;e3edz 60Ti 27 APR 2004 -1 DESCRI PTI ON RADI OPROTECTI VE MATERI ALS AND

UTI LI ZATI ON THEREOF 5 TECHNI CAL FI ELD The present invention rel at sy tfgPR 2004
mat eri al s capabl e of reducing adverse effects of radiations, i.e.,

radi oprotective materials. The present invention further relates to nethods
for radioprotection using the 10 radi oprotective materials, and products
havi ng radi oprotective effects owng to the radi oprotective nmaterials
cont ai ned therein. BACKGROUND ART 15 In recent years, increasing anmounts of
radi oactive waste are generated from nucl ear power facilities such as

nucl ear power plants, and medical facilTtites, universities and |aboratories
t hat use radioi sotopes. Accordingly, a reliable nmeasure for 20

radi oprotection is demanded. FurthefE=¢RIESIWhid that miners in mnes of
uraniumore, coal or netals are exposed to nore than 6 tinmes as nuch
radiation fromthe earth's crust as allowed by international

recomendat i ons I.at. r r f radiation.
fromouter space tBaearaTECEN YRS AW S Ba el TERRE ol e ar o
said to be exposed is nmuch greater than that to which mners are exposed. A
solution of these problens is urgently required. Besides these specific

facilities, |umnous 5 paints on shegir®@ir, Wetweth faces, glow | anps in
fluorescent |anp devices, dischargetubes im displays in gas stations

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 contalned therein.

BACKGROUND ART

15 : In recent years, increasing amounts of
radicactive 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 cre, coal or metals are expesed to more than 6
times as much radiation from the earth’s crust as allowed
by international recommendations for radiation workers.

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




or the like, and snoke detectors in buildings enploy isotopes that emt

al pha rays or beta rays. Therefore, proper radiation control is Qbﬁﬁﬂﬁﬂ 04
necessary in production 10 sites of these itens. "Radiations", ifn a brog@
sense, include cosmc rays, radio waves, infrared radiation, visible |light,
Utraviolet-A Utraviolet-B, Utraviolet-C, directly ionizing al pha rays,
beta rays, proton beans and baryon 15 beans, indirectly ionizing X rays,
gama rays, electron beans and neutron beans, etc. Anpbng these radiations,
Utraviolet-A Utraviolet-B, directly ionizing al pha rays, beta rays,
proton beans and baryon beans and indiré@fly ionizing X 20 rays, gamm
rays, electron beans and neutron beans necessitate radioprotection. For

protecting tFaYFhte? mdi Gt B AT psudi casatRe L8k PR, ehaPFedel@smti t he
i ke) parts of the bady fro | traviol et rays, sungl asses with |arge,
Iight-colore%r%%t?%hghgﬁmﬁQ? FﬁQ1@§EéﬁaF8ﬁﬁ SbFFﬁse%PPﬁe ' %%t%P%ﬁ% | east

2 7 ~4PR 2004 - rk-cal ored cl.othes made .of polyester fibers or
henp fi bers,OEI%?%%ng%%?&bﬁﬁ%sckjisngu%oe?%ﬁ ¢S Wont & ni ng titani um oxi de are

reportedly effective. égg%a@g‘Tﬁk%§§§%¥§%$§f§%§%E%EEH§SU|Eﬁﬁy£8ﬁ§t_8’ whi ch,

for instance, 5 damages DNA in t dy, pronotes the

formatiom of ,aeheni & Rk gimntsr RARIG] ¥ddGr eades aghbkeiaxy¥gepraldefper eby
ages the tissue cells of the epiderm s, and causes skin spots. On the other

hand, U traviahetdédrieachidigdhe parddbdasnbeerpaesat iy baer eaatnensn
recent 10 years owng to the destruction of the ozone |ayer, and thus the
effects of Ubtriae ol £ite C yrobesmprlabldatctiurst her builldisagknemplbhat
Utraviolet-A penetrates deep into the derms of the body and cuts or
destroys el asspeopéhertsatt cenieralphd arapunreivetablreyer. i nkheserreause
cataracts. 15 Thus, protection nmeans agai nst these ultraviolet rays are

al so hoped fRFOP#bredvertiaxpusiielt d salgghaycapsceheeayr apsprxdpaysongamm
rays or |like ionizing radiation which perneates the human body not only
causes adut eSHFredrefersheRFE oft4™e body, including those of the blood and
organs, but also has lgong-term averse effects on the huggn body, such as

car ci nogenesi s, geneti ¢ . EﬁPQﬁ t Hé' 19 K&paﬁeﬁgpéﬁweﬁp pdg ﬁgéFéEtive
TR SRS LPRTE (ARAL oL SESIR e, ORI L
27 ~Fd ~'6¥Eraviolet—A, Ultraviolet-B, Ultraviolet-C, directly
ionizing alpha rays, beta rays, proton beams and baryon
15  beams, indirectly icnizing X rays, gamma rays, electron
beams and neutron beams, etc.
Among these radiations, Ultravioclet-A,
Ultravioiet-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 radioprotecticon.
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




-4 radiation and nucl ear power. DI SCLOSURE OF THE | NVENTI ON An object of

the present invention is to provide 5 a radioprotective nateri al a%iA%ﬁ 2084
usabl e for bl ocking 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 radi ations. Another object of the inventionis to
provi de radi oprotective products produced using the radioprotective
material. A further object of the invention is to provide a nmethod using
the radi oprotective material to prevent‘éiposure to radiations. 15 The
present inventors carried out extensive research_to achieve the above

obj ects. As a TBsufarKiFRQaReHGeSoMAdet RAt PROV§ERFROTARPES FRd t heir

derivative bl f..signifi | y bl ocki . ducj d
effects of VAPTRUS TR at 1/ SHE CONFITHEd CRATSHSESOFOBO RIS

character i st & af; 00l YNNG, ACTAS, 1 LG L et vaLl ves mkes i, hgssible to

Se .
protect organi sSns oOr I cles fr eVt abl € Of  Unconsci ouy radiation

exposure i n gaidy dids, a6 i A tiorking.enyi Lanaent coThe,present | nventi on

has been acconplished b on these findings. 25 The present invention

provi des st hegdd d oM MK in 2ie BRaedi4d oF ineAubhadi oprehsetivengunterial
conprising a polyamno acid or acids or a derivative or derivatives

thereof. 2. formdgliont afecid gimBtEignintgceepdiing tacirkased dctwherein the
pol yam no acid or acids conprise a water soluble amno acid or acids or a
wat er - sol ubl exgern vatd veheorelderdoeat itves ttikeneotc13s Afr adeoppbiiechiyvpe
material according to item 1, wherein the polyam no acid or acids conprise
at |east 10 ome @amisws i suladct-edOfir bhet behgr opndon$l stdnigplaft ¢l ut ani ¢
aci d, phenyl al ani ne, al anine and |leucine. 4. A radioprotective materi al
accordi ng tor$3@mNg Wereinth e dlepanioreaadivd iocraepdsgoindeeseati ve or
derivatives thereof are nodified with a sugar conponent _or 15 conponents.

5. A radifoprt@et i B e idle SeSrdiatd oo St ERE4 OZRREr eRNEEhe?Bdgar

conponent or_.co nent are at_ | st .
al thuéw¥£e ef%ects of dﬁ%raVlolet—C pose problems. Further,

it is known that Ultraviolet-A penetrates deep into the
dermis of the body and cuts br 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 lonizing radiation which
permeates the human body not only causes acute disorders

20 of the body, including those of the blood and organs, but
aiso 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 ensﬁre radioprotection

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



one nenber selected fromthe group consisting of nonosaccharides and

ol i gosaccharides. 20 6. A radioprotective material according to i#emAPR 2034
whi ch provides protection fromat |east one nenber selected fromthe group
consisting of gamma rays, X rays, beta rays, ultraviolet rays, alpha rays,
cosm c rays, electron beans and baryon beans. 25 7. A radioprotective
product conprising a 2 ~ AP.~~ 2Q~'r -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 545heet s, radi oprotective coating
agents, radioprotective cosnetic products, radioprotective fiber products,
radioprotect?%@??ﬁ%ﬁﬁu%ﬁq(ﬂﬂ?%ﬁﬂ¥lﬂﬂﬂeéfion-resistant medi cal materials. 9.
Use of a polyamno acid or acids or a 10 derivative or derivatives thereof
for production of a radioprotective material. 10. Use of a polyam no acid

or acids or a derivative orDﬁ&ng{ﬂ,\%eéFt,ﬁE E@{VEI@I&\; oduction of a

radi oprot ective product. 15 - or reduci ng adverse
effects of radiations Qhj egt . 1 ih hed; UsSLRg 8, adi pproLesiiyve
mat eri al according tozﬁ?é%ﬁl.-lz. A_ne?ﬁ%%%agcérd%ngl?g ??eﬁ1l§, erein
the radi gprof eedd Vs MBI Ble JEEAAING LQi1keMsdphe Fh¥edI¥bking20 pl aced
over, or inmmobilized on the object. 13. A nmethod for bl ocking or reducing
adverse eff egiisetie rafieaid ONsF AhERARINGGT exbbeulet hedwHstAJodcurs or

radi oprotective product according to item7.
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 cbject of the
inventicn 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 adverse
effects of varicus radiations, and confirmed that use of

