-ﬁ%@%ESCRIPTTCN‘—RﬁDrePR6$E€¥FVE MATERI ALS AND UTI LI ZATI ON THEREOF 5
TECHNI CAL FI EL invention relates to materials capable of
reduci ng adver&MIﬂﬂ‘ﬁmm@ & radiations, i.e., radioprotective materials.
The present i nvention |1 er relates to methods for radioprotection using
the 10 radi oprotectl PV materials, and products having radioprotective

effects gmkﬂg—%ﬁ—fhe—radrﬁb‘otect|ve mat eri al s contai ned therein.
BACKGROUND Al nt years, increasing anounts of radioactive waste
are generategm-ﬁﬁmmmm mmg power facilifiies such as nucl ear power plants,
and nedi cal S, universities and | aboratories that use
radi oi sot opes. At®®Pdingly, a reli aDEBCRERSIOX for 20 radioprotection is
demanded. Further, it is said that mners in mnes of wuraniumore, coal or
netals are exposed to nore than 6 tinmes as nuch radiation fromthe earth's
crust as allowed by international recomrendati ons for radiation workers.
25 Moreover, thé”%%ﬁﬁﬁBO%$c?5ﬁEa¥$3ﬁR¥A%ﬁ1%M@eVTEbQ%%T¥Q®SﬁHEREQF rays) to

which flight crews are said to be exposed is much

5. TECHNICAL FIELD
The present invention relates to materials
capable of reducing adverse effects of radiations, i.e.,
radioprotective materials. The present invention further
relates to methods for radioprotection using the
10 radioprotective materials, and products having
radioprotective effects owing to the radioprotective

materials contained therein.

BACKGROUND ART

15 In recent years, increasing amounts of
radiocactive waste are generated from nuclear power
facilities such as nuclear power plants, and medical
facilities, universities and laboratories that use
radioisotopes. Accordingly, a reliable measure for

20 radioprotection is demanded.

Further, it is said that miners in mines of
uranium ore, coal or metals are exposed to more than 6
times as much radiation from the eafth’s crust as allowed
by international recommendations for radiation workers.

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



gremter than that to which miners are exposed. A solution of these _
vproblens is urgently required. Besides these specific facilities, |uninous

5 paints on clock or watch faces, glow lanps in fluorescent |anp devices,
di scharge tubes in displays in gas stations or the |ike, and snoke _
detectors in buildings enploy isotopes that emt al pha rays or beta rays.
Therefore, proper radiation control is always necessary in production 10
sites of these itens. "Radiations", in a broad sense, include cosnmc rays,
radi o waves, infrared radiation, visible2kight, Utraviolet-A,
Utraviolet-B, Utraviolet-C, directly ionizing al pha rays, beta rays,
proton beansrayw)) bac yeonidh bDedglt chelis estd ysdiohito g XdppEsd dammdhays,
el ectron beans and neutron beanms, etc. Anpbng these radiations,
U traviol et -gxeatx raivanl ehaB, tdi vecchyminarzi age abpbasedys A ketlatriays,
proton beans and baryon beans and indirectly ionizing X 20 rays, ganmm
rays, electroh Heass Rrebhens rbp beagst heceegiine@. r adi oprotection. For
protecting the internal or external (such as the skin, hair, eyes or the
like) parts of the bodfFIteRt thesavirtetf Faykachliglessebuminens ar ge,
Iight-cogored 25 lens, hats with all-around brins. with a width of at |east
A paints on clock or watch faces, glow lamps in fluorescent

lamp devices, discharge tubes in displays in gas stations

or the like, and smoke detectors in buildings employ

isotopes that emit alpha rays or beta rays. Therefore,

proper radiation control is always necessary in production

10 sites of these items.

“Radiations”, in a broad sense, include cosmic
rays, radio waves, infrared radiation, visible light,
Ultraviolet-A, Ultraviolet-B, Ultraviolet-C, directly
ionizing alpha rays, beta rays, proton beams and baryon

15 Dbeams, indirectly ionizing X rays, gamma rays, electron
beams and neutron beams, etc.

Among these radiations, Ultravioiet—A,
Ultraviolet-B, directly ionizing alpha rays, beta rays,
proton beams and baryon beams and indirectly ionizing X

20 rays, gamma rays, electron beams and neutron beams
necessitate radioprotection.

For protecting the internal or external (such as
the skin, hair, eyes or the like) parts of the body from
ultraviolet rays, sunglasses with large, light-colored

25 lens, hats with all-around brims with a width of at least



7 cm dark-colored clothes nade of polyester fibers or henp fibers,

cul traviol et blocking cosnetics containing titaniumoxide are reportedly
effective. However, these neans block only Utraviolet-B, which, for
i nstance, 5 danmages DNA in the epiderm s of the body, pronotes the
formati on of nelanin pignment, rapidly increases active oxygen and thereby
ages the tissue cells of the epiderms, and causes skin spots. On the
ot her hand, Utraviolet-C reaching the earth has been greatly increasing
in recent 10 years owing to the destructi3en of the ozone | ayer, and thus
the effects of Utraviolet-C pose problens. Further, it is known that
U traviol et -A peneteakesodlecpdi nlothhe maddenp$ pblybetbodyibsdscols or
destroys elastic fibers to thereby formunrenovable winkles or cause
cataracts. 1BeMRuSibprsieéltoaviredns hyacksngt heswetlicsavboketiniays are
al so hoped for. Mreover, exposure to al pha rays, beta rays, X rays, gamm
rays or |iket+bANZMRgO*rAbPaRFBNTRRAPERSIpEr AEAEEE1VRe HigREVSOdythote only

i ncl udj ng. those of the bl ood and

causes acute di sorders, 20 of e bod f
organs, but ™&f8d Rggéroﬂ§£¥ebEF59¥FééeETPecW§16ﬁ'tﬁ@rhaﬁﬁﬁaﬁééy, such as
mat or ol SagatatedEReRlE PAGPHR: BhitrEnunsPr bt odVacProgoshsuree
radi oprotect}opn25: 507 o PeqRY Enk R GROSLAL, 28 Y8h| 23.PEQRLE wheswerk with
oxygen and thereby ages the tissue cells of the epidermis,
and causes skin spots. On the other hand, Ultraviolet-C
reaching the earth has been greatly increasing in recent
10 years owing to the destruction of the ozone layer, and
thus the effects of Ultraviolet-C pose problems. Further,
it is known that Ultraviolet-A penetrates deep into the
dermis of the body and cuts or destroys elastic fibers to
thereby form unremovable wrinkles or cause cataracts.
15 Thus, protection means against these ultraviolet rays are
also hoped for.
Moreover, exposure to alpha rays, beta rays, X
rays, gamma rays or like ionizing radiation which
permeates the human body not only causes acute disérders
20 of the body, including those of the blood and organé, but
also has long-term averse effects on the human body, such
as carcinogenesis, genetic damage or the like.
Development of a protective material against these

radiations is desired, in order to ensure radioprotection

25 for people in general, as well as people who work with



-4- radiation and nucl ear power. DI SCLOSURE OF THE | NVENTI ON An obj ect of
the present invention is to provide 5 a radioprotective naterial easily
usabl e for blocking adverse effects of radiations, exposure to which
occurs or is likely to occur inevitably, unconsciously or accidentally in
daily life or in a working environnent, and for affording protection from
exposure to such 10 radi ations. Another object of the inventionis to
provi de radioprotective products produced using the radioprotective
material. A further object of the invertdi-on is to provide a nethod using
the radioprotective material to prevent exposure to radiations. 15 The
present invenddiattanraed putleatrepswee. research to achi eve the above
objects. As a result, the inventors found that polyam no acids and their
derivatives are capable of significantly blocking or reducing adverse
effects of various radiations, and confirned that use of 20 this
characteristic of polyam noPAECHQSHRE: QE] FHEJENVENTIQPNs nakes it possible
to protect organisns or articles frominevitable or unconscious radiation

exposure in daily |if@&orPi%ch dbrkhiagenserbrismnt e i dsemrovisigent i on

has been_.acconpli,shed pased on these findings. 25 The present invention
providesstheapg??bafﬁaEeCtlve ma@erlai eas?gy usable fgr blocking

adverse effects of radiations, exposure to which occurs or

is likely to occur inevitably, unconsciously or
accidentally in daily life or in a working environment,
and for affording protection from exposure to such

10 radiations. Another object of the invention is to provide
radioprotective products produced using the
radioprotective material. A further object of the
invention is to provide a method using the radioprotective
material to prevent exposure to radiations.

15 The present inventors carried out extensive
research to achieve the above objects. As a result, the
inventors found that polyamino acids and their derivatives
are capable of significantly blocking or reducing adferse
effects of various radiations, and confirmed that use of

20  this characteristic of polyamino acids or their
derivatives makes it possible to protect organisms or
articles from inevitable or unconscious radiation exposure
in daily life or in a working environment. The present
invention has been accomplished based on these findings.

25 The present invention provides the following:



-5- 1. Aradioprotective naterial conprising a polyamno acid or acids or a
derivative or derivatives thereof. 2. A radi oprotective material according
toitem 5 1, wherein the polyamno acid or acids conprise a water- soluble
amno acid or acids or a water-soluble derivative or derivatives thereof.
3. Aradioprotective material according to item 1, wherein the polyam no
acid or acids conprise at least 10 one amno acid selected fromthe group
consisting of glutam c acid, phenylalanine, alanine and leucine. 4. A
radi oprotective nmaterial according to ité&m 1, wherein the polyam no acid
or acids or derivative or derivatives thereof are nodified with a sugar
conponent or 15 conpdnerf scadbiop otam taipreo tnettie rviea Imed@iip 8l s aog o di ng t o
item 4, wherein the sugar conponent or conponents are at |east one member
sel ected frdamlyniroupctdnst sat¢hdgs obr mndsatcitar velesr adelr byagosaschari des.
20 6. A radioprotective material according to item 1, which provides
protection fFeeae®f| east one menber selected fromthe group consisting of
amma rays, X rays, beta rays, ultraviolet rays, alpha rays, cosmc rays,
gléctronybeans a%d bagyoﬁngémgprotective matgglal Jécordghg to item
5 1, wherein the polyamino acid or acids comprise a water-
soluble amino acid or acids or a water-soluble derivative
or derivatives thereof.
3. A radioprotective material according to item
1, wherein the polyamino acid or acids comprise at least
10 one amino acid selected from the group consisting of
glutamic acid, phenylalanine, alanine and leucine.
4. A radioprotective material according to item
1, wherein the polyamino acid or acids or derivative or
derivatives thereof are modified with a sugar component or
15 components.
5. A radioprotective material according to item
4, wherein the sugar component or components are at least
one member selected from the group consisting of
monosaccharides and oligosaccharides.
20 6. A radioprotective material according to item
1, which provides protection from at least one member
selected from the group consisting of gamma rays, X rays,
beta rays, ultraviolet rays, alpha rays, cosmic rays,

electron beams and baryon beams.

