product, radioprotective film 25 radioprotective sheet,

radi oprot ecti ve coating agent, radi opfotective cosmetic product, ot JUL 2006
radi oprotective fiber -44- 2 1 JUL 2006 conprising at |east one nenber
selected fromthe grou consi sting of collagens, keratins, silk fibroins
and their derivatfved i ®efbed Beontstics tpecdabpectl, 2hepre et Kb
according to claim20, wherein a 5 product conprising at |east one nenber
sel ect eIV t heS gr GgpechEsl st Emgmof tbel agensyp kerarisisstigid k ©ifbr oi ns
and their derivatives is placed over, applied to or admnistered to the
subj ectagrizulXumst hodoaedocds ng harthai mpi8duwnhel ei icatls, 10 doaast-iene
menber selected fromthe group consisting of collagens, keratins, silk

fi broi neniandll ¢ hepetderiypédvesnis pieed sinSULhs Brimanes, t hakitihesat | east
one nenber is present inside the subject or inside the surface |ayer of

the ssuefcd N Zhd U:8be AIHAHY 2 Ofp D 053 s %010 40 wt. % 15 23. A method
according to claim 18, wherein the subject is selected fromthe group

consisting of agydcultu [0 i ne product f gods, . donpestic

ani mal s, pets, e?le—)c't ro;%i (F:“%%ngi S%%élg?%%? urJ%é)nt%?aJE%xtii’ll e‘%,er%rai ¢&F and

experinmental materials. 20 24. A method according to claim 18 wherein the
5 rb ahuman.

subj ect FISEF hukarf

18. A method for blecking or reducing the adverse
effects of radiation from electron beams, the method
10 comprising:
determining that a subject will be exposed to
electron beams;
in response to the determination and prior to the
exposure, protecting the subject with a radioprotective
15 material comprising at least one member selected from the
group consisting of collagens, keratins, silk fibroins and
their derivatives.
19. A method according to claim 18, wherein at
least one member selected from the group consisting of
20 collagens, keratins, silk fibroins and their derivatives is
administered to, mixed with, coated on or immobilized on the
subject.
20. A method according to claim 18, wherein a
radioprotective plastic product, radioprotective £film,
25 radioprotective sheet, radioprotectiﬁe ceating agent,

radioprotective cosmetic product, or radioprotective fiber




10

15

20

21 JUL 1006
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comprising at least one member selected from the group
consisting of collagens, keratins, silk fibroins and their
derivatives 1is used to protect the subject.

21. A method according to claim 20, wherein a
product comprising at least one member selected from the
group consisting cof collagens, keratins, silk fibroins and
their derivatives is placed over, applied to or administered
to the subject.

22. A method according to claim 18, wherein at
least one member selected from the group consisting of
collagens, keratins, silk fibroins and their derivatives is
used in such a manner that the at 1least one member is
present inside the subject or inside the surface layer of
the subject in a total amount of 0.05 wt.% to 40 wt.%.

23. A method according to claim 18, wherein the
subject is selected from the group consisting of
agricultural products, marine products, foods, domestic
animals, pets, electronic precision instruments, textiles,
medical and experimental materials.

24. A method according to claim 18 wherein the

subject is a human.