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

25 The present invention provides the folilowing:



14. A nmethod according to item 13, wherein the 25 radi oprotectiveZratgri #gs
according to item?7 is Z 7 ~~R L~O-P admnistered to (ingested by),

pl aced 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
usi ng radi ography, etc. In 10 addition, the material of the invention can
protect organisnms or articles such as pf‘ééi si on equi pnent, photographic dry
plates or the like, from damages caused by radi ati ons from experi nent al

equi pnent, col or tel ev} sidIPHCRTRE G medegiplli SREBS1ESRTafni ng 15

radi ati on tubes, or by radiations fromouter, space or the.earth's crust.
Nbr eover , siﬂgiy?rﬁjemﬁa‘?%]r AT GiCtHe IMieftSTo a5 8deGFaddBle Fht o

nont oxi c sub&tlgn%gf, it is also valuable froman environnmental conservation
poi nt of view i h this specification and the appended clainms, the term
fradiation’ is used inlte fpag,, 860561 3PGEl G| ostatedy Ladiations
include cosmc rays, radi o waves, electromagnetic waves, infrare

radi atiom, Vvisifherdightne WITaMQlLlaAg Wit RMIQ! elonBr ikt hayheket-C, 25
directly ionizing radi ati ons such as al pha rays, beta rays, ~ 1 AN. R 204
-g proton beasBuBnd HAYONERAG: ddidid @t |y Warirzigdd uhadi akrerstsieh as X
rays, gamma rays, electron beans and neutron beans, and the |ike.
Preferably, thedeailvations tietdwer present invention are those agai nst which
5 protection is required, such as el ectromagnetic waves, U traviolet-A,
Utraviolet-B, directly. ifnradingprahativensissigeti ads aalcplradingysp bhéetm rays
and proton beans, and indirectly ionizing radiations such as X rays, ganm
rays and neulr oviheeehs. tho BRI FEFIDESCRIRT|ICEN 20R dEHEODRAVMBRGEB LFil§ast shows
the results of Experinent 1 in which the residual papain activity was
neasur ed %af t 81| PPHYP a2 FHhH R 1 R Py q SATWEs E9TeRsSEing, 00" and 15 15

b1 et RacPUPRFBLE BN, BN aRb e Yo GprAbe CEVA ot of | ol for
papain. Fig. 2 shows the results 0C1)‘ _evrei ment r2 i.n Miocgl&b%e resitdual
Dapal n act (Vi ty Vs mEbsub i BRI 0 T AR WA e Faye SO a
333?081; o%gcfﬁéwﬁ%%gﬁgﬁ?ﬁg%@% %gw Cg(ns C(%L{/\C/{séct %2 d%é‘?%%&%f %éxperi ment
3 in which the festdval papald: agtd idy: Masy nRasHrLd gfecomponent 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 cof
monosaccharides and cligosaccharides.
20 6. A radioprotective material according to item -
1, which provides protection from at least one member
selected from the group consisting c¢f gamma rays, X rays,
beta rays, ultraviolet rays,.alpha rays, cosmic rays,

electron beams and baryon beams.

25 7. A radicprotective product comprising a



25 irradiation with gamma rays (at doses of 0, 5, 10 and 15 2 ~ AfF'R ZG4
-9 kGy) using a-PGA as a radioprotective material for papain. Fig.mg-Pqu@zmH
the results of Experinent 4 in which the residual papain activity S '
nmeasured after irradiation with gamma 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-anylase activity
was neasured after irradiation with gamma rays (10 kGy) using each of

a- PGA, 10 GEMA and glucose singly (at concentrations of OCo, 0.5% 1.25% and
2.50) as a radioprotective material for~& anylase. Fig. 6 shows the results
of Experinent 6 in which the residual a-anylase activity was neasured after
15 irradi at i BHAIFRIPRAITIER N ridls aCEordingo20it¢Mand 5 hours using each
of a-PGA, GEMA and glucaose %}” |y (at .a concentration aqf 1.25@% as a

radi oprot ective materdal® {6t %ﬁhﬁ%ﬂ%ﬁ%&VeFﬁﬁpd?c§h6ﬁ§°F &Pekhl 5B 7

Experi nent 7wki1n lr120. S\/\/nailtcl’h(t heckresei due%l & arrgl ase ﬁg&i Vi IC% Wa§01rlreasured after
irradiation Wth )&rays o (3}3 &F g’lgctslg il Sg ?TO %y? us?ng each of
a- PGA, GEMA and. i . centrati - a
radioprotectlve:%ggggfgréféﬁﬂﬁgéﬁ%/%%ggggzgq&#%f ggggéaéoggg%%géults of

Experiment Ssjdlts? Jadi%%mfbcéi%wo%&(i%geEg§§kg9akaaiaﬁyb%§et§9éi vity was

measured after irradiation with X rays ~electron beanms (10 kGy) or
gama rays (d&sk&¥ic Ust st ChdBlop #RREaRLr #tibeR phoduddd) as a

radi oprotective material for a-anyl ase.
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
radicprotective material.

10. Use of a polyamino acid or acids or a
derivative or derivatives thereof for production of a
radicprotective 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 té item 11, wherein the
radioprotective material according to item 1 is mixed with,

20 placed cover, or immobilized on the cbject.

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 1is




5 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The radi oprotective material of
the invention conprises a polyam no acid or acids. Polyam no aciQ&yugg@H%gé
in the invention include 10 poly-a-am no acids obtained mainly by
synthesis, and poly y-am no acids, poly-e-am no acids and pol y-b-am no
acids, which are mainly naturally occurring. The polyamno acid for use in
the invention nay be either natural or synthetic. Usually, synthetic 15

pol yam no acids are relatively high nolecular a-am no acid condensat es
obt ai ned by a one-step condensation (polynerization) reaction carried out
using an a-amno acid or a derivative thereof as a nononer. The a-am no
acid condensates are usually solid and bi odegradable, and 20 therefore are
pref erabl e M ahseanad drrehittile sdess & at iPdrcedi AVest (GPERCSHurt her, sone
of the a-amino acid condensates are known to be perneable to oxygen and
water. It isC%?E%dKﬁ6WH”FHé¥iﬁﬁpyfﬁléﬁ%ﬂdfﬁbﬁﬁstﬁévébéBPﬁsion resi st ance.
Mor eover, synthetic polyam no acids 25 are pol yners whose main chain
structure is formed by 2 ~ ~P~ 2rCk -11 conpletely the sane peptide bonds
as those of natural proteins., andhaye hioh compatiBiLityeuit |iving

ti ssues, non-antigenicity, biodegra i ity and other properties. Thus,

syntheti & polyaulng, ol IS are aiidablieas = tadiannatsetike maiertal s for

shi el ding organisnms fromr at1ons. The pol yam no aci use In the

i nvention nmeyr beadf £PaEed, bhaMa OGS4 eseptiley kRew) ?Ee@@ﬂ@' oped in
the future without limtation. Useful processes include; 10 for exanple:

(1) a processo€ONpId Stagi P Bfrard:ie A R0l e 1S elat beneky fdbssotyeng a solid
pol yami no acid in an organi c solvent or by carrying out honbgeneous

pol ymer i zat i madbfa N- £ar Hokysas NG iacirh farshyidr ifdéght( anraaiani d-® car boxyli c
aci d anhydride(s): amno acid-NCA(s)) in 15 an organic sol vent, adding
wat er and anrefimsri¢er consmiciifon tdhdepoluaieg selddibiooaphandethen ¥renovi ng
the organic solvent ("re-enulsification process" disclosed in Japanese
Exani ned 9Pat @3d1i e clie greterialogs 3megnvertioa grocesstieatuwhi ch ami no
aci d-NCA(s) is polynerized using 20 an organi ¢ sol vent capabl e of

di ssol vi ng aff ol 5l e- NCAR b §hEHsEbId o afiisdory cAY 1pBrYani no acids, to

thereby"forn1£o£%an1£giaq%%é§g{ticles_ﬁ%ﬁ;g&b@%t%tiondpoléneriz%%ggn

process" di sEI'9s8d T ap Vrfek 4 t BEB FEaeE6R K6

1976'87597)ib§3}a§i§{fgﬁgsfééﬁVggéékimental 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
alsc 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, radiaticns include cosmic rays, radio
waves, electromagnetic waves, infrared radiation, visible

light, Ultraviclet-A, Ultraviolet-B, Ultraviolet-C,

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



25 am no aci d-NCA(s) as solid phase is polynerized w thout 2 ~ A~
2~(~4e -12 any organic solvent, to obtain a polyamno acid pomdquf"gpkigm
phase pol ynerization process" disclosed in Japanese Unexami ned Patent ' 4
Publ i cati on No. 1991-95223); (4) a process conprising dissolving am no

aci d-NCA(s) in 5 an organic sol vent capabl e of dissolving am no aci d- NCAs
but incapabl e of dissolving polyam no acids, dispersing the solution in
anot her organi c solvent inconpatible with the solution, and carrying out

pol ynmeri zation in that state to obtain pglyam no acid particles

("het erogeneous 10 pol ynerization proce§§’ di scl osed i n Japanese Unexam ned
Pat ent Publication No. 1992-41526)i (5) a process conprising dissolving

ami no aci d- NEAPSY™ | heams A d? &S Pehatied ?&Fé@éﬁﬁBﬁzéggvent or like
organic solvené gnd erf rning$pol merization in a_hono enﬁous sol ytion 15
using a pol yhett3at?on THFH it of ,*1 i<%ﬁﬂ@f*&ﬁyEWiﬁ&eEBﬁ§8u 8e® hdlbBgeneous

sol ution ol yoerlaatl on,pr ogessle AL (0.8 cRLopess L0 WLEHa fydr ophobi c

organi ¢ sol ve ase contal ning anmno ‘ac di ssol v ernis

contacted with @Heq§%§%%?§22??€2F% a1 N9, 220 Lalyregization initiator

di ssol ved thereiln, e amno acl d-NCA(s) at the interface

bet ween the pwecpbases {Japanesednexam ned HatlenrBeplitcat kaneho.
197457096) . Further, processes for preparing polyam no acids as emnul sions
have recent|ylbegon®l ko, Uwht Lkt d Inad-le didedary exanplieg pabyBetbzation
of a-am no acid-NCA(s) in 2 7 NSF; 2004 -13 water containing a

pol yneri zat i snchnas i atota arsy en lemd stdverar(d aparnese bdaexamandd Pat ent
Publ i cati on No. 1997-183842); and a process conprising emrulsifying at | east
wat er and anivdgaadilsol veitidmviad) st watsersihs elsuli Inatyy , ngamgeeat & e t han
10 g/100 nL to prepare an oilin-water type base enul sion which provides a
pl ace for poRRfeReZREPBNCCHMYI ng a- ami no aci d- NCA(s) to the base emul sion
to carry out polynerization, and renoving the organic solvent (Japanese
Unexani nétl Patent Publication No. 10 1996-127652). Pol ymer particles in the
enmul si on thus obtained ca - at ed c Q obtain polyam no
particles. Am no acid NCA : AS— , & Ye processes
include all am no acid- derived . froma-amn aci.ds. en_an am no
aci d-NCA i s prepared SFSI g %n%%wrﬁ gcoheacriedglhla Lo jElsxl‘?elrtl%“eélitde chai n, a

