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20 and/or experimental use may contain unwanted and potentially dangerous biological

contaminants or pathogens, such as viruses, bacteria (including inter- and intracellular
bacteria, such as mycoplasmas, ureaplasmas, nanobacteria, chlamydia, rickettsias),
yeasts, molds, fungi, prions or similar agents responsible, alone or in combination, for
TSEs and/or single or multicellular parasites. Consequently, it is of utmost importance
25 that any biological contaminant or pathogen in the biological material be inactivated
before the product is used. This is especially critical when the material is to be
administered directly to a patient, for example in blood transfusions, blood factor
replacement therapy, organ transplants and other forms of human therapy corrected or
treated by intravenous, intramuscular or other forms of injection or introduction. This is
30 also critical for the various biological materials that are prepared in media or via culture
of cells or recombinant cells which contain various types of plasma and/or plasma
derivatives or other biologic materials and which may be subject to mycoplasma, prion,

bacterial, viral and other biological contaminants or pathogens.
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the producing cells or cell cultures may be infected, the processing of these and other

biological materials creates opportunities for environmental contamination. The risks of
25 infection are more apparent for multicellular natural and recombinant organisms, such
as transgenic animals. Interestingly, even products from species as different from
humans as transgenic plants carry risks, both due to processing contamination as
described above, and from environmental contamination in the growing facilities, which
may be contaminated by pathogens from the environment or infected organisms that co-
30 inhabit the facility along with the desired plants. For example, a crop of transgenic com
grown out of doors, could be expected to be exposed to rodents such as mice during the
growing season. Mice can harbour serious human pathogens such as the frequently fatal

Hanta virus. Since these animals would be undetectable in the growing crop, viruses
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materials, the smallest, and thus most difficult to inactivate, belong to the family of
Parvoviruses and the slightly larger protein-coated Hepatitis virus. In humans, the
Parvovirus B19, and Hepatitis A are the agents of concem. In porcine-deriyed
25 materials, the smallest corresponding virus is Porcine Parvovirus. Since this virus is
harmless to humans, it is frequently chosen as a model virus for the human B19
Parvovirus. The demonstration of inactivation of this model parvovirus is considered
adequate proof that the method employed will kill human B19 virus and Hepatitis A,
and by extension, that it will also kill the larger and less hardy viruses such as HIV,

30 CMV, Hepatitis B and C and others.

More recent efforts have focussed on methods to remove or inactivate
contaminants in the products. Such methods include heat treating, filtration and the

addition of chemical inactivants or sensitizers to the product.
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July-August, 1993, and Leitman, Use of Blood Cell Irradiation in the Prevention of Post
Transfusion Graft-vs-HostDisease," Transfusion Science 10:219-239 (1989)). The
published literature in this area, however, teaches that gamma radiation can be
damaging to radiation sensitive products, such as blood, blood products, protein and
25 protein-containing products. In particular, it has been shown that high radiation doses
are injurious to red cells, platelets and granulocytes (Leitman). U.S. Patent No.
4,620,908 discloses that protein products must be frozen prior to irradiation in order to
maintain the viability of the protein product. This patent concludes that "[i]f the gamma
irradiation were applied while the protein material was at, for example, ambient
30 temperature, the material would be also completely destroyed, that is the activity of the
material would be rendered so low as to be virtually ineffective". Unfortunately, many

sensitive biological materials, such as monoclonal antibodies (Mab), may lose viability



and activity if subjected to freezing for irradiation purposes and then
thawing prior to admnistration to a patient. In view of the difficulties
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20 pointed out in the written description and claims hereof.

[3] In accordance with these and other objects, a first embodiment of the
present invention is directed to a method for sterilizing a biological material that is
sensitive to radiation and contains a non-aqueous solvent comprising irradiating the
biological material with radiation for a time effective to sterilize the material at a rate

25 effective to sterilize the material and to protect the material from radiation.

[4] Another embodiment of the present invention is directed to a method for
sterilizing a biological material that is sensitive to radiation and contains a non-aqueous
solvent comprising: (i) adding to a biological material at least one stabilizer in an
amount effective to protect the biological material from radiation; and (ii) irradiating the

30 biological material with radiation at an effective rate for a time effective to sterilize the

material.
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and (ii) |frmdheagmmg cortststingodlo I(@gfp@mngrih‘% easidgp! spivert qortsnteh v holpsical,
effective [ att E a(ﬁhﬁrggtgﬁieeoflglgéédl \ﬂﬁtetrlglt)a?tleeatgt' dnb %ﬁblh&é?ean@'(gl r@(ﬁ;‘cﬁ%lthdmt erial,

wherei n t HE¥€ rocesses nay be performed in ang order 30 and are
t oget her etéxfnﬁa’atuveeoﬁ ibe pioddgeet matvsalbiwd GY)iivadiatingtthy biglogicebmaterdivéth on. 6 WO

03/026703 PCT( US02/ 28é?ct1¥%£' z% fc-)l;hae tlinnv%f&ﬁ‘%ntoaéte?ﬁlzp Vv 1g 1091 ﬁQt@HQS' tion

conpri si ng2H2HHALHT & non- aqueous sol verRt in an anount
ef fpecti ve Wherpihehe subilizing g@dmmam thenratef of 1rrakisltlomta®nt¢gdh@lseffdcb1/d i ng
sterilization with {adl atio The i nventi on al so provides a

conposi t i oiotehs Pelaglelipe t‘?@é@k d]ﬁqé

[8] Another embodiment of the present invention is directed to a method for
sterilizing a biological material that is sensitive to radiation and contains a non-aqueous
solvent comprising: (i) applying to the biological material at least two stabilizing

25 processes selected from the group consisting of: (a) reducing the residual solvent
content of a biological material, (b) adding to the biological material at least one
stabilizer, and (c) reducing the temperature of the biological material; and (ii) irradiating
the biological material with radiation at an effective rate for a time effective to sterilize
the biological material, wherein the stabilizing processes may be performed in any order

30 and are together effective to protect the biological material from radiation.



5 biological material, a | east one non-aqueous solvent and at |east one
stabilizer, wherein the non-aqueous solvent and stabilizer are together
present iwoan/o2tolint effective to preserve the material fPom/tSKF2418¢ ended
use followng sterilization with radiation. [11] Additional advantages,
obj ects, and f%at uThs iofentibre aisovproviden awicblhlp(tséticmetomﬂrishtgh aj bioloaical i n t he
description which.foll ows andln part W | 0 se 10
havi ng or dtlarii?ﬂ/‘{]i agg P PENAHUCORG Soé\ve upo ameoilélme n%fl ?’%nﬁ) af? S%ﬁrﬁgﬂ# 8’!te a&é\n&%g or may
be | ear nedof itsdmepdeaioise Gdloaingtsteeilizativa ptithaadiatihe obj ect s and advant ages of
the invention may be realized and attained as particularly pointed out in
t he appended ¢l@i nfhe BRtrdﬁEorDEBGZRpﬂaﬁdéi\l a@oﬁp«tﬁiﬁbﬁwmﬂ@ﬁn%at[ ka3t Tiee

i nyention w.l| escri in detail w.th

i S ngs. THORFFRTA TG Rb PR R Bt BFLR BEE e BelPE btk e e
[ 13] Fi guriBe don-8qudo@s aﬂ%ns hlﬁl\/\stattghztehereetbgﬁﬁér mésegraina ansginatffstivote dri ed

ur oki nase suspended in pr.o ene col, (PP hosphat e buffered
sal ine (Fsssprvesky patagial rd ‘% ‘iligseafo Bﬁ“ﬁ‘ﬁﬂ&ﬂf‘ﬁg‘”&ﬁ@ﬁ?g? Tvi ty of

i mmobi lized antj-insulin n roirr dlat t he
presence of v hou H’PP&I ag?a“%@ ﬁ’ﬁl‘fﬁ?’l %‘ngga%f (tfﬁhe ’[nﬁ%]lofkl 8 IDl s a
graph showofn nt?aﬁt ﬁlfth@aésc@ﬁuogm foRelWadridan par will ymma appdiapenthest i n

poI ypropyl ene g at varying | evel s of r |d}.1 sol vent q(ﬁ ter(%/ content.
250 16] Filguing<r %I}’ skilly ;‘e ahIRPR ﬁ’@“@’?"’ft’é?& QgBY’P}gr?é R es gamm
i rradi at edgdh phfR@cd B?%rlﬁ@enﬁ@n PRhy BtSJ@d?é’ b Qd\@htﬁ%& of 4R8Dink BRGAGRYy Band,
optionally, a scavenger. 1@; gures % show the effects of
gamma | rrard&lwpdéﬁd@fﬁlrﬁélatpwu rpplnt@di&lui/’élt @@@gnqeﬁc{a}%s presence of .50%
DMSO and, optionally, a stabilizer, and in the 30 presence of

pol ypr opyI ene glycol 400 (PP&X00). 7 WD 03/026703 PCT/ US02/ 28134 [ 18]
Figures 6(a) - 6(e) showthe effects of amra |rrad| ation on frozen porcine
AV heart val ves soakedBREEERES ON/Qk : at ed to a total dose
of 30 kGy at 1.584 kGy/hr at -ZOC [19] Fi gures 7 (hh) shaow t he

ef feects of garthdl i rihadiventiomwidinber desorthed s dfgil oyithere nﬁ%g’rt e\felfadee soaked in

vari ous so at a r oxi nat el
6 kGy/ hr a%ﬁ(&%% I%E@,%ﬁl fﬁ%%%%%%”%%%swk%% II%Q%%‘ITERR%% %%IGYNENTS PP Y

[13] Figure 1 is a graph showing the effect of gamma radiation on dried

urokinase suspended in polypropylene glycol (PPG) 400 or phosphate buffered saline
(PBS).

20 [14] Figure 2 is a graph showing the activity of immobilized anti-insulin
monoclonal antibody after irradiation in the presence of various forms of polypropylene

glycol.

[15] Figure 3 is a graph showing the effect of gamma radiation on trypsin

suspended in polypropylene glycol at varying levels of residual solvent (water) content.

25 [16] TFigures 4(a) — 4(d) show the effects of porcine heart valves gamma
irradiated in the presence of polypropylene glycol 400 (PPG400) and, optionally, a

scavenger.

[17] Figures 5(a) — 5(¢) show the effects of gamma irradiation on porcine heart
valve cusps in the presence of 50% DMSO and, optionally, a stabilizer, and in the

30 presence of polypropylene glycol 400 (PPG400).



A. Definitions 10 [20] Unless defined otherwi se, all technical and
scientific terns used herein are intended to have the sane neaning as is
comonl y wodawnsi7obd by one of ordinary skill in the rel epamtusarsi3zf 21] As
used herein, the singular forns "a," "an," and "the" include the plural 15
reference unl gi$§ t Rigueorfi@xt 6()edpivythelieffegiseef gantag \ifrasiation 2o frpgenysed
herein, t herc& o 24§ rvétllvelzszeakeld%n LI R0 IRt CadiBRR Gl RIY Bhd ABse! &F Johe | evel
of at |eadf e é&lve bld?oglcal contam nant or pathogen found in the

bi ol ogi calkGyrm1 884 aGyMmeatngoeCr eat ed according to the present invention. [23]
As used herein, the term"biological material” is intended to nean any 20
s]chbsL anf:e derp&qd Bfguﬁlth)HEW(H)r@lﬁwathbiaffen’g off ganmhs fradidtiousdr bzene exanpl es
o] iological materials incluyde, but are not limit to, .the fol.l ow ng:
cePls: ti PeTEe AN hsad valves PriggIn (Y‘?)‘?%‘Bﬁ‘gﬁ?rgs; a‘}?rlgﬁg]}aﬁg?o ?ﬁo&ldlafenogfoirsecorrbi nant
and transgeni ¢afietiRiafedy 6 R PL7@PEI Naceous material s; enzynes, including
di gestive enzynes, such as trypsin, chynotrypsin, alpha-gal actosi dase and
i dur onodat e- 2- sul fatase; i munogl obul ins, 25 including nono and

pol yi mmunogl obul i ns; botanicals; food and the |like. Preferred exanples of

bi ol ogi cal mat %E@MLEB%E&%P?%N&BFPR@FME\ eBopIVIEs iSOl | owi ng:

| i ganents; ten . nerves, bone, 1ncluding dem neralized bone matri x,
grafts, joints, femurs, fenoral heads, etc.; teeth; skin grafts; bone
narrow, icl udlefgi98fe marrow cell suspensions, whol e or processed; heart

valoves; cartilage; corneas; arteries and veins; 30 organs, including organs
for transpl anf20]i ofinlesslddfinad otheaidesall fechnérad and seregtific feindnesyd hereinateest i nes,

pancreas, |i and digits; lipids; carbohydrates:..col ' di ng
et ver " dpeBRR e drve e steitvmr o BRI i RirEdH o Rut 8PS T 20
t ransgeni Gn tleatlavaabkitve 8 WO 03/ 026703 PCT/ US02/ 28134 sequence and
nodi fied; chitin and its derivatives, including NO carboxy chitosan
(NOCC) ; stem gel]l s Asiwb&hereih, thasiggilhefoanc®d,| Sndnohd Sthel inchuelk liie flomal
transpl antation, .includin qeﬂgticall altered cells; red blood cells;
whix e bIodH&@%P?E@eﬁﬁ@Vﬁﬁﬁ%ﬁea sl Qhersisy bl atel ets. 5 [24] As used
herein, the term "non-aqueous solvent' .is.intended to nmea ny. Jiquid

ot her than watlé?] i rﬁ*s\m?‘gﬁer%inﬁ%f%‘ﬁ?Etﬁlilhzﬁafself“eﬁae%nrﬁﬁneﬁ% aa?c{s?lgg?r%//lél(}t%r
suspended 1.1 fianhitdRs 2BBkbidloasl a6htemBaht Ve Hathoaddioutbnethp blagicabl v,
organic solvents. Illustratiye ex | es of .suitable non-aqueous sol vents

a
i ncl ude, buptend beirgireptedpieagingdo the pEesens IgRiy:

[23] As used herein, the term “biological material” is intended to mean any

20 substance derived or obtained from a living organism. Illustrative examples of
biological materials include, but are not limited to, the following: cells; tissues; blood or
blood components; proteins, including recombinant and transgenic proteins, and
proteinaceous materials; enzymes, including digestive enzymes, such as trypsin,
chymotrypsin, alpha-galactosidase and iduronodate-2-sulfatase; immunoglobulins,

25 including mono and polyimmunoglobulins; botanicals; food and the like. Preferred
examples of biological materials include, but are not limited to, the following:
ligaments; tendons; nerves; bone, including demineralized bone matrix, grafts, joints,
femurs, femoral heads, etc.; teeth; skin grafts; bone marrow, including bone marrow cell
suspensions, whole or processed; heart valves; cartilage; corneas; arteries and veins;

30 organs, including organs for transplantation, such as hearts, livers, lungs, kidneys,
intestines, pancreas, limbs and digits; lipids; carbohydrates; collagen, including native,

afibrillar, atelomeric, soluble and insoluble, recombinant and transgenic, both native

8



al kanes and cycl oal kanes, such as pentane, 2-nethyl butane (isopentane),
hept ane, 10 hexane, cycl opentane and cycl ohexane; al cohols, such as

met hanol ,wetobarbi 2- met hoxyet hanol , i sopropanol, n-buta®eT/uSp2/z8184 |
al cohol , but anediol, propanediol and octanol; esters, such as ethyl

acetate, Seqmw?omybunwhﬁeéc ehitin eand it erivatieasaiisluding Dhoayhoxy dwowat e
aromatics e p Qe thgrygeql@eﬁ) ebheiSatsych as

di et hyl g\lﬁ 51 gé oléygs?% (ffoialﬁ %?ans ¢ ll>s/d2[ennemg | ycol |rmat yl aet her and

met hyl t- hm:ﬂgdhn@tghm‘u;callys altbred tvyﬂl@sredsblotbﬂ asllg; owhitd disley deellgnincluding

gl ut ar al deoyél € ertlcg@ Ietsuch as acetone and 3- pentanone (diethyl ketone);
gl ycol s, PJ@ n& nnnonerlc gl ycols, such as ethylene glycol and

nd bl yor opyi e B yenl bR e 2 ioh-Bue Sl AL TR \ERERCE,. (e us
andd aC|h d lﬁﬂildy(ﬂh&rdhm wsim:hl sgh;clf mlbmlazguaﬁ nuteriabmey be aissalyedt arishépgodedacet i g

20
acl b OLS?QQ u%e%ﬁcrtg H}Oégaan&ﬂ) ents Y @1@{ tlgﬁglyg?%gam? so%]e%g %ﬁusﬁgﬁ\;eonsee

oi |, pean see
saf f | ower eQalhplesS@iSs&[tEol@hd)n-ac[ﬁ@()d@ gélRernd incladle:j buegeh@djinﬂtedm Ithe fallowies and

am des, such as piperi di net h cet e
dei net hy| PlRRENPIE: Cy&‘f’%&‘ﬂ‘f?ﬂ ?ﬁi‘\l-aéx? %/D%Eﬁ) %ﬁq@tﬁ {]%’geﬂt%‘l?é hoepgane,
belrozom tr Elbfli:alﬁntiyclgp@mlel hkd lk:s&ﬂoH&XﬁfegZaJldaﬁolsd@ﬁ?r ge rrh?j:hanSUCdfﬂllEﬁBI 2—(
pol yoxyet hyl enesor bi.t an nono) auyr at e nonoo Tween
80), Trit oretheractharpluiserRigerdey In'bé‘Eﬂnf’]att% &’I\Afcﬁg‘?]r geﬁtﬁ’é‘% 9 HBpanﬁ‘galo nat ed
sol vents, SUGH: ased] &0h Q8 P RanR, 2- &tttk AR Mketed) oyl acéi@t had bémyl de,
1, 2-di chi orobenzene, 1, 2-dichloroethane,” tetrachl oroet hyl ene %ntgyl
4- di oxane;

chl or obut dsazoate, prpmatics eeh adeRZERs, ApHyehe YT, XY & efss%‘% agdie
and 91y C Qllebfﬁ%‘:?ﬂ?é?llarl AR GRS ATLALNARyAGHE0NS BOhyICOhy 1l Arude

f or mam de; tol; probucol and isopropyl rryrlstate

Parst i cul araﬂ@chmle@f giched fmﬂ@hﬁb aof ehwigreldehvde; rgrneadudbissacsiong et & i ncl ude

non- agueous suedvies et hanol

and acet orte “édﬁ&ﬁgﬁ%ﬁ}yggéé%éa%@f ﬂg‘gg(} gg%g%o%%%%s&ﬂiéucﬁegel }rlll the term
" bi ol ogi caflywbmdpiopglete glycopancfhp@m%rlq gly¢ais, é\d\@e@i polyethelene glyestl PRI cal

cont am nant .or . pat hogen.th Po a

bi ol ogi calan?jré’[c’@% ?&WCH?@PGg g]!t)cpé?lﬁ%u@{(}e ?wc%ﬁ(c)%(? gﬁog?%)lld%\%ﬂgdgal

mat eri al QicidipdRdadesy amhps éﬂfrtnlct zh:ect aoétlc #8id; Mrifhtoneacetlyi asido ghesphorisoasidani nant s

| n%q?at hogsﬁrllér Iacgeglle,ltjgﬁ]ygn I Ou \élﬁétgzl%zed of’iCt g&'fn'u 0(11I NG tHl%l lﬂ%gfant er- and

acel | ureap ashas nanobatteri a,
chl anydi a, polyetkdne Sl @s), pop’@@@ﬂsnl sl d&r ofl uegime qil, swbsarocnl andlvngdtahle agent s

eepone b S S AR s, P BNt
found in ofeih&thPedrmamide; dimethylsulfoxide (DMSO); nitriles, such as benzonitrile and
acetonitrile; hydrazine; detergents, such as polyoxyethylenesorbitan monolaurate
25 (Tween 20) and monooleate (Tween 80), Triton and sodium dodecyl sulfate; carbon
disulfide; halogenated solvents, such as dichloromethane, chloroform, carbon
tetrachloride, 1,2-dichlorobenzene, 1,2-dichloroethane, tetrachloroethylene and 1-
chlorobutane; furans, such as tetrahydrofuran; oxanes, such as 1,4-dioxane; and
glycerin/glycerol. Other preferred non-aqueous solvents include formamide; solutol;
30 mannitol; probucol and isopropyl myristate. Particularly preferred examples of suitable
non-aqueous solvents include non-aqueous solvents which also function as stabilizers,

such as ethanol and acetone.



bi ol ogi cal materials. Exanples of other biological contam nants or

pat hogens include, 10 but are not limted to, the follow ng: viruses, such
as hunman womwanades i ci ency viruses and other retrovirusespPCharSprssisi r uses,
filoviruses, circoviruses, paramyxoviruses, cytonegaIOV|ruses hepatitis
viruses (i ncl [&ﬁ]ngAheﬁ@ithetmls i, terB) Hrielogica wantominantrr dathogrsl softendedox
viruses, toga, Vv st.al e pro Nyt gteria,
such as ESRRur} bRl SRRl ok AT AU KRB o8

St aphal oc birdegical hﬁtmhobachaee laalpletvao@seffeetsqn ngdimlegca‘rmgapmlnb@mn and

mal ari al par. asi tes fungi;
mycopl as ma Y (glpl%glgﬁﬁjgw 110%1@51;&8 gt]al% ?@E’gk’ ?ﬁo%e%§ﬁ’1§h1§%thWa §L§<s| ella
bumnetti ; v&nsiaspbacmm alﬂclu&ngnnhte\nL aagemimcehtdmpbamrtal, eychaho mgcaylasniap,

combi nati on, ﬁor one or q @g@e di s sta QE as_tran rrri ssi bl e
spongi f or MR &’8%&?36‘8%&“?[“8’5“}(%* S ey 2ot sl eh BGTR

t[) ansm 3 Sisihigar {ThgégtSZEbsﬁé}ﬁﬁ)ﬂk{’lidl@ﬁa?ﬂ‘lyr_; ombimaiien, }I\ﬁ)ﬁtTSTg; dncﬁ@aslaglegmne[) ally
observed i n _nul e deer e \ e e ongi f orm enc at ovi ne
spongi f or iEHeEplREPYpsER ‘(‘Wé%lﬂ{?é?/\?tj kﬁs‘@i@@fﬂ‘)@?‘b@ﬁ‘l@%&? g % n%?sease

(i ncl udi ngiMagibAMatérbid), , Esadiphls oF 8flibd bidlogicAlS@dfaindnants or pathogens include,

Ger st mann- St r aeussl er - Schei nker, syndrone, kuru and Al p %‘6" ndrorre As used

hellei n, t rhat ersmef limited {ne the) folleygng é’Fmﬁ?&rﬁuélhf‘% AHpangmoymp y Y85t ended to

mean a 25 fjjolpgl Cfﬁjrovﬁﬁéysa'ﬁb@@smwrﬁges PAINIERS, Eﬂ&ivnh&scﬁﬁ)@llﬁ&ﬁ)vﬂﬁse@auy ng a
del eterious effect, either alone or in conbi nation wi th another fact or,

such as a @@@@B@OW%gh@aﬂlﬁsc@ﬁtswlﬁ@lﬁ@% rhepgiis o gdn aest Ca aph (VpRisHr ot ej n
(wi I'd-t ypq}t‘uﬁ %)QQI[%SG&:? & 1fut3%d bstdifBh? %H'E’éeg Iaf?cﬁ#a?@dvnﬁ?ersecfabt@ha s@&d/ or a

reci pi ent used herein, the te conponents" is
i nt ended tas rﬁaﬁerwh@,oﬁaczw& mSiaepybbackee, oﬁimzyémemus ahht Sivphelesecaspar at ed

from whol e _bl.ood .and _jncl u t

cell ul ar bqag%b C(?f)l?fp ARt s, dsgfjhc %ya ;% gng 5%19 d%ﬁ‘gmf kragl&g b‘lg%l(k)(gﬂgcel | s and
pl atel ets; Plbdnmddmpspﬁcwsngqastsuuﬁdaiu@,anyhoqalaams a1l freaplasmes; chlamydipss |

al bum n, plasm.no r 1. muneg! ; | ood
conponent s’ﬂ s et gﬁf ?}&?ﬁ%@% 98 gg?%fgggl g@g#eﬂﬁ reslﬁ&%lglé gib:ngglﬁa prot ein
fraction (iRRbhbinétigt) for@ate pt T}xaxbef thp Ida;s:rsa statea khovomnas tmmsimsspblaspmgrfmn ai ni ng
conposi tions. 7] . As erein, e term"cellular_bl oo nent" is

i nt ended t@c?@gﬁ ltBWé ﬁ%r&‘ o’inaIPW@ Scot§onéht SO WBREIEY 3%dg{)

coppri ses &@éﬂhﬁlolz)éétﬁy‘ hcl@énié fstigOdishbased (gefidrhisy obdaivied ﬂi)lrmﬂd d&elalné elist em cells

and platel et 8] As used herein, the term"bl ood p]{? ﬁyr} S intended to
nmean one oﬁehl?ﬁ)rséon%ﬁo“f‘ hencepigiogiths PovdRe SPREHEM P CSPERISRHRY i(Hadni™ bl ood.