25 7. A radioprotective product comprising a



25 7. A radioprotective product conprising a -6- radioprotective materi al
+according to item1. 8. A radioprotective product according to item 7,
which is at | east one nenber selected fromthe group consisting of

radi oprotective filnms, radioprotective 5 sheets, radioprotective coating
agents, radioprotective cosnetic products, radioprotective fiber products,
radi oprotective preparations and radi ation-resistant nedical materials. 9.
Use of a polyamno acid or acids or a 10 derivative or derivatives thereof
for production of a radioprotective matéri al. 10. Use of a polyam no acid
or acids or a derivative or derivatives thereof for production of a

r adi opr ot ect rydippoduettité mdteAiakt hodotdindl bekitgmol. reduci ng adverse
effects of radiations on an object, the nethod using a radioprotective

mat eri al according to8i tRmddigRrote gttt @ msturtdiangdraliinge ol 1t ewhér,ei n
the radioprotective material according to item1 is mxed with, 20 placed
over, or im®bithzed ah lﬁ@sbb?@@tmemBerASﬁ%@Qb@df5¥OMIbhklggoop r educi ng
adverse effects. of radiations on an obj ect, the nethod using a
radloprotect?%%sb?BH%%tOBCE%?H?BﬁoF%CF%%%1ﬁllmsr radioprotective

S5 sheets, radioprotective coating agents, radioprotective
cosmetic products, radioprotective fiber products,
radioprotective preparations and radiation-resistant
medical materials.

9. Use of a polyamino acid or acids or a

10 derivative or derivatives thereof for production of a
radioprotective material.

10. Use of a polyamino acid or acids or a
derivative or derivatives thereof for production of a
radioprotective product.

15 11. A method for blocking or reducing adverse
effects of radiations on an object, the method using a
radioprotective material according to item 1.

12. A method according to item 11, wherein the
radioprotective material according to item 1 is mixed with,

20 placed over, or immobilized on the object.

13. A method for blocking or reducing adverse
effects of radiations on an object, the method using a
radioprotective product according to item 7.

14. A method according to item 13, wherein the

25 radioprotective material according to item 7 is



14. A nmethod according to item 13, wherein the 25 radioprotective materi al
»according to item7 is -7- administered to (ingested by), placed over
(covered, coated or nmounted on) or applied to the object. Since the

radi oprotective material of the 5 invention is capable of blocking or
reducing the effects of radiations, the material can significantly prevent
possi bl e radi ati on exposure in nuclear power facilities, nedical
facilities, aircrafts in flight, uraniumore refineries, construction
sites using radi ography, etc. In 10 addi/ron, the material of the invention
can protect organisns or articles such as precision equi pnent,

phot ogr aphi cadmynpshersdotrot engekeedf bpm dabages cassedcobyreadi ati ons
from experinmental equipnent, color televisions or like electric appliances
cont ai ni ng 15°#beida®r onovnbed, oot by apdiaedions thenvbijket.space or the
earth's crust. Mreover, since the material of the invention is

bi odegradabl e i nto nontoxic substances, it is also valuable froman

envi ronnmental conservatjon point of view 20 In this specification and the
appended clains, the TEIFT " PRI BRI oGk iTRriesiak cafl Hemse.
Specifically.stated, radiations include cosmc rays, radio waves,
eFectronggng%?%eﬂ%bgg,l?n??%?gger%gi3??85}“9i%¥b¥%du01ng the effects

of radiations, the material can significantly prevent
possible radiation exposure in nuclear power facilities,
medical facilities, aircrafts in flight, uranium ore
refineries, construction sites using radiography, etc. 1In

10 addition, the material of the invention can protect
organisms or articles such as precision equipment,
photographic dry plates or the like, from damages caused
by radiations from experimental equipment, color
televisions or like electric appliances containing

15 radiation tubes, or by radiations from outer space or the
earth’s crust. Moreover, since the material of the
invention is biodegradable into nontoxic substances, it is
also valuable from an environmental conservation point of
view.

20 In this specification and the appended claims,
the term “radiation” is used in its broad sense.
Specifically stated, radiations include cosmic rays, radio
waves, electromagnetic waves, infrared radiation, visible
light, Ultraviolet-A, Ultraviolet-B, Ultraviolet-C,

25 directly ionizing radiations such as alpha rays, beta rays,



light, Utraviolet-A Utraviolet-B, Utraviolet-C, 25 directly ionizing
radi-ati ons such as al pha rays, beta rays, -8- proton beans and baryon
beans, indirectly ionizing radiations such as X rays, gama rays, electron
beanms and neutron beans, and the like. Preferably, the radiations in the
present invention are those against which 5 protection is required, such as
el ectromagnetic waves, U traviolet-A Utraviolet-B, directly ionizing
radi ati ons such as al pha rays, beta rays and proton beans, and indirectly
ionizing radiations such as X rays, ganw8-rays and neutron beans. 10 BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows the results of Experinent 1 in

whi ch the resrduah pegasnandtbaryynwasameasimetirattey ioniadhgtion with
gama rays (at doses of 0, 5, 10 and 15 15 kGy) using a m xture of

a- pol ygl ut anF@dhat goga- F@%@ aSp&IngacosymmacrqysetayécneohabeymatanaGEMM
and glucose as a radioprotective naterial for papain. Fig. 2 shows the
results of EXPetra@npezmsn andi ehet heke esitnsdfieqsdpal n tdot inddiatwesnsreasur ed
after 20 |rrad|at|on w th ganma rays (at a dose of 10 kGy) using each of
a- PGA, GEMA Hhdtlyf ebeeest nbwe%l%n aradroprotegrinvet neheehal for papain.

S protection is required, such as electromagnetic waves,
Ultraviolet-A, Ultraviolet-B, directly ionizing radiations
such as alpha rays, beta rays and proton beams, and
indirectly ionizing radiations such as X rays, gamma rays
and neutron beams.

10

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the results of Experiment 1 in
which the residual papain activity was measured after
irradiation with gamma rays (at doses of 0, 5, 10 and 15

15 kGy) using a mixture of o-polyglutamic acid (a-PGA),
polyglucosyl acryl ethyl methacrylate (GEMA) and glucose
as a radioprotective material for papain.

Fig. 2 shows the results of Experiment 2 in
which the residual papain activity was measured after

20 irradiation with gammé rays (at a dose of 10 kGy) using
each of o-PGA, GEMA and glucose singly as a°
radioprotective material for papain.

Fig. 3 shows the results éf Experiment 3 in
which the residual papain activity was measured after

25 irradiation with gamma rays (at dosés of 0, 5, 10 and 15



Fig. 3 shows the results of Experinent 3 in which the residual papain
activity was measured after 25 irradiation with gamm rays (at doses of O,
5, 10 and 15 -9- kGy) using a-PGA as a radioprotective material for papain.
Fig. 4 shows the results of Experinent 4 in which the residual papain
activity was neasured after irradiation with ganma rays (10 kGy) using
a-PGA at 5 various concentrations as a radioprotective material for

papain. Fig. 5 shows the results of Experinent 5 in which the residual
a-anyl ase activity was neasured after i-Oradiation with gamma rays (10 kGy)
usi ng each of a-PGA, 10 GEMA and gl ucose singly (at concentrations of 0%
0.5% 1.25%Gyd 2s584 asP@Aradi apratditcproeeamtws indtdmirala-faampgaasen.Fig. 6
shows the results of Experinent 6 in which the residual a-anylase activity
was neasured after 15F1@r adli shoon Wie hregultwiof eixpaysngdt Wifor 0, 1
and 5 hours using each of a-PGA, GEMA and glucose singly (at a

concentrati oA bEN 1thSogeasdyal sppppE Bt @EEi Vit avesi Beaseredaadhygrase. Fig.

7 shows the results of Experinment 7 in 20 which the residual a-anylase
activity vvas“?rE%‘%h?EﬂO’éf‘t’gF PRPER; BeYon (Wt KCX ragsng19-R&) abr el ectron

bears (19 various concentrations as a radioprotective material for
papain.

Fig. 5 shows the results of Experiment 5 in
which the residual o-amylase activity was measured after
irradiation with gamma rays (10 kGy) using each of o-PGA,

10 GEMA and glucose singly (at concentrations of 0%, 0.5%,
1.25% and 2.5%) as a radioprotective material for a-
amylase.

Fig. 6 shows the results of Experiment 6 in
which the residual a-amylase activity was measured after

15 irradiation with ultraviolet rays (15 W) for 0, 1 and 5
hours using each of o-PGA, GEMA and glucose singly (at a
concentration of 1.25%) as a radioprotective material for
a-amylase.

Fig. 7 shows the results of Experiment 7 in

20 which the residual o-amylase activity was measured after
irradiation with X rays (10 kGy) or electron beams (10
kGy) using each of a-PGA, GEMA and glucose singly (at a
concentration of 1.25%) as a radioprotective material for
a—amylase.

25 Fig. 8 shows the results of Experiment 8 in



kGy) using each of a-PGA, GEMA and glucose singly (at a concentration of
+1.25% as a radioprotective material for a-anylase. 25 Fig. 8 shows the
results of Experinment 8 in -10- which the residual a-amylase activity was
measured after irradiation with X rays (10 kGy), electron beans (10 kGy)
or gamma rays (10 kGy) using y-PGA (at a concentration of 1.25% as a
radi oprotective material for a-anylase. 5 BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON The radi oprotective naterial of the invention conprises a

pol yam no acid or acids. Polyam no acidsl@sable in the invention include
10 poly-a-am no aci ds obtained mainly by synthesis, and poly- y-am no

aci ds, pol y-warc¢motaei desadda pokyaby basacaaclidbty whs che@s€rdai aFyer
naturally occurring. The polyamno acid for use in the invention may be
ei ther naturbirafiayhemevith Xsvayvsy(18ykEhet i €ldst poh yaeams atd dsGaye
relatively high nolecular a-am no acid condensates obtained by a one-step
condensat i orPt (PHYFeFd¥at { b0) keehces bnd car PERd(dut a usdngemhrat aonnof aci d
or a derivatjve thereof as a nononer, The a-am no_ acid condensates are

[2)

usual Iy sol i ant) RddRgFATAPPECLaRELYe Miepeidl ef @F eXprBYE28®t e from an
environngntal

BEST MODE FOR CARRYING OUT THE INVENTION

The radioprotective material of the invention
comprises a polyamino acid or acids.
Polyamino acids usable in the invention ‘include
10 poly-a-amino acids obtained mainly by synthesis, and poly-
y-amino acids, poly-g-amino acids and poly-&-amino acids,
which are mainly naturally occurring.
The polyamino acid for use in the invention may
be either natural or synthetic. Usually, syhthetic
15 polyamino acids are relatively high molecular o-amino acid
condensates obtained by a one-step condensation
(polymerization) reaction carried out using an a-amino
acid or a derivative thereof as a monomer. The a-amino
acid condensates are usually solid and biodegradable, and
20 therefore are preferable from an environmental
conservation point of view. Further, some of the a-amino
acid condensates are known to be permeable to oxygen and
water. It is also known that poly-a-amino acids have
abrasion resistance. Moreover, synthetic polyamino acids