Vi ng,
functional gfQup,sueh sf@tﬁﬁ’f”%é%a *S}Q’?a{)&@x}itr%ma@ mc?%@d}%’d quyaaidi nyl or

the like, the functional group 'n e protected wth a suitable

protective gfeupqbef pse ﬁ%%éﬂvﬁ@ 18 arAM L0 &cigd i91t @ AR RO
aci d- NCA. Specific exanples of a-anino acids include (a) neutral anmi no
acids such agcg)yesngg almtktere V&t idgonfMaldnte; duci Re.pdrggl euci ne,
nor | euci ne, phenyl al ani ne, nethionine, proline, asparagine, glutam ne,
trypt ophan apdlgsltbesyi kecr¢b)etacydingetam iy lati«ds(Eueh asdlutasise aci d,
2 T ~Fk~ 2~~hr -14 aspartic acid and the like, and their esters ("esters”
means net hyl aeséeradethydtest eve matopydalesicer papaiyl. ester, octyl ester,
2- et hyl hexyl ester, cyclohexyl ester, phenyl ester, benzyl ester and the
like), (c) basic ami nofiagi ds shows the results of Experiment 2 in

Q

which the residual papain activity was measured after
20 irradiation with gamma rays (at a dose of 10 kGy) using
each of a¢—-PGA, GEMA and glucose singly as a
radioprotective material for papain.
Fig. 3 shows the results of Experiment 3 in
which the residual papain activity was measured after

25 irradiation with gamma rays (at doses of 0, 5, 1C and 15



5 such as lysine, arginine, histidine and the like, and N acyl basic am no
aci ds such as N-carbobenzoxyl ysi ne, Ncarbobenzoxyornithine, N-acetyllysine
and the like, and (d) hydroxyl-containing a-am no aci ds such a%?eApgqlengg}
t hreoni ne, cysteine, tyrosine and the like and their 10 esters ("esters
means net hyl ester, ethyl ester, propyl ester, butyl ester, octyl ester,

2- et hyl hexyl ester, cyclohexyl ester, phenyl ester; benzyl ester and the
i ke). Among them water-soluble a-ami no acids are preferred. Am no
aci d- NCAs obtai ned fromthese a-amno 15 acids may be optically active
subst ances, racenic nodifications or nmixfures thereof. These am no
aci d- NCAs can_be used in conbination, as required. The constituent am no
aci ds) of thESypblyahPRIADS ffort AP ted Hvey BAEPER2Ar ECROPAPFHI t ed,

but it 20 is preferable that the pqlyam no_acids) conprise t.l east one
anm no acid sel ected fr%rﬂt H M%ﬁeﬁqlﬁé 6f &F{ngﬁf“‘éngm d+n

phenyl al ani ne, . al ani ne_and, | euci ne.. The pol.yam no aci ds o] ising at
| east one ofg%ﬁgggag%i?ﬁﬁ%ﬁﬁ 3%%?%&3%%5%%& yyﬁgﬁ(?faéF%8§eg§¥these am no
acids or 25 f t ' ci n er..an no 2 7
APi i 204 _155%%?%%?@%%%H9Q§?2%%§%%ﬁgﬁgfigﬁL%%- eugﬁﬁg.nggge%gbly, t hese
pol yner s shaves a; yelk ol average Ji ecular weighio tel+1,80Q,tar1090,900 from
the viewpoint of formability. A nore preferable weight average 5 nol ecul ar
wei ght is ZOpQQQiﬁp 500, 000, in particular 50,000 to 300,000. In the
present invention, derivatives) of polyam no acids) can be used in place of
or in conbination wthride Padtyars Mhadads)s Dfampbesioknt05pohyam no acid
derivatives include, but are not limted to, polyam no acid esters, and
copol yners cehpchsiimg podydim Ihox-aoiyds: s ch adtihere ypelapmeres.suAepgobyaarno aci d
ester can be obtained by honpbgeneous sol ution polynerization of amno acid
ester-N 15 carbasystromcidilardamnd deg)s (Al ke vaciugiNCAESEN kavingGRa, or
nore, preferably 2 to 20, aliphatic ester groups, in a mxed solvent of an
acetic ad d €s¥eraafdrBrcaronEkn &l hydto Gt 47dileg sa OpoCpmePi- 24t i on
initiator. Exapples of_ am no acid-NCAs having aliphatic _ester groups (-COOR
20 groups) i%c?gﬂea ut ati & i 3-SR EQRF RS WiTd Tl sEreitc TaE 87 ( 3- est er - NCA
("ester groups”" neans CZ to C2o0. preferably CZ to Cl6, aliphatic
hydr ocar bon gm%bﬁéerepresented by - COOR wherein Ris ethyl, butyl,
cycl ohexyl, octyl, steasyl @rsﬁ$WE!éﬁg»ﬁ?%ﬂl eﬁﬁn%&%eégkgh¥C?sigay be 25
ra ~

optically active substantes, racem ¢ nodifications R 2ff04

-16 m xture LHeLROf e | fo DEGESEAY Yamy U PTa JTONA +Qf é}a%f;g%a%rﬁiﬂ%@ agicd+NCAs may

be m xed to forma copolyner. Exanpl es of aromati ocar bons i ncl ude

benzene,1 4 ol uengqixyiene, i esiiviensand ddke G o GLE. ooreaf enhably C6 to
Clz. 5 benzene or |ower al kyl-substituted benzene. Exanples of acetic acid

esters includeutboseind amthydt etyd, qopHnd RtwHosdhexviglyoqlyl aor |ike
Cl to Czo hydrocarbon. As the polynerization initiator, any known conpound
usabl e for pobyoentzatiom of N T3 )boxyam realiagixbtadtyide desecdmibgocr0 used
wthout Iimtation. It is preferable to use an am ne conpound or netal

al cohol ate. Thempbiyam no acids) or derivatives) thereof obtained in the

above manner can be made into a powder by a known re-enul sification process
or like process. 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 o-PGA, GEMA and glucose singly (at a
concentration of 1.25%) as a radioprotective material for
c—amylase.

25 Fig. 8 shows the results of Experiment 8 in



15 Comrercially avail abl e pol yam no aci ds or derivatives thereof;gzn Pg "
used for convenience. The follow ng are exanples of commercially aﬁ bel4
pol yam no acids and derivatives thereof: poly-DL-al anine, poly-(3al anine,
poly-L-arginine and its salts (e. g., 20 hydrochloride and sulfate),

pol y- L- aspar agi ne, poly(a,(3) DL-aspartic acid and its salts (e. g., Na),
poly-L-aspartic acid and its salts (e. g., Na), poly-(3-benzyl-L-aspartate,
pol y- S-benzyl -L-cystein, poly-y-benzyl-L-glutanate,

pol yi m benzyl - L- hi sti di ne, pon-S—CBZ-L-c stein, pol y-e-CBZ-D 25 | ysi ne,

pol y- ~- CBZ- DL- | ysi ne, poly-e-CBZ-L-Iysi poly-b ~ ~ fiPS 2Q04 -17
CBZ- DL- orni t hi ne, poly-0-CBZ-L-serine, g 0- CBZ- Dt hyr osi n,
pol y-y- ethylwq}ﬁﬂlﬁﬁﬁnﬁQ§lqﬂﬁﬂyaD@@W&?§ﬁléc évatﬁnﬂa?t@e%%P¥%d(%§EFr Na) ,

T S G P e
3[ N L ' ,

pol Y2, (LN, o D Phegy Rt amdel oo kvt asopselipe

POl Y- NS- (3 Py Oy ouyroRY el A RalburbigolBckDgn oL Lo euct ne.

pol y-D-l ysi ne an its s roc or| | ysi ne and
its saltg (e. g., hydrobronlde) poly L- IyS|ne and its salts (e. g.,
hydr obr om de), poly-L-1ysine agarose, succinoylated polyL-1ysine,

pol y-y-met hyl - L- gl ut s, mar yedil carpivirichevandait sugaktrsofe. 9. ,

hydr obrom de), poly-L-ornithine and 1ts 15 salts (e.g., hydrobrom de),
pol y- L- phenyl al ani ne, iad ywddippaliteetipel waberseli 8€, thel ynlkesetidme,

pol y-L-t hreoni ne, poly-DL-tryptophan, poly-L-tryptophan, poly-D-tyrosine,
pol y- L-t yr ostorepr gl empecdpanimer ssicofd brargiidsne (pol y[ Arg, Ser] 3: 1,

pol y[Arg, Trp]4:1, 20 poly[Arg,Pro, Thr]1:1:1, poly[Arg,Pro, Thr]6:3:1),
random copol yners of Byglvammce aacicd (pelypDid Eh@-iyﬁPBtﬂ?n rapdons
copolyners of L-glutamc acid (poly[A a, G u,Lys, Tyr]6:2:5:1,

pol y[ @ 403 (RGE Toaminsy|3qidsu cataloms] majknlfsoby[ @mtk\ﬁa}ter 4an<25poly-

ly[ G u, Al 1:1:1 Gu, A g, Ty
oG Leﬁ\fﬁrﬁnw}vﬁ@e it PF%“@ 2368 oney poiysprenine actds,

| y[ d u, Ph Tyr G T 4:1 d | f
Lol §[s| ne’ (pg"} é&%rﬁyﬁﬁa& B&E’;}Fé;]s Ph)e] | ra|n, oM COPRLYIELS O
UL AL RO S ] i

pol y[ Lys, Tyr] 1: 9) ran on1co orni'thine

pol y[ Orn, Serjd: d;+iRot M{aCEﬁIb r Q:]r4ﬁ?§'nam @yl Or nUJQ(éif‘y 1) SY

pon(Pro-Gly-Pro) These po yam s are commercially avallable from
Sigma. 16 Theo ppdyais ne-iasd dsle Aeld@rivvat) vegh tbeeeah ak-or-Haenbnathg

i nvention may be further nodified with a sugar conponent or a pol yhydric

al cohol to idpidesddes radiopee est iavenaskiteit yongienkhat ohhe material of
the invention is likely to be used as a nore effective 15 radi oprotective
agent . Pol yhyuor 1 wnet icodiol an Jusefadt ifcor dalrer imoidioftitc aksian Bnchbudainbor
exanpl e, glycerin, sorbitol, sorbitan and pentaerythritol. Sugar conponents
useful for tdeidouifd ciiiom20d ndleudef for saexampler . ar B nosaninxyl ose,

ri bose, glucose, galactose mannose, fructose, sucrose, trehal ose and |ike
monosacchar | ek G fosaceifaristed loorrdin rgct héssersnsshieharndes.