1T ustrati%gasya0Ruese107ab0Base (including variant CID), Fatal Familial Insomnia,

Gerstmann-Straeussler-Scheinker syndrome, kuru and Alpers syndrome. As used

herein, the term "active biological contaminant or pathogen" is intended to mean a
25 biological contaminant or pathogen that is capable of causing a deleterious effect, either
alone or in combination with another factor, such as a second biological contaminant or
pathogen or a native protein (wild-type or mutant) or antibody, in the biological material

and/or a recipient thereof.

[26] As used herein, the term “blood components™ is intended to mean one or

30 more of the components that may be separated from whole blood and include, but are
not limited to, the following: cellular blood components, such as red blood cells, white

blood cells and platelets; blood proteins, such as blood clotting factors, enzymes,

albumin, plasminogen, fibrinogen and immunoglobulins; and liquid blood components,

10



proteins found in manmal s, including humans, include, but are not limted
to, the follow ng: coagulation proteins, both vitam n K-dependent, such as
Fact or VIwWoOanai26783 Fact or | X, and non-vitam n K-dependent, PEIAIS0AS81BaCt Or
VIIl and von WI|ebrands factor; albunmn; |ipoproteins, including high
density | sisbpisoplesmes plaseal olccinstion (PHF).paporsedpifie, plasma | fmations 49 ot ei ns;

gl obul'i nspla%Q-Qoﬁéinl)@nggﬁlﬁgéiﬁﬂw ins IgA IgM 1gG and IgE; and the like. A

preferred group of proteins includes Factor | (fibrinogen), Factor
II (prothr orfb[ﬁ;1 K@ Gldheldid, thd e URTEBEbIBbA cofifSHeR iYintREQAEGRLRT I N)» 5
Factor VI (acceferin), Factor VII (proconvertin, serum prothronbin

conver si orje oF@mereoy! the/fempanasis phekalphiopd Hat ceppises glls, el apred bjeod
(alrgti henoggiislfT%,ﬁﬁ ﬁl@G&QJlls%)cemE%% pl Eeotuart- Prower factor), Factor X
(p opl ’ ﬁ , i

asma thro astin anteceden actor XlI| (Hageman factor), Factor

XI11 (protr a”g@ggtﬁé‘h%%}m, YierY 4 @o%ﬁ&@ﬁq”gsaﬁeﬁﬁedt\ﬁ\ﬁfel)a? @Gt Bbre! .

1
Factor Ha, Fa ~I'lla, Factor Va, Factor Vla, Factor Vlila, Factor VIIIa,
Fact or | Xaf the(rretains drat xe, noragdiyoeund in, wholechleed. Xillugiraive craeriesroflaofa.  Anot her
preferred ﬂﬁ&ﬂ@ﬁ&lﬁldk%kqggnmws,ofrﬁhﬁﬁﬁ 'h‘[lﬁl'ah'sf,’(?ﬁclﬁ&e()tbﬁ{ B Ifl(ﬁ)qﬁ'lgte ngi fg red blood
cells, su as henogl obi n and varl%gs _growt factors, an erivatives of
t hese pr otfdlomdng: Ysrgeatmhproteprsebath vitemyy Budsperfdent, such apFenteri V8 dndcl ude

pr gt ei ns i N 2r.cial by ' | K ' pr oduct s,

udh a pradRarhy af o Sl RLALR PRI, PHELEL dod VAR B or 25

_Il__ﬁbor at or if&sor; aFHuggmaipénpecétm)és, giB@lyc:ﬁng Iaiiggll dgisttalljploam!bi? glsimfjveidn(lsit)f (Al pha
erapeuti.c) .. .]J. use er .the term"|iquid. nent" is

ntented ¢aonaie PR BructE Bofuiny: G & Mmoo BR oS ERRY < o1

whol e bl oafld IgBclandsthellksma A trederrefi| grodh ofiobiead Ipkatéias imdudes dlactof It he whol e

bl ood of mans Qr._ani s as fo rior.to .co | at i and serum (the
f1uid, noR-1 OBt a]?acﬁ)%lrjﬂp&fﬁr(?fnfblnﬁg%ﬁﬁﬁpﬂt F‘beo%c%ﬁgﬁaﬁ%éh}sa@% ccegeﬂngni nmal s as
f oynd a}; It @actsﬁ)ug(alcaélérﬁﬂ) Fac{o’BQ’]CIiI Qgﬁ)cuﬁedinhedrahrprthﬂ@mbire¢m€raoﬁ)i Bicogi cal | y
conpat i olution" is inten t meagn a sal ugion i a bi ol ogi cal
mat eri al Sﬁf} (6‘85@5{18821’%%& fagige ) E@Ct‘ﬂﬁxﬂé’iﬂ mo ’%?‘W;a ] 82%?%@ %2%‘}‘%%02/ 28134
sus pendefl ngwefilifgasﬂ),?/ﬁghtarmr ﬁild@mai’iﬁkdmlbeﬂlﬁ&étiﬁ atiedbdedt), Fadtor, X1 gHagdmant S .
essential biological_and physiolagical ¢ cteristics use
herein, tteeriactoy %ﬁ%&’é@@%ﬁ‘?@n@%a‘t@b@g{%ﬁ%f@@réﬁwgg’%meﬁ%' i nt ended
to rreatn_ aFB&tg} el F@Itdr%’ﬂlﬁpﬂé_%ftﬁi\m, @acﬁ«ft' *tlatalt Q&t&gyim,gFa@top:Wﬁmpbae@mxa,;: -
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bi ol ogi calpkteicOMRRLEDIBreR 180 GtkiR bt bloONSI YK 8d hamoghdieand vtibRet ween 4

and 8.5 and are isotonic or, onlfy noder at eIS}/ hypot oni ¢ or
growth factors, and derivatives of these proteins. Yet another preferred group of blood

proteins include proteins found in commercially available plasma protein fraction
products, such as Plasma-Plex® (Centeon/Aventis Behring), Protenate® (Baxter
25 Laboratories), Plasmanate® (Bayer Biological) and Plasmatein® (Alpha Therapeutic) .

[29] As used herein, the term “liquid blood component” is intended to mean
one or more of the fluid, non-cellular components of whole blood, such as plasma (the
fluid, non-cellular portion of the whole blood of humans or animals as found prior to
coagulation) and serum (the fluid, non-cellular portion of the whole blood of humans or

30 animals as found after coagulation).

[30] As used herein, the term "a biologically compatible solution" is intended to

mean a solution to which a biological material may be exposed, such as by being
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hypertonic. Biologically conpatible buffered solutions are known and
readily available to those of skill in the art. 10 [32] As used herein,
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der vati ves, LRl 5o lpraNsammbibidiiRen.AfNIAROY Loy sighitesbiiGhe ol ut ami c
, tryp (% iU yl-at’e,

aci ham, - S0 n capr N-acetyl tryptophan and nethionine;
azi des, SU@ENB) adqdipyridydi-dede)dhexbeynigech (4 erd&ki e S-dremattase (SOD)
and Cat al asg, ic aci.d and i hvat i : 1, Sastismi Owkyric acid
and di nmet hiPs- W@%?,Sulgli‘qnbcp?ﬁ“f @)(#% gt)h(?)(g)#b\s{l?ﬁgﬂgtﬁ&gé&%ll%f .gt?ﬂilon_e and reduced
12 WD 03/ 026 263:tRET 4iRA21iR81EH Tygl luha Thpeoil hatndynewyin rehations; prdligands, enent s,
such as selenium vitamns,.suych as vitamn It ap J iekng its
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acetate and al pha-tocotrienol); chronmanol -al -CB ..
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bisonor methyl ester and tatranor-dihydrolipoic acid, furan fatty acids, oleic and linoleic

25 and palmitic acids and their salts and derivatives; flavonoids, phenylpropanoids, and
flavenols, such as quercetin, rutin and its derivatives, apigenin, aminoflavone, catechin,
hesperidin and, naringin; carotenes, including beta-carotene; Co-Q10; xanthophylls;
polyhydric alcohols, such as glycerol, mannitol; sugars, such as xylose, glucose, ribose,
mannose, fructose and trehalose; amino acids and derivatives thereof, such as histidine,

30 N-acetylcysteine (NAC), glutamic acid, tryptophan, sodium caprylate, N-acetyl
tryptophan and methionine; azides, such as sodium azide; enzymes, such as Superoxide
Dismutase (SOD) and Catalase; uric acid and its derivatives, such as 1,3-dimethyluric

acid and dimethylthiourea; allopurinol; thiols, such as glutathione and reduced
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chrysin; dinethyl sulfoxide (DVSO); piperazine diethanesulfonic acid
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water or aelbpyahPrgkeg @R cpaogne, MethghSAch aming FEIYTaROPe Mol

pojyyet hyl ege,. aliyeah; u%hﬁ)g)ih %a@ﬁ@zﬂﬁd drd 1fshﬁnbdtﬂ%@ﬂicﬁ1§ingﬂ5@i £t |11ﬂ11te@@1 ng
sterilized that 1s not bound fo or conpl exed vvlth one or nmore of the

non- 1 i qui dProrybgpbterodiver farmaldghyde splipcylats and) lympsni fWlddimplgrsiatehel udes
intracel | Lglt%'fhz\épét%mzeﬂqﬁlcﬁge rp?ﬁiyﬂ:ﬁ@k &Qlﬁiﬁﬁkdﬁp rf&%ﬁhﬁder sdigbe drasvnat er
referenced herein refer to | evels deglerm ned by the FIf)A approved nodi fi ed
Kar| Fi schsepyiegaiel: (CW@}%rpfah@CMdSOPNPal yrristte; cypumaric agid; PVE. 21149 1959
May, et al St de 18 &RntAeLS o

Bi ol ogi cs 1Em“i}ual%flléci:!rbl fan esea ekelg%%\ é7gu.‘@‘[’kbgt géNgl e89%(:2]0140 83- 93 1990)
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concentration o ute, the lower the
amount of r eS|[§I§1]aI ASSQJ!S&? Héreln, the term "residual solvent content" is intended to mean the

25 amount or proportion of freely-available liquid in the biological material. Freely-

available liquid means the liquid, such as water or an organic solvent (e.g., ethanol,
isopropanol, acetone, polyethylene glycol, etc.), present in the biological material being
sterilized that is not bound to or complexed with one or more of the non-liquid
components of the material. Freely-available liquid includes intracellular water. The
30 residual solvent contents related as water referenced herein refer to levels determined by
the FDA approved, modified Karl Fischer method (Meyer and Boyd, Analytical Chem.,
31:215-219, 1959; May, et al., J. Biol. Standardization, 10:249-259, 1982; Centers for
Biologics Evaluation and Research, FDA, Docket No. 89D-0140, 83-93; 1990) or by
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e
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fresh, fr O%n%rease tglell' sensitivity to inactivation by radiation, may also be used. An illustrative
25 example of such an atom would be the Copper ion, which binds to the prior protein and,

with a Z number higher than the other atoms in the protein, increases the probability that

the prion protein will absorb energy during irradiation, particularly gamma irradiation.

[35] As used herein, the term "proteinaceous material” is intended to mean any

material derived or obtained from a living organism that comprises at least one protein

30 or peptide. A proteinaceous material may be a naturally occurring material, either in its
native state or following processing/purification and/or derivatization, or an artificially

produced material, produced by chemical synthesis or recombinant/transgenic

technology and, optionally, process/purified and/or derivatized. Illustrative examples of
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sterilization. I'n practice, gamma radiation is al.l
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specific source of radiation is not critical provided that sufficient radiation is given in an

25 appropriate time and at an appropriate rate to effect sterilization. In practice, gamma
radiation is usually produced by isotopes of Cobalt or Cesium, while UV and X-rays are
produced by machines that emit UV and X-radiation, respectively, and electrons are
often used to sterilize materials in a method known as “E-beam” irradiation that
involves their production via a machine. Visible light, both mono- and polychromatic,

30 is produced by machines and may, in practice, be combined with invisible light, such as

infrared and UV, that is produced by the same machine or a different machine.

[37] As used herein, the term “to protect” is intended to mean to reduce any

damage to the biological material being irradiated, that would otherwise result from the
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bi ol ogi cal teri ei.n | L1 adi , ] L,rically by
" one sk 1B 1 Eehio dng) QR IR 0FPRHRED o7 (BLEHT BCRIGHRE | ¢
t her ef or e gafformah@vela @bcadattagEprbkalt” the ulatbrialp batcdoutflenat e vseslf sefelinaidef f ect i ve

use of the _biologigcal. material .being.sterili The. _parli il evel of
damage in eégﬁlvelénafgqroﬂnggiagﬁrf "ﬂg?re}d?%fca nﬁg/ndbdeo%ge o i the l.slésdlcglti]u fgﬁr}gl/ of the
met hods angdosipehati tlreafdanaue of thaopeceski | | ed in the art. 20 B. Particularly

Preferred Enbodiments [39] A first preferred enbodi ment of the present
i ngention is (i8] ecAedsedherin, prt4voeptdbdr lewd bofidaimagenganvisy dbrsgiliogbpatat eri al

Compr | 31 ng P SRS Wy PN H5CBF ST nht e ATRRRHARE SRUER o5 (e

ef fective dueh &t @6 nhtueartideharmtetitticalof dfe articalre bldgint materisbarstfaemph ze t he

material and to protect the material. fr radjati.on. .[ 40 npt I

pref er r ed BB FHEHISLPeiRg sy @@g)ﬁtthell 15 H]iuS‘hof %‘e foﬁcé%%aigl af[égiaglgel thod for
sterili zi ngadathd, OhR0iceR! beTRERFhiakd thdpirichlly Sgnsh¢ iskidletioinr alghi atti ornand
contains a non-aqueoug solvent conprising: (i) adding to i.ol ogi cal
matder i al  atinpeeepiable fryeBoofs fapzge; ‘Z%‘;IRit r?f?l‘%al??oﬁ Vegque%mag%%?ag B'otect the
bi ol ogi cal , i thétkathr R drRdia 1Rnef @ dioldgida) niatsratibeihg n@riliked. bTld ogi cal

material wth radiation at an effective rate for t(lfrre .effective to
sterilize naisulsaicaelj off dampge W @PDDigipgisalpeatetisbgay 21051 miNRq 1SRG, Bh e r

preferred g étﬁ(ﬁi@fan%cﬁlh&ue%ﬁéﬁmodnamn@diiﬁﬁheiaﬁt.di rected to a nethod for
sterilizing a biological naterial that is sensitive to radiation and
contains a non-aqueous solvent conprising: (i) reducing the residual

sol vent content of a biological material to a |evel effective to protect
t he bi ol ogi @alPariduéariyalrefarredhErvdldpdandneon; and (ii) 5 irradiating the

bi ol ogical material with radiation at an effective rate for a tine
effective [39] A first preferred embodiment of the present invention is directed to a

method for sterilizing a biological material that is sensitive to radiation and contains a
non-aqueous solvent comprising irradiating the biological material with radiation for a
25 time effective to sterilize the material at a rate effective to sterilize the material and to

protect the material from radiation.

[40] Another preferred embodiment of the present invention is directed to a

method for sterilizing a biological material that is sensitive to radiation and contains a
non-aqueous solvent comprising: (i) adding to a biological material at least one

30 stabilizer in an amount effective to protect the biological material from radiation; and
(ii) irradiating the biological material with radiation at an effective rate for a time

effective to sterilize the material.
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to sterilize the biological material. [42] Another preferred enbodi nent of
the present invention is directed to a nethod for sterilizing a biological
mat eri al wbaB/o2@osensitive to radiation and contains a n@®@eTABOE2RIS4 sol vent
conprising: (i) reducing the tenperature of a biological naterial to 10 a
| evel effecti 8l o Avetherprefarted anibedignicel thewresentainventionmis daeciadiore and (ii)

I rradiatinge #n;}?for Biehi0Qk %a[JIOIH?an 'iﬂa?eklaWh fis s%itﬁk't@ ?ad?éhoﬂ@n@f;cfn@ﬁﬁé ye rate
for a time effective to sterifize t 1ological material. [43] Another
pref err ed rontrquéavenelveft comprigine Gibretudintgbardsighal @lvantmnﬂe@tcpf@bwh)gl%t hod for
steri l I zi r&gat:?iréﬁ 8 laolg{/e(iaelffeEWeecF) ?tltectt %tblbl% r%ﬁnlﬁé f1%1 z(d?ﬁ'oﬁtdnﬁrhl?nd
contains a non- aqueous so conpri |ng app ying to the

bi o ogi cal irmdibieng e balegicld matezmhgltlpnadlamatwleéﬁecm rhte dom 4 time gfifestipe

consi sti ngteggeﬁli%ea&le %%?c%%%aﬂ%a{)ggl residual solvent content of a biol ogical

mat eri al , ol ogi cal material at |east one stabilizer,

and (c) redu 4?1%’(1%6? e%r?etduc{n%oglﬁnehpgﬂmegggﬁhfz ﬂllver{{ﬁ)hqg 'dﬁ%c%tedaﬁd (i)

irradiatingtﬁe b|00|c mat e ration at an effective rate
for a ti rremethééﬁmst/a@htzmgatlaolpgmdalatcdml thabis serisithie t@ Gadiationrahdbontaike? ei n t he

stabilizin Process @ t he .r.at. fol.rr tive to
protect t h‘g’anqé%?ouslsg Frgc nsm %P ?eglﬁ%nrl %g t%fgﬂggﬂur?z?gf %%%%%F&atglﬁiel éér red
enbodi nenta Ief/eltelﬁkctpreets @mtedt [hcémﬂégiml mstedalr femt miﬂla:tmn,eandrfn): iadiatingrthe

sterilizi a bi.ol ogi gal. |t|ve dat and

cont ai ns g'g"lﬁglﬁala{‘a'ﬂg%% g‘&?é‘&ﬁ?naéﬁﬁﬁf??cgv%&%e% TS tﬁv Lzequl ol ogi cal
mat eri al  abiologRslmitwial 25 st abili zi ng processes sel ect ed from t he group
consisting of. (a) reducing the residual solvent content of a biol ogical

materi al, (b) [a8idi nthotler tphsferbddodniigiiment D’ﬁt}&rlbraéenainvblﬁiamtis @ma:tedstoazbi lizer,

and (c) red t he. t enper.at ur t 0 terial
irradiatin tﬁ?ﬂgor te&h&’éﬁgc?:tflgwﬁ’fagr@aﬁnagﬁ?ﬁls g I&isgté‘fe’% %hognanga]b e alflsl ;\Q/e rate
forsa ti nEn(ﬁxf-efqaeéusstbNeﬁt Sélﬁlﬁﬂsﬁﬂgz ¢) appigindite |t1&gbmhiglcﬁhh*ﬂter1all g stabiizieg n t he

stabilizin roc sse erf or med re.together

o fect i ve BBNR SHEtE EHE s GPBor s adtor Ake Re i st Farent P4 Anor her
preferred gf @EIGIOPEBE m@tfsnzllh@) RAESLPthd BlVIepichlanatbital di lees bﬁdst&lﬁhz%r aﬁd) nmposi tion
conprising a bio

cal material and_a_non-agu so). vent nount 17
WO 03/ 0267@3@’1@1}1&%@2?%@13*%6 of fhe hiqlogjest F@teﬁi‘]eé%‘%’i rfqpting 8155’?‘&?3‘ duri ng

sterilizat j;oR ¥ Jith faafhkigh hOh ofBHHR htb&lr d fime EMBRVE B Sdtiliza Hledidladcef f ect i ve
for its intended use. %46 Anot her preferred enbqdi mnent of the present

i nd@nt i on Mmatedpls wherekn thestabiliagprecsst adrihe wirnfigpdighonarg egther gHeFtse o ogi cal

material, aﬂr&@atthm&oggﬂﬁa&%@ﬁ%éﬁﬁ%ﬂt 5 and at |east one stabilizer,
wherein the non- aqueous sol vent and stabilizer are together

[44] Another preferred embodiment of the present invention is directed to a

method for sterilizing a biological material that is sensitive to radiation and contains a
non-aqueous solvent comprising: (i) applying to the biological material at least two

25 stabilizing processes selected from the group consisting of: (a) reducing the residual
solvent content of a biological material, (b) adding to the biological material at least one

stabilizer, and (c) reducing the temperature of the biological material; and (ii) irradiating

the biological material with radiation at an effective rate for a time effective to sterilize

the biological material, wherein the stabilizing processes may be performed in any order

30 and are together effective to protect the biological material from radiation.

[45] Another preferred embodiment of the present invention is directed to a

composition comprising a biological material and a non-aqueous solvent in an amount
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present in an anmount effective to preserve the material for its intended
use followng sterilization with radiation. [47] The non-aqueous sol vent
i s preferablog/o267adn- aqueous sol vent that is not prone toPChashoesmad i on of

free-radicals upon irradi ati on, and nore preferably a non- 10 aqueous
sol vent t teffective feopregsrem thet prepdition slupag Strliztion wiEl radistion such, thafh 1t

| adi att opandalate AR IE b uARedlsasol ved oxygen o other gas(es)

that is (are) prone t ormation of free-radicals upon irradiation.

