; e3ekffgdhRNi j 6, kTk- m FWD 02/ 070024 PCT/ US02/ 00102 285-180 PCT METHOD FOR
STERI LI ZI NG BI OACTI VE MATERI ALS BACKGROUND OF THE | NVENTI ON Thi s i nvention
relates tgw d for sterilizi mﬁm e., biol tive,
naterlaléﬂgﬁ%ﬁﬁ@ﬁﬁg i oni zi ng radlgmwmmmmmmm ganna eleg??gﬁh %gﬁfand X
ray radiation. It can be difficult to.getdlize a bioactive naterial, e.g.,
living tissue, nmany 10 15 kinds of pr ot ei naceous subst ances, 2&?&@%?C tc.,

i ntended for medical/surgi.cal ication w.thout ne atlvel affecting t he
t her apeutical |y useful%ﬁgt% B@Rgﬁénﬁ%BE?A%T §icant degree.
For exanple, changes in pH ionic strength or tenperature can result in
reversi ble or |rreverS|bIe changes in the character of many ki nds of

" bioactive mat erBAEBGRRUNIX QEJHEINUENTION di ni nution in their therapeutic

ef fectiveness. Attempts have been made to avoid or minimze irreversible
changes to bi oact i v&hisamentien slaigy tosa methpd foasienliziegippastiva e ebinlpgieally oxi de.
However, ethylene oxide often reacts with proteins. In addition, because of
the known t i5ssuetiveriatsiiplp caplpying dontangiadiegemduch progaemia, elbctoh bedre abd/xpr oduct s
of ethylene oxide, the United States Food and Drug Adm nistration has set
maxi mum r esi dueay radiatisn.f or et hyl ene oxi de and its major reaction products
et hyl ene glycol and ethylene chlorhydrin. Unlike ethylene oxide, radiation
sterilization has t fiecaadedifficijes stefilizeiagtiva2tivedSatpriah et divinggisaue] maty
relatively |l ow chem cal reactivity and instantaneous effects w thout the
need to cont r olkihdsm erozdinicesus pubeBstes alrugsaettlimended fotwredical yurgiBaldi at i on
sterilization is a very convenient nethod for sterilizing medical devices,

tissue, food, eipplicatianoritheut nbgdively MFtng theidivtipsiticyily BefulpRpsagsofipy el s and
its blologlcal effects are well known. It is generally belileved that

gama- rays,10el egiEeN idLapRficadt\dbgee BYSexdmpROtHh uPPH, QR #eRgmlordi ation are
equally effective in kllgﬁng orgﬁﬁactlvatpng nﬁ%ﬁgﬂfal V%P82/U7U112-4

PCT/ US112/ UUI UZe @b G HeTAR restiPMEMREsbIE BliHadrahle CRIEAH R cqm%eoftr&
bi oactive materials being sterilized. The danmage Can result fromdirect

damage caused han&sfb%bfoga%ha&hafsaﬂa bisR nﬂ%eﬂﬁﬂ? tl dh 5o ih Ifhegrtﬁérﬁieﬂﬁc (resulting

in broken chemical bonds), or, nmoré ca from secondary ‘reacti ons,

usual Iy acti vate?ég%x&gnmangs ?av@%@&?(ﬁlg So a%ddees ﬁmﬂzéﬁgb&ﬁ‘:ﬁ’ch%r%%t are

generated by the interaction of the radiation an mat er1 al

sterilized. Many,ofd 46380 e fhizaid e %D&M&e onanﬁh’\f@e?%ﬂuyﬁe%et e

damage by acquiring e ec ro ances res
Cross- IlnkH%g,

thoss Rt Wﬁ“ﬁ‘ﬁi‘“eg?f,%‘f‘f"d*;B%g%té’iﬁ‘i%‘?“%m%ﬁ?f‘;ff
stertlization rﬁ%%aéi‘“?e‘”g o BILER AR TP (D speci e
cancaste v 45 O SEIBl A E h TB i‘i’?ﬁ‘?f"ﬁ*ﬁ‘ﬁ?‘;‘:“d
p;ckage Mﬁthga Pégﬁmwgg ﬁ%% ﬁ%‘ﬁﬁ@ﬂﬁTge Eﬁ?ﬁg %backageg or by

fl ushi ng the packa Ies react.ive bef ore sealing
g P g%n\fm]\ th}?lene o>§de 1a 1(2:lt10n stex%matlonehas the agvantages of high

20  penetrating ability, relatively low chemical reactivity and instantaneous effects
without the need to control temperature, pressure, vacuum, or humidity. Radiation
sterilization is a very convenient method for sterilizing medical devices, tissue, food,
etc., and is widely used in industry. Both dosage levels and its biological effects are
well known. It is generally believed that gamma-rays, electron beams, and x-rays as

25  sources of ionizing radiation are equally effective in killing or inactivating microbial
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The nost frequently used | ess reactive gas is nitrogen, but others such as
argon, etc. have al so been used. Oxygen renoval, while beneficial, is not
conpletelwm)gk%ﬁ_lve because reactive species can be genepé&ﬁgogmnh Jhe
action of iation on water, oxygen containing conpounds etc

part of the bioactive naterlal being sterilized. ? 0 Oher efforts to
minimze the d&REEEMSo HoMEE: ’ia@‘ét“fﬁeﬁaéf"?‘&f’ dampaggde fhehyoaptiyginaatarigls being
sterilization have included the use of free-radical scavengers such as,
e.g., tocopher dteriliged rhe dampgg cap gesylt Bewdlingtdemrgesmsdibs thegmpgataf ed hydr oxy
toluene, tertiary butyl hydroqui none; propyl gallate, ascorbate, and other
antioxi dants tHh 1atw1@anyiﬁévlﬁ3|nrq;eln%@@ﬁgmnz@ubrakels@ﬁwcaldapnﬁﬁeom@@ra and Drug

* Admini stration. However, these 2 V1-' O 02/070112 PCT/ US112/001112

free-radi cal scaverngbs ﬁrormsyccalldw rdapfions sdallyi actiited oxyaen gepgpddésemdas a
result of the sterilization process. Lowering the tenperature at which

" sterilizatiodn isxygarmdieas,hat ategsneadtabbyntbe miaragion bédhe tagliatibn epui tls matatieln
present, are frozen. However, attenpts using solutions or other conpounds
to m nimze théeaigfsetilised fMinyed {esdiadiadls f1e onEizignin datferngd db érirldihmagd on have
had imted success due to the imobility of the conpound at the

t enper at ures atbywhbipdlingéledtins Aahiotier bsmRRE yestlaketh dpdsatiabing,@adjcal chal® C.

Thus, there remains a need for a nmethod for protecting bioactive naterials
agai nst the undeghib@dnd vehd Beiisnd hat frequently occur as a result of the
sterilization 10 process. Therefore, it is an object of the invention to

provide a method fors RirRtyesHndithdPhABbbdniRed R Bhirdl radigtithidR8agea oAt | ON
sterilization that will avoid or mnimze negatively affecting the

therapeuti cRl | YexhaghkUbioRir@RAS bdr@d1&e to WiSinTTRIRE fadlafiod &s@gesrb@ﬂ'e& Fgant extent.
| SIt is a further object of the invention to provide a nethod for

reducing the f%&m&m&%m&%@e eff iCRHof @Jukds orf‘?c%&We‘é ecf»e@%&dn%ﬁ lut%ri hin a

bi oactive materi a rgol ng radiation sterilization. IS sti anot her

obj ect of the 'Fr}(&iﬂﬂdn nfan ?Z%eﬂ%ﬂa R gaf t%etu?a%la‘i %&}e{dﬂ&.tﬁé Siflbdl'tzat' on

of therapeutically uséfu naceous substances rving tissues 20

such as allogr afft ¢ bo%@ary %Qm %I O3S g%rré%g\gﬂ el p‘i‘fsﬁﬁdt"@}: egpcugt?n ta"ﬁh trslff_l"ilmvar lety

of blologlcally active pro ous conponen ano object
of the inventi rovi de_a. d pa ng.ari.d sterilizi net hod
For & bi oact | varsEiERs PviSatie GRTBRARaRE KR AifayGs Byflp s ind?

15  sealing the package, or by flushing the package with a less reactive gas before sealing.

The most frequently used less reactive gas is nitrogen, but others such as argon, etc.
have also been used. Oxygen removal, while beneficial, is not completely effective
because reactive species can be generated by the action of radiation on water, oxygen
containing compounds, etc., that are part of the bioactive material being ste;rilized.