Preferred oll§osacchar|des include, but are not limted to, degraded
mannans: erefore are preferable from an environmental

conservation point of view. Further, some of the a-amino
acid condensates are known tc be permeable toc oxygen and
water. It is also known that poly-a-amino acids have

abrasion resistance. Morecver, synthetic polyamino acids

25 are polymers whose main chain structure is formed by



25 Degraded mannans usable in the invention can be 2 7 ~, PR Q004

obt ai ned by degradi ng any of various mannans by a desired process ZNbﬂﬁghéﬁM
are pol ysaccharides mai nly consisting of mannose. Exanpl es of nannans
include the following: 1. Plant-derived nmannans: Including copra neal and

fl akes 5 obtained fromcoconuts, Huacra Palm (a plant of the palmfamly
grown in South Africa), tsukuneino (a type of yam nmannan, yanai nD

(Japanese yam) mannan, etc. 2. d ucomannans: Pol ysaccharides conpri sing

gl ucose and mannose, i ncludi ng mannans obtai ned from konjak, lilies, 10
daffodils and subterranean stens of LyCdV?E radi ata. 3. Gal act omannans:

Pol ysacchari des conpr|5|ng gal act ose and mannose, i ncl udi ng mannans

obt ai ned frofPPotest! %é@ﬁagﬁﬁ$3§6¥5€éﬁ’ﬁqu§ d@rﬁ@@defpgnﬂéByﬁéén seed

o st o PG b B B SRS ph g Ra"EEaSOLE o1 e

D- gal act o- D- d f f

AL et W L ARGRTR 0f CRNLLeE3upRpt) pmnnans

mannans i ncl %?ﬁéﬁ l aﬁidﬁ (%xag(gye degtagdatign process directly
ar| gradlng enzynes

usi ng pol ysacc such as mannase, gal act omannase,
9'UCO”HnQﬁseerléﬁﬁb&éé%&vé”méﬂé?f&%%Sﬂdfﬂgﬂyélal%@yOQEahﬁgﬁg gngynes; a
chem cal degradation process using an acid, alkali” or 'the Iike; and a
physi cal 25 degofppshé] on process using hlgh speed stirring, a 2 Z At~
2~~4 -20 shearing machine or the like. A wde variety of mannans degraded
by these processes ar eTlusahd eydmiddedinyelid aize The tdegtiadedtiannaayf or use
in the invention may be a product obtainable by any of the above

degr adat i on & ppoeesses, bamhnget gwts lperes gpriddudinoant val Hevpiogadednby
these processes. Specific exanples of degraded mannans include

(31, 4- mannobtesefuara withgiHotkinsati@r .1, Uspinhopedeadses hpthyde,
(3-mannagsi de_and |i ke (3-1, 4-mannool i gosaccharides; 10

(3-1, 6-dd ac?%ﬁa%%‘&ﬂ%osbi:)cFﬁarﬁld%:es(%-cPHlPrglﬁlM BRERREGH0I GoBREEREFi de,

a-1, 6galactona noollggsa cha éﬁé_gal t omgnnool i gosacchari de and
li ke mannool PEOSEEEH WﬁﬂQﬂ? %ﬂ%n§b96§ bl 88ul es are

bonded to (3 4 15 nob&ose mannot.riose or (3-1,4-nmannotetraose
to form br ancﬁ%%ns‘fr%% et %IlégtF d:eadrrgyaflnéjctodﬁarl?ﬁéﬂ?geélﬁ HSas

ollgosacchar b CONROsing ra..resigl dues
guar gum or %ggﬁﬁgaﬁ¥aﬁfh nad%isejggffbd§§§b & g%ql ﬁbglucose
or nal tose l§ Q@nﬁe@ F9o 20 1MoL | 038, B LRSS Aciblfch ‘é )Vig
(3-1,4 Ilnkag% and %eg?%g%d products d% uconaﬁhans coﬁtalned ?n konj ak.

Commer ciia@ | yagvar éhbi@ sepraded m&@sﬂm Rewvsed drit 1R ilepvent i on for
conveni ence. Furt a degraded gal act omannan can be obtai ned, for

exanpl e, by: eﬂﬁiﬁxfj’iaﬂﬁe NS Byrgad asd Jarsinign a‘rrd)rﬁhsseled%n@fvlln@ctmte tara or
2~ R- ~G1~;rd§§ic 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 peolyamino 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




guar plants by water extraction, alcohol precipitation or |ike nethod,
degradi ng the extract with acids) or enzymes) such as gal act omannagq, A®Rd 2034
separating a fraction having a nol ecul ar wei ght of 5,000 to 50, 000,
preferably 10,000 to 20,000. A degraded glucomannan can al so be obtai ned by
swel ling a konjak powder with water to form a konjak paste, and degradi ng
the paste with gluconmannase. These degraded nmannans 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 invention, derifati ves of the degraded mannans may
be used as oligosaccharides. These derivatives_include a w de variety of
subst ances ﬁFBgd€§H”T§:ﬁ?%&ﬁﬂﬁfn&ohgﬁﬁééétélPelﬁﬁﬁFBQy?ctﬁtﬁﬁﬁ of a

degr aded i th bst .other th harides_by dehydrat i
condensati onl - BHGK] 0> 5. a MRS TAE QBT VALFYeS | AL de Tiobl opy! | dene

cons _ | ( X . I . | i i , 20
o yhydr i o s e e e P ERE B8, POEL B e Thod for

pol yhydric _ _ _pyri .
modi fying they pol yamdie A el WakiueLReT el oyl LB: 3 5uARE) coponent

isnot limte may be any net convent y used for sugar 25

modi fi catsi Onan oyanid GA~rett Ehable b@dﬁﬁﬁggﬁﬁﬁhgvgmﬂﬁbeétﬁ@—@@Aéhe
i nvention prepared using the above conmponents may be used as it is.
Al ternativelyut the-dmirard alf ASIdlviisgOpoakbefinbenrgdpol siepezetngr m xed
wi th a biodegradable plastic or like 5 biodegradable polyner, may be nol ded
i nt o vari oustlsdapeluthyorhain extatisiron mphdicngeoleoasti hgcompbt kel process. As
t he bi odegradabl e pol ynmer, any bi odegradabl e pol ymer presently known or

~ devel oped i nthdesduttura c ambearsadnobExartpled vokrbizetiéghadabtkapol yner s
presently marketed or 10 experinentally produced include m crobi al

—bi odegr adabl 2t st ot (bl vamninge 2 ctife Peradehared  NBL§pBEENSOUS

(polyhydroxybutylate/hydroxyvalerq;e,Copolynen, Japan Monsanto Co., Ltd.)
and " Bi ddeenPC{ Pt VA SRy BUiSASRSE, MsE@sieshiinadePehrestcHNeEd™iNtc. ) and

the like; n ral 15 hi.odegr adabl e .p] ast.i ai l_abl e under the tradenanes
"Nhta[bi" (2%%E%WWERH I%&ﬂ' ) <b,1$W§'ﬁh§%é gsyﬁshétpgoeﬁgﬁical | ndustry
Co., Ltd.), " ] " odi fi ed star.ch, _N. h " PCA"
(el 10l ose a2 dos B ng, B S LRI, B R ) (R B hnpy GRe8E SO

(ch oo col Ll gscl v, ALAaL0 ChomsaleCa.ic 0ol andtbocht ko

astics aval under the enanmes "Lact ee"

(pol yl acti ¢ 2k toe S RUZ (B Pholni 7oLeACHA's o BOLMhRGkheoas doiMEsHi
Chem cals, Inc.), "EcoPLA" (polylactic acid, Cargil-Dow), "Celgreen
15 using a polymerization initiator, typically an amine
compound (“homogeneous scolution 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 polymerizaticn initiator dissolved therein, to pclymerize
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 inciude,

25 for example: polymerization of o-aminc acid-NCA(s) in



25 (cellul ose acetate plastic, Daicel Chem cal Industries, 2 s ,4i'~

2f1 0~~ -23 Ltd.), "Celgreen P-H, P-HB" (pol ycaprol actone, Dai cel @qeqhqpbmm
I ndustries, Ltd.), "Bionolle" (polybutylene succinate, polybutylene
succi nat e/ adi pate copol yner, Showa Hi ghpol yner Co., Ltd.), "Yupec”