Vol atile non- 39@60%%021%{ }éf'e@érﬁadaénﬁ)oﬁﬁﬁfeﬁﬂ StHh rdkentPin®dRich 86 dir@¥@No Nor e

particularly ferre e non-aqueous solvents that are stabilizers, such
as et hanol compdsitioet@rpisingst [mg]onﬁb@bgmln@at?r@l EdpashpTe ORSERACHETNE D t he

? ent I nyant kA o NERLAL, gsﬂfe%"ﬁl the g@%ﬁ{de@ﬁs SR CARL @dvlliRr Bb XSgeier of wat er

a non-aqueous sol vent, 'such as anol and/or acetone. In such
enbodl ment mesetthia mormet efodive 66 pesaryesthe inatqsiab ferrishinipndednisa follgyiabus
sol vent th% r111zat qlo\;twﬂplt[agﬁﬁoéo the formation of free-radicals upon
i rradiation, and pre erably a non-aqueous solvent that is not prone

to the format ey @J)ﬁen? Hgﬁfhblyr 1 fdi-akdeons @dnl Batishee little

[
or no di ssol ve[g xygen or "ot her Is (are) prone to the
for mat i on wbnd toeélermdnamlnsoftﬁmrradwalﬂm%%tllt‘f@ﬁla‘ﬂ%laad inhage pEeretdyi8g198- sol vent s

ﬁo particul arly S0 Vrél%ftﬁéthlggbt aﬁXEJ‘tt q%er )?BHHQ{OBIO?L&IGQ é&fcaﬁ‘rtﬁ;oﬁ trrﬁ‘ijatl@ﬁ @nd

aqueoudEBPVENTS Izers, such as ethanol and acetone.
[49] Accor titrigs tialeae mb dlissolnst drygen cutfothehgstm)a@ehs (dre)peertei to fhe fermatieni | | zer is

dded 25 di at f | t
non. aqueoull Syt iR il ool BRRLEBls JBEH U SUEDAROT 0005 T

the bi ol Ogbxeﬁkreﬁg&tveﬁ inate ubicinriy @idfarted arenonmgnecy welverss thel ayesiabilizersan amount
that is effectiv otect the biological material fromthe radiation.
Alt er nat i v&Ich as ¢t %no PLIFI%%r i s added to the biol ogical material which
cont ains a no&4gﬂueous o vent

t hat, .tQ e

nof? aqueous 3 | Vesteerdig toé’le’ft@&e’in@%d“f‘?}l HPbe BEese tém%lg%% {hle\(% %? eri
fromthe radiedkl @Ry C&Lthlha’bineituramﬂmateﬁ and asioahijhdone solray, suahl ys etbpwhdi ng upon
certain features of the part | ar, et ho t res i_nyention
bei ng enpl ,Acelgbt S“l"ﬁ mb&‘ﬁ’fn?lgﬁlﬂéernoé‘t aé’é?‘%usfgve&%é? efg]f?}) B 6J¥) 8] -
PCT/ US02/ 2&%@6% é@a}eﬂgthutsle@lotamdﬁm tmmmaiouroé fraerghdidalrupot madanomambf t he

particul ar ol ogi cal materi al h .cont ai ns, 3% é a%% g( 39 lcalent bei ng
i rradl at edmasidrefFrapye noRragHeRyy S‘i’}§eé1t HE PRERTORs0 Ht TOPAFtiva ﬁgp’i FICEally by
onggski || eﬁl%dnmnfahﬁu@{ ind $150as ABf0s: Gb AGssI0eClybai or sthéhpess)aat tsh@rehr esent
i nvention he resi dual solvent 5 content, of the hiol ogl cal rTPt erial which

cont ai ns ari9esd I(a@gé@ygitlg@ o{ Epg-radicals wpRIiEE 161ilqn0rVolatlle non-aqueous solvents

are particularly preferred, even more particularly preferred are non-aqueous solvents

that are stabilizers, such as ethanol and acetone.

[49] According to certain methods of the present invention, a stabilizer is added

25 prior to irradiation of the biological material which contains a non-aqueous solvent with
radiation. This stabilizer is preferably added to the biological material which contains a
non-aqueous solvent in an amount that is effective to protect the biological material

from the radiation. Alternatively, the stabilizer is added to the biological material which

contains a non-aqueous solvent in an amount that, together with the non-aqueous

30 solvent, is effective to protect the biological material from the radiation. Suitable
amounts of stabilizer may vary depending upon certain features of the particular

method(s) of the present invention being employed, such as the particular stabilizer
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to irradiation of the biological material with radiation. The residual
solvent content is preferably reduced to a level that is effective to
protect twe oblozd7oyi cal material fromthe radiation. Suit&orasSireaBs of
residual solvent content may vary dependi ng upon certain features of the
par t'i cul arbeinstused @sd/onthet rasirp aad sharadteiisdes plothe artisylae Rinlegikeh matstith as t he
10 nature gnd, GHAGACL G5-5dde6& BlvehitRinB Arddisid Aa/diiRliRghdedlusBhEEmAl whi ch
contai ns a non- aqueous solvent being irradiated and/or its intended use,
and can bebedieteenimed ewpirieatiyi bryi aalskilledop theret- skilled in the art. There may be
bi ol ogical materials for which it is desirable to maintain the residual
sol vent cont efi§0]t o Asparfling te costain iethdds of the prsent inyendon, theapsidugl solysss f i ¢
valye. 15 %}g&}*ﬁ (ﬁﬁﬁ%igfﬁgﬁaflﬁat?ﬁ{l%ﬁcﬁ Roisielely H@r{lﬁq%e&js HRenAk RARRY phisvention,
when the Diologica terial which contains a non-aqueous solvent also
cont ai ns watieadiationeof theebiothgirh! watexad vith(redietéan) Thermesidual plvent Boriind i cal

mat er ' al MBYee bagl rreeglyc.%g go Q Yevgll tﬁzﬁ% Yeedd8veh prosc&ﬁ Bfer@bl@%icélnﬁataia?h&g'tﬁél
material WA ER contar ns a non-aqueous solvent 1n a non- aqueous sol vent
that is capdibtie. oSuidbledeteld ofgesiditabsolvenhemtenhmap ivalyclgperalingmworest®in i s in 20
i quid phase, the.sane r.esul - I | [ of the
r esi dual st(sg?t{}rgﬁf’ Fthf’ 2%8‘%1)“ %ﬁtﬁl?cﬁgyoafglgﬁ)?els%ﬁ “g%g'{‘@\é%ﬂ‘ %ﬂ%&’?&%}% tgégl vent .

Pr ef er abl ypatgelahd ahsrectenistics) of theamuieolas bobigicehmatesiahwhich rconieing @ nohe

formati on of free-radical s. upon .irr.adi.ation a It .noy di ssol ved
oxygen or BPREP ﬁ%%eflg%’fmlghg{a&laged( qre I%r ggeéldgﬂc:%fg%eﬁgolfér?a% giﬁfgg?lﬂ?dr ee-
radi cal s ugmiritallyasi akiskilled 2bthf 5] Ti¥rematyfve bitilogicr] inédrialseloewhielt itwhi ch

contai ns a,non-aqueaus. splvent .is in a,  ljqui,d phase. reducj e residual
sol vent coffSEsle ﬁ’d?al télﬂéﬁ%%?ﬂgvﬁléﬁléﬁﬁ B%Pteé]ﬁtfq%lfhllég pﬁ%r%%rrm%%e’ Ilr?@grntégl such as
by i ncreasj §@citibeamel ute concentration. In this manner, the concentration
of protein in the biological material which contains a non-agqueous sol vent
di ssol ved wi t i) t hesca@ingent céryh bebidimsmeasethet pregenndnaintign, atheh ebst about
0.5% typically 30 at, ]Ire%s about 1% usuallglat | east :%1bout R70,0" eferably
at |east abolegicalompteriay & 1%‘r FEADSH? PO RAYCRY POIEH (SO BRI, R o e

pref er abl yregitiudl 8a1Stnt L) 3Rt of b blologR¥aNatEMM] ehay b eddacallyydiaslvingast about
25% and nost preferably at |east about 50% 19 WD 03/026703 PCI/ US02/ 28134
[53] In cefpsndngniyednoasicd mitenal ¢Viihecamiins  PERPAHIYS SHEY &8RRI sol vent

content of ,R.RArdoiver @kt DRI FalssdRbEwhRt. Whes fheaRdlbgitdlsmateriaDR-iAqUEOUS
sol vent mai; be found tolie wthin a r,ange, rat.her %&ﬁn at ai slg%fific
poRft . Suchaud Paasgehy rormwiligpasratiobe achisved Py the dluBer eirte ESHIRANYSE a
particul ar gpgt&j 8¢ !ﬁ?@:!tdd:ﬁlﬁ)tnec%ﬂ 1RfuidMUnCu &R EGtidts. BrefefibhydGu@OISecodl 5l vent  may

be determ ned enpirica y one skilled in the art. . |
aqueous solvent is not prone to the formation of free-radicals upon irradiation and has

little or no dissolved oxygen or other gas(es) that is (are) prone to the formation of free-

radicals upon irradiation.

25 [52] When the biological material which contains a non-aqueous solvent is in a
liquid phase, reducing the residual solvent content may be accomplished by any of a
number of means, such as by increasing the solute concentration. In this manner, the
concentration of protein in the biological material which contains a non-aqueous solvent
dissolved within the solvent may be increased to generally at least about 0.5%, typically

30 at least about 1%, usually at least about 5%, preferably at least about 10%, more
preferably at least about 15%, even more preferably at least about 20%, still even more

preferably at least about 25%, and most preferably at least about 50%.
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[54] While not wishing to be bound by any theory of operability, it is
believed that the reduction in residual solvent content reduces the

degr ees owofiseaddasn of the biological nmaterial which cont @Crasa2/z8184 aqueous
solvent, reduces the nunber of targets for free radical generation and may
restrict the Edlubnl pariping pmppdiments o ¢ RESPe | laventppy 1h5rrei18“a|1 Sel¥ftts i ght
therefore V\E&erﬁ% b SY BB bRYRAT Hllerlal G hikE Mlﬁ@ dhéh-BfuebiioRbegiveal

mat eri al IC tal ns a n eous solvent below its eutectic point or
below its f01fn1d¢<eh¢ withipairage, @thengawttarspwfé%aqnﬁn Speh 3 rapgsafos thepedited t he
degrees of LSk BRy permt

t he use ofresm{ %Fs%ﬁ}%hﬂ{og{eg?%fngi orcg%gfs}lgioélw réérlﬁl'lamh;ogg%t% Iﬁtgllrillgﬁ‘lugﬂﬁ'?quot herw se be
acéept abl eolva'ﬂtmybbrdetenmnbrbdspld@bt’ovbmkﬁbﬂemﬂleﬁﬁy 15 be perforned at any
tenperature that doesn't result in unacceptable damage to the b| ol ogi cal
material whi cﬁ%onmlngoawmbmgaqb%bnmd bbﬁﬂbé?h?orylo’fépefa‘éihm5és bahigtedwoul d

precl ude t ff t referably,
t he net ho&g% e%eglrm %hrgrglgllgarll Sglrv glﬁ Scé)&fteotrljr%e d" at a%{é%hto%ﬁ%den? Iaojtf aﬂrge or bel ow
anbi ent t efiglegia mam,nal wshich cargaied mw-aghevue saleant.ireduges the n@mbffmé@iﬁeﬁg poi nt of

the biolo rial whic [ Jarb€i Ng

i rradi at e%l '?‘?g?g‘f‘ﬁegep%%tp&lué]p maglrssenqyt}%()sﬁﬁl g’?‘lthg%q%% %‘g% ca‘im aant eri al
whioch contradulis rmghtnmﬁre&qudmu&hmbd/bmtlomgb‘ée rtempcreurebyf éhwblel‘oglcﬁe met hods
and techni ques Kk t hose skille t.h r | vent from
a bi ol ogi BT gﬂ“\i&\g'f"%ﬁ? f "OBAEECHS Sogvenﬂlé’)er%o‘g i éuﬁeC% ven? Ib\}gtlngﬁ\l%

produci ng mzlﬁ@@@ﬁﬁp&rabj eittifisagion ab littewnieg eedice tHaedegBeebloﬁlfmgdmlof thet eri al .

Such net hods i.n I ude, are i mt. d i on.of I Eof

evapor at i ofiolo# d’éar‘i‘?rf%t i gﬁse g tff’i‘aiyd’é‘él?l?g%nuégr??r a %her Tatg, dl?(lgfdlé%a?l on and
spray-dryi@@atidnd8dn ﬁlgl’labihbﬁﬂbealfd accmaafee rmms:i themh‘(hdds‘ d)asmk&d menemgnawhe

resi dual sol vent content of a % mﬁ %?e dam % a

not- aqueous RBIORS 2f any Wﬁt‘fri é’ﬁt (Sﬁesn 57" A’r?o't“f’?@?epba i FEUE y pref erred

net hod f 0rb1516%b‘:ﬁ' RstetiflewhieR | @dH@ins SaOhMﬁdqheo@Qsomm gnt, dinage bﬁlm)lvngldc al
mat eri al whic

contai ns_a_non-aqueous, solvent is.the a sol ut e.
20 VIO 03/ ozertels thrvrieube Serige usq oghe Diplgeindrmiieraly @Eﬂf%lfd‘?q%‘b ﬁ‘?? %d net hod
for reduci ag. g nbR{ Qle‘%Erf“é&{e\iea@Tamﬁi@ﬁttt@rﬁﬁer&ﬁreaorbjewv@gh&aht temp@4ti@) whi ch
contai ns a non-aqueous solvent is spray- [.59]. Anot her V5)art| cularly

preferred swh hodelosr theethirstin otk or rﬁ@éﬁlltﬁm?m%%g ﬂ’énl?l"lo&’ﬁﬁlt AV ol ogi cal

materi al WeioN dlé?ﬁ@é] gas@l vent is vitrification, 5 which may
beﬁd(iccorrp}l\?bgl %g@hgaﬁ ?S dsaand t echni ques known to t hose

Sk: ITed int E%Sgrt Thi el Q(gvénl?%oﬁg@'of kRNbiflogRAl Mhteridnshie cahstd onal
sol utes, suc
non-aqueous solvent may be reduced by any of the methods and techniques known to

those skilled in the art for reducing solvent from a biological material which contains a
non-aqueous solvent without producing an unacceptable level of damage to the
25 biological material. Such methods include, but are not limited to, addition of solute,

evaporation, concentration, centrifugal concentration, vitrification and spray-drying.

[56] A particularly preferred method for reducing the residual solvent content

of a biological material which contains a non-aqueous solvent is lyophilization.

[57] Another particularly preferred method for reducing the residual solvent

30 content of a biological material which contains a non-aqueous solvent is the addition of

solute.
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sucrose, to raise the eutectic point of the biological material which
contai ns a non- aqueous solvent, followed by a gradual application of
reduced pwvesue@oio the biological material which contai RETASIDEBIAUEOUS
solvent in order to renove the residual solvent. 10 The resulting gl assy

material will [#Hen’natber pariiedubearcfeust dwaiodsior vedveing Jhe appidual BoEAccor di ng

to certai negRhId$idbgibdl GaRiBPR AL bdh‘(a%[&ta'r{aﬁqaqﬁéb%s Qﬂ@én@&' pRY-aryiRd erial which
contai ns a non-aqueous solvent to be sterilized may be inmbbilized upon a

solid surface by aRyoffBAPStKAAN pRALkd\WRiHADIE rédicRBans kididugdsdivent he art.
For exanpl e, the bi ol ogi cal nmaterial which contains a non-aqueous sol vent
to be sterfonieaieef 2 iBlagigpl petcpirkbwhich comains & BAR-PAHFOBY Salyanf Hcwtrdiationgi ol ogi cal
or snon- bi olpgi ¢al b%%%&ﬁaﬁsﬁed I’b%hy Thgne Actheds Si RORLEQME dnbibn th@otet hods of

the present invention ma (}i/ radi ati on effective for the sterilization
of the bi ofkdlsi dalthareit.einp ﬁlnﬁ,ﬁh‘th didam ofi vobuter anch on additiensli solyis. 8Pk 2%ei ng
treated. The 05@% LibO fheBYehE p%ﬂﬁ RYSIEUbiBlogichlNnhidHiINGniER REATYs haghat i on.
Preferably t]h ration I's el'ectromagnetic radiation, including x-rays, 20
infrared, aguejup IS@1V¢n’t,gﬂQﬂOWQ¢\b3{ 3 graduad prplipation of resluesid W@ﬁﬂrémtm&mg@n]gt hs of

el ect r oma g ation is
garme. + adi BEr Ao o ARk S WY oRE S TR AR, RN SR Pon.

t he bi ol ongwcbsuttmggidsw ma‘mﬁiloﬁll¢lmnﬂ1a‘iferasretalcnd)msidqaleohrsnt$ohtvmnt is irradiated
with the radiation at a rate effective for the sterilization of the

bi ol ogi cal mat[é¥]i alAccaing etonestrtajor mibodsngf the prasent épreatite thebeloghsl of danmage
to that mat I epg upon
certain fea ullrlﬂgsWh(%ﬁ§1 % ‘%{%)llsefl hoheaau%% Sglg&?écgqé%% %n@dnﬁig%egie ngﬂfeﬂgl oyed,
such as t heonnablid eurfacd by taay amamrklmvmcasd afailable tpand skillddain the at. odfocal

mat eri al , ont ueous sol vent irr ed, the
particul ar )?151?@1 {31?%}0;%1% |n6aﬁena Wrﬁ Ch Cahat ort %ueougpséor en?% S St%ﬁ% (%)gl cal

COrst am naninsy e prxehius gesostingeir @gfaclaﬁa biohigizdl orSwhbididbgcal aitesataf 30
irradiation can be determ ned enpirically by one skilled in the art.
Preferably, tHellraae rmﬁauonrm:ﬁl@teﬁdmtIieSnﬂhrrdstcﬁrthe pwerert evedtionamayobe of t he

sterilization proce 03/ 2670 2/ 28134

i npract i caTnyﬁ?&}%tf%ee&tlﬁcﬁge %Qgt d%eérillfzg%‘m (g%éa%’/\qaol% {8 matel&?scﬁ&é f%nuaéﬁssa

i rradiati ofionragyedne soludrit IbemgdceatédSB]IheMamd infag bt Oomhﬁulﬁetﬂnﬂmhngﬁ -b¢ane pr esent
invention, the rate ofb ad|$t Lon. ngg be Oé%tl m zed to duce t he nost
advant ageoBd Yt REH &'nt WS PEETRIEED 1o rlr]é é‘lﬁJerr%yci to

coppl et e t@a@PBsdble ight, Bm'tlligﬂt@mﬁq&&r&@f/vb@ém)wa&eldn@hgdsf disc@okabynetiour ) rates

may be utilized in the scrlbed herein to achi eve such results.
The rate ofd ia?“?naaﬁaﬁrflﬁlﬂg“f ngf"g I@I@BP%’F@HmPBrE‘gW% ze the recovery of

t he bi ol ogi cal
g [62] According to the methods of the present invention, the biological material

which contains a non-aqueous solvent is irradiated with the radiation at a rate effective
for the sterilization of the biological material, while not producing an unacceptable level
25 of damage to that material. Suitable rates of irradiation may vary depending upon
certain features of the methods of the present invention being employed, such as the
nature and characteristics of the particular biological material, which may contain a non-
aqueous solvent, being irradiated, the particular form of radiation involved and/or the
particular biological contaminants or pathogens being inactivated. Suitable rates of
30 irradiation can be determined empirically by one skilled in the art. Preferably, the rate

of irradiation is constant for the duration of the sterilization procedure. When this is
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mat eri al which contains a non-aqueous solvent while still sterilizing the
bi ol ogical material which contains a non-aqueous sol vent. Although

reduci ng wbhespadres of 10 irradiation may serve to decrease PAarsgy24164 t he

bi ol ogi cal material which contains a non-aqueous solvent, it will also
resul t in imprepsicaliarroghtirgise et Wesiesd, bohriaple egdiseaatingays iryadintionemay b%lrtl cul ar
desired topal .glose. A higher dose rate may therefore be preferred in
certain ci rcumstances such as to mnimze |ogistical issues and costs, and
may be possi 3} WERoMaR ol AEABAIANGLHMU iV BRiAEHIMS of Gfitdibed her ein
for protectin Bio ogi cal materia contal ns a non-aqueous

sol vent froway be ppitthiaed tmprOﬁlB:@]thd\m@dradegag?@lsaop@rmﬁ@uDﬁpﬂosiuop respeary ed

Chan about 5 hREARER I borfIUe the Bbaiohy I £55 Lol ABLE BT 0% T75%
kGy/ hr, evk@y/hmn)arams efaefrmbﬂtiiizetﬁein\meneth@btchCﬁb@Slek@ylomchdeSHCB @ulssy/ hour ,

P e naens BSLAALY AISE L BIR Gl Y Pl of R a2

anot her parriatenall whllcly cpntafrmrar adn-eqivogk savent ehile sell ptediemg the rhidogicabn, t he

about 6 KGJPRIE SOBR ABRIp Fohar Ry ot aher Bl el PRy ke o0

not@ pref afaatahyn araylseazs tto albmlatse Eﬁmkgaﬂohhe biotbgivek magrielf whlah) lcyntains & east
about 45 k 6 Accor din hods .of, .t he
present in¥ ?CluS?Jf‘S stoﬁvgn 116]”8831@8 sr‘?#tl ﬁorgF“ ﬂai‘lﬁn E%nnet'S g;% ne rg%ﬁc?ﬁ t%’31queous
sol vent t 0adifevs b @hitichlaedbsirad fotal debeateHighdridbsetrhte madheaeﬁombefpmferml ihi me
effective for.the sterilization of . the |0I0%|cal mat eri al bned wi th
i rradiati of°"RH @rcuf‘ﬁ@nﬁﬁprs‘ifbr s foemininizg; lagstigh! 1SpyRs ap s‘i?Ftts’saridnm?%

appropri at goddpfewRdn @ed iif kadk@htORith SeNgetBdiB| degdibt® htdeth ok ptodgiisgh nateri al

whi ch cont ai ns,a non-aqueous solvent. Swtfibl eirra latl on tines may vary
depzndi ng b’;?&ﬁlcﬁmatﬁré%ltwwCQPtafIErarﬁo’&ﬁ%PeP‘éﬁsé eRjir %HT la|18’t’1 |nvoI ved and/ or
the nature and characteristics of the é %{é cal .

03/ 026703 PCT/ 108b2 /455 91hne thgmarticyfarlyre e fssﬁﬁtéBYFél l%l vent

bei ng irragieahRhs iPhiidtafdl i€ nbt e Mbh @Fbut tslom{sy/lc@m, ﬂaereqﬂmfamrmmﬂm rically
by one skilled in the art. [67] According E"’g t he net hods gsf pr esent

i nvent i on, 2be0BikGIYAEia% B-Orkehn ayen mgHe PIRTeEbit BRIWEEn PR gol vent to

be sterili z@ddyshonf,'sad 'e@&‘ﬁﬁof@' ﬂr&efa@@'b@ﬁ#e@ﬁ‘ abtit bG 1&Gy/tr dnatisd k@jﬂﬁl&n@f fective
for the sterili'zation of |ollqgg,| cal material, while not producing an

unaeécept abm@silmfeqabloffoemmg@wte% for g bP KGY/hrSui t abl e total doses of

radi ati on may vary dependi ng upon certain features of the nethods of the
present invent {65h b%chgimg to another particularly preferred embodiment of the present

invention, the rate of irradiation is at least about 3.0 kGy/hr, more preferably at least

about 6 kGy/hr, even more preferably at least about 16 kGy/hr, and even more

preferably at least about 30 kGy/hr and most preferably at least about 45 kGy/hr or
25 greater.