20 Other efforts to minimize the damage to bioactive materials caused by
radiation sterilization have included the use of free-radical scavengers such as, e.g.,
tocopherol, citric acid, butylated hydroxyanisole, butylated hydroxy toluene, tertiary
butylhydroquinone, propyl gallate, ascorbate, and other antioxidants that are

"generally recognized as safe" by the Food and Drug Administration. However, these



BRI EF SUMVARY OF THE | NVENTION In keeping with these and rel ated objects of
the invention, there is provided a nethod for sterilizing a bioactive
mat eri al Wioshrde@Pri ses contacting the bioactive nateriab.wgggﬂmmgrogen
gas and while the bioactive material is in contact with 5 % rogen gas
irradiating th _bio #lve naterlah i th IOHIE n%Fradlatlon to sterilize the
material . The @‘ﬁ? §eayEneRtsanayalse doremdasire t? f1ys spegiesas @ resHi ok Bdcur r ent
packagi ng and steriljzation of a wide variety of bioactive materials. Thus,
e.g., a packagéngﬁF§PﬁWﬁ@“a bi oactive material such as allograft bone for
i npl antation, dem neralized 10 all ograft bone, etc., can be evacuated and
backfilled with hydloyenngie eamersug trdichstonjiastiogdncagas qhbpsalsp been
" reactive, preferably inert, gas such as nitrogen and the contents of the
package steril il'%ﬁe%ﬁf’ éx%@uwéelmeae@tmmﬁrﬁgerr VeRlvPlo pittospISHIS sgjaions or ay's.
The expression "bioactive material" shall be understood herein to apply to
" any 15 nedi éal lojifes aprgpasials tp minified the effestsaf fiee-mdicdblomaionaviingstailizhémapeut i ¢
action directly involving at | east one biol ogical nmechanismand is to be
di stingui shed fhnunhal lmitddogicess duy td the mmehility tofi the @ ompowhd ai the tenipomires
medi cal / surgi cal usefulness is essentially of a physical or nechani cal
charact er. Expréwsbich sextitaide dorhmonty takes flaeegaq. n@gdefi ni ti on of "bi oactive
material" is a substance or device which is fabricated entirely 20 from one
or nore bi ol ogi cal | {This)@icke tehiame b ated fottchetisd foe prictng Hydttihemherife! yner,
etc., which when placed within the body is intended to function in a purely
mechani cal way aggigstfiey undxsiaplk @ ffedtSthitTRqGaRIe ovbir Bs ¥ aishlPoh&iterIBatadn
prosthetic inplants, surgical sutures, surgical clips, surgical neshes,
fixation pligt esrodebscat i on pins and screms, and the like. 25 4 V1' O
02/0711U2.1 PCT/L; S02/ 1111102 The ternms "sterilizing", "sterilization" and

ternms of |ike inportrhsRad ilheat E%tﬁ@ﬂv&ﬁfoﬁ't@p&@nd@?%ﬂ@d ?dr%FUtéc'hﬁ?
reduction in the bioburden of a bioactive substance by the destruction

and/or i nacti vajdRfvethatlifl ARMI YRR steHlfi’{ahb&Hﬁ%h%v@ﬁ%’i’ﬁﬂ:ﬁﬂizﬁ bacteri al

and viral mcroorgani sns, and polynucleotide fragnents there 5 present

upon and/or wi tnlg%} ng}%ffébtﬂ-%% %&aﬁéélﬁg%l@'ﬁﬁé%ul pﬂ?gp%és'gpthﬁﬁhﬂgg\' OF THE

| NVENTI ON The I ZI sent 1 nvention 1s applicable

to a wde significant extent.

15 It is a further object of the invention to provide a method for reducing the
formation of undesirable chemically reactive species within a bioactive material
undergoing radiation sterilization.

It is still another object of the invention to provide a method for the radiation
sterilization of therapeutically useful proteinaceous substances and/or living tissues

20  such as allograft bone and bone-derived materials which contain a variety of
biologically active proteinacious components.

It is yet another object of the invention to provide a combined packaging and

sterilizing method for a bioactive material.

25



variety of bioactive materials which include living tissues such as hunan
donor bone for inplantation, partially and fully dem neralized bone

naterlalgygmﬁgﬁﬁgp t herefrom 10 and devi ces and conp03|t|9@ﬁl§9q%ﬁbnlng
such materra protei ns such as keratins, collagens, albunens obul

hor nones, enzy 0 si npl e and conj ugat ed protelns
such as gl ycop gﬁ@fggﬁbwgggg?ggp¥ia, ..Eig.oteins heme proteins and
nucl eoproteins, growh factors such as transformng growh factor,
epi der mal growt h f aftering ity thesepudreldied pliges @?%W‘l\’mﬂé’& fhere igupiaded a
nor phogenetic 15 protelns cells such as _bone marrow cells and nmesenchymal
stem cel |'s, andnatlipd fpy stestlizing gdriqaghiyeymaserad which qoIBPT®e eonjastipmtle bioagtivear e t he
" numerous known full m neralized, partially dem neralized and substantially
fully demi ner almaiesial with Bypragen ganindovhilsfthe bionstivemelgrialfis incentngtwdth, cancel | ous
and corticoncancel | ous bone inplantable devices and conpositions which
' possess ost éog dyirogemens grradigtingchabiowstive matonidpaihtipeiging 2@lidaTioe tosearitige the
"ost eogeni ¢c" as used herein shall be understood to refer to the ability of
a material or sudbgtabnce to i nduce new bone formation via the participation
of living cells fromw thin the substance and "osteogenesis" as the
mechani sm or resul t Thd foeegompnecticaists emvearderclyiviBZedaer ths eehcheereparkadiad | be
understood to refer to the 25 ability of a material or substance to recruit
celI's from t he ahosterildatiohofavide osicogfdivactive matdfal) 21F,02, aRadkakS112/ U01 U2
potential and the ability to form ectopic bone and "osteoi nduction"” as the
mechani sm or r @shthining bl tRodctit @htBal swtHiad bl @i fibunG Horl ifipRATatien) @ehinfralited
sterilization of the bioactive material in accordance with the invention is

essential | yioa haagra@boMCEix., Bindfe eveduded hnt babkMRA Wit dloghds bfB&ure She
particles of the radiation beaminteract with the bioactive material by

colliding with llslﬁx%g@?%ats'aﬁ& £Rsd R VAR %Erﬁﬁ ﬁs@.ﬁ'@l Ahitdaen sALRS 1 al . That
is, the particlées of the radiation bean1p ysical 'y knock particles from

atoms due 10 cQbhisk Bk Bécﬁ‘c@ge steHTﬁ b&satetd iR fdRAbt deh & of two
general classes, nuclear, which are found in the core of the a on1 and

el ectrons, which.are found in the outer 10 layers of the atom or nol ecul e.
Nucl ear particl S con5|st of protons and neutrons. The energy required to

di srupt nucl ear par(L:I?l es's:% F%iﬁihu%ﬁ%teﬁa{ " Elﬁﬁg}o%‘ brstb QU4 nHB g@g%ﬁi}'

reactions and so nu es are 1 nert em ca

Di sruption I%f t h Hcﬂsﬁgl%ael }glfseﬁgTu%rStlal 9&%\_@5& hgﬁkgﬁ thexa%ers@chac (%il x{ue@t?r manent |y

radi oacti ve, r erirtlrza |on Iron-i nergles
bel ow this t hr erswb) vmg at":rea%P oned oé) cali mec 1%[11%11 b4 E 1sgngulshed from a

biologically inert substance or device whose medical/surgical usefulness is essentially
of a physical or mechanical character. Expressly excluded from the foregoing
definition of "bioactive material" is a substance or device which is fabricated entirely

20 from one or more biologically inert materials such as ceramic, synthetic polymer, etc.,
which when placed within the body is intended to function in a purely mechanical
way, as for example, is the case with various kinds of ‘prosthetic implants, surgical
sutures, surgical clips, surgibal meshés, fixation plates, fixation pins and screws, and
the like.

25



reactions and nuch less energy is required to disrupt these than to disrupt
the nuclear particles. Mdst of the effects of sterilizing radiation are
concent ra\;vs(il"z;a%o%pe el ectrons. The effects of sterilizing &WEE@/‘.‘%’?&
therefore, "are chem cal in nature, resulting in new or al Per&d"ENeH cal
conpounds, but not in radioactive substances. 20 The three types of

i oni zi ng radi ati on Jde&rmsrstatligmef,i"stgrlizgtion ead teganpiike dmpert shoH bbeam
(E-beam) and X-ray. Gamma radiation, usually froma cobalt 60 source,

consi sts of verypdemigpd hyeintte plewsa fighbeawhrsiiucipn otthebiebirdemyeferiiccivoom t he
nucl eus. Ganma radiation is non-directional, i.e., it goes everywhere, and
never shuts of fsubstarics bpthsplesttugtiomddr intacivatiorepishigrodegagemeysuticolatlge. The

" advantage is that it has 25 high penetrating power (several centineters),
yet a | ow enoughtlegergyactdrat andlveradaegerga@sms, Ua@pblyRiclddtilR frigniaE/thistdf

2/ (1'U U2 of nuclear changes in the substance being treated is non-existent.
" E- Beam r adi &t i gireseaingbs isd/af widlethe banstivacoetaacat ed by an el ectric field.
The energy depends on the magnitude of the accelerating voltage and

energi es are ushEfAY FEXDESSRIPGION OMTHE INVENTIONon el ectron volts (Mev).
The advant age of E-beam over gamma rays is that, being electrically
generated, the radi atk afkthod of BbiliAMEsTeRd privemiindeifoeds @licable ROWRIdei S t ur ned
on. In addition, the beamis directional and its position can be easily

controll ed by el.gefyldf6ioadithe WML vhidH i8I0 Livitiaislies 364N hagen dchot Bk
el ectrons are very'large conpared to gamma particles so E-beans do not

penetrate deeply, {nﬁﬁ%ﬁ%&ﬁl, Sl R iy dgthinfRAsel b@ﬂ@m%ﬁalgﬁl%bméﬂh&%ﬂo&o[] thin

materials such as m OW ng" over plate in a 10 shallow stream |

addi tion 4 hi(g h ﬁ@%reayes%ihg %@IH&OS&QK?EOU%HQM 12 g‘{th ﬁ%ng{@‘i}ﬁ&gﬁy Eﬁc‘ﬁ% k&'m{gges , SO

sterilizing doses are always set for a lower energ rays consist of

nucl ear particl - 0 t trons
and gamm part i%?% eﬂls’tr?}{)?l eelﬂgr’ g%:gg%g?%?&gg% -raﬁs’ g‘%\gﬁgséﬂgﬁé\%ﬁggégbﬁ&gﬁhi gh
energy el ectron _heam hiti{ing. t al rget and ej iIng. X- L ay rticles
fromthe 15 nucalnléi‘:%}?#l gatt 4 a lcl)l?réﬁr?ggwé@ptl%%sé??ugﬁl{éggltrsl’el%l%gméefn%t ]?1%? eam
depends on the tar%letmcﬁl(l)lE osition a E- ower is