(pol ybutyl ene succinate 5 carbonate, M tsubishi Gas Chem cal Co., Inc.),
"Lunare SE" (polyethylene succinate, N ppon Shokubai Co., Ltd.), "Poval"
(pol yvi nyl al cohol, Kuraray Co., Ltd.) and the like. The radi oprotective
material of the invention 10 may be diss %ved in a solvent and forned into
a nmenbrane, sheet, filmor the like. The tadi oprotective material of the
invention, as it is or after bei di ssolved in .a .solvent, can be nmade into

a coating agBAtS whPEhAtah e Y EF TR EREEE 7Y PRe product. The
resulting 15_f] heet _or_the like can b ed . f ackagin coating, or
Pect POR-0}EBF St 1R AHTST dINGy BT i Fhiat APeCr oG 18 be dan

radioprotect?%H rg iatro i ng one 10 be damaged

by radi ati on; c [i tur and I r e 4 , ~donmestic
ani mal s, hun%%ggo ?g§?§g1e%#¢i% (%re0|g?%%ﬂgﬁﬁf%ﬂgﬁﬁﬁgﬁgggﬂg F?ke. 20 The
radi oprot ect i ugsiaigtLal a0 4G dHAN I VA iayinola GhkRE bei ng bonded
to or imobilized on particles (beads), can be added to a cosnetic
preparation 8adupi Xety Whdh §OSMBL CoICPONNID0 1l RIOYrd@ager adi atiion
(ultraviolet) blocking cosnmetic product which protects the 25 exposed skin
of the face, ihandteet type fvase radibdi@nsihich iprAivides a Dliack £24
(Utraviolet-A, Utraviolet-C, alpha rays or beta rays) emtted fromthe
at nosphere, pbéghnerczatiehecidaima cecpnipnerdcial-Ndie(d)i ke. ther bhee, t he
material of the invention nay be kneaded directly into fibers (spinning 5
conponent s), €BELapphi ee, cagheredt dro horieicr adnitan f idyet removaogs thieo provi de
fibers or a fiber product such as clothes (radioprotective fiber product)
that can bl o€kIBR1FetiDcEeRE f £ERRARA ST diRFOHEEM B fHEHIARE @ md'Spher e,
the earth's rfa ectric or electronic equipnment or 10 the |ike. The
radioprdﬂ%cti§86ﬁi§%?§é}'cﬁPq STPER 6T SSark b@gﬁséﬁu?ﬁlP%dFﬁP?on t her apy
or radiographjc_inspection, in order.to redyce adverse effects of

radi ati ons oﬁbﬁ%? gf (é%?ce]%é p%‘?}?a]é%%eq oPlfCHTér %/ Stect® tol?é:af%] body. For
this purposepoﬁggmgggeé%§£ig%eéhe invention may be used as it is or as a
radi oprotectrve preparation (e. g., an external preparation (a coating

preparation such as a &fea 2960 Wiad Nesd €10 Db RRALE)in 3 HRORLENA!

preparation (an injection, suppository or enteric 20 preparation))
fornul ated i prack8ybknenfBAAET a1 Than s efd ad-@fad hedinveNtdr, oA%rdithol S OF
~after being suitably processed, can be used as a nedical or experinental
radi ati are r eststant wredrerdralanaticc i qirewen s smpdiegal-car uexper keatal

subst ances i ncluding enzynes, 25 cells, living tissues and |ike
bi omat eri al semfinomabédngavilg~ MR tze-~id5cHainct ionaldat idet=dr icoratced by
radi ation use as a radiation-resistant material, invention is mxed with or

i mobi | i zed Bihchater farkoxpl, prodessel, ittioolh farmd agemidighdetor fil m or
the |ike) cagale.bionaterials..steriIization. For the material of the on
any of the abBfelikfichths HueebiomRyl oIr @@V eresip tie Prhus oted st asdmt
invention also provides a nmethod for bl ocking or reducing adverse effects
of radiationg SH1LAPSH) BEPLerhiviRi THOHNLSERE DUt Bty the a-amino

20 acld into an amino acid-NCA.

Specific examples of o-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,



10 material is added to, mxed with, placed over or inmmobilized on the
object. Further, the radioprotective products, for exanple thosg peafkongd
above, which are obtained by adding, mxing, placing or imobilizing the
radi oprotective material, can be placed (covered, coated 15 or immobilized)
over an object to be protected fromadverse effects of radiations, or

adm ni stered (externally adm nistered, orally adm ni stered, inocul ated or
ingested) to the object, in order to prevent the object from being
functionally deteriorated or damaged by radiations. 20 CGenerally, materials
used to block effects of radiations and'lt‘]h“ereby protect an object from

radi ations are required to have a_high density, no cr sta‘l\linit%ﬁ a high
mol ecul ar wed Y= Cfn P Hea % &inst alﬁé%.f RS the1peegt8ESr AdFEEFHRS such as

bet , ich 2 t itted.th h th tjcl f
P 20, SuSBTRAAy VST, 5, ety e el ©
th h terial | [ I

moueh T cilelp AL ORI B S o LR S
material, missial sd0.he dised Lol Blackiing)thess Baradi ahiggsaopsd to be

heat resistant. Since the radioprotective material of the invention mainly
conpri ses pokyaun 48 BEdiHsS) atdie iRt eriial 1kaseaafighyaoh ecul asnaeight and
is heat resistant, and thus is suitable for the above purposes. Further,
the materialad¢gl pwedesr abtiend olcibd Bheekiarg NadirdbbeAsoxiyDypant| catar for
protecting organisns fromradiations, omng to its excellent

bi oconpat i bi ¢a tlyolsartz roreanittitgers, cithacefE yX1 ¥R TieFEn@S t kel @k| omndg

Exanpl es and Experinments are provided to illustrate the invention in detail
and are not {@ |hydxoxthle Godpe rend lve-agligionscdfist BechnaenseohneExanpl e 1
Production of a-polyglutam c acid y-Benzyl-L-polyglutamate (y-BLG

Aj i nonot o CotRreenitgy, Oy igifos errasdds ﬁntdetth&hgélkéf grantheisynt hesi ze an
N-car boxyam no acid anhydride of y-BLG which was then recrystallized
several 1 meSSFoFS plir it SLarth@siimls iced Spr o8By Lwast8FssBFOBYELi n a

1 xed | vent of di / met hyl hl ori de, i in the 25
e ol v ol S\Siane PRy et il de.and el zelin he 28
b | - L-qgl The_ ,PBL th t t it h Br t
benor L ol SmBAE PP G: T POk e Ao ot S e aus Y 0

iall i ted i i nt
commer ool yagias o, g el of seybeanshoaa poed gl 1100 2
extract (Daigo Eiyou) sichdlQ@/d yofadeHiinaDarga Ehkal) ¢-aRgnbncubat ed 10

for 48 hours at 30C under aerated conditions. The resulting culture
sol uti on 5wasaseparmd gthd Mr iaeSaly handd isqiisd anckl , a reeahiicf uge. A 90%

et hanol solution was added to the separated |liquid. The resulting
preci pi t at esmoedt £1 waishrets Wit heiwethares amdddeem r eheat edhynwasbed-Ndad an 15
et hanol solution, giving y-polyglutamc acid (y-PGA). Experinent 1
can be used in combination, as required.
The constituent aminc 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
giutamic acid, phenyialanine, 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




Ten nmg of papain (Merck) was dissolved per 1 ml of distilled water to
obtain 4 m of a papain solution. 20 The papai n sol ution was disgppsgeﬁiﬂmé
0.2 m aliquots into four 10 m glass test tubes. Into each of these tes
tubes were placed, as a radioprotective material, apolyglutamc acid
(a-PGA) synthesized by the NCA nethod in Exanple 1, polyglucosylacryl ethyl
- methacryl ate 25 (GEMA) (N ppon Fine Chem cal Co., Ltd.) and gl ucose, each

2 7 ~pR ~~~rt -28 to a final concentration of |.25 wt % (total
concentration: 3.75 w.% . The test tubes were irradiated with different
doses of gamma rays (0, 5, 10 and 15 k(@%?"and then the residual papain
activity of the irradiated 5 solution was neasured. As a control test, a
papai n sol ut fFohthRi cRUe PSR RAlte HaditSprdteeti ve material was

irradi ated with ganma §q¥$ iqaﬁhe ane manner as_ above, andh%he r esi dual
papain activity of the'f Y%rd SR PSHYRES SmbEYGr 8dY 18D ThaVBRPAF n

ey sol ut TOELaiL el B of | 1A Y ook R e PR R Ton e
added to 1 ngfoﬁogmggigggfjnjgﬁ@?sggggg%Fgghgt%g??%gkgvggg%ﬁFurther, 1m

of a 15 mM cystelne 15 ution er so pH7.4)) was added,

fol |l owed oy £8a6kh08r afe Bfitt T8 B, dBOUWSLS0o0ThED, anlBXrkricghkeroacetic
acid solution was added to stop the reaction. The reaction m xture was

centrifuged 6aj020,00030pmd®r 15 minutes) to renpve precipitates. The 20
absorbance (280 nm of the obtained supernatant was neasured to determ ne
the enzyne activity. Then;hd rumddre: changs ion,emziwaadiveVist yolly ganma ray
irradiation, the radiation (gamma ray) protective effect of the m xture of
a- PGA, CGEMA podvghimosaciwdés evedudiedisezb iF gplabeslodwert ke results. The
results reveal 2 r ,~ 6" ~ ~~~~ -29 that the mxture of a-PGA GEMA and
gl ucose has @cvagnation Yhermehe B9l prwirectsaid (@Nf.ecExamplearefcul ar, even
after irradiation with 15 kGy of gamma rays, as nmuch as about, 400 of the
papai n éﬂ%iVP?}Y?%h%?n%%%d5ﬁ%§$ﬁﬁﬁ%ﬁﬁﬁ IngEgife gltads F@smatygedidgch to,

containing 0.2.m_of a papain solution wer repared in the sane manner as
'n Experi menbOtY=RENa P8 opt Stiden (476 RS EIE o SOFET S 80 PRGAETEERR. and

gl ucose was d.into one of.three of the above test tubes, achieving a
final concengég§§o%h%fgﬁF%% Qﬁ%ﬁ%eﬁ%é ot her test tube containing no