[66] According to the methods of the present invention, the biological material

which contains a non-aqueous solvent to be sterilized is irradiated with the radiation for

a time effective for the sterilization of the biological material. Combined with

irradiation rate, the appropriate irradiation time results in the appropriate dose of

30 irradiation being applied to the biological material which contains a non-aqueous
solvent. Suitable irradiation times may vary depending upon the particular form and rate

of radiation involved and/or the nature and characteristics of the particular biological



enpl oyed, such as the nature and characteristics of the particul ar
bi ol ogical material which contains a non-aqueous sol vent being irradiated,
the partiwoloaj2d7es m of radiation involved and/or the par®icewisaz2818ol ogi cal

cont am nants or Eat hog[ens bei ng i nactjvated. . Suitabl e total doses of
r adi at i on™@EH2HEGR CERARR @POBIAIPTqUE SPIvent Bping gadinied| Syitphle dadiation

Pr ef er abl Mmeé&h%ﬂe@&t@hmﬂ&ﬁ&nﬁﬁca’l?@&%héQﬂlédﬁnﬁa’éaﬁeas'[ 25 kGy, nore preferably

at |east 45 kGy, even nore preferably at least 75 kGy, and still nore
preferably at[d7pashccdfdthgkPthnethGdsEtIRS predehiGivention; T6k 1&@6?@51 Ba8iH# Sy or
greater. i [68] The particular_ geonetry of the biological material which

contains ¥ Wéﬁontéﬂﬂﬁ%B%a%PVe?‘ﬂve’bféP r"?@ steyilized isifradjated M’é@% raiatiodipitip ckness and
di stance {diAMobd S e 1R sterlRBcH dfhe bl%gmmna@ﬁaﬁrml&e&ot%mu&hgal ly by
one skilled in the art. A preferred enbodinent is a geonetry that provides
for an evahunaseepiable lpyel afiflamass o thet waigHelutSuitthie topl dpnes af radistionmear t i cul ar | y
preferred,gohp Péﬂ?iﬁ@t up'oﬁ RriSGHRhEY of %tm B5d JtStné %ré%elﬁhﬁiéntlgﬁ)?%lg I ength for
t he radi atl on through the preparation, us mninizin Fences in
radi at i on%@@%‘e%é@%@ﬁhﬁ matufy ansh Cmtebst&% of fthet P@l%ﬂ%‘ﬁmleglpdnnatﬂﬁﬂls may be
further qhishToftls hRoBdRob! &ieht BlinORRRRIA! €9 paBBlk! £k AF Liiddigse wher el n
t he preparation has tant radi axi s that is perpendicul ar
t o)t he radivalvpd ﬁndé@dh@ partipylatt bielogigalj dontaminapts omfpaﬁxomarbsmgfmacuvmd ng the

P CPhes s SRR SR L@ hifion cah BEenThd Alnphucaif BOLHE Bl gl 1 ot hods
of the present T'nvention, frve packa con ai ning F The

preparati Bmfﬂ@bly,mlgetma}@de af radratwrsls(anbast\,ﬁ‘j k@y, nmjmafwabl)sataénst 45t1<;Gy,|nder t he

i nfluence _of irradi ch zes ter s between the
package an‘(é)fn & er llyo’t leal5r e%lvﬂby e pt Q%]k%iﬁréaspr?%]iamya%%r%eaﬁ?g@ ?8 Y&yai nst the
ext er nal emrveter, emﬂﬂsmhﬁpomoommgreamd post-irradiation, and are not
reactive wth the preparation within, nor do they produce chem cal s that
may interact M} h ’Ehh@artpulapgecammymeEt biblogicklandtertal varidhycomtaddser niad exanpl es

i ncl ude but are ont s tha Iasses stabl e
when irradfat %Sdgo eﬁ@rlga&lvé ?ﬁu @8ﬂgc%5§n‘ifllsglg€ﬁo%‘érpt TPt o ativel y
st abl e dutddiagiot, aﬂa)atheOdbtmdueHI dmﬁﬁ&aﬂs B oheiskildd amaentirtof A |£r3fe\/i@1 03/ 02|6703f
PCT/ US02/ 28134 conpounds from w , and seal th neta np seals o
Eunt o SROSHRER * GRUADP e Rarar G G i DYmRaF & Ao GRS R BaY s

Sui ]Eabl e pRbaubic. 51?] @&ﬁcﬂ@rlﬁ@ieﬁ(jn@ﬂ%o&l?wﬁﬁ@%%brﬁ&lryf ’ﬂﬁth fegllﬂﬂ)ﬁﬁ laGeRbrt 4

per f ormance, ~and t ampunt and type of reactive |eachabl e conmpounds

poSt -i rrafft héqrﬁdﬁ\ falhﬁ © piation thrpvehd P‘l"?%a}ratéﬂ"?a arpEynEedie diffsidcesdipe 5

i mpor t ant rddftibh Qo&ObdRéANBBtiroaf akd BhRXOSICARLE phph@fibR| THRMBLY ibe Fther by one

skilled in the _art.
minimized in some preferred geometries, particularly those wherein the preparation has

a constant radius about its axis that is perpendicular to the radiation source, by the

utilization of a means of rotating the preparation about said axis.

5 [69] Similarly, according to certain methods of the present invention, an
effective package for containing the preparation during irradiation is one which
combines stability under the influence of irradiation, and which minimizes the
interactions between the package and the radiation. Preferred packages maintain a seal
against the external environment before, during and post-irradiation, and are not reactive

) with the preparation within, nor do they produce chemicals that may interact with the
preparation within. Particularly preferred examples include but are not limited to
containers that comprise glasses stable when irradiated, stoppered with stoppers made of

rubber that is relatively stable during radiation and liberates a minimal amount of
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[ 70] According to certain nmethods of the present invention, an effective
anount of at |east one sensitizing conpound may optionally be added to the
bi ol ogi caWwomabzd7plal whi ch contai ns a non-aqueous sol vent POTiusn2/28134
irradiation, for exanple to enhance the O effect of the jrradiation on the
bi ol ogi calcomprmdmifioan Mitsin, gnd patled gat(agtak FEPRISFELS WRIEIMERIT NG t he

met hods degighiafde g RV ZRiriRE. daltaehiaRualsehl 66 idterdfined
irradiation upon the bi of'ogl cal material. Suitable sensitizers are known to
those ski [byewasuring their physical aadoimanse, ard thewpenns Ard typelof 1sagtive ireshablst i ves and

i nact i nes | osQRNAL a8 byl hmifiE Wi NohakR1diEoTRARRNS, 0F t he

pr esent iﬁ%ﬁ?%@%,ﬂo?ﬁga{i%@gdi\égtibg% of 't h%_ '5 bi.aol ogi cal mater_ci) al which
COAt ai ns ampoknatpuibo genisivngainef ielpgiod uaterials emmjrieadlihyr epeuskdled e i s not
del eteri oys, to t he biol ogical material being sterilized. According to one
preferred eihbodi nent, the biological material which contains a non-aqueous
sol vent is I pfpadi i q%m oA PEREh MLt infGfRh UnNGret feafhoft! er nat
preferred enbj)@?ne%(%g%l fo |oi§(%%t€appﬁa%r%eal lnvvhi ch’ él(_)nteai r?s ao_non-aqueous
sol vent i ofiat lesstibet edsititing eotupmdd 70y vptigrelnbasdded fo te bidogiehpeiedtlur e bel ow
anbi ent tenperature, such 0G r - ion. 80Gexai Uhamkd B

Accor di ng ‘%g&[ %qn%émesngn%% %ﬁ?uso “teﬁtgp%g}f éosé%@ afl?]r{ient |Xgﬁn,z)€étqﬁe .%nl%ol'ogi cal
maperi al wdfecthof dlenirailiasiom om die- Biglegioalscosiaininent(s) ios ppthegashepeinrwhkildi at ed at

or below the freezing,.or, eutecti Qi f. LO i rial .

Accor di ng efrg’?oé’ﬁ’@t ﬁlgr ﬁop%r&néa‘frg’e%rc%e%é? 3 Eé lél%%gi @r%n#e?a%rﬁogg b%?%f:tgg?t?al

mat eri al \ikhdidtion apblitrshislogical -neaeriab uSuiable salsitizats areskriommadittaseskildad el evat ed
tenperature, i.e., .a.t er at ur e, above. ambi ent. r . as 37C,
500 72C df s P Be S B B Be ey g BB ANED 02 o
el evated tenp ture nhance, the .effect of | hat. |

bi ol ogi cal coﬁ@n‘i ﬁg%og”%é ?%B'epxg?et %Jggeo rg?lée) pfgsﬁat ltnﬁéerit%g’g{rhgtnlar?ﬁ%l%ﬂtoﬁg% use of a

| ower t ot aliologles eatdrial adlichtbwifins 3Borf-Z@bouvbsivenimedyercealn ay anyt tempemtusdi at i on of
t he bi ol ogj cal rraé?elri al whi

h_contains. a . pon-aqueous $olvent occurs at a
t enper at ur 82K APt AEGPEAtSsOt e bb‘?(}%%cﬁ;l Htegial ??“?ﬁns@gﬁ%egt i %‘r’ﬁor g 1% 8aI}‘)al e
t enper at urgsfegaertddnd Rl the bRbgaPnkietd Whchypnaie asitontdqeebus molvdneisart . 24 WO
03/ 026703 PCT/ US02/ 28134 7?%& Ilr[lece tain e OdJ; mar}ls d?f }%t?ge er%é%hsent
i nvent i on, adated S FRPCIAITR Y PERPTHIPS TR PR RIS BRI Y be f ound
to lie W thipgicall @MNeBal whicheontalidNa abn-aqueP@Cidlvént ipdiridiateSue hedacgdange for
the preferred tenperature for the irradiation of alb%aqrgél éwjr,éar °8i ol ogi cal
madler i al WRMPHAEENE % HiEMRCTAGFE RElRE HRCE SRSV ReyC &P fondhs 5
enpi ri cal | ypoBY_70%€ o8 Kidsb@d Adoddite tarﬂ;ﬁs te{rllxﬂédimé‘ﬂcéﬁt‘ﬂé ek} ihRatsEtdRods of the

e e

present invention, the irradi ation o . o
biological material which contains a non-aqueous solvent is preferably irradiated at or

below the freezing or eutectic point of the biological material. According to another
alternate preferred embodiment, the biological material which contains a non-aqueous
25 solvent is irradiated at elevated temperature, ie, a temperature above ambient
temperature, such as 37°C, 60°C, 72°C or 80°C. While not wishing to be bound by any
theory, the use of elevated temperature may enhance the effect of irradiation on the
biological contaminant(s) or pathogen(s) and therefore allow the use of a lower total

dose of radiation.

30 [72] Most preferably, the irradiation of the biological material which contains a
non-aqueous solvent occurs at a temperature that protects the preparation from radiation.

Suitable temperatures can be determined empirically by one skilled in the art.
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bi ol ogi cal material which contains a non-aqueous sol vent may occur at any
pressure which is not deleterious to the biological material which

cont ai ns wonaM2@aiieous sol vent being sterilized. Accordi RGTIUSODZE 34
preferred enbodinent, the biological materiial which .0 contains. a

non- aqueous _ s&{3entn eEaimbaiinests oA thegiressrit B o S fempenpirertprtitier abl vy,

the bi ol qgh&alonRpEfFbRled WMyCHe ERARE 34 NS WANRAON 1AGs GRME: §h 4ERispdcfiicl I radi at ed
at elevated pressure due toO the application of sound waves or the use of a
vol ati | e. Pafit] Suploe rangestor te prsfasied Hermprertsy femiporiradiption phe paienlsf el evat ed
pressure rmaaosﬁ&hl ARGRribIN &I ©6htain®T a | AondEhhE MoIRA: 1S, Ricolingitala

contam nant (s) or pat ho%en(s) and/ or enhance the .5 priotection afforded by
oné or norampsically by onerskilled grithelattr ef ore al | ow the use of a lower total dose
of radiation. Suitable pressures can be determ ned enpirically by one

skilled in th&larfccoding icsapetheds of decprpsgniigvemnsiophide rpedision adfihe; he

present | %Y&Qéifa‘? Dnatdrd® aﬁeh'iihocfon%a'ﬁ?s a 9&1?%@9&&%1% ﬁ% gg%l\g{}it ng/ 5{3%@ ns a

non- aqueous solvent un r90|ng_ster| ationis n somne

enmbodi mentwhigf is npledepptasiounto thabistrgicehmatedaharhish contaias pinoh-egieond solighter i al

whi ch contal -NOaN- ; ; ichy

pr ef er abl yb%iﬁréétsegihtg%aﬁ@%? e ugi%m’? gl%ge}regg%ég@g}@? gg“’g‘; gll(%aaggatteh%ﬁ%é% equal to
5, Oeven nmoetaiss efrenabiieput edvent ishiandiated etplaated @ressurandlare stefqprbdy, deabl y | ess
than or eqigheitd duokd) FhHEDRRING oSTRAIERIEOt, IDBRLERE DLy ent | on,

t he bi ol ogi caf hateri al I ch contains non aqueous so vent may have a
pH of gr egtressurt liae tq thepapgliestminl of Pnhivevestondie ose efjuablatite. 8Whilermpte
preferably greater .than or equal to 9, .eve re preferabl reater than or
equal to ‘Tg},“n %?‘j’erPSE?EBY %qyetBSWythegPseea({fglreV%%c{aﬁe%s gerﬁ%?'a?n%ta%%f% eei‘%c%tcor ding to
certai n engioatadietiins on ahe tHidogitd S@ntaniinmvgs)t oropathddea(sp ndfor tehianpe efmar at i on
undergoi ng sterili Lon is at or near the isaoelegtri oint of one of the
component PRt 3ok ot mte SR o ow i Buta Bun’be

det er m nedoR@us¢ bCatibiiohy SoifdlsSktdstu@slcanrbe idbermainéd erthpifitalSi byidnakkiled accor di ng
to the nethods of the present invention, the irradiation of the biological
material WA cont ai ns a non- agueous sol vent may occur under any

at nosphere th is_not deleterious to th .ol ogi cal teria i ng
roatad <25 WSlo3POTEAs REHRE I RIS oRB A bt BB o
enbodi m‘lntbiolb?@al hategivaath e@itsihd alnowhinebuL Uit NBdaRgding stedlixhtionss Sol vent
is held in_a | ow oxygen aﬁgpspher or an inert atnosphere g\h?n,ag i nert
at Rospher é°P¥ Enpofflty, SPREERD HB§ @resent r}’i“@’f‘E?%bl}‘V’e(YB‘i’rﬁIbes B'®¥a nobl e
gas,  SUChya&id hicd¥bRhing b 86R-aqiBRlEsolfetf BiyakY a PHUIIES it peferdly Wei ght
nobl e gas, and nost 5 preferably argon. According to another preferred

enbodi mentlessitpa %P‘lﬂab@i @ Mot Esigbly 1ess than or equal to 5; even more preferably less
than or equal to 4, and most preferably less than or equal to 3. In alternative

embodiments of the present invention, the biological material which contains a non-
25 aqueous solvent may have a pH of greater than 7, preferably greater than or equal to 8,
more preferably greater than or equal to 9, even more preferably greater than or equal to
10, and most preferably greater than or equal to 11. According to certain embodiments
of the present invention, the pH of the preparation undergoing sterilization is at or near
the isoelectric point of one of the components of the biological material. Suitable pH

30 levels can be determined empirically by one skilled in the art.

[76] Similarly, according to the methods of the present invention, the
irradiation of the biological material which contains a non-aqueous solvent may occur

under any atmosphere that is not deleterious to the biological material being treated.
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whi ch contains a non-aqueous solvent is held under vacuum whil e being
irradiated. According to a particularly preferred enbodi nent of the
present iwWOeab2E@n3 a biol ogical material which contains &Cmarsozegiepus

sol vent (Ixophi_l ized, liquid or frozen) is stored under vacuumor an inert
at nospher e p9FdrGioe prefemhrabeginent.dhe hiolpgicldnatgial fhicl ¢pgteins PonoRpr e

pref er abl yaquehlis@BREnTPhEIA Yh lloWBkeidh aBRRpIRO&Sn RBE 2RI Hhddd, eﬁ%ﬁg% y argon)
prior to irradiation, According to an alternative preferred enbodi nent of

t he presentiertjaiispitero s eraplpyeduthg abnespbye dsapreiaeebbr somposge eha aedie atsns a

non- aqueoUsgch ol ¥&itkn dr rddf! Hore PREtEHLIL QWi dRE e mount  of
gas, parti CSI arly oxygfagr?, d_?rgsol ved!yi nI%Bhlgﬁaﬁu@dﬁi‘%e?ghgﬁﬁggg%baéd?lr?(ggi ation,

ei ther wi tPrefsrably arpenut Aecopdingto anodlsr pfefasistl wwhediment tiei Wologisal ot Bl as

| yophi | i zag4,0n. as sl r [ apy-_of the et hods
cnonn 1o et el g 1RAARRAE FRé R LALTRCR D B

wher e t he Biwrdieg wal patidudarlygirefahiedémbagiomna phithe aresen imguewys biddgi@ht
contains o . 10, f s_di I i L0 .of .associated with it, the
anount of %Stg%g ‘gg%heésog\;&ﬁu%sﬁa?ﬁ&é?q%g@%%gl&g e(yoé\}ml%dt h%ul%ro re%é’%ea (SOt may be
reduced byuraayvagfumh beamitettatisosphete (j@efernblylremblengasnsuainds halmind @ldrgont 0 t hose

skijj led i s the, controlled reducti on of .pressure. within a
CO!nO![ ai ner %&%&rﬁg%?ly%ﬁq%??g}% Cu]r%‘f)lwallgﬁtgmtlbﬁe asﬁraéigerlrrmasﬁjrg T tgy BeVrPE8t ed or by
pl aci ng thie pradptiorat | According to canbleieive Piefapydr exbaotimenty o theaprevedt une. [ 78]
I n certain._enbodi nent.s ,of. t.h resent .inventi on, when the biological 2?5
nat eri al V\ﬂ?’ééﬁlo%o% lg'i‘lﬁsl”(%Pﬁ%aﬁ-rgﬁﬁ%%J@l%T(\?g’ms § BopaduePYs Flyenf & %l i ssue, at
| east one umlkaliv fraseire, 16 dectbdso dhcathbuacefpadipagictlonabyygeh, dielveeinhads and

t echni ques..known and availahle to one skilled in {h art, including
soaking ¢ RIS SEERO ey Fiies B GRPARHAGTIOL HEP of SR FEHISH, U8 of er abl y
unger presgsUyéphilhtidl. € $adiedhohRMgahat B RrioMbdQsinkhiny BE theRhABRB kB @
penetration enhancer, such as dinmethylsul foxide. Qher nethods of SO

i nt roduci n‘ijoﬁ?shlﬁ%’flﬂ‘t?ﬁét-stabi lizer into a tissue include, but are not
limted to, applying a gas containing the stabilizer(s), preferably under
pressure and/ ﬁ?ﬂgt hg Ia’é‘?fagreﬁe effé‘ilrﬁg}baih%}eét: Wheieathe | iplogieal; matedsl awhich zer (s) or
a sol uti oncop@sal RbMEqieh®s §d1vk IchbiBih Skygei o @ftidr Yoabddt @sdoliRd thid$H 8y P! aci ng
the tissue under reduced pressure and then_ introducing a 26 W 03/026703
PCT/ US02/ 281esiptedguigh By the gmopntnf thesp waten wilfing o associaisd| Wiste the reparstion

cofbi nat i oRgy B rddidVy &BY & B RIS andRERRARs khen hd FRLBLIS 8N Blokd ZErs may
al so be introduced into a tissue according to such nethods. [79] It will

be appr eci %illsd it haerts feh avihp pondtollehireduction ef presswisrvethis a condaines Arigid e
flexible) holding the preparation to be treated or by placing the preparation in a

container of approximately equal volume.

[78] In certain embodiments of the present invention, when the biological

25 material which contains a non-aqueous solvent to be treated is a tissue, at least one
stabilizer is introduced according to any of the methods and techniques known and

available to one skilled in the art, including soaking the tissue in a solution containing

the stabilizer(s), preferably under pressure, at elevated temperature and/or in the

presence of a penetration enhancer, such as dimethylsulfoxide. Other methods of

30 introducing at least one stabilizer into a tissue include, but are not limited to, applying a
gas containing the stabilizer(s), preferably under pressure and/or at elevated
temperature, injection of the stabilizer(s) or a solution containing the stabilizer(s)

directly into the tissue, placing the tissue under reduced pressure and then introducing a
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5 described herein may be enployed to further mnimze undesirable effects
upon the biological material which contains a non-aqueous sol vent caused
by irradiwDioanz67ehi | e mai ntai ni ng adequat e ef f ecti veness Pofi/tishz28134

irradi ation process on the biological contamnant(s) or pat ho%en(s). For
exanpl e, i gasadidiolition ceraining thes galkytizes(s) angheqnibinationsof gy qr ee Hf tse| ogi cal
mat eri al \%@Ba& 2 e ez AMEONS, ﬁe%%@dﬁl&:edrfﬁ% SR Reordifg byvphi | i zed,
hel d at a reduced tenperature and kept under vacuumprior to irradiation to
further mi miethiode undesirable effects. [80] The sensitivity of a particular

bi ol ogi cal contam nant or pathogen to radiation is conmonly cal cul ated by
det er mi ni ng t hE9Hodewikleeappaojptaddhptibe eambiration pf Ripg or mege|of gt fedyms of t he
agent in a35afhlaCherdlinh) deSediNIONd RStutthe FRAnYA bRsirble SR LR e 15
conponent s % a g]i’(eé ogl%jllﬁl a}qe er’rdéll?eri aﬁ% mgi/@e;@%m%e coﬁlgf de_?e 'to av% a D37
val ue equabiotagical metedal sehidlf condadinsaa inermaqueousi sobyenit couseldibyi iradietianl Whideit 37% of
their desi bl O j.cal ysd gl.ogi . erd Sid .81] In
accor dance&\%l aﬁmc%r;Jtd%%'rail{:epr'e g?‘gg’re%egpnﬁ %gd%%% ltl? lli;lglgjr %(Faeg%ec{nnt %lltlén\%zdrll él%%, t he
steril i zat conanghard(shpopasigngen(s). nEoeexaaiplopn edditorto dhe gseaohortabiljzeoas sol vent
I's conduct ea(ljrti u%e(t)r Hi'g% fcal® %ra]tg irliai e ! Q(%lttairlise uxllotn-ai e ds%ﬁfregta T iarfsot IB? D37

val ue of tR€"BI Ol ogl cal” contam nant ~or pathogen w fhout " a concom t ant

dett ease | tyophizdd3eld afl aredwfed tenepelrtat eyl keapt umiat ercivah priot 1o imedigtionamce w t h
ot her preferyped antiQé)dnsd O{;abi)eh% s esent invention, the sterilization of a
bi ol ogi cal PP RTCH OSSR s a non- aqueous sol vent is conducted under
conditions tha esylt in.an ipcrease.in, the. ue .o terial. In
accordance w tt?O;SSlthﬁeserﬁ%tlelpypro gfa i elgllar]rfe‘?]ﬁg lggggon}{%g%nrtegsreﬁ{zﬁqg%etﬁti on, the
sterilizat radintioh issconmntygiatcalatedrigt detarainingthe dose oeresdanstoanavtvetaopiabus

solvent is n ed.under .condi ti o that result —in decrease .in the D37
val ue of tﬁli%}ﬁﬁq%lfls}bﬁfi@glag%ﬁ? 31‘?‘?‘%&%@ Sg?jﬁ%g#hgr%”é’aﬁ%oﬁg%ﬁ?sfrg% i ncrease
i N13 he D37 cotapabentobf 4 bisloRicol géramagyalse be abnsidd@d kxiavp b &y, valieeduslltb owi ng
exanples are jllustrative, .but not limting, of the present invention.

O her sui t 5651405 BrRF RiaR F L 8 Rt TR & e e, HPIEES) B r mmi 1 y
encounteregh}kgw@gzca\/@a%{eg&%% PCT/ US02/ 28134 those skilled in the art and
are fully within the spirit and scope of the present invention. Unless

ot her\l/vi se not eg&l]h alth abdo&ca@lbamtmaelﬁmpﬁm@ﬁrme%hsme@r tHS piRgend iSO HonSHEr Ce.
Exanmple 1 5 ILn this_experjnent, .the, ect o amma radi atjon on dried

r ok nase Seuletitba 1 HOCRTYBHHIGHG Grpten ToBREroROBT ST BRBLPHS &

bubd ered sahddp@oddiRR} thaBfes@lirnes dHchAsh in the D, value of the biological contaminant

or pathogen without a concomitant decrease in the D37 value of the biological material.

In accordance with other preferred methods of the present invention, the sterilization of
a biological material which contains a non-aqueous solvent is conducted under
conditions that result in an increase in the D37 value of the material. In accordance with
25 the most preferred methods of the present invention, the sterilization of a biological
material which contains a non-aqueous solvent is conducted under conditions that result
in a decrease in the Ds; value of the biological contaminant or pathogen and a

concomitant increase in the D3; value of the biological material.

30 Examples

The following examples are illustrative, but not limiting, of the present invention.