. .M
wasted in conve? PRy o1 qusogr?(? rlaéalcts}srsl%c e\%gp?f% %%?8%{&&6‘9 "he ori gi nal
| ect , the X ticl Ll er, th f , th h .a high
o e Bl A St SRS R LR g B 1

restricted to 5 Mey or_less. X-rays, because of their 20 greater .
penetrating Spov@?t,emé’rcéu?ﬁi‘t"_ agénp “Pgrce@sc ge En‘l‘léfe@b‘f’e?ls’&éﬁ&ug’&hkﬁbj ects

t han Ebeans. Yet X-rays retain t,}}e advant ages_of being electrically
alp

. till.
generated. The ATl Sy SR R R Breireupterava Ko Wk By imivsralizgdr ce.
However, the inpact of a radiation beamal so | eads to secondary collisions,
i .e., secondar yPartiily demyisralipeteand substantislly fajhedanyperplizgfpyingrafisliggaf and
collisions go on to collide with 25 other electrons,, and these el ectrons
col I'ide with st¥ampgarertictewnsedaus angrettigoncancefiens baneyimplapiableideicesiando2
PCT/ US02/ 0111112 cascade effect and el ectrons cause nost of the collisions,
no matter what o@opitipnealiclbaspass esteogeioansipr estpeindustiviprepaitiesod t hat
bi oactive materials can be effectively sterilized by gamm, el ectron-beam
or X-ray ra?fl ati on. Tereroy "sdensgene’ agfusqihsteinsbelh ¢ naderstoodrterdferdaiin sour ces
and X-ray sources. The reason that the sources of radiation may be
i nt erchanged i satilitaof boeteriplrotsdrstinenid isluectavobe iforhetiere via Wistpartivipatiar by
el ectrical ionization and excitation reactions. The nechani sns of the
i nteractions of oftlivinggalisrfiomamithirathel substasnesind I ested gdriesis 'eastthd mentmtisve or
interactions of electron beans. It is well known that gamma rays and X-rays
are el ectromagnekilc waves frequently referred to 10 as photons. Having no
- electric charge or nass, photons transfer energy to nmaterials
The terms "osteoinductive" as used herein shall be understood to refer to the

25  ability of a material or substance to recruit cells from the host which have osteogenic



mai nly through Conpton scattering and, at |ow energies, through
phot oel ectric absorption. In contrast to photons, el ectrons have both nass
and CharQﬁooﬁBH%EFy interact readily with other charged p@&%hﬁhﬁ@m&
transferring their kinetic energy to materials via nunmerous elfastic and
inelastic collisions. Therefore, circunstances do 15 exist where one or the
other type of iRcfatland i abiitr todomperiamimbane ard wetepindyctior” #5ths megharism For
exanpl e, gamma sterilization or X-ray is often preferred when the bul k
density of the 9%&sekial is high or when high-density regions may shield
other parts of the material from exposure to electrons. Although radiation
has little direct eflihetmizyg pdipties wkich s quiplyedin ttastergzation Hhetliestiee can

" still occur due to secondary effects. In addition to direct hits by

radi oacti ve parmitediadin acdendange withrthehigvendios sdsdontidiy atbiemy ofmerythiph vElocitgt i on of
free radicals. Heating tends to be a |local effect and can be m nim zed by

" usi ng evenl ¥ peret matlipagiclesr e perticlesxchfdltel radiatamdbematinteractngtlethe Bisaitive doses.
For exanpl e, electron beamradiation generates nuch nore heat than gamma or
X-ray radi ati onmatésivll by telhiding wyth tiDattichks tnaghkalpshasemeut the regialdi fhbi cul t to
control than heating. The secondary effects 8 V1~ O 02/ Ur0112

PCT/ USI | 2/ 01> fi3,2hd fhadiclctamageaadistimibRard bh@idigRierk bedicley icmhengaivt e ef fects
of radiation in bringing about sterilization. However, controlling these

effects to m nigyligRNTedeAlTHER AROBY S0 MAEEId: AR oF thb S&idea] BASsed, nhidibee,
practical effect on sterilization efficiency because dosage requirenents

are based only yofich §16 fdi@RAdE Lok Wt B afbhd, B e1EibBs, ARichAR! AR \Ghic? _
organi sns. Secondary effects are too variable to be taken into account in

of ficial dqﬁp gg%ggﬁﬁﬂg om BRRlRELIEN causes its danmagi ng secondary effects
primarily through the chem cal activity of free radicals. The easiest to

form radical s are O pMo¥ASn oPRA HLEAH! 17 Srer UBRRGRPUr o0 can

be oxygen fromthe air, oxygen from 0 or other ox .cont ai ni ng

substances. Ol AdLGhICLOLT AR RIIGR AIRLLOR AELRK] A8SoheRL,  eadi 1y

with a large varrety o stances. Ions o

cross-li nci ng, 1%fegrh a(f\’tlaérll f':ailretirexerrE }"olg%heonblgaﬁ h&l?loseg.sDygleul L 1"13‘ (S)ft"&'ur:’I %uccf rh%@' cal state

of proteins. Because configuration is just as mpS’rPan a8 "CHEN cal

conposition for_protein function,, cross-linking seriousl anage r ot ei ns.

o Bddi ¢ on,  ©reERgiPaaRRuhy PaFAge s e e AT et BOE o o

t he oxygen cane from.c al so reac dle tao further.damge. Al though

the act el GherPGpigR iagd furemi el e treBhg: Bisline it syl ar Lon

produced peroxi des. fol |.ows e sane nechani sis as dapage df,rom sterilization
ztswt gz?nto 1

h
by peroxide solG#GH8R%ANGMuSh &5F FRezg 1f JPayis il srupt the nuclear

particles. Most of the effects of sterilizing radiation are concentrated on the electrons.
The effects of sterilizing radiation, therefore, are cherﬁical in nature, resulting in new
or altered chemical compounds, but 1'10'[ in radioactive substances.

20 The three types of ionizing radiation used for sterilization are: gamma,
electron beam (E-beam) and X-ray. Gamma radiation, usuglly from a cobalt 60
source, consists of very small particles (pﬁotons) which are fragments from the
nucleus. Gamma radiation is non-directional, i.e., it goes everywhere, and never shuts
off. This property makes it extremely dangerous to use. The advantage is that it has

25  high penetrating power (several centimeters), yet a low enough energy that the danger



Al though it is not entirely understood how hydrogen gas can act as a

radi cal 20 scavengi ng agent and/or reducing agent, the followng theory is
of fered Ry a possi bl e explanation. Radiation parti : a

t her mal 5%8}{%/3};7@%4vel equal to several thousand C and the rﬁg@iigg@s(ﬁ({zhey
produce al so have thermal energies in the 1,000C rar_l%e. The energies of the
radi cal s and s&¥@Rdearghangpsindhesubgiance Peing realgdris Bereswtistens Erieemgadiatipnr eact i on
with hydrogen. It is in this way that hydrogen can help to control 25
unwant ed si de re@BHEt offdechprssicagierpied hy ar eleqtri¢ Geldg ThertiergyidependTprethy dr ogen
acts as a 9 WO 112/1171102 PCT/US02/0111112 reduci ng agent and radi cal
scavenger that maaenityde of theeagealemplingomltagesnd gudargioeare agiainbxpressedinayitfadr m  The
" advantage to using hydrogen in the sterilization nethod herein is that

hydr ogen can hehifionelestron valtsi(Mev)d eerdeniage oSlpbeinesver gatmardygisthite from
within the irradi ated bioactive material itself. Oxygen renoval al one

" cannot addr éss Wdagaipstricalngenbreed, thowdmtsn isAnfyyrésherwird vierdage pofveuisi ng
hydrogen is its ability to easily diffuse throughout nost bioactive
materials and ttheeéboria aiditipn elssdrehmat ditdesgoml areldts@bsitiedtamale ehglywahtrddidd even
in solidly frozen objects or high density objects such as donor bone for

i npl antation. Hydi@gennd aREndR fiellsi The datieaiiesd thiteldcolLMPedlages as | ow
as -259C at standard pressure. By contrast, at |ow tenperatures,

conventional 1Qomphie@¥d ghaithSpattictesso FRAMA B ndtFeRMateRlee P (h@N HillRAGs al ways
be present at the sites of radiation damage (initiation and/or

progression). Alsst) U880 sifted 8 thin %iial?e%'als sud-as nfIkTRMEnd SREL Blgﬁfin gbout