o oprOLeCtl v TRl AApUBTNERY L0 BANL T WSt e e
Experiment lhodb§Brnebls €HZYFEoRGH Wildr @ d8on 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-f-ester-NCA (“ester groups” means C, to Cayg,
preferably C; to Cig, aliphatic hydrocarbon groups
represented by —-COOR wherein R is ethyl, butyl, cyclohexyl,

octyl, stearyl or the like}. These aminc acid-NCAs méy be

25 optically active substances, racemic modifications or a



irradiation was neasured to determ ne the radi ation (gamma ray) protective
effects of a-PGA, GEMA and glucose. Fig. 2 shows the results. The & &s&PRs{gs
reveal that a-PGA has an excellent radiation (ganm rays) protective

effect. 20 Experinment 3 In view of the results of Experinment 2, a papain
solution containing a-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 2 '~ ~f~ ~~J~3~ -30 radiation (gamma rays)
protective effect of a-PGA. Fig. 3 shows the results. Experinent 4 5 In
order to nmeasure the a-PGA concentrati cTr?%‘ependence of the radiation (gamm

rays) protectjve effect of a-PGA, papain solutions containing a-PGA at
final conce¥&EtHhLNeHFqitng FF oRFOSEDH2BY 125" MO W% Pr dp%8d A Hhe sane

in Experinment 1 and i iated with 10 10 kQy), t
oval uat ot he TR D agg K iragh, o, GEBEL PvEOBPHIEEE of EXBERESES 4 Shovs
th I ts. i t..5 f .t di t j terq | i qui ds 15
(3 POA  GENERE G e e T itudd e g 1o aBh8h CheiErEns bt e anyl ase
(C~P~R Co. Hﬁé’si:tyil%n%ﬁtl'i (?t ?65§\?\/?.8326.’U/ e)feE%bflb(D@ cgneentrations of 0

w.% 0.5 w. o . % an e resul |n§ sol tti’ons were

irradi at ed wdd gamp Nnaye A 1 Psurand thiheqr gahduak . a2t apilase@activity
of the irradiated sol utions was ‘neasured. The measurenent of the a-anyl ase

activity wasag@fid ettiutedteddhe fcahldenicng seranenet e, gaonpl | ay-opyadi at ed
enzynme solutions were suitably diluted, and
butyl, hexyl, octyl or like C; to Cpg hydrocarbon. As the
polymerization initiator, any known compound usable for
polymerization of charboxyamino acid anhydrides can be

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

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

15 Commercially available polyaminc 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-p-
alanine, poly-L-arginine and its salts {(e.qg.,

20 hydrochioride and sulfate), poly-L-asparagine, poly{«,B)-
DL-aspartic acid and its salts (e.g., Na), poly-L-aspartic
acid and its salts (e.g., Na), poly-f-benzyl-L-aspartate,
poly-S-benzyl-L-cystein, poly-y-benzyl-L-glutamate, poly-
im-benzyl-L-histidine, poly-S5-CBZ-L-cystein, poly—-&-CBZ-D-

25 lysine, poly-e£-CBZ-DL-lysine, pocly-g-CBZ-L-lysine, poly-98-



each diluted solution (1 m) was added to 20 mMl of a 1 25 wt.o paqtato -
starch solution, followed by reaction at 40C. 2 7 APd~ LI~J -3% ThéPandl4
of the reaction was detected by reaction with an iodine solution, taking
the tinme at which iodine-starch reaction was negative as the end of the
reaction. Fromthe time required until the end of the reaction, the 5
enzyne activity was cal cul ated according to the foll ow ng equati on:
Dilution ratio of ganma rayActivity = 200 x irradi ated enzynme solution Tine
required until the end of reaction Fig. 5 shows the results. 10 The results
reveal that a-PGA significantly inhibits the a-anmylase activity reduction

caused by gamma ray radi ation, denonstrating that a-ﬁgl %ggl utam c acid has a
hi gh prot ect$&e™ ¥ Tt Wydiss P Yamva Pay S SE51ERpePPA¥ERY 6P Ealh of three

radi oprotective material_ |iquids_(a-PGA, GEMA and_gl uco e% was added singly
Lo 1M “por BT Syl o b Redst aed S, B RE SLE erEy S8 600 U M )
to final concentrations of O wt.% )0. M 10,1801 <25 WM 4% and, 2.5 wt. %
The resulting Sof Ut i Ohs %/ve@ee'q‘r’r adi’dt 84w Phgﬂﬁ for “t f've peri ods” rangi ng
fromO to 5 . JJhen, e residual _a- l_Las LVLLY . 2 ~ P-1'R
~U4 -32 irr%%?e&e'g%’utl\f%ds p\;\eoggd#géls%re%% %\s%%ag%}r[\%lrc%f Itgé%%{jﬁan aqueous

a-anyl ase soh ugi 0 £ON A NG N0 JAdI0RS Ot eGhirvenTBt-¢rbal %ﬂ@f@yi&f@gﬂlat ed
with UV in the sane manner as above to neasure the residual a-anyl ase

activity. 5 ThenpBasujermt) Was Lfartad uli dien }theofigttowi ng manner: First,
0.2 mM of a test solution was applied to the surface of a slide glass,

dried at roonydespgsablimes, g i-{lcad [at-g@ “Nyldroaypibbryayi-oLeaspanmpi¢l15 W
from 15 cm above the surface of the slide glass. After irradiation, 10 the
dri ed enzyneasbdia] } Drp@ry{z\hse (SHhgergkapsowgs) di.sgdhvadine, Op@lyiLof
distilled water, and the a-anyl ase activity of the resulting solution was
measur ed i n ihelearnem ey ds iavdaser ibgdnt-D51yRilge endhaths ehaéteesul ts.
The results reveal that when a-polyglutanmc acid is used as_a 15 :

r adi opr dtect {§ed mat kYR EPch kel dr)amAcdss DRetivsiny wasl $&&r 8alySr é8uBed by LV

radi ation, dempnstratjng that apolyglutamc acid h a remarkably high
protective e g&ﬁ?b%%@é)t' LRP]r%_&i_étﬁgsdﬁe ana 1¥s" salts (e-g.,

hydrobromide), poly-L-lysine agarose, succinoylated poly-
L-lysine, poly-y-methyl-L-glutamate, poly-DL-ornithine and
its salts (e.qg., 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, polyl[Arg,Trpld:1,

20 poly[Arg, Pro,Thr]1l:1:1, poly[Arg,Pro, Thr]é6:3:1), random
copolymers of D-glutamic acid (poly{D-Glu,D-Lys]6:4),
random copolymers of L-glutamic acid
{(poly[Ala,Glu,Lys,Tyr]16:2:5:1, pely[Glu,Glu-OEtjl:1,
poly[Glu,Glu-OMe]4d:1, poly[Glu,Ala]6:4,

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



20 Experinent 7 Each of three radioprotective materials (a-PGA, GEMA and
glucose) was added singly to 1 ml of a-anylase (C P~R Co. Ltd., eRzyf8 2004
activity: 8,000 Unm) to a final concentration of 1.25 w. 0. Using the
resulting solutions, 25 slide glass sanples were prepared in the sane
manner as in 2 d #~~~ ~~ 04 -33 Experinent 6, and each irradiated with X
rays (10 kGy) or electron beans (10 kGy). Then, the residual a-anyl ase
activity was nmeasured in the same nanner as in Experinment 6. As a contro
test, a-anylase without radioprotective 5 materials was irradiated in the
same manner as above to measure the resi'dial a-anylase activity. Fig. 7
shows the results. The results reveal that a-pal yglutam.c acid_reparkably

di mi ni shes tPel AlEHA LR Lcti Rl iddudtiSerd YedGsed oy PPEvaL e P8Rl with X

| ect 10 d trati ) - pol tam jd h
ext renel y. high PG B e dhr SRR Dlade PRAVAELENETT EAREH nont &
Slide gl assuftsm&ﬁzscéﬁg%wgreso%rfeqd_wlstﬂ% s(%gﬁgj[rigg?ﬂﬂgggfﬁ i n Experinent 6,

usi ng a sol uti on consisti ng of a-anyl'ase a oprotective materi al

(y-PGA of Exppp|e. 2. Al eaﬂ%;gELy%g@@gﬂﬁnqti%g%%g%}sgggﬁﬁsgi. Each slide

gl ass sanpl e Was irradiate th'X rays (1 ron’ beams (10 kGy)

or gamma 5f ayso{ O kOQrplhien, NG e, dual 43@éap%ﬁ¥{'{ﬁg§,@9ﬂﬂiy was
ig.

nmeasured in the same manner as in Experinment 6. shows the results.