25 are polymers whose main chain structure is formed by



conservation point of view Further, sonme of the a-am no acid condensates
sare known to be perneable to oxygen and water. It is also known that

pol y-a-am no aci ds have abrasi on resi stance. Mreover, synthetic polyam no
acids 25 are polyners whose nmain chain structure is formed by -11-

conpl etely the same peptide bonds as those of natural proteins, and have
hi gh conpatibility with living tissues, non-antigenicity, bi odegradability
and other properties. Thus, synthetic polyanm no acids are suitable as 5
radi oprotective materials for shielding-prgani sns from radiations. The
polyam no acid for use in the invention nmay be prepared by any process

present|y knowmpbeteeyetibpedand pepeifist BoRAW dH0thobé NbE ahhodraUsef ul
processes include, 10 for exanple: (1) a process conprising preparing a

pol ymer solptéomiby, dasdohavaghaglsotdmpaptol yaid o vaicitd liiviary tdrsgarisG
sol vent or by carrying out honbgeneous polynerization.of N-carboxyan no
aci d anhydriREsyIntagendcibri doNedagbasigbitityi andnbyler defspernieno
aci d-NCA(s))_in 15 an organic solvent, adding water and an enulsifier to
emul si fy thefpotyneynEhetifonol vpminpenct @roaragseheabbe gasi ¢ sol vent
("re;enu_sifigg{ion rocessfmdisg£0fed in gapfnese Exam ned Pat ent _
Publ i cat Pon 1’1 AGRL 34585 ; MR o5r1al pr beesshipl dhnghorsR RbSARi BENCA(S) is
pol ymeri zed fgg{gkions.
The polyamino acid for use in the invention may
be prepared by any process presently known or developed in
the future without limitation. Useful processes include,
10 for example: (1) a process comprising preparing a polymer
solution by dissolving a solid polyamino acid in an
organic solvent or by carrying out homogeneous
polymerization of N-carboxyamino acid anhydride (s) (amino
acid-N-carboxylic acid anhydride(s): amino acid-NCA(s)) in
15 an organic solvent, adding water and an emulsifier to
emulsify the polymer solution, and then removing the
organic solvent (“re-emulsification process” disclosed in
Japanese Examined Patent Publication No. 1993-13168); (2)
a process in which amino acid-NCA(s) is polymerized using
20 an organic solvent capable of dissolving amino acid-NCAs
but incapable of dissolving polyamino acids, to thereby
form polyamino acid particles (“precipitation
polymerization process” disclosed in Japanese Unexamined

Patent Publication No. 1976-87597); (3) a process in which

25 amino acid-NCA(s) as solid phase is polymerized without



20 an organi c solvent capable of dissolving am no acid-NCAs but incapable
of dissolving polyam no acids, to thereby form polyamno acid particles
("precipitation polynerization process" disclosed in Japanese Unexani ned
Patent Publication No. 1976-87597); (3) a process in which 25 anino
aci d-NCA(s) as solid phase is polynerized w thout -12- any organic solv$nt,
to obtain a polyam no acid powder ("solid phase polynerization process
disclosed in Japanese Unexam ned Patent Publication No. 1991-95223); (4)
a process conprising dissolving am no ael2-NCA(s) in 5 an organic solvent_
~capabl e of dissolving am no aci d-NCAs but incapabl e of di ssol vi ng
pol yam no acdmyg, odgspecssagvenhe sol ubtamnia podyareinor gantcpsnlgent
inconpatible with the solution, and carrying out pQIynerlzatlon in that
state to obt &l fopbfyBhrae Beldmpaivhties prhecesbgeneolssdd pal ynerization
process” disclosed in Japanese Unexam ned Patent Publication No. _
1992- 41526) ; B &S pr BeesaMiRBAPPREPAY BRBsbFeLhgnaiPnol @l d9MEABSY in an
anhydrous h 4ogenated hydr ocar bon sol vent or |ike organic solvent, and
perforning pbtyn2rPZates Fﬂmarﬁﬁﬁﬁgeﬁééﬁslgbﬂﬁtﬁ@hnqga?§ﬁn§cé(8) in
pol ynmerigzation initiator, .t cal | n aglge conmpoun onogeneous
solution%poI@%E ?%%?f%ns%}ggg sc??gbgﬁdo 6 lﬁsﬁ}ggﬁgsaTEnﬂP?EHdag?As e
i ' i ni ' - i ssol ve
fydrophobl ¢ \t@aM Ca39bYENbs BPE881G2RE2L0) Dm0 265 - M8 8L 2hs
the solution in another organic solvent incompatible with
the solution, and carrying out polymerization in that
state to obtain polyamino acid particles (“heterogeneous
10 polymerization process” disclosed in Japanese Unexamined
Patent Publication No. 1992-41526); (5) a process
comprising dissolving amino acid-NCA(s) in an anhydrous
halogenated hydrocarbon solvent or like organic solvent,
and performing polymerization in a homogeneous solution
15 using a polymerization initiator, typically an amine
compound (“homogeneous solution polymerization process”);
and (6) a process in which a hydrophobic organic solvent
phase containing amino acid-NCA(s) dissolved therein is
contacted with an aqueous phase containing a
20 polymerization initiator dissolved therein, to polymerize
the amino acid-NCA(s) at the interface between the two
phases (Japanese Unexamined Patent Publication No. 1974-
57096) . Further, processes for preparing polyamino acids

as emulsions have recently become known, which include,

25 for example: polymerization of a-amino acid-NCA(s) in



contacted with an aqueous phase containing a 20 pol ynerization initiator

di ssol ved therein, to polynerize the am no acid-NCA(s) at the interface
between the two phases (Japanese Unexam ned Patent Publication No. 1974-
57096). Further, processes for preparing polyam no acids as enulsions have
recently becone known, which include, 25 for exanple: polynerization of
a-am no acid-NCA(s) in -13- water containing a polynerization initiator and
an enulsifier (Japanese Unexam ned Patent Publication No. 1997-183842);
and a process conprising enul sifying at-13east water and an organi ¢ sol vent
having a water 5 solubility not greater than 10 g/ 100 nL to prepare an oil -
i n-wat er typeabasecenubtshbngwhi pblpnevidesianpiaceifiosr RANYSRBII zati on,
addi ng a-am no acid-NCA(s) to the base enmulsion to carry out

pol yneri zat i onilahfiieembdapgnebe UnegamicesoPzeent (Bapabeseibhexani ned
Patent Publication No. 10 1996-127652). Polynmer particles in the enul sion
thus obtai nk¥ tak8d@43bparatied Progeshecompelsingobnal aifpohyaatno
particles. ino aci d NCAs useful as nononmers in the above processes

i nclude al | &TRPb “REHL NeAd dRr PHeANEf oFPAVERT nbavingagi Wateyhen an ani no
aci d-NCA i s prepared using an a amno acid having, in its side chain, a
functiongl dgﬁﬁgblng% %%QC%F%6§9¥,€%?%r%&yg,1QQﬂWﬂ,tQuﬁﬁﬁRaRﬁk%ﬂ(9h%ﬂ or

in-water type base emulsion which provides a place for
polymerization, adding a-amino acid-NCA(s) to the base
emulsion to carry out polymerization, and removing the
organic solvent (Japanese Unexamined Patent Publication No.

10 1996-127652). Polymer particles in the emulsion thus
obtained can be separated from the water to obtain
polyamino particles.

Amino acid NCAs useful as monomers in the above
processes include éll amino acid-NCAs derived from a-amino

15 acids. When an amino acid-NCA is prepared using an o-
amino acid having, in its side chain, a functional group
such as carboxyl, hydroxyl, thiol, amino, guanidinyl or
the like, the functional group needs to be protected with
a suitable protective group before converting the a-amino

20 acid into an amino acid-NCA.

Specific examples of a-amino acids include (a)
neutral amino acids such as glycine, alanine, valine,
norvaline, leucine, isoleucine, norleucine, phenylalanine,
methionine, proline, asparagine, glutamine, tryptophan and

25 the like, (b) acidic amino acids such as glutamic acid,



the like, the functional group needs to be protected with a suitable

« prot-ective group before converting the a-amno 20 acid into an am no
aci d- NCA. Specific exanples of a-am no acids include (a) neutral am no
acids such as glycine, alanine, valine, norvaline, |eucine, isoleucine,
norl euci ne, phenyl al ani ne, nethionine, proline, asparagine, glutam ne,
tryptophan and 25 the like, (b) acidic am no acids such as glutam c acid,
-14- aspartic acid and the like, and their esters ("esters" nmeans nethyl
ester, ethyl ester, propyl ester, butyl-ggéter, octyl ester, 2-ethyl hexyl
ester, cyclohexyl ester, phenyl ester, benzyl ester and the like), (c)
basi ¢ am no aspastbcsachdaanHysheeliaegi ahdethbiist editbesandesherki’ke, and
N acyl basic am no acids such as N-carbobenzoxyl ysine, N
car bobenzoxyseans hinpehy N-aseeyl | gshnk asdet heptomke] esiter (utyl ester,
hydr oxyl - cont ai ni ng a-am no aci ds such as serine, threonine, cysteine,
tyrosi ne and°¢h¥l| RESAnd2rRENY L RExEdt eFEet) esvel henpanesivethybhestyadr
et hyl ester, rogyl ester, butyl ester, octyl ester, 2-ethyl hexyl ester,
cycl ohexyl e%gE? ' pReRgYlesEERT” BBAzYNCedi kr) andCd hBaFiRepMiNANBRGdShem
wat er - sol.ubl e faningaacids are Brefer ed. .Am no aci d- NCAs_ obt ai ned from

these a-am nd" 152 8ct¥8 Rty BEIOPLICal PYShLFTDE alBsthRcEikey agBRi -
modi ficationg.of PLXLYr&R:hBeLERhs INERCAENOC2ELHNAS v1ysine, N-
carbobenzoxyornithine, N-acetyllysine and the like, and
(d) hydroxyl-containing a-amino acids such as serine,
threonine, cysteine, tyrosine and the like and their
10 esters (“esters” means methyl ester, ethyl ester, propyl
ester, butyl ester, octyl ester, 2-ethylhexyl ester,
cyclohexyl ester, phenyl ester, benzyl ester and the like).
Among them, water-soluble a-amino acids are preferred.
Amino acid-NCAs obtained from these o-amino
15 acids may be optically active substances, racemic
modifications or mixtures thereof. These amino acid-NCAs
can be used in combination, as required.
The constituent amino acid(s) of the polyamino
acid(s) for use in the invention are not limited, but it
20 is preferable that the polyamino acid(s) comprises at
least one amino acid selected from the group consisting of
glutamic acid, phenylalanine, alanine and leucine. The
polyamino acid(s) comprising at least one of these amino
acids may be homopolymer(s) of one of these amino acids or

25 copolymer(s) of any of these amino acids and other amino



can be used in conbination, as required. The constituent am no acid(s) of
the 'pol yamno acid(s) for use in the invention are not limted, but it 20
is preferable that the pol yam no acid(s) conprises at |east one am no acid
selected fromthe group consisting of glutam c acid, phenylal ani ne,

al anine and | euci ne. The polyam no acid(s) conprising at |east one of
these am no acids may be honopol yner(s) of one of these am no acids or 25
copol yner (s) of any of these ami no acids and other am no -15- acid(s) such
as aspartic acid or the like. Preferablyl5these polymers have a wei ght
average nol ecular weight of 1,000 to 1000,000 fromthe viewoint of
formabi lity.aidisle pret ezabiepaet jhtaaléragetde nbikeul ar wei ght is 20, 000
to 500,000, in particular_ 50,000 to 300,000. In the present invention,
derivative(s) of pol yRiiifRrael W( shhesm Haﬁalsawl im?;vrﬂ gcevelafgl”m_r aivrezra_géa
conmbi nation with the pol yam no_aci d(s). Exanples of 10 pol yam no aci
derivati ves TUF TRt B‘ﬁﬁ%’%}ﬂ% ‘Pl%tll@qgﬁ)%%‘éi %Q)(?gr 0 yERPRot e WiekpeiBst and

cot or” can: be DB TG DY nortb es B a6 A1 SSHABh of ani no aci d
ester-N-515 oy byl 6,808 3P0vas | 656 o (853 M908 SANGAL 8L, gy ng 2
50,000 to 300,000.