0.75 A, allows it to penetrate the sma pores of the itemto be

sterilized.;oBecaMRfy itfeath® MR JMRiCRIh BncBdy E-ewn{sqm%?ﬁmgvffayn JS% mafigsence of

hydrogen 15 during the irradiation operation IS especla ant ageous in

the case of bi %Qﬁéteé’/’%og@ﬁﬁiih &eé’?%ﬁﬁl@a%ﬁtﬁ?!&%e?% it tenperature, e.g.,

at fromabout 10C1o about -196C (li1quid nitrogen) ard preferably from
about OC to about -7%8 ' X1 ' Leactive
material, e.g., all é‘g%ﬁ? %ﬂ%ﬁgélgﬁggﬁgf-cggaﬁg%edo fg’?’g‘gﬁjctp & a{r)gr]%%g{r%_ kv?'gt exposi ng
the material t = | di o further uard
agai nst the fo(rgor?é géﬁfeétf&lf%@@gc?ﬁa?g%ﬁ@&;ﬂg ﬂfeﬁgj??pre %izgge'nk'ml YT einerlﬂgegllfgaergoi ng
irradiation. Although hydrogen has. a nmu hi gher .actiyation, _.ene conpar ed
to conventi onal&H l'ﬂgl&%iegeﬁﬁ?rggegpn}l%&fgég}e ai@é%?g?%biee R Y Psa%%lﬂ on, as
expl ai ned ove, the i.s nore tha nough epner toinjtiate a reaction
with hydr oglgn. nﬂﬁlte?%{tg%?}%mf 'a"gfge @fgeﬂyﬁiﬁ(?@%ﬁy P’gtﬁ? ﬂ%ﬂ“ ‘?etpe’i‘ ORdte ¥8EL r oyed by
radi ation; at worst .i.t dis q(zﬁ ates 10 02/ 07002 PCT/ US02/ 00102 into
hydr ogen T adi cAPEPOHAGR iR SRR Ca5TE UGB PORER ARG BT MEARIS O wi t h a
near by organic erial. By contrast, conveptional organic .

ant i oxi dant s/ réﬁ@Vs' 3%%%%@é?‘gpa(fﬁitoﬁlﬂee%“}aﬂ?lﬁmﬁ’%-ﬂf T RSRRlespr g et s,

or, once fully oxidized, become very powerful oxidizing agents thensel ves.

P
5 The hydr ogen SE¥Heh Beredieithiyhays ¢ hisher piogibmnd paretrate more deepha oy eact i ve,

and

sterilization purposes, they are restricted to 5 Mev or less. X-rays, because of their
20  greater penetrating power, are more suited for sterilizing larger, denser objects than E-
beams. Yet X-rays still retain the advantages of being electrically generated.
The above discussion refers to the primary radiation source. However, the
impact of a radiation beam also leads to secondary collisions, i.e., secondary
radiation. The electrons ejected from the primary collisions go on to collide with

25  other electrons, and these electrons collide with still more elecirons. There is thus a



preferably inert, gas such as nitrogen, helium argon, xenon, or simlar
gases or m xtures of gases. Such gases are comrercially available, e.g.
frontlabq&a%g;ymifpply conpani es, and are generally prOV|p@ﬂngﬁmn£%anple
as pressurlze inders. When diluted with a less reactive or 1nert

hydr ogen can be present at 10 concentrations of fromabout 5 to about 80%)
by vol ume and preprds offsciand elogirenssause 3mst of tharellisions g mptigowhatihe primarpr essur e
of the hydrogen gas/ hydrogen and inert gas m xture can be at, above or

bel ow anbi ent . befBAs ¢OHwospdidod of the invention is carried out upon a

bi oactive material contained within a package, e.g., as hereinafter

descri bed, el evat ed ltisungigestqod dlns bioaefive antepials emplbeoif@dﬁ‘{stb' teilizable t hat can

" be withstood by the package system In general, anbient pressure to
pressures on t lgemoradeectoh-bepnta Xatayuidi8ioat Complos s@sces afiplgorutiliaiiareate The

met hod of the invention herein can be carried out by evacuating a package

" cont ai ni ng Bhe gamoacbirne and Xeray adurtes. Hee shenithat Aedourbaal tididtiongnal/lve package
wi th 20 hydrogen or hydrogen-insert gas m xture, and sealing the package.
The evacuat i on isedhiigekisithdt boty paytohemd cRotr@R it@pa atitdnARy byelsdigsal of ti mes.
The package can be nade of any reasonably non-porous material, though the

| ess per nmeabl e jbhigatipaekbgRititntechnil Fgemectai®mb @ﬂtﬁ@fntérﬁ'tﬁloﬂﬁd)ﬁh{e geiinpe from
when the package is filled until the radiation process is carried out. The

mai n purpose OfraR AP XCHKAGrd giffefont RoMfitifetactidi® oBE18dtHohibbamP 1 shRbi oact i ve
material contents. Wen a 11 WO 02/ (170t 12-4 PCT/ 11502/f11) 102 bi oactive

material is pl aa8¢n it kdndmdfa9t SR YR/s GRUMRITHBEcBRAwSIUD BEGQHEN te¥eritlags 1 | 1 zed,
the process is referred to aS termnal sterilization. Wwen the bioactive

material is0Steg ghétéﬁ‘sd Iia'vfnﬁtno%fégmtc*&ﬁ&g%ﬁﬁﬁg Btofls tPcﬁl‘Et%I Efchdy! 16 %ﬁt&ﬂﬁt ai ner,

the process is referred to-as sterile fil Packagi ng teriral used for

termnal sterilj 't@&gg@h&&%teéttg b, 3 ShShkka tsﬂgegggﬁ;ho?oee%cas vel | as

pr ovide a m cro1b atr’on nust~a given to

conditions to Wﬂscgﬁfc;[nh?n aét %@&é?&%m‘é{&ﬁlavpgotﬁgﬁ&saég cHar Sed such as

st or age, transpor 1on reque cy 0 ne by itself
i's not expected to | onger

eractarea w1{h o%lerrmh %n G F Cttansftm Ting l( 1e}r¥\.uﬁﬁb ¢ el eagy t’fo

st or age tinme I’TB. I'ncr ea nCI ce O a

;ggglag: (r)]gs Fr eqa'%ena 8 vqg IQuqulero elzy\F c andslnélas?ic colpsmns t%Ihere ?et, %{réu%s a;[nlcé)sndoOf the

15  exist where one or the other type of irradiation source (photon or electron) is
preferred. For example, gamma sterilization or X-ray is often preferred when the bulk
density of the material is high or when high-density regions may shield other parts of
the material from exposure to electrons. |

Although radiation has little direct effect on proteins, radiation damage to

20  tissue can still occur due to secondary effects. In addition to direct hits by radioactive
particles, damage can be caused by heating and the formation of free radicals.

Heating tends to be a local effect and can be minimized by using evenly penetrating
forms of radiation and not using excessive doses. For example, electron beam
radiation generates much more heat than gamma or X-ray 1'adieti0n. Unfortunately,

25  free radicals are much more difficult to control than heating. The secondary effects -



material are typical exanples of conditions that may conprom se sterility
and limt the shelf |life of a package. The package contents may have a
specific\§§%£$ﬂ%ije. The wi de choi ce of packagi ng nateria.én%& ﬂmﬁbhods
avai l abl e Tor Industrial processes allows the selection of pacKaging

materi al s, pacggge desi gns, and processes that 15 provide nmaxinmm
protection. | néwédamagetinsugplse Bspictieadlysakdnagihn gifecss eiradiatipatn bungim 4bodls, and
materials, sterility can be protected for an indefinite length of tine. A
preferred type sefilipdioralpwieyes gonteathinfathesg sfedintomppimizevedittianrdahmeeion enpl oys
the so-call ed peel -open packages. These are constructed by heat sealing two
webs of packagidegrahigttiesue abs liftloprackiceheffestignesteriligrtonlefijctancy beaassgalobagea pl asti ¢
" filmof conposite 20 construction, that forns the heat seal, the other is a
sur gi cal - gr ade rdquatmergagpe basde snlg e thetmolgbility afidiredtf ltstonventamoatitd al barri er
or a noisture inperneable plastic or netal foil that forns a noisture and a
" m crobial barr bgfanisfihelécohdafieeffesisaxd @odathbiedo de takéreintoh@tounsindgfidildoned by
need rather than sterility protection. Wi chever packagi ng nmethod is used,
provi si ons nusiguidelinsede for the opening of the package and the 12 WO
02/0711112 PCT/L: SU2./QJ102 retrieval of the sterilized bioactive materi al

in a manner that doR&difn cERBPHOMnERinglsScotlRY bifickdprintamilPihvcuph alel on of the
packagi ng procedure, the bioactive material can be sealed in a porous

package, the perQKisalRBEKHIE bORNICRLATEMeakBsi38 oM bRficallOfs BB, 8RB ReRaCkage,
thus treating the porous packaged product with its content's of bi‘oactive

material as t hgoﬁ?igrﬁ;%ir?dicaiso éﬁgfﬁélt s%gfclaé &R%e okfbeR b thOGE, o¥Pdech@duPRateS EVET 2l

por ous package can b aced I n a conmon non-pei'meabl e package that

| s evacuat ?9 a%ﬂotﬁ%&%&@/w % ai‘}ﬁﬁ ugs)feq{ 0%k gén HXIQ%QQ)%_ ielQSt{dtes AF ¢ | xture.