Other suitable modifications and adaptations are of the variety normally encountered by
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Method Six 1.5 m pol ypropyl ene m crofuge tubes containing urokinase and
PP&X00 10 (tubes 2 and 5), PBS (tubes 3 and 6) or dry urokinase al one
(tubes 1 wond3A)e7okre prepared as indicated in the table Perawo2Itibes 4-6
were ganma irradiated at 45 k (1.9 kGy/hr) at 4C. Tubes 1-3 were
control s (theye skitlgddn thaailand W@%ﬂﬁ wighindle spir|andricoppefiiho PrsNS My emiss.

ur oki nase : O K : @, r oki nase
suspended ?ﬂg%’sﬁgﬁg 1s%ﬂ$1tl6d, %%%rr%h%&g?gsﬁcﬁgrggil%gf%%}l%edcgﬁo%%% 3.08 0 123 4
dry urokipase alone 3.38 0 0 5 uroki nase suspended in PP400 3.3 132 0 6
ur oki naseE§%f§bl§ﬂded in PBS 3.52 0 141 15 After irradiation, the sanples
were centrifuged at roomtenperature for 5 mnutes at 14k RPM PP&00
solvent was r elmshie dxiferiowmt; thio effet of gemBa zadihtivR On HrigeBgokinese suspdatled im o t hose

two tubes. 8 | .raspectively
(ur oki nas epcél:1 ﬁ(c)%yrll%{r%%g}gcgﬁn%??@ ‘%’g’@gip%%%%f&gﬁ %aﬂge:@*gl%%gag%éee “F?g'n di |l uted
50-fold with PBS and absorbance at 280 nm was determ ned. 50 | of each

di l uted 28edwdpl e were then added to a 96-well nmicrotiter plate, followed
by 50 | of 3 mM substrate in 2X assay buffer. The plates were incubated at
37C wi t h shaki gig Bfidnl PdER6R1dne micedaeeatubfOtdnidflby arskimad aninkPGaoy 20

m nut es begi hnin m_nut after. substrate addjtio The agbsorption at
638 nm (ba&w&gﬁisbﬁggs@&eﬁ 2c Ok ?foﬁﬁyt%kmwai? ea(Flbﬁ?)E aﬁ‘&‘@oweg‘f)t ain a
corrected pRsAEPL RAicMad HEthe MR Bdlval TEEH GeRivE@lgh@haGiradidiad Wt PKkGASE was
1000 11U m ., 28 WO 03/026703 PCT/ USOZ/(ﬁ8é,3A\ Mat eri al s Uroki nase - Sigma
cat. # U 500%kGy/BY abbi dnbes 123 erggontrdphyo°} U Ur oki nase. PPGA00 - FI uka

cat. # 81350. Substrate - urokinase substrate 1, colornetric - Cal bi ochem
cat. # 672157, lot 5 B23901, 5 ng vials, final concentration 1.5 mM_2X

Assay Buf fpe- @nglgM Tris (pH 8.8), %‘fﬁhﬂMd}?G voRn2 P68 0 D umeesul ts . 0
Ur oki nase| suspénded i n PPG400 and t he R SRAIEB (g ' adi ategd to a|total dosg of
45 1 dry urokinase alone 32 0 0

2 urokinase suspended in PPG400 |3.16 126 0

3 urokinase suspended in PBS 3.08 0 123

4 dry urokinase alone 3.38 0 0

5 urokinase suspended in PPG400 | 3.3 132 0

6 urokinase suspended in PBS 3.52 0 141

15 After irradiation, the samples were centrifuged at room temperature for 5 minutes

at 14k RPM. PPG400 solvent was removed from tubes 2 and 5 and 120 pl PBS were
added to those two tubes. 128 ul and 135 pl PBS were added to tubes 1 and 4,
respectively (urokinase concentration of 40,000 IU/ml). All samples were then diluted
50-fold with PBS and absorbance at 280 nm was determined. 50 pl of each diluted
20 sample were then added to a 96-well microtiter plate, followed by 50 pl of 3 mM
substrate in 2X assay buffer. The plates were incubated at 37°C with shaking and
absorption read at both 405 and 620 nm every 20 minutes beginning 5 minutes after
substrate addition. The absorption at 630 nm (background) was subtracted from the
value at 405 nm to obtain a corrected absQrpﬁon value. The final concentration of

25 urokinase was 1000 TU/ml.
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kGy mai ntai ned the sane percent activity as ganm irradiated dry powder
uroki nase (80% . In contrast, urokinase suspended in PBS subjected to the
same ganTmwo 032l ati on rmai ntained only 6% activity. The Pexaisvy2884this
experinment are presented in Figure 1. 15 Exanple 2 In this experinent, the
activity saerishown by the ability to bind antigen) of inmobilized
anti-insulin ocl onal ant 1 af b ,ation in the
presence of vliair'}f])f fr;l%ﬁ%sefglrgmng o Q%E)J?Oy\é?gtpéﬁ%elﬁgmgz{%%%l 4?%%%@'&@%@ ghts of
400, 1200 andPP@(ﬂO@OE]@b@l.caF\/#t&igéo- In two 96-well mcroliter plates (fal con
pl ates - ProBisasstR® Wedkiiaenabsidic 1,%0loab@8d 5Talbiobiemveitl # 6V&58 leashed f our

tines wt l. vol u PBS 4 ce the 2-5 two plates were prepared
asggescril%géblggor{}%yla{gﬁ%@ap%l%%ﬁ@é% %(Sjqu\?th 100 I /well of freshly prepared 2
g/ M anti-i ns@X MssenBeEat il pymdhTrerHehs), 10 mMNKInQ-§HREPEES09E. The pl ates
were then washed briefly three tines with PBS (pH 7.4) and 100 | of PP&O00,
PPGL200 %esEEsGZOOO were added to specific wells. Each solution was prepared
ina 11,771.6., 2-fold, dilution series with PBS. Both plates were covered
tightly with a cap 30 mat SGrei ner cap mat cat, # 381070 ((USA Sientific))
and@ i rradi at ed/rakingsesspwendyd pehPEH00 and thep gapypy qragisted ¢ fotyl dopR,PH 1t acC,

Fol | owl ng jicky AdinBliddanne SRR RortdmRb&alviy 38 QatnmhUlhdived aigelf)&bdé@ kidkenakrif fer were
t hen added to all wells and the plates were incubate or two hours at 37C.
The pl at es(80%pr elnnastiast, fuenkinags FaspendedhinTBRY wihigetsddo | thefsame Fgrea

bi otin- | abel heg | rﬁ&iﬂia} Bd bql 6922 MR STRAR AR oPl{ LBAZh &R hdpredthiddiNg buf fer
were added £0 each well. The pTates were covered with a plate sealer

(Dynat ech Eigetdte plate seal ers) and i ncubated at 37C with shaki ng (LabLi ne
Titer Plate Shaker set at 3) for 1.5 hours. The plates were washed four
tipges w tpypiadz2and 100 | of 0.5 g/nl phosphatase-|abelled streptavidin in
bi ndi ng buffer were added to 5 each well. The plates were covered with a

pl ate seal er and. i ncubate t 37C for one .hour W | NG pl at es
were then wasHBdMEHPELT sg\%atcﬁWB%f séﬁgnllﬁ'oﬂﬂe é(l)Mfl}tQ tg%’}%ﬂ?&l r%r%is]g%at ase
substr at e iinfindBELeb uhfi @isulve menedéetad afitthodrehs Weletmiastaftdnarrpdigttoasinviby e

i ncubated at 37C wi t.h shaking., Absor pti.on read at _ b and 620 nm
at 5 mi nuRIESeRsR ArpHPY fg‘?ls gg’alé@’f"pﬂlﬁ ° %B%Oét(\%&e arﬁel%ﬁso&%@o’( (}g((): ﬁréérjound) was
suppt r act ecppod®) fromthe value at 405 nmto obtain a corrected absorption
val ue.

Method

In two 96-well microtiter plates (falcon plates - ProBind polystyrene cat. #

353915), the wells were washed four times with full volume PBS (pH 7.4). Once the

25 two plates were prepared as described above, they were coated with 100 pl/well of

freshly prepared 2 pg/ml anti-insulin in coating buffer and left overnight at 4°C. The

plates were then washed briefly three times with PBS (pH 7.4) and 100 pl of PPG400,

PPG1200 or PPG2000 were added to specific wells. Each solution was prepared in a

11, i.e., 2-fold, dilution series with PBS. Both plates were covered tightly with a cap

30 mat (Greiner cap mat cat. # 381070 (USA Scientific)) and irradiated at either 0 kGy/hr
or 45 kGy (1.92 kGy/hr), both at 4°C.

Following irradiation, approximately 380 ul full volume blocking buffer were
then added to all wells and the plates were incubated for two hours at 37°C. The plates
were washed four times with TBST and 100 ul of 50 ng/ml biotin-labelled insulin in
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Materials Bl ocking buffer - 2% BSA/ PBS (pH 7.4). TBST - Tris Buffered
Saline (pH 7.4) with 0.05% Tween 20. Biotin-Labelled Insulin - from bovine
pancr eas wWOo3Bga&0d- 2258 | ot 110H8065, 5 15 ng insulin, 1PETHISI02/22HBII’C per

mol . i nsul cnstltut in5 nl_st rlle wat er at 1. /m stored at
AC. Bi ndi n&n@asf fer Werefégadgsﬁﬁﬁssekl Hhe pipfes W@%Wéﬁda%h eg*gaé%

Streptavi dg-l)c}rnatet‘llf)lac&ﬁg ldfe ge'iie%g 4Q; 1n&b5tem'f r317°(j Q/lt*ﬁ(s?{ﬁklﬂé YGRLRE/ 'H?e@ (stock

diluted 1: ) Buf er - pe di et hanol ami ne (Si gm
D- 8885) , OPlft hakeysebat §Hfg 1. Smoens%@sai%w‘r wesheéf@r topeawith EBSPH8d phat ase

Substrate 61*6 9@2%5\1/&4110 9&&“1% d S§ﬁgmn}91151}19?%1]3§ff%%199é&h o The

phosphat ase s stra epare resh as a sol ut1on
phosphat aseachsvibls t Tlzet gatbutvére covarede with DEptatd sdafez rand ifcebasadl att37ihfaronki ght

Nonocl onal e eHEy P Rctie e EblSginet e et S 0T ebh i or
8J2877. CoaiginiligphBsphhmate substatein MEchlifee ickaidaddEio il welkind theddatb0katpr opyl ene
gl ycol P400 Fl UK%ﬁ(ﬁ@'l@ 81350. Polc}/propyl ene gI ycol P1200 - Fluka cat.

I

# 81370,  POMyARGH Pelgre- pASERIPtonE WA eadzat bolk 40paansl 02038 W’ 03/ 026703

PCT/ US02/ 28ddde ifrasalb b nédde@diTat @8scpivhl £%530 Gtk @abkindP® a8 X thiclegd
approxi mately 50-63% of bi nding activi taé of .unirradiated control. In

coftrast, fPidbs %ﬁl‘éf'cﬁtégmé‘so%%ﬂf‘ﬁ%‘?"ﬁ@ EsPisEiialiet ed  no bindi ng activity.
The results are presented in Figure 2. 5 Exanple 3 In this experinent,
| i qui d t hiewdsials cont ai ni ng 50% gl ycer oI and spiked with porcine parvovirus

( PPVI) Was0 ir Ir aﬂlo@hﬁgbﬁi‘f)er\lé‘/aﬂm Bg 9s es of radiation. &OdI\/Et hﬁd 1. iAdd
EARCE o i R TR
Biotin-Labelled Insulin - from bovine pancreas - Sigma I-2258 lot 110H8065, 5
15 mg insulin, 1.2 mol. FITC per mol. insulin, reconstituted in 5 ml sterile water at 1.0
mg/ml stored at 4°C.
Binding Buffer - 0.25% BSA/PBS (pH 7.4).
Phosphatase-Labelled Streptavidin - KPL cat. # 15-30-00; 0.5 mg/ml in 50%
glycerol/H,O (stock diluted 1:1000).
20 DEA Buffer - per 1 L - 97 ml diethanolamine (Sigma D-8885), 0.1 g
MgCl,.6H,0, 0.02% sodium azide, stored at 4°C.
Phosphatase Substrate - p-nitrophenyl phosphate - Sigma 104-105, 5 mg/tablet.
The phosphatase substrate was prepared fresh as a 1 mg/ml solution in phosphatase
substrate buffer, i.e., DEA buffer. The solution is light sensitive so it had to be stored in
25 the dark until ready to dispense.
Monoclonal IgG1 anti-Human Insulin - Biodesign Int. cat. # E86102M, lot
8J2877.

Coating Buffer - carbonate/bicarbonate (pH 9.4).
30 Polypropylene glycol P400 - Fluka cat. # 81350.

Polypropylene glycol P1200 - Fluka cat. # 81370.

Polypropylene glycol P2000 - Fluka cat. # 81380.
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(adjusted to a total volune of 1 M with H2O to Weaton 3 m tubes (in
duplicate), and irradiate to a total dose of 10, 30 or 45 kGy at 1.8 kGy/hr
at 15 40vo023/0kabel and seed 96-well cell culture plates toeTaiShpesiad | east
4 well per dilution (seeding to be done one day before inoculation). Add
200 | of R&Wks suspension per well at a concentration of 4 x 104/ m . The

same cel | cul i & {d i d Su@BiSH G ehimdLAND 08y mfd%gance af t er

I°rus 1.nocu S.Sheets are
70- 90% c o¥pfiviiapk uninradiated %ontr@lx é@?q%ﬁtmsé'eteé Pafmk@ﬁogn@mm@ joifedyas added
to 200 ul nsEingihg activiity S The 25l arcpésentapjrlpure 2t e di l ution (1: 5) of sanpl es
wi th PK-13 growth nedia, then filter sterilize each sanple using
Iovv-proteln bi nding disc filters. 5. Add 50 | of the pre-diluted sanple to
col um 1 Bxampled-wel| plate. In colum 1 mix the nediumand the sanple
t oget her by pilpeliit expgritentalighidibyembln SorBdinihg 68% glydéroharidrsptihd tvitlhs t r ansf er
t he neces I at the m xing
process. %ﬁ&%{y al w{uﬁg}%\{)a%ﬂstl adt gdt?%lhlelfg?{)%fsmge %S?aﬁigﬁ t he sane set of
tips, transfer the sanple to the next columm. Repeat this process in each
colum unpethoggol uiMm 12 is reached. When the sanple in colum 12 is m xed,
enpty the |iqui.daaat100ful 1608 blyesiol, 20 fhefoawidt (100 TARRh®mbE:)apketwitand di spose
of this extra |igylLoppVami HaSEELY20LE (200 ol SodGinY BSoB@Y adZstal§iRsEp| es
dilutions. 6. ReddiRteRlé4 Bl b&u&egflmmt}go? 8t wiBdaon 3441 thbessEr Ve

i croscopical l'y amlcat%ygﬁcﬂmram@tewa%@ﬁhbgecof% RCJr 45 RGY BOLBkBYMAat cul tures on
days 4-5 and day 4ec. The TCI D50 is cal cul ated from CPE reading according to

t he net hod of Kar ber 8. Positive controls were done by adding 50 1 PPV
infecting stocx, a@se@@g@-&lﬁ‘l’@elp&ﬂ%fe%laﬁes%ﬁﬁovgﬁ’trl@aspéy wall g uipéh | PK-13

growth medi a fol d§ drldask bexodd! hé&ful 069 Add20001 886 ?&Z&ﬁsmn
P sozr zoias Bl Baowfe@ o Shesmegl vt glaymifeaton &
UM stock). Sodi u At eg- Hpeand® Y vl nfibation 26, 855-0 (M lw, W

53201). S Por C3 N %elj?&{n\/\q}{fs 'i&é%ulgt%?l\Qhen ﬂ’lAéTé%ﬁs TheVR a17e47%*905/)c!3\6nlﬂﬂé1ﬁq}1 kg stock was

prepar ed experiment 800 ul PK-13 growth media was added to 200 ul samples first.

25 4. Make appropriate dilution (1:5) of samples with PK-13 growth media, then
filter sterilize each sample using low-protein-binding disc filters.

5. Add 50 pl of the pre-diluted sample to column 1 of a 96-well plate. In column

1 mix the medium and the sample together by pipetting up and down 4-5

30 times. With fresh tips transfer the necessary amount (50 pul) to the next column
and repeat the mixing process. Empty all the liquid out of the tips and using
the same set of tips, transfer the sample to the next column. Repeat this
process in each column until column 12 is reached. When the sample in
column 12 is mixed, empty the liquid out of the tips, withdraw the sample

35 amount and dispose of this extra liquid in a waste bottle. This gives you 12
samples dilutions.

6. Return plates to the incubator at 37°C.
40 7. Observe microscopically and record the cytopathic effect in inoculated
cultures on day 4-5 and day 7. The TCIDs is calculated from CPE reading

according to the method of Kirber.

8. Positive controls were done by adding 50 pl PPV infecting stock, and
45 negative controls were done by adding 50 pl PK-13 growth media followed by
serial 1:5 dilutions.
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by PEGB000 preparation wherein 1/5 volune of PEGB000 (20%in 2.5 M Nad)
was added to PPV and incubated at refrigerated tenperatures for 24 hours
af ter whiwb,03BR703 was pel |l eted by 15,000 rpm for 45 m nut @€TiUsoz288£knman
SW28 rotor, and resuspended in 1/10 volunme of PEG buffer. PPV titer of
por ci ne pagusyig us was determ ned by TCI D50 10 and was about 9.0 |og/m

(032301 stock) i ke .ratio vva ed with 150 pl
protein sol uti %eaﬁoﬂ?‘@e“f | %}ﬁﬁsaeftnﬂ %’h%atlg%%‘z??%éb% ?f#ﬁp{%) 0.01 M
Tris (pH 7. 4), ThrombirEboaine Sriginc9P HisdUnts 48 mhsieek)used i n the experi ment
obt ai ned from étstﬁﬁm%ao@ateﬂlt\udncﬁ Brémaed. o4t, # 26,9590 m@O\@@smbper

for grul ation, | E%II cihe Fa ﬁvgglazsgg]a(( ”l%(l} l#%fv\% %E%P%% 11(1ng ockCRI’zs g%ﬁ%%{i ¢ passage #

Cells are i ed Eagl e
rodi um & upp w@@éa@%mcemtwnm%em@s soldme G5PECR000 (0% i 2.5 M NaCI) ws

penci | i nhgddaapPPmaai Mcbbaaddik aamg"wated tRapethfutes f2Q4SatmbrerMHidEOPTI t er per

0.05 nm Lo R k /+2 / no
stabilier g/lgﬂ%le%dj O%%/O 9 or mu %ﬁéﬁéé%aéﬁ%t}g@§ fﬁ%%gusg Gy/ no

st abi | i zefn iz/lgvolanwg EGdukfesy PRV zmoﬁmr@%mwﬁ%w%%a@nweéby §C§250 30
kGubno st ahil g fou9. 650g4mﬁ@523045tokl@;//PFV3ﬁﬂle osadiltnsapLerwabek 3. 05 3. 24

45 kGy/ no St?fgl tlf@du%a&gl{i%Olﬁ&%g%ﬁﬁﬂ'ﬁ?&‘QYF‘%‘ total dose, there was a 1.32

| og and a3 evels in the resence and absence of

sodi um ascor baPBG B@&«‘pe@ﬂMHﬁ?l 081 M ey ¥ 7.0 { MM EBJA. kGy total dose, there
was a 3.24 |09 Sﬁﬂgmﬁed‘lst%érswé@a Usedinahd experimetBhalned &b AerlcheSi2mlipr esence

or absence, | eapegt éi%zggcdm%g MARCREDRRor M D 2 45 KOy total dose.

teductron in PPV |l evels with or
wi tlhout ascor béi?ﬂés P43 paTECF#LIRL- 641&9 Pavasset Hreralls gerramateingd 8% hat
i nactivat Ig@csmﬁfmeamn(mnwc:bo’madlﬁem@gwme@iumn stipif@Beritsl veiff 04 FBSaidn t he

presence a _n Qus. S0 oth with and w thout an effective
stabili zeﬂ&%ﬁfc%/%%P% 8@%@?’%82/ 28134 Exanple 4

Results

20
Sample TCIDsq Titer per 0.05 ml Log Reduction
0 kGy/+ 200 mM sodium ascorbate 6.29
0 kGy/no stabilier 6.375
10 kGy/+ 200 mM sodium ascorbate 4.97 1.32
10 kGy/no stabilizer 2.97 3.405
30 kGy/+ 200 mM sodium ascorbate 3.05 3.24
30 kGy/no stabilizer 2.35 4.025
45 kGy/+ 200 mM sodium ascorbate 3.05 3.24
45 kGy/no stabilizer 3.05 3.325

With a 10 kGy total dose , there was a 1.32 log and a 3.405 log reduction in PPV
levels in the presence and absence of sodium ascorbate, respectively. Similarly, with a 30
kGy total dose, there was a 3.24 log and a 4.025 log reduction in PPV levels in the
25 presence or absence, respectively, of sodium ascorbate. With a 45 kGy total dose, there
was a 3.24 log and a 3.325 log reduction in PPV levels with or without ascorbate,
respectively. This experiment demonstrates that inactivation of even small non-
enveloped viruses is effective in the presence of a non-aqueous solvent both with and

without an effective stabilizer.
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In this experiment, trypsin suspended in polypropylene glycol 400 was
subjected to gammma irradiation at varying |evels of residual solvent
(wat er) cwotoanea70d Met hod Trypsin was suspended in pol ypropyusenzsigd ycol
400 at a concentration of about 20,000 Um and divided into nultiple
samples. A fixed anount of water (0% 1% 2.4% 4.8% 7% 9% 10% 20%
33% was ddeg 50 each sanple; a 100% water sanple was 10 al so prepared
whi ch co no PPG 400. Sanples were irradiated to a total %ose of 45
KG/ at a rat e Infhisiexpetagputhirypsinguspended ipeatyreRydensrelueel 4085125 sHHseE

i rradi at | 9RamBRAGRaEATRlavRBg BeELE bf bsiged sdlvenp 6ldt@) canimt. undi ssol ved
trypsin. The PPG water soluble fraction was renoved and the pellets
resuspended in water alone for activity testing. 15 Assay conditions: 5
U wel | t rifptpd (50 U/ml) + BAPNA substrate (0.5 ng/nl) was serially

di l uted 3-f ol drrglannwas Q6penadd in pbigprepyldieeslmab 400 atasomehtration bfetowo 96- wel |

plates ang (ﬂ)%s[?/rggt Lo v@%é‘ﬂ}(oa&uﬂﬁ%@mﬁg q@g%“?ﬁ%?&g} ?t{rwagferm 80 Jdoput es. The

absor pti on’at S su om th Yal ue at 405 rim

to obt ai M&@?)ﬁr%ﬂél% A¥s 8 61W%§r?d@%ﬁt8§amlsﬁ’é‘l’l?h% Yo vate e MSue over tine
bejyeen 5a1m§ie§a5emmume@1tﬁﬁed2£maamm on time was plotted and Vmax and Km

determ ned in &gm& PhialifleR% 4 B aWBPEDRG] £ 4 SEIATOUA GAL L O1).

Results The ir containing a m xture_ of ropyl ene gl ycol
( PPG 400)tem25ra@m0®€a€efol(lwn$ Eraé@%mé%%‘ﬁ?m?%t“gﬁ At B P 1? yt he oY
activity ﬁi{dm@ﬂlvbﬂ"ﬂrﬁﬂsﬁﬂIﬁb@@GﬁW@t@Sblﬂblecfmﬂﬁanoi/asaﬂdowdtand/ﬂtyeu?@ﬁjal to that of

a dry (I yog&y éﬁd%%ﬂiw&t@yagéderfotcﬁmlfl)%sﬂn radi ated under identical conditions.