The resul ts peveplyd ain] 1:iKe ap@loglddiarivmeas df y-pehyghuhanm ¢ acid has
an extrenely high protective effect against X rays, electron beans and
gama rays. 2boly Rin LdusH IGi jped v[@4nl, SBUSTRIAL pAPRLOECABTELTY: The

radi oprotective material of the invention blocks effects of various

radi ati ons, pady tGmerdhorled ils capablire 1of( Psioglfyi-Cant | y Presentdngppossi bl e
radi ation 5 exposure that may occur in nuclear power facilities, nedical
facilities, 2¢¥e¢ A% eyl lot ansddialheofaomefigapi-es, or may be caused
by radio%raphy at construction sites. Mreover, the material of the
inventi df i s capabl e of"HRRGENAY Fgaisdmerorfeaivpeiss (80 Shekeas

prect i on CQULPTELL . P 002N O ¢ Bl ebes o Lhe ke Liom paraoee
o 52 o SChih g A0BLANGED £ TIPS LA SN LSS B £AL A1) o
o, HE e ML SO D 0o sbstances.
invention is likely to be used as a more effective
15 radicprotective 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,
galactosé, mrannose, 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




~ 7 ~n~ Q04 -35 nr r nmmtc. 1. A radioprotective materi al conprisi%g a. . .
pol yanino acid or acids or a derivative or derivatives thereof (exceptfit @bl
‘pol yam no acid conpounds in which a 5 residue of am nobenzal dehyde

sem car bazone or am nobenzal dehyde thi osem carbazone is bonded to
carboxylic acid at the CU-position of polyglutam c acid or polyaspartic
acid). 10 2. A radioprotective material according to claiml, wherein the
pol yam no acid or acids conprise a water soluble amno acid or acids or a
wat er - sol ubl e derivative or derivatives _thereof. 15 3. A radi oprotective
material according to claim1, mherein'?ﬁ%'polyanino acid or acids conprise

at | east one ani no id selected fromthe group consisting of glutamc

aci d, pheny| FIEH 1R B AHGFEURG FEYCPTe 230045 BOPAGRSPh ot ciTYE Hat or | al
according tao.claim1l, wherein_the | yamno_aci d or. aci ds_or. rivatd ve or
dor 1 vat | ves PTeRut ale Aot rid o DrYaCUEa P il St 28

sherel o) o EABEIYe SRLERIEL eecRila (Pl aong dolihidg 004 B0
Jfromthe group gonsi sid g of MRREsACChant U188 APt H98aeChald d@Skes
5 obtained from coconuts, Huaéra Palm (a plant of the palm
family grown in South Africa), tsukuneimo (a type of yam)
mannan, yamaimo {(Japanese yam) mannan, etc.
2., Glucomannans: Polysaccharides comprising glucose and
manncse, including mannans obtained from konjak, lilies,

10 daffodils and subterranean stems of Lycoris radiata.

3. Galactomannans: Polysaccharides comprising galactose
and manncse, 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 cther
than mannose, including D-galacto-D-gluco-D-mannan
contained in xylems of conifers, and mannans obtained from
xanthan gum or the like.

Known processes for degrading mannans include,

20 for example, a bicchemical 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




5 6. Aradioprotective material according to claiml, which provides .
protection fromat |east one nenber selected fromthe group consiZsti AR ofG04
gama rays, X rays, beta rays, ultraviolet rays, alpha rays, cosmc rays,

el ectron beans and baryon beans. 10 7. A radioprotective product conprising
a radioprotective material according to claim1. 8. A radioprotective
product according to claim15 7, which is at | east one nenber selected from
the group consisting of radioprotective filns, radioprotective sheets,

radi oprotective coating agents, radioprotective cosnetic products,

radi oprotective fiber products, radiopftﬁ'btive preparations and

radi ati on-resj stant 20 di cal terials. 9. e of a polyam no acid or
e o GRh el Sl i red Litrr o 0 CBRTLT Y SaAMATE act d
conpounds i n_,which resi.due of am nobenzal dehyde 25 m car bazone or
e bonsal dAFTHESRE RESuE, Rl AR 0Reag] (Rlpde 2R PRE SAVRRCENE. OF

carboxylic agd c@é%&%&%ﬁaﬁ%& I} ofs Paly ghut %H‘v%n%éb%oﬁégggéggsga”i ¢

acid) for producti oprotective nateria

pol yani no ach ol @Chisis Hart Hafy valj & ehedebivat uesakier6qf (except for
pol yam no aci d conmpounds in which a“residue of am nobenzal dehyde

sem car bazongr o¢e s Hohanr aldehyds tH esefLrichazeraall s ybprdedced by .
carboxylic acid at the w -position of 10 polyglutam c acid or polyaspartic
acid) for proitkics ipmoedssed.adi oprotective product. 11. A nethod for
bl ocki ng or reduci ng adverse effects of radiations on an object, the nethod
using a 15 radi opr ot eciparesi et erdealp lace arfdideg rizoled aamansl2ncAudet frod
according to claim11l, wherein the radioprotective material according to
claim1l is mMxégnannobiose, B-1,4-mannotriose, p-1,4-mannotetraose,

methyl B-mannoside and like B-1,4-mannccligosaccharides;

10 B-1, é-galactomannocligosaccharide, B-1,4-
galactomannnooligosaccharide, o-1, 6-
galactomannooligosaccharide, o-1,3-galactomanno-
cligosaccharide and like manncoligosaccharides in which
one or two galactose mclecules are bonded to B-1,4-

15 mannobiose, pP-1,4-mannotriose or P-1,4-mannotetraose to
form branched structure; degraded galactomannans such as
oligosaccharides obtained by decomposing copra residues,
cocffee 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




with, placed over, or immobilized on the object. 20 13. A nethod for ... .
bl ocki ng or reduci ng adverse effects of radiations on an object, thé ABR nef§4
usi ng a radioprotective product according to claim7. 25 14. A nethod
according to claim 13, wherein the ~ 1 |~fR Z~Jis~s -38 radioprotective
material according to claim7 is adm nistered to (ingested by), placed over
(covered, coated or nounted on) or applied to the object. 5 15. A

radi oprotective material conprising a polyamno acid or acids or a
derivative or derivatives thereof, which provides protection fromat | east
one nenber selected fromthe group consi‘sting of cosmc rays, radi o waves,
el ectromagnetic ves, infrared radi atiaon, 10 vishg;e | ight, alpha rays,
beta rays, p?%?%ﬁghﬂ%ﬁ%,bﬁxﬂ%ﬁﬁ¥tﬁﬁ%ﬁﬁcﬁkopayé}cﬁg PF&?%PlEPE% T on* beans
and neutron gegns. %gij§f of ol anin% acid or acid§(02 a_15 derivative
or derivatives T HEF &6t s FEHBHIE i 574 Fad"d5Pof&etive Raterial, which
provides proLecthons framiatad epst, g mIRer sglected.Lromthe group

consi sting of cosmc rays, radi o waves, el ectromagneti ¢ waves, infrared
radi ation, vm@&foﬂl'min@@%f&a{ﬂam}e@g@y%{ Br @ben+80sbepps, baryon
beans, X rays, gamma rays, el ectron beans and neutron beans. 17. Use of a
pol yam ng achfe PErA6i {S1 ® 0@ def IMBIJOE Ok Q?\gké{a&dv§§ué&ﬁémnf@n
production of a 25 radi oprotective product, ich provides protection from
at ~ hi ~iats¢sbé ol3aimastbonavdENbey =sealeghed pbidart hetyr aupeeobsi sting
of cosm c rays, radi o waves, electromagnetic waves, infrared radiation,

vi si bl e | i ghformal phlecngls,pdreten raays dguratddmdcbedes palsaeyentheans, X rays,
gama rays, electron beanms 5 and neutron beans. ~ i ~~~ ~CQr -40ABSTRACT
The present ghvepmawm 2 ovildeser déoopdetienthuangareyi b spantt pedduct s
produced using the materials, the 5 materials and products being easily
usabl e for bPBRRVAES e7¥ ety riadidtiisshPrasdasdsur enco™afii R dEcHRS
unconscioqusly in daily life or_in a working envirqonnent. Specifically

stat ed, lthe %?’é@e‘ﬁ? ?‘%:%QHSF o PHovite 4 ddikspridtddtsv e PREFELPal s cont ai ni ng
pol yam no acids% gr 10 gﬁrivative t hereof; the radi oprotective materials
in which t heIp3IYaRT nd* act tfs)° i s HtY IRELSUSTe ami no aci d sel ect ed
fromthe group consi stn ﬁg ﬁﬁégéﬂﬂ(in %é?iéﬁ“”@@fy€%$i@%s %%aghge and

| euci ne~ and t he radi oprotective nmateria in‘which thé pol yam no aci ds)

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 pyrrclidone
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.




15 or derivatives) thereof is nodified with sugar conponent(s). The present

i nvention further provides radioprotective products produced usin Tt KPR 2004
radi oprotective materi al s.
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]Ca]Ca]Ca]CaMltsublshl Gas Chemical Cq., Inc.) and the like; natural

UV] ca] ca] cal] ca] calU] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] cal XEv" ] 2H 2S} xsni

d_Z] ] calica] cie] caé§od&a ta] s £ &) palcalcal ealded] erkcaleakaalkea] cal cal cal c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! AxBEs$AkxznR| w } xsni d_Z] ] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] tradcatical c et xadicalciallcadwial calich] calec dliealtayalktaldal ca] ca] ca
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R& ()-10% R& ()-pl0% R& () - pClO%)R& ()-<viK-7"10% R& () - p5|10%)R& ()-p310%
Nippon Cornstarch), “Celgreen PCA” (cellulose acetate

Daicel Chemical Industries, Ltd.), “Dolon CC”

20 (chitosan/cellulose/starch, Aicello Chemical Co., Ltd.)
and the 1like; synthetic bicdegradable 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,
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Ltd.), “Celgreen P-H, P-HB” (polycaproclactone, Daicel
Chemical Industries, Ltd.}, “Bionolle” (polybutylene
succinate, polybutylene succinate/adipate copolymer, Showa
Highpolymer Co., Ltd.), “Yupec” (polybutylene succinate
5 carbonate, Mitsubishi Gas Chemical Co., Inc.), “Lunare SE”
{(polvethylene succinate, Nippon Shokubai Co., Ltd.),
“Poval” (polyvinyl alcohol, Kuraray Co., Ltd.) and the
like.
The radioprotective material of the invention
10 may be dissolved in a sc¢lvent and formed into a membrane,
sheet, f£ilm or the like. The radioprotective material of
the inventicn, 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
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(Ultraviolet-A, Ultraviolet-C, alpha rays or beta rays)
emitted from the atmosphere, electric cor electronic
equipment or the like. Further, the material of the
invention may be kneaded directly into fibers (spinning
5 components), or applied, adhered or bonded onto fiber
surfaces, to provide fibers or a fiber product such as
clcthes (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 materiail 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, suppcsitory or enteric

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

medical or experimental substances including enzynes,

25 cells, living tissues and like biomaterials, from being
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functionally detericrated by radiation sterilization. For
use ag a radiation-resistant material, the material of the
invention is mixed with or immobilized on any of the above
biomaterials, or processed into a form (such as a coating
5 agent, sheet, film or the like) capable of covering the
biomaterials.
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 cbject. 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 lmmcbilized) over an object to be protected from
adverse effects of radiations, or administered (externally
administered, oraily 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,
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Ultraviolet-C and alpha rays generate heat when they hit a
material, materials to be used for blocking these

5 radiations need to be heat resistant. Since the
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

biccompatibility and non-antigenicity.