The outer package can en be removed or T ai ned as desiTed as ong as the
por ous package [ QNS . m i agther. . native
Fo evacuati on BupaeietrnRnai Ty bt A h B icboet b Bhocrioh Gl RebF

hydr ogen gas, preferabl Lt h a hydrogen.and i nert .qas. m.xture rior to
(1111 ng. PowevSroFREGe Peftisen i S i 20el Wi Pl Phmieony gen
fromthe packagg as re il¥ as.the .afore eg&;ibeﬁ evacuat J

d
backf i 1ing opPstisFonlgkation B iystiss ifpOyans 53 ehepmeal composion fop prolen ¢ 1\
hyd - k d bi tive terial . b d i i zi
Fadi ation i AR, chs B feHOUT Y PR ST R AT AHIRGr L RGEY EFR oM

sterilization, as current]y practiced, enploys,electron acce|erators or
radi oi sot opes. RO SHEAh e e ﬁe@rngfawpfé%fmlwﬁa%ﬁ etgio and the
use of 20 acceleratqrs requires careful control. Ganma-radi ation
sterilization dether d3magapPbheebdisrciirbichsmesiy ms e complgts diis get noyel.
radi oi sot ope source. A very w de range of packaging materials can be used
because ganma mRaagp by Bdeionprodice garpaidesfolpvetheranfsdprehptIms Ay dampes ty .
However, they nust not be degraded to -the PoLnt where the quality of the
aseptic barri e,froingst@gwptp@rhyg@mmde solutions or electrically generated ozone.

Although it is not en;cirely understood how hydrogen gas can act as a radical
20  scavenging agent and/or reducing agent, the following theory is offered by way of a
possible explanation. Radiation particles have a thermal energy level equal to several
thousand °C and the radicals they produce also have thermal energies in the 1,000°C
range. The energies of the radicals and secondary ions are more than sufficient to
initiate a reaction with hydrogen. It is in this way that hydrogen can help to control

25  unwanted side reactions arising from sterilizing radiation. The hydrogen acts as a



13 WD 02107(102 PCT/US(12/ (101112 Bi oburden determ nations can be carried
out to determ ned a desired radiation dose. Thus, the dosage of ionizing

radi ati ongphkedespeci fic bioactive material can be experi
determ n&c\ibbymrrggsuri ng the bi oburden-of the pre-sterili zgﬁmr#g{’%?{)l“gl

enpl oyi ng known and conventianal procedures so as to provide a typical
range of initi é‘fda“&n&ﬁ&‘?“a@"?‘f‘[ rf“gf’ﬁts ehEst B %F’V?i}‘lae“t“ﬁﬁ%ﬁég?sfl@?t“’lerr?‘gﬁfﬁ%ﬂsi ng
portions of the material at different dosage | evels and again nmeasuring

bi obur den f ol | $¥Vigmt-ethsiaduantass toysingdwdrosgainghs serilisatimanethod Ipgainis it t hese
experinmental data, an optinmumradiation dosage |evel can be determ ned for
a speci fic bi oddiogen qeaihelpitapeugaliredsstystivaireties the risingp diom within thehese

" experiments, radiation exposure can be nonitored with biological 10

i ndi cat ors ut i lijradigied Beactive matepal ais¢lfi SOxger rranovelsione cgymat addresOdamager s and
el ectroni c nmeasuring devices can al so be used. Chem cal dosineters based on
" ferrous sul fat dionf dresesowrcesu gy fugheraifantage obwsingdryidwgenis fitatkiliprte eadilyo
general ly useful. Col or-change process indicators may be used but these
cannot measur e diffise tlaoighvitamstiosativé magaae pal therbfoes heguiésant adthe aitgosur e

whet her for gamma rays, E-beam or X-rays, 15 can range from about 5 to
about 50 KGy ansiigul éfrmnid, yveh iosolidydttized Objeas @lhight dedtyKBiecdepehinddidagoron t he
nature of the bioactive substance to be sterilized, its initial bioburden

and the desiredohd obifisienatRadPRiroden réthaifidin i1 @asacikatitag eahiserdireexiowe t he
bi oactive material to hydrogen gas/dilute hydrogen gas for sonme period of

time prior to Gomget a@add@ pidstiaéli By Edtira@PRIcH te@ipeiatired Ockéltionilo al | ow the
gas to achieve greater penetration, perneation or diffusion within the

bi cactive nmBt en@lxidelAkeirdks aRIRISIHIE, oldyRRhbt AdafAi LRt tlsRsd gdi ation
exposure tines to the hydrogen gas/ m xture of hydrogen and inert gas of

from about one b Qe ARRioRAS MR kel pr ALE T aRbserls N AUt gne hour

to about two days are gehe y Ssul Inthis rega V10

(12/0711112-4 Fﬁgﬂéo g?&ﬁ%&ﬁoﬁ )75 Atalﬁ)@?ri]tat{) ﬁéeheﬁgcaﬁ%‘éﬁ{&ﬁgg%?gnﬁh% R P4 21 1

contact of the mat eérial w rogen xture of hydrogen
and inert gas e %ﬁzea&‘ter the irradi ation operation has been term nated
since the hydr(%e gas will still continue to scavenge

Because it remains mobile at low temperatures, the presence of hydrogen
15  during the irradiation operaﬁon is especially advantageous in the case of bioactive
materials which are below ambient temperature, e.g., at from about 10°C to about
—196°C (liquid nitrogen) and preferably from about 0°C to about —78°C (solid carbon
dioxide). Freezing the bioactive material, e.g., allograft bone or bone-derived
product, prior to exposing the material to radiation can be a useful expedient to further
20  guard against the formation of free radicals as the frozen material is undergoing
irradiation.
Although hydrogen has a much higher activation energy compared to
conventional antioxidants or radical scavengers, during irradiation, as explained
above, there is more than enough energy to initiate a reaction with hydrogen. An

25  advantage of hydrogen is that it is not destroyed by radiation; at worst it dissociates

10



for any residual free radicals that may be present. The foregoing
descriptions of the preferred enbodi nents of the present invention have
been preggahggﬂﬁg pur poses of illustration and descriptip@nugnﬁﬁnﬁre not

i ntended to be exhaustive or to limt the invention to the precise forns

di scl osed, and,oin usly. Bﬁg ot her nodifications and variations are

possi bl e in |i §HP hyfrogpgadipnl’y batquikly rrepanbingor femmbbarmiest eonpered wilbgen and
described to best explain the 10 principles of the invention and its
practical appl MEHPY BFanic fhRErabBysRabsvgnsnHerborgiic isigxidants/rdicakt to best
utilize the invention in_ its various enbodi nents and with various

modi fi cati ons &eavangersianbeegk indo pamefupetionplcitdgmenigse, wonfidokilized, beddmae

" followi ng exanples are illustrative of the method for sterilizing a

bi oactive mat everIpomerialcaxididagegsnigithamselves.i nventi on. 15 EXAMPLE 1 Posteri or
intervertebral ranp inplants are produced in a clean room environnment from
" human fenur$§. The f iThé byvecken oml rosbacd wikishBldentigas; 0% eldsyteactivepindl |

| yophilized (freeze-dried) and placed in individual tray packages. Each
tray i s pl aced praferably Anedi gaswach = @éttdgag halyaraagonsxendudi similkt egése@ B. V., 20
Weesp- Hol I and) which is supplied with a cylinder consisting of 50/50

hydr ogen/ ar gon ngaresBefaee Suok gdseate paaiagadly avflaslea £diorh BYafEe evacuat ed
and backfilled with the gas m xture twi ce. Follow ng sealing, the gas

m xture remai NSupply Eathnies,aynd PREERGS1Y ptoEdRR Eds 3ERE1E, W#@ﬁhﬁz&l@liﬁd&%@ seal ed
packages and then treated with 15 KGy ganma radi ati on froma cobalt 60
source to redugehdshBukideniraden (aktitd\® indMPlaNyaroksh 2a bk bRs&lgsi red levels. 15
WO W2/ 1 7U(12-4 PCT/US02/11(1102 EXAMPLE 2 Posterior intervertebral ranp

i npl ant s agodesehdeRRsionfofX@N MR § (BB BElvditind Al pyd Bl sobPboRpsages
provided with porous lids to provide ready transfer of gasés out of and
into the packagesmoufA®, by WiuRBckages are then placed in an Audionvac 5
seal i ng apparatus supplied wth a source of substantially pure nitrogen

gas. Each tray The pressure of the hydrogen gas/hydrogen and inert gas mixture can be at,

above or below ambient. When the method of the invention is carried out upon a
bioactive material contained within a. package, e.g., as hereinafter described, elevated
15  gas pressures can be employed up to those that can be withstood by the package
system. In general, ambient pressure to pressures on the order of up to about 3
atmospheres can be utilized.
The method of the invention herein can be carried out by evacuating a package
containing the bioactive material to be sterilized, backfilling the package with
20  hydrogen or hydrogen-insert gas mixture, and sealing the package. The evacuation
and backfilling cycles can be repeated any number of times.
The package can be made of any reasonably non-porous material, though the
less permeable the package is to hydrogen, the longer the delay can be from when the
package is filled until the radiation process is carried out. The main purpose of

25  packaging is to protect the sterility of the bioactive material contents. When a

11



i s evacuated and backfilled with nitrogen gas twice to replace the air
(contai ning oxygen) with essentially pure nitrogen gas. Each sealed tray is
then pla i econd larger tray, the trays are placed,/ i onvac
seal i ng gggé’?/gpﬁ;sfsuppl ied with a source of substantiall yp%ﬂ}%&ﬂ@Hgogen.
The trays are evacuated and backfilled 10 twice with hydrogen gas before
bei ng seal ed. YHprstEregietaiplaced mﬁtS@&&wt%%l@ﬂll%a&%la@qb%%é@glg#@, the
hydrogen-rich atnosphere which diffuses into the inplant contained therein.
| rradi ation of Prasesstis @ferisd ékasgeninad steriliggtion r Wihenthe hroagiive gategipi bed i n
Exanple 1. 16 WO 02/07002 WHAT IS CLAIMED IS: PCT/USO2/O0 U2 1 1. A

met hod for st esiefilizddfiystandihgnplataddn parasieribzedwhiiginere hepracessds Rfesiodtaast i ng