No acti vi ]ie ect radl ed to 45 k
Thé5resul ts of AtAY @@%1@@%5%/%11%% [a} a%gﬁ?g\ls@* G&als 30 &
Exanpl e 5whsnsehhll38d1ﬁx@193 foleddwn Wmlhplaiaeihe assay Wmev\mm t‘g@%mzellr radi ated in

LEZVELSZEqC 25 Ha atbg@gﬁgl{ 2By Lt%?&a%g Xﬁ@&ZOAr%Q %tg: Ar @%?%}1}1@@9 Tlfaﬁt)éo?ﬁ%g IaVNa t g-r Cal s

Ti ssue - ﬁis)rmn ﬂ@cmpwﬂhaflaw%fwwf hePfélélPta ‘%Pél%? q}?@ﬂfé"‘ ?Pé‘iﬁ%/%%t ed prior to
use and gisefption vade VieBAREGT BB VRIE/OUSARMABHBebn 5 and 15 minutes of

20 reaction time was plotted and Vmax and Km determined in Sigma Plot using the

hyperbolic rectangular equation).

Results
The irradiated samples containing a mixture of polypropylene glycol (PPG 400)
25 and water (up to 33% water) retained about 80% of the activity of an unirradiated trypsin
control and activity equal to that of a dry (lyophilized) trypsin control irradiated under
identical conditions. No activity was detected in the 100% water sample irradiated to 45
kGy. The results of this experiment are shown graphically in Figure 3.

30 Example 5
In this experiment, porcine heart valves were gamma irradiated in the presence of

polypropylene glycol 400 (PPG400) and, optionally, a scavenger, to a total dose of 30
kGy (1.584 kGy/hr at -20°C).

35 Materials:

Tissue — Porcine Pulmonary Valve (PV) Heart valves were harvested prior to use and

stored.

33



Ti ssue Preparati on Reagents Pol ypropyl ene G ycol 400. Fluka, cat# 81350
| ot # 386716/1 Trolox C. Aldrich, cat# 23,881-3 | ot# 02507TS Coumari c Aci d.
Si gma, cawd 0e00B | ot # 49H3600 5 n-Propyl Gallate. SignmaPCrais#2/B13430 | ot #
117H0526 a-Lipoic Acid. Cal Biochem cat# 437692 |ot# B34484 Dul becco's
PBS. G bcoisddRIPréatatiod #eQLnk44 | ot # 1095027 2.0 M Screw Cap tubes. VR
Scientific Pr 0 e Hydrol ysis Reagents
10 Nerl H20O ﬁl‘é&@&@yle% ¥°%%70 yﬁ‘; ‘J§ Qﬁ%%%%é His1 Acetone. EM
Sci ence cat# @GPQQB&C‘P@R #at82588/73 {o RPQ?E stant boiling HCl. Pierce cat#
24309, | ot # BAdchhfiic |ARid. FRiging,Aar Cyd0as ddt#ApHBAMol i ne ) HPLC | nt er nal
Standard. Metr 911142 expiration 2/2002
gése @<---2d§PI§§ %ﬁ%ﬁ%kygat#ﬁ%g% \7&%@17}&6&? fic cat# VWB110-3, lot#
n/a Hept af | uck&igicyheid. ﬂe@@%@»&%%?%h 41&47133 | ot # 20K3482 FW
214. 0 store atDilb&co’SPBSeHaDBRIGRO1 410614 IRHA09eTa cat# 17-0230-01, lot#

247249 (was Cfafé &?Q%er? n%%g'o\/@ﬁ{ @&énﬁﬁwhﬁdg&g o207 81985 iatg@a)sgm

Hydrol ysi s vi nm vacuum rolysis tu i erce cat#
29560, | ofisSugRL et ng nodul e - Pierce, Reacti-therm Mdel # 18870,
S/IN)112500032Q13rBH2($aNERLDla@@m&stcaﬁmemsvat#(BQSS]éﬂn 25 1. Speed Vac Model

SC110, nodel 0 @%59]7(1)@2 1H a. Refrigerated Vapor
Trap Model %g;n% Eé@?elg&w(%ﬁiﬁjlgf# &ﬁg 100- 58010538- 1B b.
Vacuum punp, \ENzowstanBoipg HEL Biierse paider3p BAél% al # 93024 Colum -
Phenonmenex, LunaPpd (AckBla29d Pytidindline) BFLL Iﬂﬁﬁlah&uand%ad tMetrdBIGs@bR@- EO, 30 S/ N#

68740- 25, B/ Ni, p20) %t#ﬁh%%}(ﬁ{a%ﬂz SHiBge m Control l er SCL-10A
j90)

2
i
Shi madzu Bzut omat| c g’ ec Shi madzu
Spéet r of | uor onBY¢Pl ‘D’é&%‘é@oijﬁzscim Srﬁa%a@ ]IQJJﬁ’d [’ 10AD 35 Software -
d ass- VP ver siBéptdflubrobutyric Acid (HFBA) Sigma cat# H-7133, lot# 20K3482

FW 214.0 store at 2-8°C
SP-Sephadex C-25 resin. Pharmacia cat# 17-0230-01, lot# 247249 (was charged
with NaCl as per manufacturer suggestion)
20 Hydrolysis vials - 10 mm x 100 mm vacuum hydrolysis tubes. Pierce cat# 29560, lot
#BB627281
Heating module - Pierce, Reacti-therm. Model # 18870, S/N 1125000320176
Savant - Savant Speed Vac System:

25 1. Speed Vac Model SC110, model # SC110-120, serial # SC110-SD171002-1H
a. Refrigerated Vapor Trap Model RVT100, model # RVT100-120V,
serial # RVT100-58010538-1B
b. Vacuum pump, VP 100 Two Stage Pump Model VP100, serial # 93024
Column - Phenomenex, Luna 5 p C18(2) 100 A, 4.6 x 250 mm. Part # 00G-4252-E0,

30 S/N# 68740-25, B/N# 5291-29
HPLC System: Shimadzu System Controller SCL-10A

Shimadzu Automatic Sample Injector SIL-10A (50 pl loop)
Shimadzu Spectrofluorometric Detector RF-10A
Shimadzu Pumps LC-10AD
35 Software — Class-VP version 4.1
Low-binding tubes - MiniSorp 100 x15 Nunc-Immunotube. Batch # 042950, cat# 468608
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Low- bi ndi ng tubes - Mni Sorp 100 x15 Nunc- | nmunot ube. Batch # 042950, cat#
468608 34 WO 03/026703 PCT/ US02/ 28134 Methods: A. Preparation of

st abi | i zewogeloed7pdns: Trolox C. MN = 250; therefore, wantPCIAGomegiad for 1M
or 125 mg/m for 0.5 M 5 actual weight = 250.9 ng 250 - 125 ng/m= 2.0 m
Not sol ubj@,;howwer efore an additional 2 nl of PPG was added. After water
bath soni ¢a Cis soluble at 125 mM 10 Coumaric Acid:
MA = 164; K2 pleBilai 6 taplfFrer sl S 1M actual we ght = 164.8 ny 164.8 ny =
164 ny/ miEreloxCii Water bath sonicated for approximately 15 minutes - not
100 % sol ubl e.vAN=aslitidrefor] wint 25 mgim] BHG Mias 1 2ddghl dord).5 Mr t her wat er bath

sond cat ed. Pr |1 24 = 212.2; therefore, 212 mg/m for 1M or 106
ng;gm for 0531%%‘%&%& ?g;ll'}%/wz 211.9 ng 20 211.9 ng _ 106 mg/m = 2.0 ni

Sol ubl e after 2é02012éon$ﬁr%ut Rhat er bath sonication. 1 M a-Lipoic Acid: MV
= 206; thNopbbe; tRAGorghatidiidinl datl vAPPGeIaghdded. 4Ry Mgted b2h sepicati®@D6 ng/ m =

2.0 M Ve vvater bath sonication. Final Stocks of
Scavengerér}ﬁml ﬁ“%?%ﬁ&fr@ HIM 1 MLipoic Acid - 2 mMl 0.5 M

Coumaric acid - 2 mM 0.5 Mn- Propyl Gallate - 2mM 35 B. Treatnent of
valwves prCoimade gaa-irradi ation. 1. PV heart val ves were thawed on wet

i ce. MW = 164, therefore, 164 mg/ml for 1 M
actual weight = 164.8 mg
164.8 mg + 164 mg/ml = 1.0 ml ‘
Water bath sonicated for approximately 15 minutes — not 100 % soluble. An additional 1
15 ml PPG was added and further water bath sonicated.

n-Propyl Gallate:
MW = 212.2; therefore, 212 mg/ml for 1M or 106 mg/ml for 0.5 M
actual weight =211.9 mg
20 211.9 mg + 106 mg/ml =2.0 ml
Soluble after a 20-30 minute water bath sonication.

1 M a-Lipoic Acid:
MW = 206; therefore, 206 mg/ml
25 actual weight =412 mg
412 mg + 206 mg/ml =2.0 ml
Very soluble after 10 minute water bath sonication.

Final Stocks of Scavengers:
30 125 mM Trolox C - 4 ml
1 M Lipoic Acid - 2 ml
0.5 M Coumaric acid - 2 ml
0.5 M n-Propyl Gallate - 2 ml

35 B. Treatment of valves prior to gamma-irradiation.

1. PV heart valves were thawed on wet ice.
2. Cusps were dissected out from each valve and pooled into 50 ml conical tubes

containing cold Dulbecco’s PBS.
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2. Cusps were dissected out fromeach valve and pooled into 50 m conical
tubes containing cold Dul becco's PBS. 35 WD 03/026703 PCT/ US02/ 28134 3.
Cusps werwOwask@os i n PBS at 4C for approximately 1.5 hrs; PCharsg/2r)3PBS
durisng that tine a total of 6x. 4. 2 cusps were placed in each 2 m screw
cap tubes. 5. 31.Quspd wab wakleedfioPBSwi 41G foveapproathtiecly 1 & lirsyohinghg$BSf or 0 and 30
kGy): 5 BRG %?a@tlﬂiMaT&tQﬂdPSxC in PPG SCb stabilizer mxture - conprising of
1.5 m 125 m%/l Trolox C, 300 1 MLipoic Acid, 600 10.5 M Counaric Acid
and 600 | 0.5 MAFUERs %?Fp]é%?dllaﬁ@hz(rﬁsﬁré}”%B“@B%centratl ons: 62.5 nmM 100
mV 100 nM and. L@GnIm¥itheefoewing weteydjed 16 twoltubesy fas@raadi30¢Ghat ed at 4C, with
roocki ng. 7. Stabi I iPisgr sol utions and cusps were transferred into 2 m gl ass
vials for ganmm- 8. Al vials were frozen on dry ice. 15 9.
Control sanples vve égwéﬁffq??ﬁ%ah@’&at -20C. C. Gamma-irradiation of
tissue. Sanples were irradiated at a rate of 1.584 kGy/hr at -20C to a

total dosscidiabiter kidture -—Q:oPgn 1EQ6P§§{nE‘925t1h§PH%1 ok, 3bb/gf PMY gip{cExtraction.

1. Since PP ow for Sl er transfer of
mat eri al . K‘ﬂg é@ié‘ﬁ%ﬁﬁ%&@% a{@ @é’r OCSOMCH }[)IP@H)G‘W@We %Péced into a 50 ni
Fallcon t utsacdnirhiend: 62: t1,d6D chMPBS0 arM anchi@balMedspectivie® - i nverting tubes

periodically. 6?9yBes ﬁér@‘ﬁ{cu&ﬁ&i eﬁgfbtf \&Pﬁ$oém decanted from the tubes
contai ning cu nd eni, shed WI th fresh cold PBS. For

p ple
the PPG sanpl 21 ssé%’:’:‘fzsf ?ﬂl‘ﬁa’mr%’l %‘ﬁps@e“‘o‘ra“é teges i, el glssktials for spmpmah 50
Fal con t uirediatian. | ed with cold PBS were set-up and the cusps transferred.

4. An addi ti onala1BvidRSRESHYRA gngg,qge i0 5 One cusp was transferred into a
2 Eppendor d with cold PBS extraction. The other cusp

f fill
was set-up for- %&gi} S;%ﬁp s were keptipdpyseiat2 fétl ssue.

C. Gamma-irradiation of tissue.
Samples were irradiated at a rate of 1.584 kGy/hr at -20°C to a total dose of 30

kGy.
20
D. Processing tissue for Hydrolysis/Extraction.
1. Since PPG is viscous, PBS was added to allow for easier transfer of material.
2. Each pair of cusps (2 per condition) were placed into a 50 ml Falcon tube filled
with cold PBS and incubated on ice — inverting tubes periodically.
25 3. After one hour PBS was decanted from the tubes containing cusps in PPG/0

and 30 and replenished with fresh cold PBS. For the PPG samples containing Trolox C
or stabilizer cocktail, fresh 50 ml Falcon tubes filled with cold PBS were set-up and the
cusps transferred.
4. An additional 3 washes were done.
50 5. One cusp was transferred into a 2 ml Eppendorf tube filled with cold PBS for
extraction. The other cusp was set-up for hydrolysis.

E. Hydrolysis of tissue.

Hydrolysis of tissue:
i5 1. Each cusp was washed 6x with acetone in an Eppendorf tube (approximately
1.5 ml/wash).
2. Each cusp was subjected to SpeedVac (with no heat) for approximately 15
minutes or until dry.
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Hydrol ysis of tissue: 1. Each cusp was washed 6x with acetone in an
Eppendorf tube (approximately 1.5 m/wash). 2. Each cusp was subjected to
SpeedVac wWaioBh24103 heat) for approximately 15 minutes or @aTiusozizsi34 36 WO
03/026703 PCT/ US02/ 28134 3. Sanples were wei ghed, transferred to
Do S e e ooy i oy gt g 1L,
anpl e [ 4 ) : : : :
3. PPG T/ Oﬁ%\ﬁfgggéﬂ%g{%% 8.20 410 5. PPG SCb/0 6.41 321 10 6. PPG
SCb/ 30 8.60 430 4. Sanples were hydrolyzed at 110 C for approximately 23
hours. 5. HydrghipRiIDs were transiey wedht @ig) Eppendoplfs Nugs and
centrifuged @JIZng% rpmfor 5 mgng 15 6. Supegpat ent was then transferred
into a clean Eppéndorf. 7. 50 | of6' ﬁydrol ysate was diluted in 8m Nerl H20
(diluting HO 2oPPER¥r oxi mately 382fM). 8. Spiké®Bin 200 | of 2x int-pyd.
M xed by inversi ®rG T/for 1600 | 2x%.8ont- pyd: 16029@0x int-pyd + 1440 | Nerl
H20.) 20 9. Sar;{pbg d[%-(;e | oaded opt,g SP- Sephadey£25 col utm (approxi mately
1 x 1 cm packed vol unme) that had been equilibrated in water. (Colum
was pre-charged RPEPCH&A )" 10. LE4ded flow thrddhh once again over col um.
11.10Mashed wi tlo. POGEHCHI®0 nM HCl . 25 1860 El uted crosgia nks with 5 m 2 N
HCl into a low binding tube. 13. Dried entire sanple in Savant. F.
Anal ysis of hydral ysates. . Set-up the following: 30 Sanple IClI pl H O
HFBA 4. Samples were hydrolyzed at 110 °C for approximately 23 hours.

5. Hydrolysates were transferred into Eppendorf tubes and centrifuged @ 12,000

rpm for 5 min.

&
e
3

15 6. Supernatent was then transferred into a clean Eppendorf.
7. 50 pl of hydrolysate was diluted in 8ml Nerl H,O (diluting HCl1 to
approximately 38 mM).
8. Spiked in 200 pl of 2x int-pyd. Mixed by inversion. (For 1600 pl 2x int-
pyd:160 pl 20x int-pyd + 1440 pl Nerl H,0.)
20 9. Samples were loaded onto SP-Sephadex C25 column (approximately 1 x 1 cm
packed bed volume) that had been equilibrated in water. (Column was pre-charged with
NaCl)
10. Loaded flow through once again over column.
11. Washed with 20 ml 150 mM HCIl.
25 12. Fluted crosslinks with 5 ml 2 N HCI into a low binding tube.

13. Dried entire sample in Savant.

F. Analysis of hydrolysates.

Set-up the following:
30 Sample ul w H,O wl HFBA
1. PPG/0 kGy 18 180 2
2. PPG/30 kGy 59 139 2
3. PPG T/0 kGy 67 171 2
4. PPG T/30 kGy 64 134 2
35 - 5. PPG SCb/0kGy 10 188 2
6. PPG SCb/30 kGy 32 166 2
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1. PPG O kGy 18 180 2 2. PPE 30 kGy 59 139 2 3. PPG T/0 kGy 67 171 2 4.
PPG T/30 kGy 64 134 2 35 5. PPG SCh/0 kGy 10 188 2 6. PPG SCb/ 30 kGy 32
166 2 3WOM3037026703 PCT/ US02/ 28134 Results: The HPLC Pe3wmisnz2&8£ shown
in Figures 4A-4C. In the presence of PPG 400, the results were nearly

i denti cal pehigiher the heart valve had been irradiated or not. The addition
of a single stabilizer el takk | 1 r C even
more 5 effecti\f;heeI!rﬂéﬁﬁsgs‘ﬁsr_a?{%g%odﬁmgrﬁ%?eyS?lAs%hs %@%pﬁé&? °§rP§E’2 ,’éﬁgnfi r med
the ef f ectisylnwers nsprly fdeatil gehsther g }}S’F%\Yﬁlél%é}a‘ﬂ)@e?%’&aémg“é‘n‘ﬁi Rotordd® Exanpl e
6 I n thisaexpar beRinglet Asbilelet erdlex @) ogarsmbilizer aditatei modwed eedatrsrei ned on
porgcine 10 heart wval i r 0 ionally,
B <t ai 11 2aretEE] 1 B3R VG, REAREERD, b A - PR si00)

Pr epar at i #h¢ nspteqtion pravided by thepeenditioah: 1. 5 vials of PV and 3 vials of
atrial valves (AV) were thawed on ice. 2. Thaw nedia was renoved and val ves
ri nsed inEpeak?%'filled with PBS. 15 3. Transferred each valve to 50 m

coni cal coORfarni ng PBS. Washed by inversion_ and renpved, 4. Repeated wash 3

x. 5.Di ssect edInghis experimens, fhe sffeqinol gagyma igadiptigneyere dletspningd 0 PHCIE cr ew t op
Eppendor f hyiralfve dpjeindns pisjenan of K@PIDMBO amk optiRAIRrepabititer,and af the
stabilizers: | t.abilj r ed so that the final concentration
of DVBO i £§e§81%%@°f1§°iﬁ%’%§§rg@é’%[f\%{@rgp%%&%Dlvso 25 Aldrich cat# 26, 855-0 | ot#
10801HU 2®epasstion efdispuedar imgdigtion:| H2O Add 500 | DVBO. The vol umm was

adj usted to 1 m 5 viaistoli PM2d Bivield offttial $alBesQAY) Mefeahaverdi an idei d:

2. Thaw media was removed and valves rinsed in beaker filled with PBS.

15 3. Transferred each valve to 50 ml conical containing PBS. Washed by inversion
and removed.
4 Repeated wash 3 x.
5.Dissected out the 3 cusps (valves).
6.Stored in PBS in 2 ml screw top Eppendorf Vials (Eppendorfs) and kept on ice.
20
Preparation of stabilizers:
All stabilizers were prepared so that the final concentration of DMSO is 50 %.

1 M Ascorbate in 50 % DMSO:

25 Aldrich cat# 26,855-0 lot# 10801HU
200 mg dissolved in 300 pl H,0. Add 500 ul DMSO. The volumn was adjusted to 1 ml
with H)O Final pH is = 8.0

1 M Coumaric Acid:
30 Sigma cat# C-9008 lot# 49H3600. MW 164.2
Dissolve 34.7 mg in 106 pl DMSO, pH=~ 3.0
138 pul H,O was added. Sample crashed out.
Coumaric went back into solution once pH was adjusted to 7.5 with 1 N NaOH.
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30 Sigma cat# C-9008 | ot# 49H3600. MV 164.2 Dissolve 34.7 ng in 106 |

DVBO pH = 3.0 138 | H20 was added. Sanple crashed out. Counaric went back
i nto sol wbDmea/oadtee pH was adjusted to 7.5 with 1 N NaOH P83/0AMR/K026703
PCT/ US02/ 28134 1 Mn-Propyl Gallate: Sigma cat# P-3130 |ot# 117H0526. MW
212.2 D qml,lvlqoﬁga@almgein 138 | DVSO. Add 138 | H2O Final pHis 6.5 or

slightly Iovver 500 mM Ascorbate 500 | 1 M
Counaric Acid > GﬁaWMé&%% Mfﬁo‘éifl at 912?0 1.2ml509OM80 3.0 M Met hod:

pyl
1.6 m of a soDwﬁqlYﬁrﬁg(%’@lﬁbW F382}érDMthure or PPG400) was added to each

sanpl e and thgad 138198 0p I FEenalpH ié 66 bbéighdly RivedC for 2.5 days. Valves and 1
m of the solution in 15 which they were incubated were then transferred

into 2 m irradiation vials. Each sanple was irradiated with gamma

i rradi at i &tabilizenMigfuee:of 1.723 kGy/hr at 3.6C to a total dose of 25 kGy.

Hydrol ysis of ti ssweOmZGOGLmMMdeteeach cusp 6x with acetone in a 2 ni

Eppendorf Vi al. { t;gne wash, dried sanple in Savant
(wi thout heat) for %B%Lpp(gl(:cggljp ﬁ%g lg 15 minutes or until dry. 3. Wighed

the sanples, transf¥Prdd Mﬁé’ﬁ‘?ﬁybgﬂﬂﬁfr olysis vials and then added 6 N HCl
at 1@ vol une of 20 nER kil SSUeHMSCHCI : 25 Sanple ID Dry Wight (nmg) W 6 N HC
1. PBS/0 kGy 11.4 5376)m¥ PBS /25kGy 6.0 300 3. DWVBO OkGy 6.42 321
Method:
1.6 ml of a solution (stabilizer mixture or PPG400) was added to each sample and
then the sample was incubated at 4°C for 2.5 days. Valves and 1 ml of the solution in
15 which they were incubated were then transferred into 2 ml irradiation vials. Each sample
was irradiated with gamma irradiation at a rate of 1.723 kGy/hr at 3.6°C to a total dose of
25 kGy.

Hydrolysis of tissue:

20 1. Washed each cusp 6x with acetone in a 2 ml Eppendorf Vial.
2. After final acetone wash, dried sample in Savant (without heat) for
approximately 10-15 minutes or until dry.
3. Weighed the samples, transferred them to hydrolysis vials and then added 6 N
HCI at a volume of 20 mg tissue/ml HCI:

25
Sample ID Dry Weight (mg) ul 6 N HC1
1. PBS/0 kGy 114 570
2. PBS /25kGy 6.0 300
3. DMSO/0kGy 6.42 321
30 4. DMSO/25kGy 8.14 407
5. DMSO/SC-a/0  kGy 8.7 435
6. DMSO/SC-a/25kGy 8.15 408
7. PPG/0kGy 13.09 655
8. PPG/25kGy 10.88 544
35 5. Samples were hydrolyzed at 110 °C for approximately 23 hours.

6. Hydrolysates were transferred into eppendorf vials and centrifuged at 12,000
rpm for 5 min.
7. Supernatent was transferred into a clean eppendorf vial.

39



30 4. DMBSQ 25kGy 8.14 407 5. DMBO SC-a/0 kGy 8.7 435 6. DMVBO SC-al/ 25kGy
8.15 408 7. PPE OkGy 13.09 655 8. PPGE 25kGy 10.88 544 35 5. Sanples were
hydr ol yzewtOaB/026r03 C f or approxi mately 23 hours. 6. Hydrol PSatse2/2%8e
transferred into eppendorf vials and centrifuged at 12,000 rpmfor 5 mn.
7. Super nat ent 8.waGsplthydrudyseterved dilated irm8mil ahH&p kintng HCVtoadpproxBatdlyd

03/ 0267033W)U802/ 28134 8. 50 | hydrolysate was diluted in 8nil Nerl H20

(diluting t 0 _appr.oxi matelgl .37 %9 Spi ked in 200 | of 2x jnt-pyd.
M xed by i nver%i hikedirgp0 pédeH2x int-pyht Mixed by mygsiopp (e 290 B2k wtayds i Ner |
H20.) 5 1000 Saatrliggyderie’ mbNe@8,0Nt o SP- Sephadex C25 col utm (approxi mately

1x1. cm packed t | id | I.0: | umm was
prjeﬁ-charged Wi %(ﬁ%gs;&%%l&ﬁﬁga%@%@ﬁ%ﬁg rouégﬁ%ﬁgggﬂgg}% g}ﬁl (g:ngf)unn.