In the present invention, derivative(s) of
polyamino acid(s) can be used in place of or in
combination with the polyamino acid(s). Examples of

10 polyamino acid derivatives include, but are not limited to,
polyamino acid esters, and copolymers comprising polyamino
acids and other polymers.

A polyamino acid ester can be obtained by
homogeneous solution polymerization of amino-acid ester-N-

15 carboxylic acid anhydride(s) (amino acid-NCA(s)) having 2
or more, preferably 2 to 20, aliphatic ester groups, in a
mixed solvent of an acetic acid ester and an aromatic
hydrocarbon, using a polymerization initiator. Examples
of amino acid-NCAs having aliphatic ester groups (-COOR

20 groups) include glutamic acid-y-ester-NCA and aspartic
acid-B-ester-NCA (“ester groups” means C, to Cyg,
preferably C; to Ci¢, aliphatic hydrocarbon groups
represented by -COOR wherein R is ethyl, butyl, cyclohexyl,
octyl, stearyl or the like). These amino acid-NCAs may be

25 optically active substances, racemic modifications or a



or nore, preferably 2 to 20, aliphatic ester groups, in a mxed solvent of
«an acetic acid ester and an aromati ¢ hydrocarbon, using a polynerization
initiator. Exanples of am no acid-NCAs having aliphatic ester groups

(- COOR 20 groups) include glutam c acid-y-ester-NCA and aspartic

aci d-(3-ester-NCA ("ester groups” neans C2 to C20, preferably C2 to C16,

al i phatic hydrocarbon groups represented by -COOR wherein Ris ethyl,
butyl, cyclohexyl, octyl, stearyl or the Iike) . These am no aci d- NCAs may
be 25 optically active substances, racetti®e- nodi fications or a -16- m xture
thereof. If necessary, two or nore of these am no acid-NCAs may be m xed
to forma caopiottyumes . tHeweepf es Idf nearemwatriyc hyddr ecamuors dmalhede baizene,

tol uene, xylene, nesitylene and like C6 to Cl6, preferably C6 to Cl2, 5
benzene or |asvikd-NIAy|Imayibee iniked benfere.a Exeppl wsenf Faeetplesacifd esters
include those of nethyl, ethyl, propyl, butyl, hexyl, octyl or like Cl to
C20 hydr ocarddinatise thedroep fhpn§ ZBr¢ bide benzeer, balukmonwnxebapeund

usabl e for ol yneri zati on of N-carboxyam no aci d anhydri des can be 10 used

wi thout |imif%Rionens 333 pteferanl® tasusBrahcarPhE CeoRpotird or net al

o conolake. g PELYGHLIS, 261 Al oL Ger | YELLYS(S, Lheroal ohial g 0 the

process or léég%fg(gé¥ﬁLesters include those of methyl, ethyl, propyl,
butyl, hexyl, octyl or like C; to Cygy hydrocarbon. As the
polymerization initiator, any known compound usable for
polymerization of N-carboxyamino acid anhydrides can be

10 used without limitation. It is preferable to use an aminé
compound or metal alcoholate.

The polyamino acid{(s) or derivative(s) thereof
obtained in the above manner can be made into a powder by
a known re-emulsification process or like process.

15 Commercially available polyamino acids or
derivatives thereof can be used for convenience. The
following are examples of commercially available polyamino
acids and derivatives thereof: poly-DL-alanine, poly-f-
alanine, poly-L-arginine and its salts (e.g.,

20 hydrochloride and sulfate), poly-L-asparagine, poly(a,p)-
DL-aspartic acid and its salts (e.g., Na), poly-L-aspartic
acid and its salts (e.g., Na), poly-B-benzyl-L-aspartate,
poly-S-benzyl-L-cystein, poly-y-benzyl-L-glutamate, poly-
im-benzyl-L-histidine, poly-S-CBZ-L-cystein, poly-&-CBZ-D-

25 lysine, poly-&-CBZ-DL-lysine, poly-e-CBZ-L-lysine, poly-3&-



15 Comrercially avail abl e polyam no acids or derivatives thereof can be

+ used for convenience. The follow ng are exanples of commercially avail abl e
pol yam no acids and derivatives thereof: poly-DL-al anine, poly-(3-

al anine, poly-L-arginine and its salts (e.g., 20 hydrochl oride and

sul fate), poly-L-asparagine, poly(a,)- DL-aspartic acid and its salts
(e.g., Na), poly-L-aspartic acid and its salts (e.g., Na),

pol y- 3-benzyl -L-aspartate, poly-S-benzyl-L-cystein,

pol y-y-benzyl -L-gl utamate, poly- imbenzyT=L-histidine,

pol y- S- CBZ-L-cystein, poly-E-CBZ-D 25 |ysine, poly-e-CBZ-DL-I|ysine,

pol y- e- CBZ- U3$93Dhe0rpbt9iﬁe 1Pol¢BZ-CBZeL.Asthine, poly-O-CBZ-b-seri ne,
pol y- O- CBZ-D-_ t hyrosi n, -y-ethyl-L-glutamate, poly-D-glutamc acid and
its salts (etlgyrondn, @@Ey TY= @thénLCgéutamahdrlPleSafgiutemgc ahay,

pol y-y-n- hex I- | utamate, poly-L 5 histidine and its salts (e.g.,
hydrochlorld%? bng?% TERe e(? hyH?bxyE?ﬁyr} Eiuagwaﬁtaelénaaé]}tSpo|y L-
hydr oxypr ol i

pol y- N5- ( 3- hy %}5§ k% éyf)Nﬁ gIB %fﬁggf §¥¥1[£L9§§F%%%L%e 3%%?5 [~ euci ne,

oLV D 35 s 0l ST A0 1oV SEROLR) BOLY- L L

ol y-y- mat byl TR Hab AV IS ?ﬂaéﬁﬁ%ﬁ??ﬁ%’ﬁfég%ﬁ?6909‘)'4- hvsine
hydroxyprollne, poly {a, B[N-(3-hydroxypropyl)-DL-aspartic
amidel]}, poly—Ns—(3—hydroxypropyl)—L—glutamine, poly-L-
isoleucine, poly-L-leucine, poly-D-lysine and its salts

10 (e.g., hydrochloride), poly-DL-lysine and its salts (e.g.,

" hydrobromide), poly-L-lysine and its salts (e.q.,
hydrobromide), poly-L-lysine agarose, succinoylated poly-
L-lysine, poly-y-methyl-L-glutamate, poly-DL-ornithine and
its salts (e.g., hydrobromide), poly-L-ornithine and its

15 salts (e.g., hydrobromide), poly-L-phenylalanine, poly-L-
proline, poly-DL-serine, poly-L-serine, poly-L-threonine,
poly-DL-tryptophan, poly-L-tryptophan, poly¥D—tyrosine,
poly-L-tyrosine, random copolymers of L-arginine
(poly[Arg,Ser]3:1, poly[Arg,Trpléd:1,

20 polyl[Arg,Pro,Thr]l:1:1, poly[Arg,Pro, Thr]6:3:1), random
copolymers of D-glutamic acid (poly[D-Glu,D-Lys]6:4),
random copolymers of L-glutamic acid
(poly[Ala,Glu,Lys,Tyr]6:2:5:1, poly[Glu,Glu-OEt]1l:1,
poly[Glu,Glu-OMe]4:1, poly[Glu,Alalé6:4,

25 poly[Glu,Ala,Tyr]1l:1:1, poly[Glu,Ala,Tyr]6:3:1,



its salts (e.g., hydrobromde), poly-L-ornithine and its 15 salts (e.g.,

« hydr-obrom de), poly-L-phenylal anine, poly-L- proline, poly-DL-serine,

pol y-L-serine, poly-L-threonine, poly-DL-tryptophan, poly-L-tryptophan,
poly-D-tyrosine, poly-L-tyrosine, random copolyners of L-arginine
(poly[Arg, Ser]3:1, poly[Arg, Trp]4:1, 20 poly[Arg,Pro, Thr]1:1:1,

poly[Arg, Pro, Thr]6:3:1), random copolyners of D-glutamc acid

(poly[D-d u, D Lys] 6:4), random copol yners of L-glutamc acid

(poly[Ala,J u, Lys, Tyr]6:2:5:1, poly[Gu;yBBu-OEt]1:1, poly[du, du-0Ow]4:1,
poly[Qu,Aa]6:4, 25 poly[GQu,Ala, Tyr]1:1:1, poly[Qu, A a, Tyr]6:3:1, -18-
pol y[ G u, Leupaly[Gpal Lo d 4; Lyspayy [ 613, Uys goy 5] & 3, Ly gdt ¥ Glu, Lys] 1: 4,

pol y[ A u, Phe] 4: 1, EOl g GQu,Tyr]1:1, poly[@u, Tyr]4:1), random copolyners
of L-1ysine PpbYyFLYysPRpdddiu, PoFyiFbueTeri]: pol pplysGPhellyrld:1),

ol y[Lys, Ser]3:1, 5 poly[Lys, Trp]4:1, poly[Lys, Tyr]4:1, poly[Lys, Tyr]1l:1,
Bol % Lgs, Tyr%ﬂ?@?{“ F8H66W€650P§W£F§Y6#nﬁ- (SPﬁ{YIﬁLMérAéBG)GEPOr n, Leu] 1:1,

PG S b RO B TLpl ot DR ATV S ) a0 pely
o, 16 T ot Yo0, A8 PL Shefl A7F! KPHLYELD ehisegt Len,9e in Lhe.
al cohol to ippIQYEyEN®yr11:9), random copolymers of L-ornithine
(poly[Orn,Leull:1, poly[Orn,Ser]l:1, poly[Orn,Trpl4:1l,
poly[Orn,Tyr]4:1), and poly(Pro-Gly-Pro). These polyamino
acids are commercially available from Sigma.
10 The polyamino acid(s) or derivative(s) thereof
for use in the invention may be further modified with a
sugar component or a polyhydric alcohol to improve the
radioprotective activity, so that the material of the
invention is likely to be used as a more effective
15 radioprotective agent.