" the bioactive material with hydrogen gas and while the bioactive material 3
is in contact wictile fillio. oRpekaggespatérral aghd dtri tergnindh etelizntiot mvs pemtiefullal wi t h
ionizing 4 radiation to sterilize the material. 1 2. The method of Caiml
" wher ei n t hesbi e@titanygensritdnhiagiveli ss retiécsd sdkcrdridimRict. Kongdaatipnaassalsd bang of
living tissues, materials derived fromliving tissue, live cells, 3

pr ot ei naceous @Eatkead thke Somiiibng tougisich the Sterillpaclamt wiltheadkpésed il Lisagharcki n t he
bi oactive material is, or contains, 2 fully mneralized, partially

dem neralized apeofigestipsioanddnafrédnedyl If Yakiinp,ves.al i zed 3 autograft,

al | ograft and/or xenograft cortical, cancellous and/or corticocancell ous

bone 4 for inplant akipihe tihedy itdélLis 7Bt HBPeLt& toekedt MeinMerBbdotshility, r adi ati ng

of the bioactive 2 material is carried out in the substantial absence of

oxygen gas and pRfeSkr, ¥RaPQ storabe Ame M iNBLRO the@hcidendd dPpdtetigl@hniune

irradiating of the broactive 2 material is carried out in the substanti al

absence of ;gxy gglgf%ig(t?rﬁé @ u&@hﬁ{dliﬂg %rmess} Iaugﬁ po_-glﬂ@le q@tkl_}?&gtid?lfof %e%a{ﬂ%\aéin% erein

the irradiatin 1 oactive mat er iIs carried out In

b ial ab o Vo UU2- 4
PCT L1SU2/ ( 10105 a0y e Lo ERnBRs oAk ol B omp e e TR et
Is contacted 2 aﬂ%ﬁh@@feg@fsaip%\%%é@tmspgﬁlgarggcéﬁ{terﬁ?ﬂés ha1799 ?eg?fférsﬂgi?ﬂfep)fhg .Ol une.

1 S. The netho arm rein I oactive mater IS contacting 2

Wi th a gaseous atnpspher.e containing fr . .. 809¢ rogen gas
by 3 vol une, t%d‘gglf écr?cog p%(g(a%l%mgntlteﬁ%g %%@?%gg(%%%gﬁgﬁgg(éﬁgﬁg{g??’grﬁ%&%eg m%r e )

less reactive %[iloévs Ith%esgltect%%so?s&kaging materials, package designs, and processes that

15  provide maximum protectioh. Indeed, with appropriate packaging, sterilization
methods, and materials, sterility can be protected for an indefinite length of time.

A preferred type of packaging system for use in the invention herein employs
the so-called peel-open packages. These are constructed by heat sealing two webs of
packaging material around the edges. One l.ayer is usually a plastic film of composite

20 construction, that forms the heat seal, the other is a surgical-grade kraft paper
designed to give an effective microbial barrier or a moisture impermeable plastic or
metal foil that forms a moisture and a microbial barrier. Shelif life is extended to a
time that is determined by need rather than sterility protection. Whichever packaging

method is used, provisions must be made for the opening of the package and the

12



1 9. The nethod of Caim1 wherein the bioactive material is contacting 2
with a gaseous atnosphere containing fromabout 30 to about 70% hydrogen

gas by 3wW@bysRe2t he bal ance of the atnosphere being nmad .9f or nore
| ess react(?ve o? 4 inert gases. 1 10. The nethod of d ai ?'n)#%ﬁ'fé/r"fe?{ag t he

ionizing radiation j amma. rays, .2 E-beamor X-rays. 1 11. The nethod of
Claim 18 wher e}eﬂiﬁvﬁLgf&@%sg%ﬂ‘Z?@%ﬁﬁ%ﬁr mf‘%ﬁﬁﬂl A Fapnedithet flogs not compranysg ioout 5
to about 50 KG{. .1 12. The nethod of Caim 10 wherein the dosage | evel of

i oni zi ng radi atfdHY2 is fromabout 10 to about 40 KGy. 1 13. The nethod of
Claim1 wherein irradiating of the bioactive material is 2 carried out

bel ow anbi ent t enpelidt'@riationpd the ppglsaging progedurp thefdmctiveswsrialigan e sealadt. The
met hod of Claim2 wherein irradiating of the bioactive naterial is 2
carried out bellGvPupHsiPasitage. digoraus prakageltharbplacidén megtdionper@leablm 3 wher ei n
the irradiating of the bioactive ' 2 material is carried out bel ow anbi ent

* tenperatured 1packageTihws reating dhepbro®h packmgbdpheiuet witht itsecontentadf @o@dvdi oact i ve
material is 2 maintained in contact with hydrogen gas after the irradiating
of the bi oact i meterraltas theahat@iah tobelseaitizede T fiathedvaribtidi] sevEheparetshod of C ai m
2 wherein the irradi ated bioactive material is 2 maintained in contact with
hydrogen gas apackagetlitemi caralehi pitcedin acfoninive rongagiidavie paahey thalis Srab@sedeen
termnated. 1 18. The nmethod of Claim3 wherein the irradi ated bioactive
material is 2 amibickiiredviibhyGopéedg hyiohdh-Rya ERO8RnGASTIRILRE pidiged dah adi at i ng
of the bioactive material 3 has been termnated. 1 19. The nethod of Caim

6 wherein the ihesbe reaRotd Met@ihed Bebircdas 1dng adthelpBant pRkARHRFudeliblsqgen or
argon. 1 20. The nethod of Caim?7 wherein the I'ess reactive or inert gas
is at |easio 2 ongerebialatfe@gen or argon. 19 VWO 02/ 07U112 PCT/ US02/ UU102 1
21. The nethod of Caim1l wherein the bioactive material is in contact 2

wi th hydrogen for fxom aleivelo BiaMitRnbAd BRYMNIE MESKKeO stdrite’ adi ati ng
the 3 bioactive nmaterial . IV1 c2)2. Thenmat hod olfnt”CI alsz{r% %e\gﬁlxeilg’? tehe

bi oactive mat efj@kd bsin hjlgr6Qat =Pre?el‘%‘%§it§¥§§%%§& afngrinej,trgggr}ng{mg,tfr%)é.n)our to

about two days prior to irfadiating t active mat%erial. The
method of O ai Aiife AR th!1Rusphe BatiGu ook N6 1RSI, 2L IRSRNSRE [ Trom
about anbi ent pr essure up to a@ogt gﬁ %%em?sp eres. %}Agp . O?H%%angotnhga of Caim
8 wherein the MCE%%L&E geaﬁfly LJ}E%QQI%E&E&%% e@&crﬂgéglha%ﬁ%ac':k%llﬂcnrg%{)nergg&gt anbi ent
pressure up to about atnospher es.
15 In terms of the sterilization process, the hydrogen-gas packaged bioactive
material can be exposed to ionizing radiation in an otherwise known and conventional
manner.
Radiation sterilization, as currently practiced, employs electron accelerators or
radioisotopes. Electrons have relatively low penetration ability, and the use of
20  accelerators requires careful control. - Gamma-radiation sterilization usually employs
%Co and occasionally *’Cs as the radioisotope source. A very wide range of
packaging materials can be used because gamma rays possess a considerably greater

penetrating ability. However, they must not be degraded to the point where the

quality of the aseptic barrier is compromised.
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1 25. A nmethod for packaging and sterilizing a bioactive material which 2
conprises: 3 a) placing a bioactive material to be sterilized in an
unsealedvﬂggbﬁﬂgﬂ.4 b) introduci ng hydrogen gas into the,ggﬁﬁ‘ggb"@nd, 5 ¢)
irradiating the contents of the unseal ed or seal ed package ile the 6

bi oactive material | s.in contact with drogen gas. 1 26. The nethod of

3 a5 m 25 wher of -t HECBTOSE B TR AP Sa5 e By s bATDRETg RO
consisting of lLiving tissues, materials derived fromliving tissue, live 3
cell's, protei né@éoﬁgusﬁﬁteéipfa@ﬁ stigpiging raggpdion 5oy a spegificbipaptiye mpjepalican be

PCT/ USU2/ U(11U2 1 27. The nethod of C aim 25 wherein the bioactive nmateri al
is, or cont ai nexpedmeyilly deigrmdted by measuripg theibigbuiden efiha pregitariticefl maenar

" substantially fully dem neralized 3 autograft, allograft and/or xenograft
cortical, cancehplopinginepmdeontenderabproedditesso poneroyidegrtyienbraaae of i on. 1
28. The nethod of Caim 25 wherein the irradiating of the bioactive 2

" material is5eamiedbmburdemfor e manret andtthatafieh srdeéngporoons géthe gaécrahd wat er
vapor. 1 29. The nethod of O aim 25 wherein the bioactive material is
contacted 2 wi diffeeengdssegaisvedd and sgdie measufingbiobirddrod o wiyd rengaatitnofieattune. 1
30. The nethod of C aim 25 wherein the bioactive material is contacting 2
wi t h a gaseousradianios pi@isere.Cc Baded bmiheg dxpaimeaitad ditaantoptimaiaatiat®adtokugedr ogen
gas by 3 volune, the bal ance of the atnobsphere being made up of one or nore
| ess reactive Rivelbahbe déte@dssiSor alspddific Tibsctive nlaagiaind €rgdt BioBhrdeder ei n t he
ionizing radiation is gama rays, 2 E-beamor X-rays. 1 32. The nethod of
Cl ai m 25 wher epiipblie BOEaE expetMiBhts GhdiktRiczpotdre Afl bebfifored wish bibRgicaloout 5
to about 50 KGy. 1 33. The nmethod of C aim25 wherein irradiating of the

bi oactive pgt efjalatofs hifiziRHa2Hs Aatind 8l AWIRNBLANm | CoRRFAdMIcRctrddc  VVO
02/ (170112 PCT/ US(12/00102 1 34." The nethod of O aim 25 wherein the

irradi ated bi ogehlnyas ABSE & allobedisdR (e A Bosinletr BARE bn Wbl fyE00en gas
after the irradiating of the bioactive material 3 has been termnated. ' 1