12. WasheBeakpd hebrplyme) 18t bad een equiliprated mpyaiere (Colype ¥pf Meschaieehwehni 2 N
HC into &aChw binding tube. 50 M 2 NHC: 8.6 ml concentrated HC

adjusted to a pIngg@i Qurdion BhidbNar 14. Dried entire sanple in
Savant. CGuani dlyhe H doffé’>_<vit5ractg}lon aﬁ%ﬁﬁgﬂg‘?@émgﬁarose Purification of

Pr ot eogl ycans: 12- 1%ashgf eB AP sl ded A HEkt raction: 1. Renpved all three cusps
from ganma i rr g8&di Bliried orogslimks aithl Stonledns T#1 o a tov bindipg hétee 5GMiE NeHAI: cal t ube.

2. Vished eqUsRondtified hFPShidlo 00hnARBS ki ReuED. appr ox. Shours) and
t of o

determ ned wet_ wel g e cusp after danping on Kimu pe. 20 3.
Transferred onk"cRi&ss SFHGFAEREAT §¥60h to 1.5 microfuge tube and added
appropriate volune of 4M guani dine HO /I 50mM sodi um acetate buffer pH 5.8

with 2g/ @ualﬂﬁfﬁg%?Exﬂrﬁﬁ&?hﬁ@bﬁAﬁ%ﬁ&tr-s@- Rrifid BHPEPSbRooPERST @t i N A) to have
volune to tIssue._ratjo of 15 (see IVE[H_O s‘i‘l n'Enzym)i o%g Vol . 144 p. 321 -
f ob5 opt i méM Grasrdina e BEerdost 15 to 20).

1. Removed all three cusps from gamma irradiation vial and transferred to

separate 50ml conical tube.
2. Washed cusps five times with 50ml dPBS (at 4°C over approx. Shours) and
determined wet weight of one cusp after damping on Kimwipe.

20 3. Transferred one cusp from each group to 1.5ml microfuge tube and added
appropriate volume of 4M guanidine HCl/150mM sodium acetate buffer pH 5.8 with
2png/ml protease inhibitors (aprotinin, leupeptin, pepstatin A) to have volume to tissue
ratio of 15 (see Methods in Enzymology Vol. 144 p.321 — for optimal yield use ratio of
15 to 20).

25 4. Diced cusps into small pieces with scissors.

5. Nutated at 4°C for ~48hours.

6. Centrifuged at 16,500 RPM on Hermle Z-252M, 4°C X 10min.

7. Collected guanidine soluble fraction and dialyze against PBS in 10K MWCO

Slide-A-Lyzer overnight against 5 L PBS (3 slide-a-lyzers with one 5L and 5 slide-a-

30 lyzers in another 5L) to remove guanidine.

8. Changed PBS and dialyzed for additional 9 hours at 4°C with stirring.

9. Collected the dialysate and store at 4°C.

10. Centrifuged at 16,500 RPM on Hermle Z-252M, 4°C X Smin

11. Removed PBS soluble fraction for DEAE-Sepharose chromatography.
35
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25 4. Diced cusps into small pieces wth scissors. 5. Nutated at 4C for
-48hours. 6. Centrifuged at 16,500 RPM on Herm e Z-252M 4C X 10mn. 7.

Col | ect edwguaneabhe sol ubl e fraction and di al yze agai nst PB®/USN2/208¢ MACO
Slide-A-Lyzer overnight against 5 L PBS (3 slide-a-lyzers with one 5L and 5
sl i de- a- SDEME&p@;&s@@m,tda@raﬁjy) to renove guani di ne. 8. Changed PBS and

dialyzed for a d| i.onal u St t he

di al ysate and stoﬁ1 & At ﬂ}t%\]r@o f‘tlonf(\’%togm (tfP %lwl%eﬁ}e{g?ﬁ%go Z- 252M
4C X 5mi n IPmNRNEY eApsppsl BBS mitﬂée fﬁa@t@mﬁ BivrerarpadymAs] HipMaNadeso added

chr omat ogr epigM NAH stbdk WRa0B5MR6DIHCT/ US02/ 28134  DEAE- Sephar ose

Chr ghat ogr aphy 21 E%tﬁﬁ’lﬁ%tgcgm% ngf)%%%@e@h%&eoqguegf{ouﬁo Was d VFV)I%‘ls 1§/P| ubl e

guani di ne extract suhed ractions Were
al ready atNeGISGRHNGLInto 3P A/ PBH B (Nater T mokk 3QGnMANACIBBONY S anpl e) .
5 2. Equi | idadad &l oflsM Na€1 seerkke dodiABSD ephar ose (previously washed with 1M

NaCl/ PB pH 7. 2), i /P He 7 0 CVPB pH7. 2
- added 3mL of %Nﬁﬁgﬁs stocEkﬁ:Ll sfltbt@ﬁto &hg%%&gg}&%oﬁag%ot 2y urry of
resin to S3WMMaCBUHCL extracts (both at 300mM NaCl). 10 4. Nutated at

anbioent terrperat.m&atéwtambwﬁﬁeﬁpemmreﬁr~6ﬂmﬁdht.f uged gently to pellet resin.

6. Renobved "un d -20C. 7. Washed resin 5 tines
with -1.5nl of %%ﬂ%@%@@gﬂ%%% After | ast wash, renoved all extra
buf fer using a o CRRAOVERTHIPEWI” symplpard stored © 2¢Cut ed at anbi ent t enper at ur e
w th three 10017 whdisesiafs tiddsNafhL/1Bmipki300mM NaBl/eBsgHarR. - 20C.  SDS PAGE:

5-20% gr adi ent ﬁeAf?ehflag{ we?sﬂatleXl%{/esd aﬁexﬁ@ﬁl@ﬁqluﬁ%ﬁ&@zx agxltlpo% extracts and

20 DEAE- Sephar ose_c racts, S sol ubl e
frabtions- Tol i dFiEdist a@blawdtetla@ﬁtureownﬁ%%el WOpl Ypdurgesapinldd NaCl/PB pH
7.2. Stored at —20°C.

SDS —-PAGE:
5-20% gradient gels for analysis of PBS soluble Guanidine HCI extracts and
20 DEAE-Sepharose chromatography.

1. Gel#l: GuHCI extracts/ PBS soluble fractions- Toluidine blue and then
Coomassie blue stained.
2. Gel#2: DEAE-Sepharose Eluant Fraction#1 - Toluidine Blue stained then

25 Coomassie Blue stained.

Quantification of Collagen Crosslinks by HPLC:
1. Prepare 100-200 ul 1x solution in 1% heptafluorobutyric acid (HFBA).
2. Inject 50 ul on C18 HPLC column equilibrated with mobile phase.
30 3. Spectrofluorometer is set for excitation at 295nm and emission at 395nm.
4. Calculate the integrated fluorescence of Internal-Pyridinoline (Int-Pyd) per 1
ul of 1x solution of Int-Pyd.
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2. CGel #2: DEAE- Sepharose Eluant Fraction#l - Tol uidine Blue stained then
25 Coonmssi e Blue stained. Quantification of Collagen Crosslinks by HPLC
1. Preparw0odB02&200 ul | x solution in 1% heptafl uorobut yri eCaaisd2/¢siBBA) . 2.
Inject 50 ul on C18 HPLC colum equilibrated with nobile phase. 30 3.
Spectrof | wesmmeter is set for excitation at 295nm and em ssion at 395nm 4.
Calculate the integrated fluorescence of Internal-Pyridinoline (Int-Pyd)
per 1 ul of Ix solution of Int-Pyd. 41 WO 03/026703 PCT/ US02/ 28134

Resul ts: The HPhCHPEEMeputs Are shavaini Figurs §arldsTimampior PRk pRjesenipigk

r epr esent $ntbiel-Pridiemad (By-Pidli paki N&rddidtion Bydin pQRkus khviadnahi gFBI)N an

' aced ien t N

o eSO ke R PSR PARONARAC AL ARSRA LBl |

non- aqueo§8ntey| Hxrthe (addition o) 2 progdques ssolerl IBPG S0Pk mrodisthisl aeatlyr ve

(Fi gure 5B)peribifbuiacirteaFipurf SBICIDMEO (Wsgess efféBie (Rfirt SCHMBAe MBS a )

m xture o t : 1 e t he

T or peab B Apbhe BF utlpb e Gt OIS IR Srehiy PR Bl RERESLILRO | 10

the pyd peéHhoushsomgaynorpeaksiptreasghioneasyhets Hectteasndehbmy Reaknier eacBl e bel ow.

TheeseI _rei uhﬁlpleam;datcmatehelsab@w in @enEebldeons Tnde sdoly thdimtthe chWieng aci dh
In C r e In the

et es. 6 Sopehiitns oMol e L HihcSRld QORI Gy Bodiih ¥ oGRRBERPY (0 [

shown i n Effgetvelyseonserged &f thecsanplesecopsgingng E8RC s PYRO fwigh t9savengpLC

anal ysi s, nvikfube. SG@nbiligantshdvash Miurb3Rdad sfR6ts i RS @ndusieisefin tie of t he

v peak  REAT aebsdiso AR ERRRRCIoD o RO SR R S B0 oo B B0,
490630 DvBerdsgre ressesre PERPRRqUENISEPIVEt/  25kGy 88714 PPGE kG 99002 PPE
25kG 110182 Exanple 7

Sample Area of Pyd Peak

.| PBS/ 0kGy 94346
PBS/ 25kGy 60324
DMSO/ 0kGy 87880
DMSO/ 25kGy 49030
DMSO/ SCa/ 0kGy 75515
DMSO/ SCa/ 25kGy 88714
PPG/ 0kGy 99002
PPG/ 25kGy 110182
Example 7

20 In this experiment, frozen porcine AV heart valves soaked in various solvents

were gamma irradiated to a total dose of 30 kGy at 1.584 kGy/hr at -20°C.
Materials:

1.  Porcine heart valve cusps were obtained and stored at -80°C in a
cryopreservative solution (Containing Fetal calf serum, Penicillin-Streptomycin, M199

25 media, and approximately 20% DMSO).
2.  Dulbecco’s Phosphate Buffered Saline: Gibco BRL cat#14190-144 lot
1095027

3. 2 ml screw cap vials: VWR cat# 20170-221 lot #0359
4. 2 ml glass vials: Wheaton cat# 223583 1ot#370000-01
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20 I'n this experinment, frozen porcine AV heart valves soaked in various
solvents were ganma irradiated to a total dose of 30 kGy at 1.584 kGy/hr
at -20C. watoenea@bs: 1. Porcine heart val ve cusps were obtairnsd2/zsie4 st or ed
at -80C in a cryopreservative solution (Containing Fetal calf serum

Peni ci | I'i n- St r&ptomnGtdppeMI8mi 8R0aEdosG0a6/d5 Hppr oxi matel y 20% DVBO) . 2.

s 2 ser EC‘V"iQBaLﬁ?aﬁM@@v@d B3Ry Bt 752550 1%%3@*%?%%&%}%3203.5252
Weat on cat # 22BEigBcatHRa8500bo1 ¢ 1HpppredippBiecipuplakyg?8134 5. 13 mm
stoppers: Stelgn rerdPOBGsetuat #G006/ 5511 6. DMSO. JT Baker cat# 9224-01 |ot#
H406307. Sodi ?ﬁ&ﬁln%t?ep?n@ drich cat# 26,855-0 | ot 10801HU; prepared as

a 2ZM stock in Fetal calf serum5 9. Penicillin- Streptonycin
10. M99 nedi alolMl%lvs@a Met hods: Cryopreservative Procedure: 10

Preparati on of 1iSpMgdons: Freeze Medium Fetal calf serum (FCS) (10% = 50

Peni Ck%(j’ . Streptonmycin = 2.5 mM 15 ML99=QS500m 2M DMSO DVBO = 15. 62

9 Freeze QS 100 i 20 3M DVSO DVBO = 23.44 g Freeze Medium= QS
100 mi Cryopreservattve Procedure:

10
Preparation of Solutions:
Freeze Medium:
Fetal calf serum (FCS) (10%) = 50 ml
Penicillin-Streptomycin = 2.5 ml
15 M199 = QS 500 ml

2M DMSO
DMSO=15.62¢
Freeze Medium = QS 100 ml
20
3M DMSO
DMSO =23.44 ¢
Freeze Medium = QS 100 ml

25 1. Place dissected heart valves (with a small amount of conduit/muscle attached)
into glass freezing tubes (label with pencil).

Add 2 ml of freeze medium.

At 21°C, add 1 ml 2M DMSO solution.

At 5 minutes, add 1 ml 2M DMSO solution.

At 30 minutes, add 4 ml 3M DMSO solution.

At 45 minutesand 4°C, place freezing tubes on ice.

At 50 minutes and —7.2 °C, seed bath.

At 55 minutes and —7.2°C, nucleate.

At 70 minutes, cool to —40°C at 1°C/minute. Remove from bath and place in

30

R I I

35 canister of LN, and store in cryogenic storage vessel.

Procedure for Irradiation of Heart Valves:

1. Thawed AV heart valve cusps on wet ice.
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25 1. Place dissected heart valves (with a small anmount of conduit/nmuscle
attached) into glass freezing tubes (label with pencil). 2. Add 2 m of
freeze nmewlowan26303 At 21 C, add 1 m 2M DMSO sol ution. 4. ARCTHS/zRi1s€£s, add
1 mM 2MDVSO solution. 30 5. At 30 mnutes, add 4 mM 3M DVSO sol ution. 6.
At 45 m nut esandrebed cpdpadeto 50 edribeg tubes on ice. 7. At 50 minutes and

-7.2 C, seed bjit?,ﬁh%d Céﬁ’ %msgﬁﬁ §£{qloatzxf1h% 'ét a@{a‘ﬁgengBsoﬁx df; m nutes,

cool to -40C at em)ve romb ce 1h 35 canister of
LN2, and $e6pEss of g ogeni ¢ storage vessel . Pr ocedure for Irradiation of
Heart Valves: 4. Trhhsfed cAspsigap imlveleweas b2 omspwaibe).ce. 43 WO 03/ 026703

PCT US02/ 28134 of BWRESO h
mL dPBS at Séldgc\}\%ﬁﬁcedlﬁﬁ %#‘?ﬁ)ﬁow %r%@o ﬁﬁ%@@%oggbr?s \é?%gegboﬁrse o:‘MES hrs.

4 Tr ansfmwg%%wh?@l@mo B asroRals (s sediup asqophafissiodkyess dilgtes  Agded
1.0 m of ad faBo@l4baWi(2Ig) + 0.Gmbwvaér e2ahl00%, DMSO).ubes: dPBS, 50% DMSO and

50% DVBO w t ho%%CMeﬁﬁ%f%%@%%tmﬁﬁ“é ?A}Lﬁ@%ﬂg ascorbate stock was

diluted as f 100% . I'ncubat ed
tubes at 4C wi t-hIyusferedsglufions anﬁS“SrPéEPrgéaSS?ml'l’i‘aéﬁaétf’%l?ef“’é’o?"gwsﬁheiions and cusps
toi@lass 2 m 8/|Allsl,alsszte@@ﬁezeacbnargdlceapped 10 8. Al vials were frozen on

dry ice. 10. Hgp I of 1.584
kGy/hr to a tot afe&d?)se o%s‘g%@ tﬁen.l%R&e%% aﬁ%o% %ﬂa Ea[ee ro gg%?té@%h?ﬁ]g HPLC

anal ysi s are shofelidasemty 6A— 6D. | rradl atl on in an aqueous environnent
(PBS) produced decreases |n the smal |l er peaks (Figure 6A). Reduction of
the water p¢ ent by the addition of a non-aqueous solvent (20% DVSO

epr oduce ese peaks nore faithfully (Figure 6B), lncrea the DVBO
Errtent ration Mirespeohihe LPLGAralysise éh‘BYl‘f‘E&:fgW)qAFpﬁurlga ﬁ‘f}"% H4f1 e DVSO
pl us a m xquepes efivid@mshta(fiBI)zgoduceli dpureseSD) tha smaberypaks$ dBigineetAl.

preservi n@eﬁ)lﬂzttign LP e Wk coftfafl: 159 AR dREEKSS 2 non-aqueous solvent (20% DMSO)
reproduced these peaks more faithfully (Figure 6B). Increasing the DMSO concentration

to 50% was slightly more effective (Figure 6C), while DMSO plus a mixture of

20 stabilizers (Figure 6D) was very effective at preserving both the major and minor peaks
(the additional new peaks are due to the stabilizers themselves). Gel analysis is shown in

Figure 6E and reflects the major conclusions from the HPLC analysis, with significant

loss of bands seen in PBS and retention of the major bands in the presence of non-

aqueous solvents with and without stabilizers.

25
Example 8
In this experiment, frozen porcine AV heart valves soaked in various solvents
were gamma irradiated to a total dose of 45 kGy at approximately 6 kGy/hr at -70°C.
Materials:
30 1. Porcine heart valve cusps were obtained and stored at -80°C in a
cryopreservative solution (Same solution as that in Example 7).
2. 2. Dulbecco’s Phosphate Buffered Saline: Gibco BRL cat#14190-144 lot
1095027
3. 2 ml screw cap vials: VWR cat# 20170-221 lot #0359
35 4. 2 ml glass vials: Wheaton cat# 223583 1ot#370000-01

5. 13 mm stoppers: Stelmi 6720GC lot#G006/5511
6. DMSO: JT Baker cat# 9224-01 lot# H40630
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(the additional new peaks are due to the stabilizers thenselves). Gel
analysis is showmn in Figure 6E and reflects the najor conclusions fromthe
HPLC analweios/02am3 h si gnificant |oss of bands seen in PBBcarnor/etient i on of
the maj or bands in the presence of non- aqueous solvents with and w thout
stabilizers. 23 SxdipheotbatenAldiich ca#p6B55ve it 10801 HLE prepared bne2M\étdaar t

val ves sogkgd ey ari ous soI vents vvere gamma irradiated to a total dose of
45 kGy at appr oxi rrately at : 30 1. Porcine heart
val ve cusps wepe FBPEIPHER %ﬁﬁ)lé?(b@é’&}‘lg@ Flﬁb‘tcﬁ“%%” le#380HE er vat i ve
solution (Sane solution as that in Exanple 7). 2. 2. Dul becco's Phosphate
Buf%eregl/vﬁ@ . G bco BRL cat#14190-144 |ot 1095027 3. 2 m screw cap

vi a Wheat on cat#
223583 | ot #370 8%9%':@9”% ﬂé“”%%ﬁ%e‘g%ﬁéf’?‘eﬂf‘%‘%w gﬂ"“’g‘l?gs‘%y'?%% #@006/ 5511 6.
DVBO. JT Baker LcahawedobVi beprt yabtecumpesnatrt iogs Diteras) 0% 6908 apCTRsbedhde 28134 7.
Sodi um aseposlbdteps ¢4 @ith edid PBS# 26, 855-0 | ot 10801HU; prepared as a 2M st ock

in Nerl water. ngﬁgagﬂ&%@éhgﬂgns%r%ﬁghs S ﬁfﬁ'? e@ngQlap tﬁtéé“(é‘cﬁsgé/ﬁ%é)%o

| ot #386716/ 1 eser vat |ve ro ure as t hat
shéWn in Exanpfe?s ﬁdedll.Zng&éﬁ fallovriag i tRppfachqfdpe thes S dBS Fitisect ed
out cusps2ahanMesbliinth bdeerbaippBPEN; PPEE0® Horvtehyirativhd SEPBIDMBO &xd s@oeach cusp

and trans bz\{lﬁ(g QVI?IJF: §6’(§ nwf tsgdlamnhsc&%&%wgﬁlﬁ rofu]rfp ea?co(rl%tec %@g /\J'ay E@E’cgd a0 3.

Added 1.2 PBS with
200 M sodRlinvsaost %)é”@lﬂ’(]s&@t?”ﬁlﬂ‘@@wﬁ’w Qehydr ation, 50% DVSO and 50%
DMSO wi th 200 aMrmeohtadrutas eotoliatith fuZddng dehi~4hhass.or bat e stock was diluted as

i th nut ati ng. Tor ook ol olhEE pfucl hl@‘q%@ @@’ﬁ@éo“rlﬂ%.%‘ R R PR i 1

the fol | offH 8%%@6&’%‘?@ weprerpgved, rﬁpcsm R "M ASRRERET:t he cusp
washed w thidABGs206 rodvbaed and trataeed with fresh PBS+200 mM ascorbate)

6. Incubated tubes at 4°C with nutating for ~46 hours.

7. Changed the solution on the PPG400 dehyd./PBS+ascorbate rehydration cusps
20 prepared in step 5).

8. Incubated tubes at 4°C with nutating for ~6 hours.

9. Transferred solutions and cusps to glass 2 ml vials, stoppered and capped.

10. All vials were frozen on dry ice.
11. Frozen samples were then irradiated at -70°C at a rate of 6 kGy/hr to a total
25 dose of 45 kGy.

Results:
The tesults of the HPLC analysis are shown in Figures 7A-7F. Trradiation in an
aqueous envitonment (PBS) resulted in changes in the minor peaks and a right shift in the
30 major peak. The inclusion of various non-aqueous solvents, reduction in residual water, and
the addition of stabilizers produced profiles that mote closely matched those of the
cotresponding controls. The gel analysis is shown in Figures 7G-7H and shows a significant
loss of bands in PBS, while the other groups demonstrated a. significant retention of these
lost bands.
35 When compating the results from Example 8 to the results from Examples 5, 6, and
7, it becomes apparent that lowering the temperature for the gamma irradiation usually
results in a decrease in the amount of modification ot damage to the collagen crosslinks.