Polyhydric alcohols useful for the modification
include, for example, glycerin, sorbitol, sorbitan and
pentaerythritol.

Sugar components useful for the modification

20 include, for example, arabinose, xylose, ribose, glucose,
galactose, mannose, fructose, sucrose, trehalose and like
monosaccharides, and oligosaccharides containing these
monosaccharides. Preferred oligosaccharides include, but
are not limited to, degraded mannans.

25 Degraded mannans usable in the invention can be



radi oprotective activity, so that the material of the invention is likely
to be used as a nore effective 15 radi oprotective agent. Pol yhydric

al cohol s useful for the nodification include, for exanple, glycerin,
sorbitol, sorbitan and pentaerythritol. Sugar conponents useful for the
nodi fication 20 include, for exanple, arabinose, xylose, ribose, glucose,
gal act ose, mannose, fructose, sucrose, trehal ose and |i ke nonosacchari des,
and ol i gosaccharides containing these nonosaccharides. Preferred

ol i gosacchari des include, but are not 4i%vted to, degraded nmannans. 25
Degraded mannans usable in the invention can be -19- obtained by degrading
any of vari oustaEmednsy byear @ésng esiny ps dcessi obbnnansans ebpoh ydaschadi des
mai nly consisting of nannose. Exanples of mannans include the foll ow ng:
1. Pl ant - derpxeee sanndtannanslamd mp loarechaedlden deddralke ssorts iatitiaioned f r om
coconuts, Huacra Palm (a plant of the palm famly grown in South Africa),

t sukunei no (BRRYPEE of Bramplemmmfamanand i qsarndse Salowdargvan, etc. 2.
G uconmannans; Pol ysacchari des conprisi%g | ucose and rmannose, i ncl udi ng
mannans obt at ne 3R oAby &k, MERPRRE: I IRGTEHi 3P Hh dheiuibtaard dlediesst ens

i i ) nans: Pol chari des comprisin al act ose
of Lycorbs ré%%é%ﬁ%dergﬁjggéggggs? Euacgayggfm ?a pfant gP the 8a?m

family grown in South Africa), tsukuneimo (a type of yam)
mannan, yamaimo (Japanese yam) mannan, etc.

2. Glucomannans: Polysaccharides comprising glucose and
mannose, including mannans obtained from konjak, lilies,

10 daffodils and subterranean stems of Lycoris radiata.

3. Galactomannans: Polysaccharides comprising galactose
and mannose, including mannans obtained from locust bean
gum, soybean hulls derived from soybean seed coat, tamson
gum, tara gum, guar gum or the like.

15 4. Mannans comprising at least two types of sugars other
than mannose, including D-galacto-D-gluco-D-mannan
contained in xylems of conifers, and mannans obtained from
xanthan gum or the 1like.

Known processes.for degrading mannans include,

20 for example, a biochemical degradation process directly
using polysaccharide degrading enzymes (such as mannase,
galactomannase, glucomannase or.the like) or microbes
producing any of these enzymes; a chemical degradation
process using an acid, alkali or the like; and a physical

25 decomposition process using high-speed stirring, a



and mannose, including mannans obtained from | ocust bean gum soybean

hul I.s derived from soybean seed coat, tanmson gum tara gum guar gum or
the like. 15 4. Mannans conprising at |east two types of sugars other than
mannose, i ncluding D gal act o- D- gl uco- D-mannan contai ned i n xyl ens of

coni fers, and mannans obtained from xanthan gumor the |ike. Known
processes for degradi ng mannans include, 20 for exanple, a biochem cal
degradati on process directly using polysaccharide degradi ng enzynes (such
as mannase, gal actomannase, glucomannasz0-or the Iike) or m crobes -
producing any of these enzynmes; a chenical degradation process using an
aci d, al kal isloeatribeglnkehiagdon physithé. 23 deictpastidton @f acaasansi ng

hi gh-speed stirring, a -20- shearing nmachine or the like. A wi de variety of
mannans degie@ieaddy bihethkepe oprssessascansabsabla thethavenvenhionThe
degraded mannan for use in the invention may be a product obtainable by
any of the abdfele@ErdndtNamnan pfokcdsesin ghide nbrdenbionenay phedact

actual Iy produced by . these processes. Specific exanples of degraded
nmannans incIQﬁﬁﬁ#@t1?93%%%%Bg?o€é,aﬁy1?@-ﬁ%%n%???%s@?gF?Q?Elﬁﬁnnotetraose,
met hyl Remannosi de and | nnooligg acchar

i R-1, 4- des: 10
1 oS S B0 A onged dol P08 pPSRIEENSLLEER 1y Produced by

these processes.

Specific examples of degraded mannans include B-
1, 4-mannobiose, B-1,4-mannotriose, B-1,4-mannotetraose,
methyl Pf-mannoside and like B-1,4-mannooligosaccharides;

- 10 B-1,6-galactomannooligosaccharide, p-1,4-
galactomannnooligosaccharide, o-1, 6-
galactomannooligosaccharide, «a-1,3-galactomanno-
oligosaccharide and like mannooligosaccharides in which
one or two galactose molecules are bonded to B-1, 4-

15 mannobiose, PB-1,4-mannotriose or B-1,4-mannotetraose to
form branched structure; degraded galactomannans such as
oligosaccharides obtained by decomposing copra residues,
coffee residues, guar gum or locust bean gum with mannase;
oligosaccharides in which glucose or maltose is bonded to

20 mannotriose, mannotetraose or the like via B-1,4 linkage;
and degraded products of glucomannans contained in konjak.

Commercially available degraded mannans can be
used in the invention for convenience. Further, a
degraded galactomannan can be obtained, for example, by:

25 extracting a galactomannan from seeds of locust, tara or



gal act omannnool i gosacchari de, a-1,6- gal actomannool i gosacchari de,

.a-1, 3-gal act omanno- oligosaccharide and |i ke mannool i gosacchari des in which
one or two gal act ose nol ecul es are bonded to 13-1,4 15 mannobi ose,
R-1,4-mannotri ose or R-1,4-mannotetraose to form branched structure;
degraded gal act omannans such as ol igosacchari des obtai ned by deconposi ng
copra residues, coffee residues, guar gumor |ocust bean gum w th mannane;
ol i gosaccharides in which glucose or maltose is bonded to 20 nmannotri ose,
mannot etraose or ‘the like via R 1,4 |inkKdge, and degraded products of

gl ucomannans contai ned i n konjak. Commercially avail abl e degraded mannans
can be used Juet helamventy omfer esnvaot emce.aFoachdbrpracipegaatied or

gal act omannan can be obtai ned, for exanple, by: 25 extracting a

gal act omannani ke oreteeds dForading , tharexbracRiviguaacpd &m soby wat er
extraction, alcohol precipitation or - |ike nethod, degrading the extract
with aci d(s)eFYMehTynee) 2% c¥r haCkRnarEdPRNMRe, SapRiratpadaki ng a

fraction having a nolecular weight of 5 000 to 50,000, 5 preferably 10, 000
to 20,000, AT RO G HerMAHE ShRE A Sbe obi 2 A8 By She?PPng a

onl ek PRISL AL 1 U8L oy G | UTAE, K001 2 DSt degading Lhe, paste
crudely purigi§%i6%(%%@§fne§qun@Wéffiéé]érﬁ%njak powder with water to
form a konjak paste, and degrading the paste with
glucomannase. These degraded mannans may be purified
products or crudely purified products; and may be in the
10 form of aqueous solutions or like liquids, powders,
granules or like solids, or dry products.

In the present invéntion, derivatives of the
degraded mannans may be used as oligosaccharides. These
derivatives include a wide variety of substances produced

15 by bonding hemiacetalic hydroxyl group(s) of a degraded
mannan with a substance other than saccharides by
dehydration condensation reaction. Examples the
derivatives include isopropylidene derivatives,
benzylidene derivatives, butylene glycol derivatives,

20 polyhydric alcohol derivatives, and pyrrolidone
derivatives.

The method for modifying the polyamino acid or
derivative thereof with a sugar component is not limited
and may be any method conventionally used for sugar

25 modification.



10 form of aqueous solutions or like liquids, powders, granules or I|ike
soli-ds, or dry products. In the present invention, derivatives of the
degraded mannans may be used as ol igosaccharides. These derivatives
include a wide variety of substances produced 15 by bondi ng hem acetalic
hydr oxyl group(s) of a degraded nmannan with a substance other than
saccharides by dehydration condensation reaction. Exanples the .
derivatives include isopropylidene derivatives, benzylidene derivatives,
butyl ene glycol derivatives, 20 pol yhydr2z-al cohol derivatives, and
pyrrolidone derivatives. The nethod for nodifying the polyam no acid or
derivative thereof w thha sadbrpronponeve matewial iof tede amdenayohe any
met hod conventionally used for sugar 25 nodification. -22- The
radioprotectPV%Pﬁﬁ?@rpﬁin@ftbﬁeabﬁV@n@DmnOpeeparmdyuééngse@eaab®Ve;s.
conponents may be used as it is. Alternatively, the material, as it is or
af ter bei ng ApbPynerivedyor thexBatarinla pfodikgtadabl @fppasbeéner |ike 5
ded into, various shapes by hot extrusion

b odedr 02Dl ¢ POLYITEL B, Be, I8! dgfh AL, var, ous Blabes, by ot ety

bi odeqr adabl g, pOLYIERI £558E aker "0 BL SSYELEPESLLN,LhE LU g g2 be
by hot extrusion molding, casting or like process. As the
biodegradable polymer, any biodegradable polymer presently
known or developed in the future can be used. Examples of
biodegradable polymers presently marketed or

10 experimentally produced include microbial biodegradable
plastics available under the tradenames “Biopol”
(polyhydroxybutylate/hydroxyvalerate copolymer, Japan
Monsanto Co., Ltd.) and “Biogeen” (polyhydroxybutylate,
Mitsubishi Gas Chemical Co., Inc.) and the like; natural

15 biodegradable plastics available under the tradenames
“"Mata~bi” (starch/polylactic acid, The Nippon Synthetic
Chemical Industry Co., Ltd.), “Cornpol” (modified starch,
Nippon Cornstarch), “Celgreen PCA” (cellulose acetate,
Daicel Chemical Industries, Ltd.), “Dolon CC”

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

“EcoPLA” (polylactic acid, Cargil-Dow), “Celgreen”