35. The method ' &i GRS oL RBAHINEUIOCRERE fockg at 2
| east one of mfe?{"é‘g% dcasglgz}%%?\; f@%%%%@@lrhe rr§% hodtycl)lf d giom 25 nv%hggr gi n the

bi oactive mat eilidiéa\t/cj\égﬁnggbé:&@& gl&tﬂlée &4 'g'tn%égﬁrg%r}%(ﬂ%ﬁ)gfdggq from about 1

m nute to abou rior to irradiating the active material. 1 37.
from about anbient B iubdf BErbifodf BEERSYENel of R BTR5 o anBh RRR0R T of
anbi ont pr eSsuPe U5 BURROUE S 4 hehosrer ot ool FRRETRTIAE 4h08 5T 25
1S 0 PO, R SRE: DNGCSRRT 450 e U BB R Pk

atmosphere of liapo%ul%%g lél?tgt%e \é\ésgrre]d Ligl?d’réenge%apoint.

It can be advantageous to expose the bioactive material to hydrogen gas/dilute

hydrogen gas for some period of time prior to conducting the irradiating operation in
20  order to allow the gas to achieve greater penetration, permeation or diffusion within
the bioactive material before its exposure to ionizing radiation. Pre-radiation
exposure times to the hydrogen gas/mixture of hydrogen and inert gas of from about
one minute to about one week and preferably from about one hour to about two days

are generally suitable in this regard.
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1 40. The nmethod of C aim 25 wherein prior to introducing hydrogen gas 2
into the package, the original atnosphere of the package is evacuated
t her ef r oy FE. A9. A;

A AN bl A(% A . A9. A(9. AsuL. Asal. AN . ANL. AN9. Aagd’ A% AG""RI'S. AL

T #thl L RVe
%vg | gb] X] (?S] ca] ca] tﬁéf@aﬁl@gﬁe@%’&?ﬁﬁ%ﬂf anl]lf‘}&ﬁae’ac]oeg‘]:%]ﬂéed]lﬁ% Ieeaniagial Afika) caj ca]
cal] ca] ca] ca] c” cal ca] cRa] calj] ca!
0$0! p&nD?EHd( %’\f}&;famrbqaé/a]"é&]e@ Afvdgeen pahingnt gpeaven é%qréleﬁ@ac}lmlca] ca]ca]calc
a] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca! (z*{#{"s!+.3D
2011 @ " " 2###% WgARoRanhee] feapinaled sipecde hyedea spewilsillcahtowt tageeveakeal ca] cal
" ca] ca] ca] ca] cat] ca] ca] ca] ca] ca) ca] ca] ca] ca] ca] ca] ca! YR&I&E&E&&Y' D' "' B() ) *] ** +
Nl AL 1 for any residual free radicals that may be present.
2N22203| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
" ca] ca] ca] cd] ca] ca] cHledalegahg ddscraitiony afdhcat €884 66bGlM¢niy ofliBASesent 7;

;1< <<=Z===L>>>>>>@ xsnhc”"Y] ] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ciajagipohhedjccapreshed faphgalcaf daktaloaahd aés@WERD Ahd e CC
DWDDDPFFFFF#l | JgJJIKsKLMBM MWN} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cat ta¢eiedl aelleoxhastiear talina fledheatiovloahd pradicabes daldaad, NAN| Nni\v

NNOOBE QQQQ=RRR7 STSSSGTTT" Ut UUUUUKVVWNWAN wr mhc”Y] ] ca] ca] ca] ca] ca] ca] cal.ca] ca
] ca] ca] ca] ca] caliwblivalle alkapbhalsaifalicalaaladion] sabsaiviah Galteacal cal cal W
TXXK YYZZ[ I [[VK\NTT]]1]]]97DM" " " <aaa+bbbb+cc} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] caboalaalisg] 8l eabcanhadd wat cilseddmrlsaiedloakecapemlial cal cal ca
] ca! cddddei ee fgff

9\ 9999hYhhitG i jrideipidedr Mel i nf¥Adnd Gk ghLaE A titd Al GrRreRl e imabaglcal cal cal ca

] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢aU] caf ca] cal mmwnnopo

0 skllled in the act to best utilize the invention in its var1o s e bod nent with
pUppppp(qtqgrl rrs_svs| ssssssLtttBvv{upkfa\Wca] ca cal ca c”a] ca] caU ca

iy TR ARG, féa’ffm 5 %?4"2?4 caflcaf ¢ et
Bty AR oA 1 0 Lfs tf‘?‘ia’ﬁj j‘%g‘] 52 Cal Ca) on] cal
el bal va bl COpaef ?%FLQ?L%%]"P‘?}‘&% e f“@%‘{tﬁfﬁﬁgi caTtn] ol cal cal oa] ca ¢
ajca] ca )T K- 10%&' () -

10%@& () - Tou@ () - #10%@& () - h" 10%@x BANEEE & () - 10%@ () - #t wzl | K- Y+F10%@&

10%a& 95#100 10% 10% ILOQRS T U
v(u) UKY+F1§)‘)3/@L ()-1 &g@ﬁtl@v %65}@“? ‘%f&ﬁ@@%e@m o SR
- 10%@ () - 7109 () - +109%

environrment from umagx femurs. The finished implants are washed in 70% ethyl
alcohol, lyophilized (freeze-dried) and placed in individual tray packages.
Each tray is placed in an Audionvac sealing apparatus (Audion Electro B.V.,
20  Weesp-Holland) which is sﬁpplied with a cylinder consisting of 50/50 hydrogen/argon
gas. Before the tray packages are sealed, they are evacuated and backfilled with the
gas mixture twice. Following sealing, the gas mixture remains in each tray package.
The packaged implants are then sealed packages and then treated with 15 KGy
gamma radiation from a cobalt 60 source to reduce the bioburden of the implants to

25  the desired levels.
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eu n iKKF10%& ()- , MLO%& ()-&10%a& () -
1096 ()-:1094a&' ()-:!109%& ()- 10%a& ()-hp i K- KF: 10%& () -
. S10%AD &' I+ & ()- $:10%@& ()-Y" 10%&& ()- S : 10%RBpfn R () -
0i KF: 10%&2’(’?’92%%&' ()- GLO%&’ ()-2109%A& ()-! 109%& () - 1%?@@?%%%?0@0@0!
pi K- KO&10%&' ()-310%& ()-, 10%& ()-&10%& () -
109%0& ()-10%& ()-" 1090& () - &wDi K- Ky, 9 - " *S10%& ()-Y(109& () -S&10%
T& ()-L$310%& ()-F'10%& ()- @ 1099& () - ?BCDEd} si Ky, S10%&' () - .
10%g&' () - 10T10T10TeHestenQr (n}ervertebral ramp implants as described m Example 1 are placed in
2109%&' ()-010%& ()-.GlO%I& ()-d(WiK-KLO%g& ()-&10%g& () -,
10%g& () - 10%g&dividurbrggpackageopiggid¢d witlopayans(lids (e prpHidireddy transfer of gases
" 10%& () - 10%g& ()- -10%& ()-10%& () -
10%g& () -' 10%g@&iut(of anddpRehé packhiges.! Fhekray p4dlOPepdiré dhen pRRADI% &h A)dionvac
"010%& ()-Y.10%& ()-S, 10%& ()-9$MLO%g& () -3"1 10%9& ()-+.0123D aB 410%y
T 3109 ()-!1§] QkBE dppatatisGUPPURT (ith G kOndfGghstantitmdiré nitr63HgR Kach Bay
?111dEaB 410%g 3109%@& ()- ,109%@& ()-10%@& ()- 10%&& ()- S10%&& () -
"10% () -! @ " is2kHstdtea Bnd BAXGCIMIMGER rdgen gad twlickQOE@R1Ac} the airkEH@Rnifg -
FI 10%a& ()- @ 10%a& ()-9310%& () - #% W&&g&JEaB 410%g9410%@& () -3

oxygen) with essentially pure nitrogen gas. Each sealed tray is then placed in a

second larger tray, the trays are placed in an Audionvac sealing apparatus supplied

with a source of substantially pure 11};drogen. The trays are evacuated and backfilled
10  twice with hydrogen gas before being sealed. This step results in each sealed package

possessing a hydrogen-rich atmosphere which diffuses into the implant contained

therein. Irradiation of the tray packages is then carried out as described in Example 1.
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2-10%@&' ()-3 010%a& ()-3 .10%@& ()-, 10%a& ()- SPL0%UR () - 9&&&&&&&&I' bC
410%910%& ()-!10%& ()-10%& ()- 10@10@ 10@: s109%&' () - 6-
1094@&’ () - ) dEbC 410%9&3 1099& ()- 10%& () -

1090°& ( ‘ﬁ‘c}g&é?"?‘%*) 10088 ()-) *] **+A+, dEDC 410%g L$ 10%I'8/?- ‘?T’(J%—‘WOBB)O’I‘&'

) 10%I'&' () 910%I'&'1(E 3109 &' é) 1096°& O-,, A ...... xmbC 410%910% & () 10T

10T 10T3:s109 . 1090 & () f 10%7&' ()-..1 2N222dEnDbC

410%99' 1099&' ()-3Z10%& () - ,

10907&' () - &109%0&' () - 109%& () - @ 1099&' () - 2C3345s66"?nbC 410% , 10%t & () -

I'Nf, 109%& ()- !'Df, 10%&' ()-
1 . A method for sterilizing a bioactive material which comprises

2 contacting the bioactive material with hydrogen gas and while the bioactive material
3 isin contact with hydrogen gas, irradiating the bioactive material with ionizing

4  radiation to sterilize the material.