EXAMPLES
15 The follcowing 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 oa-polyglutamic acid
y-Benzyl-L-polyglutamate (y=BLG, Ajinomoto Co.,
20 Inc.) was phosgenated in tetrahydrofuran to synthesize an
N-carboxyamine 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 polymerized in the

25 presence of triethylamine as an initiator, giving poly-y-
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benzyl-lL-giutamate (PBLG). The PBLG was then treated with

anhydrous HBr to give o-polyglutamic acid.

Example 2

5 A Bscillus natto strain isolated from
commercially available natto (fermented soybeans) was
inoculated into a culture medium containing 10 g/i 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 ftubes. Into each of these test
tubes were placed, as a radioprotective material, o-
polygiutamic acid (a-PGA) synthesized by the NCA method in
Example 1, polyglucosylacryl ethyl methacrylate

25 (GEMA) (Nippon Fine Chemical Co., Ltd.) and glucose, each
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‘ 1nal concentratlon of 1.25 wt. (total
concentration: 3.75 wt.%). The test tubes were irradiated
with different doses of gamma rays (0, 5, 10 and 15 kGy),
and then the reéidual papain activity of the irradiated

5 solution was measured. As a control test, a papain
solution which did not contain the radioprotective
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
soiution (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

c—PGA, GEMA and glucocose was evaluated.

25 Fig. 1 shows the resuits. The results reveal
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that the mixture of o-PGA, GEMA and glucose has a
radiation (gamma ray) protective effect. In particular,

even after irradiation with 15 kGy of gamma rays, as much

as about 40% of the papain activity remained.

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 o-

10 PGA, GEMA and glucose was placed into one of three of the
above test tubes, achieving a final concentraticn of 1.25
wt.%. The other test tube containing nc 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 radiaticn (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) tc evaluate the
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radiation (gamma rays) protective effect of a-PGA. Fig. 3

shows the results.

Experiment 4

5 In order to measure the o-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 o-PGA. Fig. 4 shows the results.

Experiment 5

Each of three radioprotective material liquids
15 (x—=PGA, GEMA and glucose) was added singly to 1 ml
portions of c-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 resuliting solutions were
irradiated with gamma rays (10 kGy), and the residual a-
20 amylase activity of the irradiated solutions was measured.
The measurement of the w-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.
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The end of the reaction was detected by reaction with an
iodine solution, taking the time at which iodine-starch
reactibn was negatiVe as the end of the reaction. From
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 sclution
Time required until the end of
reaction

Activity = 200 x

Fig. 5 shows the results.

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

a high protective effect against gamma rays.

Experiment 6

Each of three radioprotective material liquids
{x—PGA, GEMA and glucose) was added singly to 1 ml
portions of o-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 UV for time periods ranging from 0 to 5

heurs. Then, the residual a-amylase activity of the
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irradiated solutions was measured. 2As a control test, an
aqueous o-amylase solution containing no radioprotective
material was irradiated with UV in the same manner as
above to measure the residual w-amylase activity.
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 ultraviclet 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 distilied water, and the a-amylase activity
of the resulting sclution 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 o-amylase activity was
scarcely reduced by UV radiation, demonstrating that o-

polyglutamic acid has a remarkably high protective effect

against UV radiation.

20 Experiment 7

Each of three radioprotective materials {(«-PGA,
GEMA and glucose) was added singly to 1 ml of c—-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
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Experiment 6, and each irradiated with X rays (10 kGy} or
electron beams (10 kGy). Then, the residual oa-amylase
activity was measured in the same manner as in Experiment
6. As a control test, o-amylase without radioprotective
materials was irradiated in the same manner as above to
measure the residual c-amylase activity. Fig. 7 shows the
results. The results reveal that a—polyglutamic acid
remarkably diminishes the o-amylase activity reduction
caused by irradiaticn with X rays or electron beams,
demonstrating that a-polyglutamic acid has an extremely

high protective effect against these radiations.

Experiment 8

Slide glass samples were prepared in the same
manner as in Experiment 6, using a solution consisting of
c—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 (i0 kGy), electron
beams (10 kGy) or gamma rays (10 kGy). Then, the residual
o—amylase activity was measured in the same manner as in
Experiment 6. Fig. 8 shows the results. The results
reveal that, like o-polyglutamic acid, y-polyglutamic acid
has an extremely high protective effect against X rays,

electron beams and gamma rays.
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INDUSTRIAL APPLICABILITY

The radioprotective material of the invention
blocks effects of wvarious radiations, and therefore is
capable of significantly preventing possible radiation

5 exposure that may occur in nuclear power facilities,
medical facilities, aircrafts in flight or uranium ore
refineries, or may be caused by radicgraphy 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, is valuable from

the viewpoint of environmental conservation.
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CLATMS
1. A radioprotective material comprising a
polyamino acid or acids or a derivative or derivatives
thereof (except for polyamino acid compounds in which a
5 residue of aminobenzaldehyde semicarbazone or
aminobenzaldehyde thiosemicarbazone is bonded to

carboxylic acid at the wW-position of polyglutamic acid or

pelyaspartic acid).

10 2. A radioprotective material according 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.

15 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.

20 4. A radioprotective material according to claim
1, wherein the polyamino acid or acids or derivative or
derivatives thereof are modified with a sugar compcnent or

components.

25 5. A radioprotective material according to claim
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4, wherein the sugar component or components are at least

one member selected from the group consisting of

monosaccharides and oligosaccharides.

6. A radioprotective material according to claim

1, which provides protecticn 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.

10

7. A radioprotective product comprising a

radioprotective material according fo claim 1.

8. A radioprotective product according to claim

15 7, which is at least one member selected from the group

consisting of radioprotective films, radioprotective

sheets, radioprotective coating agents, radioproctective

cosmetic products, radioprotective fiber products,

radioprotective preparations and radiation-resistant

20 medical materials.

9. Use of a pelyamino acid or acids or a

derivative or derivatives thereof (except for polyamino

acid compounds in which a residue of aminocbenzaldehyde

25 semicarbazone or aminobenzaldehyde thiosemicarbazone is
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a2 radioprotective material.

5 10. Use of a polyamino acid or acilds or a
derivative or derivatives thereof (except for polyamino
acid compounds in which a residue of aminobenzaldehyde
semicarbazone or aminobenzaldehyde thiosemicarbazone is
bonded to carboxylic acid at the w-position of

10 peolygiutamic acid or polyaspartic acid) for production of

a radioprotective product.

11. A method for blocking or reducing adverse
effects of radiations on an cbject, the method using a

15 radioprotective material according to claim 1.

12. A method according to claim 11, wherein the
radioprotective material according to claim 1 is mixed
with, placed over, or immobilized on the ocbject.

20

13. A method for blocking cor reducing adverse

effects of radiations on an object, the method using a

radioprotective product according to claim 7.

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

coated or mounted on) or applied to the object.

5 15. A radioprotective material comprising a
pelyamino acid cor acids or a derivative or derivatives
thereof, which provides protection from at least one
member selected from the group consisting of cosmic rays,
radioc waves, electromagnetic waves, infrared radiation,

10 visible light, alpha rays, beta rays, proton beams, baryon
beams, X rays, gamma rays, electron beams and neutron

beams.

16. Use of a polyamino acid or acids or a
15 derivative or derivatives thereof for production of a
radioprotective material, which provides protection from
at least one member selected from the group'consisting of
cosmic rays, radioc waves, electromagnetic waves, infrared
radiation, visible light, alpha rays, beta rays, proton
20  beams, baryon beams, X rays, gamma rays, electron beams

and neutron beams.

17. Use of a polyamino acid or acids or a
derivative or derivatives therecf for production of a

25 radioprotective product, which provides protection from at
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beams, baryon beams, X rays, gamma rays, electron beams

5 and neutron beams.




R& ()- 105 105 10573"10%& ()-3109%& ()-1 10%& () - $AK}[ 9bCl x$3" 10%&' ().-

1 $3" 109RR& () - "10% R& ()-!"109RR& ()- !"109%"& ()- Wwl0% R& () - 74\ 2404
104 & ()-#10% & ()-!&Y10%CC& ()- 10 R 10 R 10 R3"10%

R& ()-13"109BB& ()-m =1 f"10%m& ()-'yf"10%f& ()-ccl0%& ()-\&L0%& () -

10] 10]

10] 910U & ()-R(_=!'1f"10%m& ()-!yf"10% f& ()-ccl0%& (!\!10%uuu& ()-!'\!110%
nbnb& ()-f"10% & ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"
"Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Headi ng 93] c"A "Default Paragraph Font@G&1'T& 0[5: +@J/ PUIZ e jot zv_ % w
X&J/ <>S/hw. R ]|qq s#v% c)s*+, -J/ n0! 23%6\ 8: =k@ CFHI | MNRTW Y\ ] “ behkmm

pgr uw ~( n$$+. dkE2- Sxs$nbTi nes New Rof&ivAT 5 Cour i er New'h Root

Ent r yWor dDocunent I " #$9&' ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~

The present invention provides radioprotective
materials and products produced using the materials, the
5 materials and products being easily usable for blocking
effects of radiations, exposure to which occurs
unconsciously in daily life or in a working environment.
Specifically stated, the present invention provides
radioprotective materials containing polyamino acid(s) or
10 derivative(s) thereof; the radioprotective materials in
which the polyamino acid(s} comprises at least one amino
acid selected from the group consisﬁing of glutamic acid,
phenylalianine, alanine and leucine; and the
radlioprotective materials in which the polyvamino acid(s)’
15 or derivative(s) thereof is modified with sugar
component {s). The present invention further provides
radioprotective products produced using the

radioprotective materials.