25  (cellulose acetate plastic, Daicel Chemical Industries,



bi odegr adabl e pol yners presently marketed or 10 experinentally produced

« i nclrlude m crobi al bi odegradable plastics avail able under the tradenanes
"Bi opol " (pol yhydroxybutyl at e/ hydr oxyval erate copol yner, Japan Monsanto
Co., Ltd.) and "Bi ogeen" (polyhydroxybutylate, M tsubishi Gas Chem cal
Co., Inc.) and the like; natural 15 bi odegradabl e plastics avail abl e under
the tradenanes "Mata-bi" (starch/polylactic acid, The N ppon Synthetic
Chem cal Industry Co., Ltd.), "Cornpol" (nodified starch, N ppon
Cornstarch), "Celgreen PCA" (cellul ose s&&®tate, Daicel Chem cal

| ndustries, Ltd.), "Dolon CC'" 20 (chitosan/cellul ose/starch, Aicello
Cheni cal Co.Ltdtd, )“Cahgiréde Pike; PSyBY hehd Ly ddorelsatod g phaséics
avai l abl e under the tradenanes "Lactee" (polylactic acid, Shinadzu
Corp.), "Lacdeznipolyladeseraesd, Lt sui “"Ehemdkhé’s, (pokyhutyl&nePLA"
(polylactic acid, Cargil-Dow), "Celgreen" 25 .(cellulose acetate plastic,
Dai cel Chem T¥FCImRiust rpekybubgleng gsyccirgeieyradipated copciymer, Showa
(pol ycaprol act one, Daicel Chem cal |ndustries, Ltd.), "Bionolle"

(pol ybut yI erfet IRRREYREF 6C0 pol Tt {i enduReEEi hod byt phere c%‘b@i&%?? Showa
H ghpol r Co.,, Ltd.), »Yupec” (polybutylene succinate S5 carbonate,

M tsubi ST (%asr@fé?ﬁ%zalm%ff‘?bﬁ}&?)é,)a!L adeCo (mdiffethy | @ adsc SEhat e,

N ppon Shokufialy (@enytdfle) succERYRL, NPGRYY MoK BEPM0S:, gy -0 Ltd.)
“Poval” (polyvinyl alcohol, Kuraray Co., Ltd.) and the
like.

The radioprotective material of the invention

10 may be dissolved in a solvent and formed into a membrane,
sheet, film or the like. The radioprotective material of
the invention, as it is or after being dissolved in a
solvent, can be made into a coating agent, which can be
applied to a film, sheet or like product. The resulting

15 film, sheet or the like can be used for packaging, coating,
or radioprotection (radiation shielding) of items that are
prone to be damaged by radiation, such as agricultural and
marine products, foods, domestic animals, human bodies,
electrical precision equipment and the like.

20 The radioprotective material of the invention,
as it is or after being bonded to or immobilized on
particles (beads), can be added to a cosmetic preparation
and mixed with cosmetic components, to provide a radiation
(ultraviolet) blocking cosmetic product which protects the

25 exposed skin of the face, hand, etc., from radiations



| i ke. The radioprotective material of the invention 10 rmay be dissolved in
a solvent and fornmed into a nenbrane, sheet, filmor the |ike. The

radi oprotective material of the invention, as it is or after being

di ssolved in a solvent, can be nmade into a coating agent, which can be
applied to a film sheet or like product. The resulting 15 film sheet or
the li ke can be used for packaging, coating, or radioprotection (radiation
shielding) of itenms that are prone to be damaged by radiation, such as
agricultural and marine products, food4-donmestic animals, human bodi es,

el ectrical precision equipnment and the |like. 20 The radi oprotective
materi al of tlhetrawentétord, Gbtrdvislet-@f t&Iplei ngydbondedets pdiys)

i mmobi lized on particles (beads), can be added to a cosnetic preparation
and mi xed wiami tlosdef ¥ o clonp onene spheve proléder ie radi @t éobrofict r avi ol et)

bl ocki ng cosnetic product which protects the 25 exposed skin of the face,
hand, etc., SForRTeARt ¥ oflke - bitke ( URUThhesl etthg mataravdloladt -the al pha rays
or beta rays% emitted fromthe atnosphere, electric or electronic

equi prent  orlPHN iR M3y hhfneddrd ndl £ ¢l Y ofntpel ibawent sRANRBYI be

kneaded directly into fibers (spjnning, 5 conponents), or applied, adhered
or bonde onqodnélc?lbeer?ts)sUr?’éc%éI?PJt%d'pr %%ecﬁi%rkéo%%e% ‘??B‘grfb‘i’%ﬂuct such

as surfaces, to provide fibers or a fiber product such as
clothes (radioprotective fiber product) that can block or
reduce effects of radiations emitted from the atmosphere,
the earth’s surface, electric or electronic equipment or
10 the like.

The radioprotective material of the invention
can be used in radiation therapy or radiographic
inspection, in order to reduce adverse effects of
radiations on non-affected part and to thereby protect the

15 body. For this purpose, the material of the invention may
be used as it is or as a radioprotective preparation (e.g.,
an external preparation (a coating preparation such as a
cream, gel or the like, or a patch), a non-oral
preparation (an injection, suppository or enteric

20 preparation)) formulated in a routine manner. The
material of the invention, as it is or after being
suitably processed, can be used as a medical or
experimental radiation-resistant material which prevents
medical or experimental substances including enzymes,

25 cells, living tissues and like biomaterials, from being



clothes (radioprotective fiber product) that can bl ock or

reduce effects

. of radiations emtted fromthe atnosphere, the earth's surface, electric
or electronic equipnent or 10 the like. The radioprotective material of
the invention can be used in radiation therapy or radiographic

i nspection, in order to .reduce adverse effects of radiations on
non-affected part and to thereby protect the 15 body. For this purpose, the
material of the invention nay be used as it is or as a radioprotective
preparation (e.g., an external preparatd®n (a coating preparation such as
a cream gel or the like, or a patch), a non-oral preparation (an

i nj ection, shppositmylprdenéetdcalddpsepradataoidn $osrl pdeeidm, a Foaut i ne
manner. The naterial of the invention, as it is or after being suitably
processed, ca¥e bes uzetiadsaniordiesl stant exgrers nent alher aditatvian- oEsitdteant
mat eri al mhlch prevents nedical or experinental substances including
enzynes, 25 kayertionyipgnixeduestiner | ineokyiloimadedralany faforphiseiatrgpve2s-

functionally deteriorated by radiation sterilization. For

use as a

radi ati on- re%’r%‘t‘%l‘%ﬁrﬁjt%n% Proeedeeerinatoot fpen (%@%t@%nalgoﬁk@@ W th

or |nnDng|zed on a

(such as a &ty %@%htpl%%e%¥ the | i) t?@P??k%)o

the biomaterials.

e. above blonaterlals rocessed into a form
gaﬁ%ﬁ?él%g Eb%ering

Thus, the present invention also provides a

method for blocking or reducing adverse effects of

radiations on an object, in which the radioprotective

10 material is added to, mixed with, placed over or

immobilized on the object. Further, the radioprotective

products, for example those mentioned above, which are

obtained by adding, mixing, placing or immobilizing the

radioprotective material, can be placed (covered, coated

15 or immobilized) over an object to be protected from

adverse effects of radiations, or administered

(externally

administered, orally administered, inoculated or ingested)

to the object, in order to prevent the object from being

functionally deteriorated or damaged by radiations.

20 Generally, materials used to block effects of

radiations and thereby protect an object from radiations

are required to have a high density, no crystallinity, a

high molecular weight, and heat resistance. This is

because radiations such as beta rays or gamma rays, which

25 are transmitted through the particles of the materials,



bi omaterials. Thus, the present invention also provides a nethod for

+ bl ocki ng or reducing adverse effects of radiations on an object, in which
the radi oprotective 10 material is added to, m xed with, placed over or

i mmobi li zed on the object. Further, the radioprotective products, for
exanpl e those nentioned above, which are obtained by adding, m xing,

pl acing or immobilizing the radioprotective material, can be placed
(covered, coated 15 or imobilized) over an object to be protected from
adverse effects of radiations, or adm niZ-ered (externally adm nistered,
orally adm nistered, inoculated or ingested) to the object, in order to
prevent the atg etiffirombeingoe funatsonatey et @uglored eer bal slawbged by
radi ati ons. 20 Cenerally, materials used to block effects of radiations
and t her eby gnorrReuamabf sctstroetveei atilens. sdmnee dduineed dlethdd,e a hi gh
density, no crystallinity, a high nolecular weight, and heat resistance.
This is becdlslera et vhsardchlRla baays ragremtgdans Whes thieychit2d are
transmtted through the particles of the materials, -26- are difficult to

be transnit ®f ¢htdtgHHetet? &F sCoilkh UadrihoRIekin% SResRture.. Al so,.
21 ce U bt avohele Bog RALRISIEL [GEG ol plie o dener b, heat vhen ey
radioprotective material of the invention mainly comprises
polyamino acid(s), the material has a high molecular
weight and is heat resistant, and thus is suitable for the
above purposes. Further, the material is preferable for
10 Dblocking radiations, in particular for protecting
organisms from radiations, owing to its excellent

biocompatibility and non-antigenicity.

EXAMPLES

15 . The following Examples and Experiments are
provided to illustrate the invention in detail and are not
to limit the scope of the claims of the invention.
Example 1 Production of a-polyglutamic acid

v-Benzyl-L-polyglutamate (y-BLG, Ajinomoto Co.,

20 Inc.) was phosgenated in tetrahydrofuran to synthesize an
N-carboxyamino acid anhydride of y-BLG, which was then re-
crystallized several times for purification. The purified
product was dissolved in a mixed solvent of
dioxane/methylene chloride, and polymeriied in the

25 presence of triethylamine as an initiator, giving poly-y-



5 radiations need to be heat resistant. Since the radioprotective material
of the invention mainly conprises polyamno acid(s), the material has a

hi gh nmol ecul ar weight and is heat resistant, and thus is suitable for the
above purposes. Further, the material is preferable for 10 bl ocki ng

radi ations, in particular for protecting organisns fromradiations, ow ng
to its excellent bioconpatibility and non-antigenicity. EXAMPLES 15 The
foll owi ng Exanpl es and Experinments are provided to illustrate the
invention in detail and are not to |lim27the scope of the clains of the
invention. Exanple 1 Production of a-polyglutamc acid

y- Benzyl - L- potyzy it gt et éya Bt G PRLG hontihee GRLG w23 Itheen) twas telbsgemat ed
in tetrahydrofuran to synthesize an N-carboxyam no acid anhydride of
y-BLG whi creRgdipes HBr teygiwe| dzrdlgeleramiciaesdfor purification. The
purified product was dissolved in a m xed sol vent of di oxane/ nethyl ene
chloride, and polynerized in the 25 presence of triethylam ne as an
initiator, givin oly-y- -27- benzyl-L-glutamate (PBLG. The PBLG was then
treated vvitM%L%-%us HBr to give a-polyglutamc acid. Exanple 2 5 A

BaCIHUSSnatto Straln}&$§gé§fﬁhér£g%to strain isolated from

commercially available natto (fermented soybeans) was
inoculated into a culture medium containing 10 g/L of
peptone (Daigo Eiyou), 10 g/L of meat extract (Daigo
Eiyou) and 10 g/L of dextrin (Daigo Eiyou), and incubated
10 for 48 hours at 30°C under.aerated conditions. The
resulting culture solution was separated into a solid and
liquid with a centrifuge. A 90% ethanol solution was
added to the separated liquid. The resulting precipitates
were washed with water, and then repeatedly washed with an

15 ethanol solution, giving y-polyglutamic acid (y-PGA).