1 2. The method of Claim | wherein the bioactive material is selected from

o

the group consisting of living tissues, materials derived from living tissue, live cells,

3 proteinaceous materials and drugs.

1 3. The method of Claim 1 wherein the bioactive material is, or contains,
2 fully mineralized, partially demineralized and/or substantially fully demineralized
3 autograft, allograft and/or xenograft cortical, cancellous and/or corticocancellous bone

4  for implantation.

1 4. The method of Claim 1 wherein the irradiating of the bioactive

2 material is carried out in the substantial absence of oxygen gas and water vapor.

1 5. The method of Claim 2 wherein the irradiating of the bioactive

2  material is carried out in the substantial absence of oxygen gas and water vapor.

1 6. The method of Claim 3 wherein the irradiating of the bioactive

2 material is carried out in the substantial absence of oxygen gas and water vapor.
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410940%& ()-10%& ()-!109%0& ()-10%& ()- 10T 10T
10T3: s109 77L899=: dEbC 410%@.0%I'&' ()-910% & () - s109a&

GLOYT&! Q@%@% () 10%&' () =007 T<dEDC 410% Sooonoz
f 10978 ()- %1090 & 0% & ()-
1099&' () - L10%r& () - mloo mgefhod &f @bﬂzﬂeb@emh@lm%m@%ﬁ&aw contacted
010%& ()-.s109%& ()-y, 1090& ()-*10%& ()-(10%& () -=L>>>>>>>>pC
410% 10%g&'%) w@h@&as@us ahosphoF of ghput HOPrErqEpn Bl ooFae() - 410%0&' () - >@vaaD
AsAdEbC 4109310%& () -, 10%& () - &10% & ()-10%& ()-S 10%& () -s10%& () -
SAACqCC DWDdEbC
©410% (310%9& () -y&@0%& ()-s$310%& ()-1"10%& ()-S10%& ()-910%& () - WDDD
PFFFFFFAYNG 410% 103 10{dhe method of Claim 1 whe1e1n the bioactive material is contacting
10g:t10%9& () -6310%& ()-. MLO%g& () -, 10%g& ()-s*10%& () - FFF#CGgl | JAEYNC
* 410% &g 109%Q&' ¢ith a dEx¥eE e(tl)losﬁyﬂlél‘é’@ﬁtéi)lmg from about 5 to atcat 80% hydrogen gas by
109 ()-!10%@& ()-10%@& ()-JqJIIKSKLAEYNC 410% " $10%@& ()-Y" 10%& () -
1096 () - LB10068mne¢,)theTbiieBof the atnibBHER being B/ iPAYNHIBDEMNEE less reactive or

4 inert gases.

1 9. The method of Claim 1 wherein the bioactive material is contacting
2 with a gaseous atmosphere containing from about 30 to about 70% hydrogen gas by
3 volume, the balance of the atmosphere being made up of one or more less reactive or

4 inert gases.

1 10.  The method of Claim I wherein the ionizing radiation is gamma rays,

[N

E-beam or X-rays.

1 11.  The method of Claim 10 wherein the dosage level of ionizing radiation

~

is from about 5 to about 50 KGy.

1 12. The method of Claim 10 wherein the dosage level of ionizing radiation

2 is from about 10 to about 40 KGy.

1 13, The method of Claim 1 wherein irradiating of the bioactive material is

S

carried out below ambient temperature.
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" Ut UUWUWUUAE:Y 10T 10%: 10 g-n*(ejhoé 6 &n@)vhgrem Irradiating of the bioactive material is
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10T109%& ()2 ML ' quj belpgaandicp) tempaorg: () - ! 1094&' () - 1090& () -

L1OTNVWAAZ XXX, YdE: / 10T910% & () -3310%& ()-,-10%0& ()-10%& ()-10%& ()--
1099°& ()-, YyZZ[I[[\dE:/

" 10Ts*MLOIT&' () -1 (:10%& ()-f&10%& ()- $10%& ()-Y'&I0%& ()- @O%W& ()-\k\
\]117111]1dE:¥ 10T 107F. : 10%& &efhod of TR0 SFiese)n the MbORMIRS 6 the BioddBA &' () -

L 1099& ()-y,yl099& ()-111197DM " xY:/

" 10T 10%& ()2 - sadtBfd if JarddiPait bylewk @EBieh)tempetiti®. () - S109& () - 10T ~  <aaa+bdE:/
10T3"109& ()-, 109%& ()-& 109%&' ()-310%& ()- 109%& ()-10%& () - +bbbb+ccddE:/
10T . 109&' ()-FIf,

109 ()- *109%& ()- Y(109%' ()-y&L0%& ()-A9% 10%& ()-ddddddei eebC

10T10%& () -10%& () -1510%&he hneBlod @PRlalnh 1 wherein the irradiated bioactive material is

2 maintained in contact with hydrogen gas after the irradiating of the bioactive material

3 has been terminated.

1 17.  The method of Claim 2 wherein the irradiated bioactive material is
2  maintained in contact with hydrogen gas after the irradiating of the bioactive material

3 has been terminated.

1 18.  The method of Claim 3 wherein the irradiated bioactive material is
2 maintained in contact with hydrogen gas after the irradiating of the bioactive material

3 has been terminated.

1 19.  The method of Claim 6 wherein the less reactive or inert gas is at least

(Y]

one of nitrogen or argon.

1 20.  The method of Claim 7 wherein the less reactive or inert gas is at least

2 one of nitrogen or argon.
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10T 10g 10g3 Dbioactive material.

© 100: 10%& () -Y610%& ()-4z10%& ()- y210%& ()-s010%& ()-| sssssLtt dEYNC
10T

10%0& () - 10%0& () - S10%0& () - 10%0& () -! 10%0& () - 10%0& () - t t BvvvDaGMWM WdE: /

" 100 100 10908 () - F 220 %08 he ImetHddodD& 1 {im-1 v iEQHORe bjoadiDRondatdr):7 is in contact

' 10%08& () - | wWIwwinj wywwgxxuS2/ 1 T &10%&' ()-!Y

&10%& () - ! h&1 0%l &ydrdpgenliofEdn @pouVll A¥a&o ahoul OREERYE priorkO Dedjatiuyingz{ dE2/ 1 T
&10% f &10%& () -f&10%& ()- 3S 10%& ()-

3 Dbioactive material.

1 23, The method of Claim 7 wherein the pressure of the gaseous

2 atmosphere is from about ambient pressure up to about 3 atmospheres.

1 24.  The method of Claim 8 wherein the pressure of the gaseous

2 atmosphere is from about ambient pressure up to about 3 atmospheres.

1 25. A method for packaging and sterilizing a bioactive material which

2 comprises:

3 a) placing a bioactive material to be sterilized in an unsealed package;
4 b) introducing hydrogen gas into the package; and,

5 c) irradiating the contents of the unsealed or sealed package while the
6 bioactive material is in contact with hydrogen gas.

1 26.  The method of Claim 25 wherein the bioactive material is selected

o

from the group consisting of living tissues, materials derived from living tissue, live

3 cells, proteinaceous materials and drugs.
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1 28.  The method of Claim 25 wherein the irradiating of the bioactive

2 material is carried out in the substantial absence of oxygen gas and water vapor.

1 29, The method of Claim 25 wherein the bioactive material is contacted

2 with a gaseous atmosphere of about 100% hydrogen by volume.

1 30.  The method of Claim 25 wherein the bioactive material is contacting
2 with a gaseous atmosphere containing from about 5 to about 80% hydrogen gas by
3 volume, the balance of the atmosphere being made up of one or more less reactive or

4  inert gases.

1 31.  The method of Claim 25 wherein the ionizing radiation is gamma rays,

2  E-beam or X-rays.

1 32, The method of Claim 25 wherein the dosage level of ionizing radiation

2 is from about 5 to about 50 KGy.

1 33.  The method of Claim 25 wherein irradiating of the bioactive material

2 is carried out below ambient temperature.
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35.  The method of Claim 30 wherein the less reactive or inert gas is at

least one of nitrogen or argon.

36.  The method of Claim 25 wherein the bioactive material is in contact
with hydrogen gas for from about 1 minute to about 1 week prior to irradiating the

bioactive material.

37.  The method of Claim 29 wherein the pressure of the gaseous

atmosphere is from about ambient pressure up to about 3 atmospheres.

38.  The method of Claim 30 wherein the pressure of the gaseous

atmosphere is from about ambient pressure up to about 3 atmospheres.
39.  The method of Claim 25 wherein prior to introducing hydrogen gas
into the package, the package is flushed with inert gas to substantially replace the

original atmosphere of the package with inert gas.

40.  The method of Claim 25 wherein prior to introducing hydrogen gas

into the package, the original atmosphere of the package is evacuated therefrom.
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