Experiment 1

Ten mg of papain (Merck) was dissolved per 1 ml
of distilled water to obtain 4 ml of a papain solution.

20 The papain solution was dispensed in 0.2 ml aliquots into
four 10 ml glass test tubes. Into each of these test
tubes were placed, as a radioprotective material, o-
polyglutamic acid (o-PGA) synthesized by the NCA method in
Example 1, polyglucosylacryl ethyl methacrylate

25 (GEMA) (Nippon Fine Chemical Co., Ltd.) and glucose, each



commercially available natto (fernmented soybeans) was inoculated into a

« cul ture nmedium containing 10 g/L of peptone (Daigo Eiyou), 10 g/L of neat
extract (Daigo Eiyou) and 10 g/L of dextrin (Daigo Eiyou), and incubated
10 for 48 hours at 30C under aerated conditions. The resulting culture
solution was separated into a solid and liquid with a centrifuge. A 90%
et hanol solution was added to the separated liquid. The resulting
precipitates were washed with water, and then repeatedly washed with an 15
et hanol solution, giving y-polyglutamc2+d (y-PG). Experinent 1 Ten ng
of papain (Merck) was dissolved per 1 m of distilled water to obtain 4 m
of a papain tsolatfioml eOndéet paphom SOl UI2DWHES dispensed in 0.2 n
aliquots into four 10 m glass test tubes. Into each of these test tubes
wer e pl aced,ceascent aali opn ot 2¢15 viet nt er iTdle tas tpdlupgsutwaemec iadiadii@a-<dGA)
synt hesi zed by the NCA nethod in Exanple 1, polyglucosylacryl ethyl

met hacryl at ev 2B (GG Y N pdes 5 nef Ghremmeatawe. (0Lt . ) 1&nangl Lt okéy) each
-28- to a final concentration of 1.25 wt.% (total concentration: 3.75

W . 9% . The t34 theresthereesidurl sparpin aativiterehttifostsradighadn rays
(0, 5, 10 and 15 kGy), and then the residual papain activity of the

i rradi at gd ?%%Wﬁ%nw%\%&%%‘éﬁ?%d. BRs 3 CRHLY Gy, 3 BRRsHih

solution which did not contain the radiopfotective
material was irradiated with gamma rays in the same manner
as above, and the residual papain activity of the.
irradiated solution was measured.

10 The papain activity was measured in the
following manner. The gamma ray-irradiated enzyme
solution was suitably diluted, and 1 ml of the diluted
solution was added to 1 ml of 2.5% casein (PBS buffer
solution (pH7.4)). Further, 1 ml of a 15 mM cysteine

15 solution (PBS buffer solution (pH7.4)) was added, followed
by reaction at 37°C for 30 minutes. Then, a 16%
trichloroacetic acid solution was added to stop the
reaction. The reaction mixture was centrifuged (at 20,000
rpm for 15 minutes) to remove precipitates. The

20 absorbance (280 nm) of the obtained supernatant was
measured to determine the enzyme activity. Then, from the
change in enzyme activity by gamma ray irradiation, the
radiation (gamma ray) protective effect of the mixture of
a-PGA, GEMA and glucose was evaluated.

25 Fig. 1 shows the results. The results reveal



solution which did not contain the radioprotective material was irradi ated
with gamma rays in the sanme manner as above, and the residual papain
activity of the irradiated solution was neasured. 10 The papain activity
was neasured in the follow ng manner. The ganma ray-irradi ated enzyne
solution was suitably diluted, and 1 m of the diluted solution was added
to 1 mM of 2.5%casein (PBS buffer solution (pH7.4)). Further, 1 m of a
15 mM cysteine 15 solution (PBS buffer solution (pH7.4)) was added,
followed by reaction at 37C for 30 mm@a®s. Then, a 16% trichloroacetic
acid solution was added to stop the reaction. The reaction m xture was
centrifuged gt 20h€00ixtpnefof GSPEANUCEN) &40dreIBRYEs@resspht ates. The 20
absorbance (280 nm) of the obtained supernatant was mneasured to determne
the enzynme a@@diatyonTheammnd roayl herochdanyee i af Bagyne Actgadtycdlaganma ray
irradiation, the radiation (gamma ray) protective effect of the m xture of
a- PGA, GEMA &Rl ghfieds el aadbabi erat edith 265 Fk@y df shawsat hays esabtsuchhe
results reveal -29- that the m xture of a-PGA -GEMA and gl ucose has a

radi ati on (FEIMRPYAY)40? ot EctiG PP BRtact vy t Femdired. even after
irradiation with 15 kGy of ganma rays, as nuch as about 40% of the papain
activity remai ned.

Experiment 2

Four glass test tubes each containing 0.2 ml of

a papain solution were prepared in the same manner as in
Experiment 1. As a radioprotective material, each of «-

10 PGA, GEMA and glucose was placed into one of three of the
above test tubes, achieving a final concentration of 1.25
wt.%. The other test tube containing no radioprotective
material was used for a control test. Each tube was
irradiated with 10 kGy of gamma rays in a manner similar

15 to that in Experiment 1. Then, the enzyme activity after
irradiation was measured to determine the radiation (gamma
ray) protective effects of o-PGA, GEMA and glucose. Fig.
2 shows the results. The results reveal that o~PGA has an
excellent radiation (gamma rays) protective effect.

20

Experiment 3

In view of the results of Experiment 2, a papain
solution containing o-PGA (at a final concentration of
1.25 wt.%) was prepared, and irradiated with different

25 doses of gamma rays (0, 5, 10 and 15 kGy) to evaluate the



5 Experinment 2 Four glass test tubes each containing 0.2 m of a papain

+ solution were prepared in the sanme manner as in Experinent 1. As a
radi oprotective material, each of a 10 PGA, CGEMA and gl ucose was placed
into one of three of the above test tubes, achieving a final concentration
of 1.25 w.% The other test tube containing no radioprotective nmaterial
was used for a control test. Each tube was irradiated with 10 kGy of ganma
rays in a manner simlar 15 to that in Experinment 1. Then, the enzyne
activity after irradiation was neasured3®o determ ne the radiation (gamm
ray) protective effects of a-PGA GEMA and glucose. Fig. 2 shows the
resul ts. Theradbaltienr tgamnat hays - PR dasi aa e Bikeet | ehta+REh at iFdg . ( ganma
rays) protective effect. 20 Experiment 3 In view of the results of _
Experi ment BheFpaphes nreselu$i on containing a-PGA (at a final concentration
of 1.25 w.% was prepared, and irradiated with different 25 doses of
gamma rays (0, 5, 10 and 15 kGy) to evaluate the -30- radiation (gama

' - [ lts. Experinment 4
rays) protecé}éﬁ/eerlelgéﬁgtllof a-PGA. Fig. 3 shows the resu p

5 In order to measure the «-PGA concentration
dependence of the radiation (gamma rays) protective effect
of a-PGA, papain solutions containing o-PGA at final
concentrations ranging from 0 to 0.125.wt.% were prepared
in the same manner as in Experiment 1 and irradiated with

10 gamma rays (10 kGy), to evaluate the radiation (gamma ray)

protective effect of a-PGA. Fig. 4 shows the results.

Experiment 5

Each of three radioprotective material liquids
15 (a~PGA, GEMA and glucose) was added singly to 1 ml
portions of a-amylase (C-P-R Co. Ltd., enzyme activity:
8,000 U/ml) to final concentrations of 0 wt.%, 0.5 wt.$%,
1.25 wt.% and 2.5 wt.%. The resulting solutions were
irradiated with gamma rays (10 kGy), and the residual o-
20 amylase activity of the irradiated solutions was measured.
The measurement of the a-amylase activity was
carried out in the following manner: The gamma ray-
irradiated enzyme solutions were suitably diluted, and

each diluted solution (1 ml) was added to 20 ml of a 1

25 wt.% potato starch solution, followed by reaction at 40°C.



5 In order to nmeasure the a-PGA concentrati on dependence of the radiation
c(gamma rays) protective effect of a-PGA, papain solutions containing a-PGA
at final concentrations ranging fromO to 0.125 wt.% were prepared in the
same nmanner as in Experinent 1 and irradiated with 10 ganma rays (10 kGy),
to evaluate the radiation (gamma ray) protective effect of a-PGA. Fig. 4
shows the results. Experinent 5 Each of three radioprotective materi al
liquids 15 (a-PGA, GEMA and gl ucose) was added singly to 1 m portions of
a-anyl ase (CPR Co. Ltd., enzyme activity31-8,000 Um) to final
concentrations of O wt.% 0.5 wt.% 1.25 w.%and 2.5 w.% The resulting
sol uti ons weTlee émdadf atled nedbt ganmmmas agstéded Gy, randtibe weshdaal a 20
anyl ase activity of the irradiated solutions was neasured. The neasurenent
of the a-amdedeEnacselitjonastakangi tide ouimée nat hehich| dedlihgemabaech The
gamma ray- irradiated enzyne solutions were suitably diluted, and each

dil uted sol E$¥PLIANMYFS WARIAHHER &9 Ploenendfof thesrepchd pot atkrararch
solution, followed by reaction at, 40C. -31- The end of the reaction was
detected by rRactiBh HRERIERC Yok hetR®l eRAoAL TRKi FSRERECRI nBh&t which

LT b P BB DRl Bagts e SHAetlod P R hEMLELEY 11

equation:

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

Activity = 200 x

.Fig. 5 shows the results. .
10 The results reveal that o-PGA significantly
inhibits the a-amylase activity reduction caused by gamma
ray radiation, demonstrating that a-polyglutamic acid has

a high protective effect against gamma rays.

15 Experiment 6

Each of three radioprotective material liquids
(x-PGA, GEMA and glucose) was added singly to 1 ml
portions of a-amylase (C-P-R Co. Ltd., enzyme activity:
8,000 U/ml) to final concentrations of 0 wt.%, 0.5 wt.$,
20 1.25 wt.% and 2.5 wt.%; The resulting solutions were
irradiated with UV for time periods ranging from 0 to 5

hours. Then, the residual a-amylase activity of the



5 enzyne activity was cal cul ated according to the following equation:

eDilution ratio of gamma ray- Activity = 200 x irradi ated enzyne sol ution
Time required until the end of reaction Fig. 5 shows the results. 10 The
results reveal that a-PGA significantly inhibits the a-amnylase activity
reducti on caused by ganmma ray radiation, denonstrating that a-polyglutamc
acid has a high protective effect against gamma rays. 15 Experinment 6 Each
of three radioprotective material |iquids (a-PGA GEMA and gl ucose) was
added singly to 1 ml  portions of a-anyt3e (CPR Co. Ltd., enzyne activity:
8,000 UmM) to final concentrations of O wt.% 0.5 wt.% 20 1.25 wt. % and
2.5 W .% Therradidteédgssdbhtionaswaermweasuradi athed aviddntAd ¥ oredt meamperi ods
ranging fromO to 5 hours. Then, the residual a-anylase activity of the
-32- irradi AT UXTINELAAS ARAYhied. costainbngrod redippanteatiweus
a-anyl ase solutionp containing no radioprotective material was irradi ated
with UV in theteahe! nEafet Taediabadevi bh ndhsif et hpesprg| HanNes- afyl ase

i Vi ' in the follown
activity. 5 ;@gnggguéggEQEe ecgégiggafu&—amyiase actgvitg.

5 The measurement was carried out in the following
manner: First, 0.2 ml of a test solution was applied to
the surface of a slide glass, dried at room temperature,
and irradiated with an ultraviolet lamp (15 W) from 15 cm
above the surface of the slide glass. After irradiation,

10 the dried enzyme solution on the slide 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 5. Fig. 6 shows the results. The
results reveal that when a-polyglutamic acid is used as a

15 radioprotective material, the oa-amylase activity was
scarcely reduced by UV radiation, demonstrating that a-
polyglutamic acid has a remarkably high protective effect

against UV radiation.

20 Experiment 7
Each of three radioprotective materials (a-PGA,
GEMA and glucose) was added singly to 1 ml of a-amylase
(C-P-R Co. Ltd., enzyme activity: 8,000 U/ml) to a final
concentration of 1.25 wt.$%. Using the resulting solutions,

25 slide glass samples were prepared in the same manner as in



manner: First, 0.2 m of a test solution was applied to the surface of a
~slide glass, dried at roomtenperature, and irradiated with an ultraviolet
lanp (15 W from 15 cm above the surface of the slide glass. After
irradiation, 10 the dried enzyme solution on the slide glass was dissol ved
in 0.2 mM of distilled water, and the a-anylase activity of the resulting
solution was neasured in the sane nanner as in Experinent 5. Fig. 6 shows
the results. The results reveal that when a-polyglutamc acid is used as a
15 radi oprotective material, the a-anylasg&activity was scarcely reduced
by WV radiation, denonstrating that a- polyglutam c acid has a renarkably
hi gh protectixperifent 6cagandseath iadadiavad @DtExperagent1¥ kagh ef three
radi oprotective materials (a-P&G, GEMA and gl ucose) was added singly to 1
m of a- arryl%]s%Ct{@PHO@@mSLt(élo k@pyy ettt Vittey:regs 000 Laramyase f i nal
concentration of 1.25 w. ng the resulting solutions, 25 slide glass
sanpl es merea%FéﬁhFédW?ﬁ Wﬁésgﬁﬁa Hanhbe aém?nmaGBQrEapelnnﬁnpeSlmanu each

i rradi at ed t rays (10 kq&%% el ectron beans (10 kGy). Then, the
resi dual V%ry FUTARY C eHEARER §9 Wi Qe afi o trct Hve
Experi ment control _test e W thout radio rotectlve 5
naterlalg mdgat$$5 l%tgasiﬁrfﬂélégﬁg ﬂgnﬁé? A8MEHBIRIED ab" above' £
measure the residual a-amylase activity. Fig. 7 shows the
results. The results reveal that a-polyglutamic acid
remarkably diminishes the a~amylase activity reduction
caused by irradiation with X rays or electron beams,

10 demonstrating that o-polyglutamic acid has an extremely

high protective effect against these radiations.

Experiment 8

Slide glass samples were prepared in the same

15 manner as in Experiment 6, using a solution consisting of
a-amylase and a radioprotective material (y-PGA of Example
2 at a final concentration of 1.25 wt.%). Each slide
glass sample was irradiated with X rays (10 kGy), electron
beams (10 kGy) or gamma rays (10 kGy). Then, the residual

20 o-amylase activity was measured in the same manner as in
Experiment 6. Fig. 8 shows the results. The results
reveal that, like a-polyglutamic acid, y-polyglutamic acid
has an extremely high protective effect against X rays,
electron beams and gamma rays.

25



nmeasure the residual a-anylase activity. Fig. 7 shows the results. The
-results reveal that a-polyglutamc acid remarkably dimnishes the

a-anyl ase activity reduction caused by irradiation with X rays or el ectron
beans, 10 denonstrating that a-polyglutam c acid has an extrenely high
protective effect against these radiations. Experinent 8 Slide gl ass
sanples were prepared in the sane 15 nmanner as in Experinent 6, using a
solution consisting of a-anylase and a radioprotective nmaterial (y-PGA of
Exanple 2 at a final concentration of 4325 wt.% . Each slide glass sanple
was irradiated with X rays (10 kGy), electron beans (10 kGy) or gamma rays
(10 kGy) . Then, the residual INWWIFRIAL FSEPIEOTARIT T ¥vaS neasured in the
same nmanner as in Experinent 6. Fig. 8 shows the results. The results
reveal that, |ike a-pofygl madhdrracedsiye prdtyegtinbhndt dlee dinhast fon
extremely high protective effect against X rays, electron beans and ganmm
rays. 25 -3RLPNERSTRIAEt2PPE| vABI YT Y FHEaE bendprahecthoseharerial of the
invention blocks effects of _various radiations, and therefore is capable
of significdﬁ??%bb?eQ nF?ﬂ@lﬁbgngrﬁ PREVERF ORI SPeRpERUPerfAARLABD occur in

nucl ear r.facilit] . .
uct ea gomﬁaxpgguretkﬁgt may occur 1in nuclear power facilities,

medical facilities, aircrafts in flight or uranium ore
refineries, or may be caused by radiography at
construction sites. Moreover, the material of the
invention is capable of protecting organisms or articles

10 such as precision equipment, photographic dry plates or
the like from damages caused by radiations emitted from
experimental equipment, color televisions or like electric
appliances containing radiation tubes, or by radiations
from outer space or the earth’s crust. Further, the

15 radioprotective material of the invention, which is
biodegradable into nontoxic substances, ié valuable from

the viewpoint of environmental conservation.



medical facilities, aircrafts in flight or uraniumore refineries, or may
be' caused by radi ography at construction sites. Mreover, the material of
the invention is capable of protecting organisns or articles 10 such as

" precision equi prent, photographic dry plates or the |like from danages
caused by radiations emtted from experinental equipnent, color
televisions or like electric appliances containing radiation tubes, or by
radi ations fromouter space or the earth's crust. Further, the 15

radi oprotective material of the inventi-@g-which is biodegradable into
nont oxi ¢ substances, is valuable from the viewpoint of environnental
conservation. -35- CLAIMS 1. A radiopi®esti ve material conprising a

pol yami no acid or acids or a derivative or derivatives thereof. 5 2. A
radi oprotecti ve materilal Paccotidiprptectciwd matlkriwlerainprisei rppla/am no aci d
or acids conprise a water- soluble amno acid or acids or a water-soluble
derivative RerlvRmin@taced ehedebds A 3. devriwal bpe cdecievkvamiees al
according to claim 1, wherein the polyam no acid or acids conprise at

| east thereof.

2. A radioprotective material accordihg to claim
1, wherein the polyamino acid or acids comprise a water-
soluble amino acid or acids or a water-soluble derivative
or derivatives thereof.
10
3. A radioprotective material according to claim
1, wherein the polyamino acid or acids comprise at least
one amino acid selected from the group consisting of
.glutamic acid, phenylalanine, alanine and leucine.
15
4. A radioprotective material according to claim
1, wherein the polyamino acid or acids or derivative or
derivatives thereof are modified with a sugar component or
components.
20
5. A radioprotective material according to claim
4, wherein the sugar component or components are at least
one member selected from the group consisting of
monosaccharides and oligosaccharides.

25



one am no acid selected fromthe group consisting of glutamc acid,
phenyl al ani ne, al ani ne and | eucine. 15 4. A radioprotective materi al
according to claim 1, wherein the polyam no acid or acids or derivative or
derivatives thereof are nodified with a sugar conponent or conponents. 20
5. Aradioprotective material according to claim 4, wherein the sugar
conponent or conponents are at |east one nenber selected fromthe group
consi sting of nonosaccharides and ol igosaccharides. 25 -36- 6. A

radi oprotective material according to ct®3-m 1, which provides protection
fromat | east one nenber selected fromthe group consisting of gamma rays,
X rays, beta rays, uléravixdetopmaysectal phandateysialcesrdordiays tod cdlagdet ron
beans and baryon beans. 7. A radioprotective product conprising a

radi opr ot ectivevinitlerpadviadesroiogetoichafnol. atl018asiA ondi ngmbéect i ve
product according to claim 7, which is at |east one nenber selected from
the group cIMkeGEehgiePm blie oprotecEPNeisting, of agitpe of@¥si v& raneets,

radi oprotective coating agents,_ radioprotective _
beta rays, "ulfraviolet rays, alpha rays, cosmic rays,

5 electron beams and baryon beams.

7. A radioprotective product comprising a

radioprotective material according to claim 1.

10 8. A radioprotective product according to claim
7, which is at least one member selected from the group
consisting of radioprotective films, radioprotective
sheets, radioprotective coating agents, radioprotective
cosmetic products, radioprotective fiber products,

15 radioprotective preparations and radiation-resistant

medical materials.

9. Use of a polyamino acid or acids or a
derivative or derivatives thereof for production of a

20 radioprotective material.

10. Use of a polyamino acid or acids or a
derivative or derivatives thereof for production of a
radioprotective product.

25



cosnetic products, radioprotective fiber products, 15 radioprotective
-preparations and radi ation-resistant nedical materials. 9. Use of a

pol yami no acid or acids or a derivative or derivatives thereof for
production of a 20 radioprotective material. 10. Use of a polyamno acid
or acids or a derivative or derivatives thereof for production of a -

radi oprotective product. 25 -37- 11. A nethod for bl ocking or reducing
adverse effects of radiations on an object, the nmethod using a

radi oprotective material according to ctaim 1. 5 12. A method according to
claim1l, wherein the radioprotective material according to claiml:s

m xed wth, placed ovkl, ®drméenmodi fozedlonkihe objectiucildg Adwetbed for
bl ocki ng or reduci ng adverse 10 effects of radiations on an object, the
met hod usi nge&feehsli oprvadtarienprodusn abgectdi ngheomethbth @sifg. aA net hod
according to claim 13, wherein the radioprotective material according to
claim7 is 152&HPhPEeetEéuet Batprgast edcpyiing| heedlad®r l(covered, coated
or nounted on) or applied to the object.

5 12. A method according to claim 11, wherein the
radioprotective material according to claim 1 is mixed

with, placed over, or immobilized on the object.

13. A method for blocking or reduéing adverse
10 effects of radiations on an object, the method using a

radioprotective product according to claim 7.

14. A method according to claim 13, wherein the
radioprotective material according to claim 7 is
15 administered to (ingested by), placed over (covered,

coated or mounted on) or applied to the object.