One illustration of this temperature dependence is the sample containing 50% DMSO and
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whi ch was then renoved and replaced wth fresh PBS+200 nM ascorbate). 6.

| ncubated tubes at 4C with nutating for -46 hours. 7. Changed the solution
on t he PPR&00G/0zkghy d. / PBS+ascor bate rehydrati on cusps 20 pcegsozeBidf step
5). 8. Incubated tubes at 4C with nutating for -6 hours. 9. Transferred
sol ut i 0NSasad¥Pat€,Uis PHhitlo g aRifiodal Mpeaksi @k Snarkddyppereadd andhe apgeciiure 10. Al |
vials mrgwgr%g%r%%_g&ggéy obce. 11. Frozen sanples were then irradiated at
-70C at a°rate Gf /8hr to a total 25 dose of 45 kGy. Results: The
results of the HPLC analysis are shown in Figures 7A-7F. lrradiation in an
aqueous eBwdmplafent (PBS) resulted in changes in the minor peaks and a
right shift ingtie 3008 0he BRAK of JABnd iREkMDHOR 10f matAldi QLSRN oAGUEOUS

sol vents, th%%BhﬂﬂadiﬂeJ BS3itsthaos 2§|I<Gy%9§b k@r}hﬁ t@éjfgéstaﬁc@@r effserfet abh | | zers
produced prafk! Sscd-Dabo ARE €hsbas elommabahrs, 3 noseved, 4081 btAedigs pondi ng
control s. ; fhe ]g%rmeya,géiﬂvgsﬁ Diewn in Fi gures 7G 7H and shows a
significant |oss of bands in PBS, while the other groups denonstrated a.
si ghi fi capfaideigenti on of these |ost bands. 35 When conparing the results

from Exanple 8 to the results from Exanples 5, 6, an 7, it becones
appar ent t hat E%W%@M@é‘eﬁcéﬂ?ﬁé?%oﬁ?@qgﬁx C%eﬂ%tyga]rﬁ%aginrl‘r adi ation usually

results in a degpgaseid Pudhe #BIDY0Y, 16 KIBHIBOSalhap =aroodampe to the
collagen crosslinks. One illustration of this tenperature dependence is

the sanpl e contish#esaSimmod-PBratid 0% AR I0- P PCT/ US02/ 28134

ascorbate, in ¥R Ehe.ddgih]ionmlsrpesaks0aneso@ikesty decreased as the
tenperature is lowered from-20C to -80C. Exanple 9 5 In this experinent,

the effects ofD'gla'?ﬁl?VéS‘ilfoF‘jéﬁﬂgtBPlffﬁ#gﬁ%%é mechani cal integrity of human

femur irradi at @edi6h Rl Qtain AR Ao B2de6ys, @ 153140@)) i n the presence or
absence of a stabilizer m xtur eq(éloo mM trehal ose, 150 nM mannitol, 3.1 M
DVBO, 2.2 M bubtapks Stelmidrd049740Ge f dPnahFaEY 3188k e i nvestigated. 10

Material s: For o deefENLS6ER6E HACR D chlivea3fidbBadke vila0ailyy = 1. 13 g/ nl
2,3 Butanediol (Aldrich #B8,490-4, |ot K02311 Bol)é; d r&?\lﬁ{% = 0.895 g/ n
Trehal ose (Si gRiemPngsiand SppMaggldyfh Bfarmed o SEEER® | feavy Duty

20 Diamond Blade (Marmed, #75H)
3% Hydrogen Peroxide putchased from local drug stote
Neutron Products irradiator.
Procedure:

1. Remaining soft tissue and periosteum was scraped from the
25 bone using a razor blade.
Femur was cut into ~2cm segments.
Segments were tinsed for 2 h in warm deionized water with stirring.
Segments were treated with 3% hydrogen peroxide for 0.5 h with stitring.
Segments wete rinsed with several water changes.
30

Segments wete tinsed overnight in water at 4°C with stitting.

Femur segments wete cut into 5 mm x 5 mm x 1 cm blocks.

© N oo R WD

Femur blocks were kept in watet until placed into scavenger solution.
9. Femur blocks were randomly dtawn and placed into one of the following
groups:
35 a. no stabilizer mixture/not itradiated

b. no stabilizer mixture/irradiated to 25 kGy
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Manni tol (Signma M 8429, |[ot 106H00842); 0.5 Mstock in water 15 Di et hyl
Sul f oxi de (JT Baker #9224-01) Wieaton 5 nL serumvials (Weaton #223685,

| ot 11651MP-080)6705t oppers (Stel m, Cl4046720GC 6 TP, | ot @Q0@A/SBYSE}34 Human
Fenur obtained fromthe_ Conpr ethsi,ve Tiﬁ %e Centre via RadTag Di anond
Band Saw Model #80 "oNiEPiiay mirfpe/rediglerdp 3 3 YOH) with Heavy Duty 20 Di anond

Bl ade (Marned, #45Rn3%ohvdnaden/ Reiaxitde purchased fromlocal drug store
Neutron Products irradiator. Pr o?_eg(ﬂre' 2% Remai ni ng soft tissue and
peri osteum was sér aplctablisshmirare/ioaitehie [&CHg a razor blade. 2. Femur was

cut into '2cm segnBiihSiabdizer 20GHR/ItSdiMed © 50ikkged for 2 h in warm dei oni zed
water with stirring. 4. Segnents e tr wth 3% hydr.oge er oxi de for
0.5 h wi t PRl yerigradiatsd @e%?ﬁeso\@e\i%é?% ZP%Zg a *7t2EC §%"%/E’¥agfi°%é’?é€ouéhanges.
30 6. SegpERtpowNILsy i nsed overnight in water at 4Cwith stirring. 7.
Femur segnents were cut into 5 mmx 5 mmx 1 cm bl oc(rs. 8. FEermur. bl ock
were kept in wter Thetgreupgioaiaisitht Beoleeh/aiges ediases B mg of BRRHHET 1| ocks
wer e randomyixidf-ann tanshuplt &pixﬂ%glaeerclen ofnlt dfe ifalDnsd.ng groups: 35 a. no
stabilizer m xture/not irradiat ? MUIE tabilizer mxture/irradiated to 25
kGy 46 WO 03/’6267(?3“‘9@*1’7"686%5”23 Ap4 bt 4o stabilizer mixture/irradiated to
501kCQy d. withiost atlahipZefverd plicdd @ fialt forrifradlitah efld euicifioBers inab iyiizer

m xture/irradiated to 25 kGy f. with stabilizer mxture/irradiated to 50
kQy 5 Sanpl &&2pd 2t rradiated at a dose rate of about 2.5 kGy/h at -72C to
a total dose of3 ab®@inpledwelk @ypror-8FC de@yirradifted. The group contai ning the

intreat ed of ouph vas BPEPEF e = St Sor s 1o T eichiEe Wre gi t at ca
for 24 h at @Eperformed.
15 Samples wete tested in a three-pointing bending test.
Results:
Pretreatment of bone with the stabilizer mixture resulted in significant
recovery of the bending stress. Irradiating at low temperature alone
showed significant improvement in recovering bending stress as
20 compared to all the other treatments tested. The results shown below
were calculated based on the average bending stress compared to
controls:
a. no stabilizer mixture/itradiated to 25 kGy: 9% decrease
c. no stabilizer mixture/irradiated to 50 kGy : 26% decrease
25 e. with stabilizer mixture/irradiated to 25 kGy: 5% decrease
f. with stabilizer mixture/itradiated to 50 kGy: 14% decrease

Example 10

Purpose: To determine the mechanical integtity of bone that was treated or left untreated
30 with polypropylene glycol, then a stabilizer mixture (200 pM TroloxC, 100 mM coumatic

acid, 100 mM lipoic acid, 100 mM propyl gallate), followed by freeze drying, and finally,

itradiated to either 25 kGy or 50 kGy.
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10 12. Sanples were placed in vials for irradiation and quick frozen in a
dry ice- ethanol bath. 13. Sanples were kept at -80C until irradiated. 14.
Fol | ow ngworosazti7ai i on, sanples were stored at -80C until meThznl/zaB4 t esting
was performed, 15 Sanples were tested in a three-pointing bending test.
Resul ts: Seat ment of bone with the stabilizer mixture resulted in
signi ficapt Coﬁ&%‘?é/ﬂcb/S@&a@lﬁo@%}@mﬂs@}s&&ﬁ%mBMﬁd;'ﬂﬁBblng at low tenperature
al one showed S|gn|f|cant i mprovement in recovering bendi ng stress as 20
conpar ed ¢ o Paddyl galee Sigvar P-B120 AbidROE77) stotkenf 0.5 én ¢thapgl t s shown bel ow were

cal cul ated b ed on .ayer ndi,n res ared to controls: a. no
stabilizel ﬂf&?ﬂ‘?ﬁ)&? 3%89%%%@4)5%% zg(rgg\ggleeth 2ol no stabilizer

m xgure/i ‘rq(ﬂbléi@@&l&%h@@ 8&@3 lot (26PATSREIRBES mMe I IBPBIM t h stabi | i zer

m xture/irradiated to 25 Gy: 5% decrease f. with stabilizer

m xt ure/ i ¢r &5 Egme H-82KeyF0K2HA decr ease Exanpl e 10 Purpose: To

det erm ne_t that was treated or |eft
untreated" El%lygf%ene q%?ﬁlr%rg?/ﬁﬂ%ké g %@ol %t%wgz a stabilizer mxture (200 M
Tr ol oxC, 10®mﬂmoﬁ6uﬂnﬁdr&nvam(‘d’heaﬂ&wmasi poisseziod) 100 nM propyl ,
gallate), followed hy freeze dryin and finally, irradiated to either 25

kGy or 50°k&Prray W@Qlé%?% EHBE78  Materials: Coumaric acid

(Shgma C ¢4QR,Td @gneég'g%?ﬁ)eez%ﬁﬂﬁ&m% ang}y§sMMQes§g b%@re Pr _OpY! gal | ate
(Sigma P-3130, |ot 60KO877) stock of 0.5 Min ethanol a-Li p0| c acid

( Cal bi ochemMH376F2muk olbtalBe’m%zi yhestoopkehedsivg  Msshd Cantre via Kad¥ag Trol oxC

ot 701, G 23457 bBr G SOy LML “a0 YR 6™ Bt (RPURESHa TAsD ﬁo% Begie)

Wheat on 5 mlsxﬁbmmﬂaa(lvsﬂﬁe\ﬂ‘léaﬁIDn #223685, |ot 1165122-01) St opper s
(Stelm, C14046720GC 6 TP, E &05/ 37218 10 VirTis Genesis 25EL Freeze
as ?

Drier with ér(&ﬁ??‘%fP%ent}’ff%é’P?c g store
15 e Neutron Products irradiatot.
Procedure:

1. Remaining soft tissue and petiosteum were scraped from the bone using a razor
blade.

Femur was cut into about 2cm segments.

20 Segments wete rinsed for 2 houts in warm deionized water with stirring.
Segments wete treated with 3% hydrogen peroxide for 0.5 h with stirring.
Segments were rinsed with several water changes.

Segmments wete rinsed overnight in water at 4°C with stirring.

Femur segments wete cut into 5 mm x 5 mm x 1 cm blocks.

25 Blocks were kept in water until placed into stabilizer mixture.

© P N R BN

Bone blocks wete randomly drawn and placed into one of the following six groups (-
CK indicates the samples wete not treated with the stabilizer mixture, +CK indicates
that the samples wete treated with the stabilizer mixture and the radiation dose was
as indicated):

a. —-CK/0kGy

b. —CK/25kGy
—CK/50 kGy
+CK/0 kGy

30

e

&
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Human Femur obtained fromthe Conprehensive Tissue Centre via RadTag

D anond Band Saw Model #80 (harnmed Inc., Ceveland, OH wth Heavy Duty

D anond Bwvedeg/otdvbs med, #75H) 3% Hydrogen Peroxi de purcha®ea/udsopesiBocal

drug store 15 Nemgn Products irradiator. Procedure: 1. Remaining soft

ti ssue and perioSte @rké}yscraped fromthe bone using a razor blade. 2.

Femur was cut info Jectmygo@;ym segrrents 20 3. Segnents were rinsed for 2

houts in vvarm%gll oni zed wat er hﬁétlrrlp c,4 Segments were treated with

3% hydr ogen Pe f‘fafélesf%?teélc‘sba it B Y9t P8 %{54 ‘5. Segnments were rinsed with

several watafl. qhan@esles GrereSRGBRIA HdVBBEedr Wils @ ABMWEPAN k) Rimdve twateessat 4C

vmth stirring. % Femur segnents were cut into 5 mx 5 mm x 1 cm bl ocks.
5 8. Bl ocks WeF kept in water until placed into stabilizer mxture. 9.

Bone bl ocks 1aeranl ansaiilit: Aixawe waldddqdaes étbst fhtpla iesightetl REK ahilotkeng si X

groups (- CK indica (%eélthe sa | es ,were not treated with the stabilizer

m xture, +CK i W% ‘Y%%Jf t&2€dnpl es were treated with the stabilizer

m xture and 1BheCKadingles @Bred@l&@ed%ﬁ&mgﬁﬁatlmmﬁﬁ €d) CK3Amples wkKpQcddQy Db.

-CK/I 25 kG c. 8%/% +CK/ O kGy 48 WD 03/ 026703 PCT/ US02/ 28134 e.

+CK/ 25 kGy f. ¥Edrshe ﬁ@‘%ﬁ HOR1 | sanpl es were incubated in PPG over ni ght

at 14C. 11. Thessa@kese M&E@mrlﬁmeﬂlwamshmab@diw&daz@rﬁhgm pe to renove the

desi gnat ed 4 ng%mgef“ ok PR S R SR et 0. 13 7OK
sanpl es wer e cagbltoaipdiradatd, Ghbplad whe sbied et t4he wnEKnsaimalcasiestiag evpl aced at
4C for t he sarrger lur at ion.
Samples were tested using a three-point bending test
15 Results:
The three-point bending test results demonstrated that the addition of the stabilizer
mixture provided bettet recovery of the bending stress following itradiation as compared to
the samples that wete not pretreated. The results shown below were calculated based on the
average bending stress compared to controls:
20 +CK/25 = 10% dectease in bending stress
+CK/50 = 30% decrease in bending stress
-CK/25 = 42% dectease in bending stress
-CK/50 = 22% dectease in bending stress

25 Example 11
In this experiment, the effects of gamma irradiation on human bone samples in the
presence of ascorbate (200 mM) or a stabilizer mixture (2.2 M butanediol, 3.1 M DMSO, 3.1
M formamide, 150 mM mannitol and 100 mM trehalose) were investigated. Treated and

untreated samples wete eithet not irtadiated or irradiated to a total dose of about 50kGy.

30 Guanidine and pepsin extracts wete examined.
Method:
1. Human bone pieces wete treated with either 200 mM ascorbate or a stabilizer

mixture (2.2 M butanediol, 3.1 M DMSO, 3.1 M formamide, 150 mM mannitol and 100 mM

trehalose) overnight at 4°C.
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10 14. Sanples were placed in irradiation vials and subjected to freeze
drying. 15. Follow ng freeze drying, sanples were kept at 4C until

i rradi at ea0 036267601 | owi ng i rradi ati on, sanples were store@®CaUSALR28164 i |
mechani cal teati ng._was erformed. Sanples were tested using a three-point

bendi ng test “15 REEHF i’v§‘!.3e sybraergqqplauploiiesen akdrulvs tesdstitadsmines  denonst r at ed

that the addi i on B&lvi&thedsin@hﬂswe&?laceméﬁﬁéh@orpﬁgyé @edo heyi&y. recovery of
t he bendi ng stress _fol]| ow irradiation as conpared to~ thée sanples that
were not pret Feat ed e YL EERHRPS BEF eARFsHeTEe Resrlsuvee edlyrsddsd on t he
aver age IssdtA@E.Sstress conpared to controls: 20 +CK/ 25 = 10% decrease in
be@di ng stress +CK/50 = 30% decrease _in bending stress -CK/ 25 = 42%
deCrease in bending stress -CK/ 502£299, decrease in bending stress 25

Exanpl e 11 | nAtdibslingxPEDBPAGE adal}ss, elehf6i1S t@hie@ i Bhel bR ALl ON hunman
bone sanph@sdifpiohel refplieseN@R sthplaSeokdate . (2BkemM) or a stabilizer mxture
(2.2 Mbutanediol, 3.1 MDWO, 3.1 Mformam de, 150 mM mannitol and 100 niM
trehal ose) were investigated. Treated and untreated sanples were either
not irradixamptti@r irradiated to a total dose of about 50kGy. 30 CGuanidi ne
ang pepsij_extracts re m ned. Method: . 1. Human bone pieces were

trgat ed vlv)ln'uf’%@(:’al eé)rmt\é\%de ﬁﬁcgss%gvfﬁ%ﬁsétag'pzeé U PR 2epan Rengdigdistadzo o M

but anedi éDkGBwdk ebdobMsO, 3.1 M for nam de, 150 nM mannitol and 100 mM

t rehal osglatgr\l/%r_ni ght at 4C. 49 WD 03/026703 PCT/ US02/ 28134 2. Pieces were
subner ge ‘quid nitrogen and pul verized with a hammer. 3. Pulvierized
sanpl es werle plmaeed 5 mneppendanf cottbeonk 10240 HBAILIBS)u: JbraidedamiAi ne and

Resul Us: " AccrBPATAE TS & Rt e pe Sk ampl os ¢ reat od with the
stabi |l izer an %thiier Msdhowed | nproved results over the sanples treated with
ascrobat e. Exarrg.l ecﬁg-f:

e 150 mM mannitol (Sigma M-8429, lot 106H00842)

* 100 mM trehalose (Sigma T=9531, lot 61K7026)

e 22M butanediol (Aldrich #B8,490-4, lot K023119BO)
0 ¢ 3.1 MDMSO (JT Baker #9224-01)
b. CKi-fd:

® 100 mM coumaric acid (Sigma C-4400, lot 51K3660); stock in 0.5
M ethanol

® 100 mM lipoic acid (Calbiochem #437692, lot B34484); stock in 0.5
5 M ethanol

* 100 mM propyl gallate (Sigma P-3130, lot 60K0877); stock in 0.5 M
ethanol
® 200 pM TroloxC (Aldrich #23,881-3, lot 02507TS); stock of 2 mM
in PBS
) 3. Polypropylene glycol P400 (Fluka #81350, lot 386716)
4. 30 mL serum vial (Wheaton)
5. Stoppets (Stelmi #C1404 6720GC 6 TP; lot G005/3768)
Procedure:

1. 10 cortical bone beams were soaked in 50 mL of polypropylene glycol (PPG) P400 for 2
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0 Purpose: The protective effects of various stabilizer m xtures on human
bone irradiated to 50kGy was exam ned. Materials: 1. 5 Mmx 5 nmx 30 mm
cortical womg/obgesrs (hunman fenmur obtained from Conprehen®Crastt/sdae Centre
via RadTag Technologies). 5 2. Stabilizer Mxtures: a. CK2-f: 150 nM
manni t ol ( Shgn¥y° G848 2xkingot 106H00842) 100 nmM trehal ose (Sigma T=9531,

| ot 61K7026 .2 M but i i 14985 Gith 1.0k KO23L19BQe 0 3.1 M
DVSO QT B%‘k)erPe %@%ﬁﬁg‘%f&@%&%c’-“§ @gedﬁl%gfj lﬁ%gc%g%aﬁ c acid (S gm C 4400, |ot
51K3660) ; stoe PRG0ufl thih epskahdt 50 100 offHLHE oivernight d~1Ch) Bi DENBIR #437692,

| ot B34484); .%.ock in 0.5 5 Methanol 100 nM propyl gallate (Sigm

P-3130, |ot '8 77); stock in 0.5 M ethanol 200 M Trol oxC (Al drich

#23 881- 33. 112bo32EATSte phtasidk 5OMLAL FKR-fiard RRSIPVerpighi/ (5116 byt dite™idt ycol P400

(Fl uky #8135%%%]?%@9%% 1¢g€§egs%%f§g%§glayéd% dMNERE Qer Snd ShARPEr S

(Stelm #C14 _ Procedure: 1. 10 cortical bone
beans were seakigd as desshbedifonhe phenhoropiydeene gl ycol (PPG P400 for 2 50 WO

03/ 026703, PCTL SO 2834 o1 -8\l ks b0 2, TR RiERRar @ 1 ooV

fromthe PP otte wth a Kimmpe to renove excess PPG and
t hen soakéd Tha v wate pifcedCpebt ftd-80 et ityhdiation-16 h) at 4C with agitation. 5

3. 442 bonﬁ. bl%ggﬁna[%@@r\geﬂplr &Q%g:oﬁd%plcéqt 1QosdHr-dr 80 4508k adovennight (-16 h)

at 4C wit agitation. An additional 10 bone beans weré placed in deionized
wat er and sodkedt S8¢er ni ght as described for the other bone pieces.

7. The bones were evaluated for mechanical strength using the 3-point bend test.
Results:
The bending test analysis showed that the irradiated samples treated with CK2-f and
15 CK1-fd exhibited improved results (86% and 85% of corresponding control, respectively)
compated to the irradiated sample not treated with a stabilizer mixture (73% of

cottesponding control).

Example 13
20 Putpose: The protective effects of vatious stabilizer mixtures on bone irradiated to about
50kGy wete investigated.
Materials:
1. 3 mm x 3 mm x 25 mm cortical bone beams (human femur obtained from
Comprehensive Tissue Centre via RadTag Technologies).
25 2. Stabilizer Mixtures:
a. CK2-f:
¢ 150 mM mannitol (Sigma M-8429, lot 106H00842)
e 100 mM trehalose (Sigma T=9531, lot 61K7026)
e 2.2 M butanediol (Aldrich #B8,490-4, lot K023119BO)
3.1 M DMSO (JT Baker #9224-01)

30
b. 10-DM:

e 10% DMSO, USP (Spectrum #D1258, lot RP0915)
e 150 mM mannitol, USP (Spectrum #MA165, lot RM0418)
3. Polypropylene glycol P400 (Fluka #81350, lot 3867106)
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4. The next norning the pieces were renoved and placed in 30 nL vials for
irradiation. 5. The vials were placed kept at -80C until irradiation. 10
6. The sawploas2ames e irradi ated on dry ice at a dose rate @CTalso28184 7kGy/ h
to a total dose of about 5CkGy. 7. The bones were eval uated for nechani cal
strengt h usi‘ngdtesBupsiclit™Wbea)t est. Results: The bending test analysis
showed that i hg, egefsqrﬂmﬁ%1mrmh@éctsrx@alue@owzmm-f_ and 15 CK1-fd
exhibited inmproved results (86% and 85% of correspondi ng control,
respect i vBragedutepopared to the irradiated sanple not treated with a

stabi lizer m xfure 16730 bokObdh8S RARALRE E0BLchOkdimdaxamgl @ k3didld Pur pose:
The protective effects of various stabilizer mxtures on bone irradiated to
about  50R@plependsit foy eaitpdaedeprtOliterials: 1. 3 nmx 3 nmx 25 mmcorti cal
bone beams (hugan FeEWLNORLAL MR Hdceih 5GRPKeN oS L di@iSHe 86t he Vi a
RadTag Techno[o%ies). 25 2. Stabilizer Mxtures: a. CK2-f: 150 mM
manni t ol  (Siowivg InkdA29, | ot 106H00842) 100 nM trehal ose (Sigma T=9531,

| ot 61K7026) 2.2 M butangdj@l. (Al drich #B8,490-4, |ot K023119BO 30 3.1
M DMSO UT Baker #9224-01) b. 10-DM  10% DVSO, USP ( Spectrum #D1258, | ot
RP0915) 150 nM narhi t ol3mIG&E-§ Spect rum #MAL65, | ot RWMD418) 3.
Pohypropyl ene glycql P4GQu(1blga #81350, |ot 386716) 51 WO 03/026703

PCT/ US02/ 28134 4. 30 nL serumvials (Weaton) 5. StopPers (Stelm #C1404
6720GC 6 TP, | ¥t CHOSAITEE)Verpiatald pieh C for ahalt fgenty R Bone beans were used

for each treatgent ponfwh@rsohichiRdll MLBoned waARPIES ANFodi Yenlpahutiniithadi at ed

controls. 2. The bone_beans were placed in 5 m conical vials and treated
Wwith one @6gitafippfor about 2 houts and 40 minutes.

5. Following soaking, the bones wete removed from the liquid, placed in vials
15 for itradiation and stored at about —80°C.
0. The samples were irradiated on dty ice at a dose rate of about 2.6kGy/h to a

total dose of about 55kGy to 60kGy.
' 7. The samples were evaluated for mechanical strength using a 3-point bending
test.
20 Results:
The bending test analysis showed that the irradiated samples treated with CK2-f
exhibited 82% of the cotresponding control strength and samples treated with 10-DM

exhibited 73% of the cotresponding control strength.

25 Example 14
Purpose: The protective effects of a stabilizet mixture on porcine ACL samples irradiated
to 50 kGy wete investigated.
Materials:
1. Porcine ACL: RadTag Technologies, Inc.
30 2. Stabilizer Mixture:
3.1 M DMSO;
2.2 M, 2,3-butanediol;
150 mM mannitol; and

100 mM trehalose.
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following liquids: a. 3 mM water; b. 3 mM CK2-f; or 10 c. 3 m 10-DM 3.
The sanpl es were sonicated at 4C for about twenty m nutes. 4. Foll ow ng
soni cat i owWQ oBlozs7hdne was soaked at roomtenperature wth Pagiusar/2siss f or
about 2 hours and 40 m nutes. 5. Follow ng soaking, the bones were renoved
from t he Piogedute: pl aced in vials 15 for irradiation and stored at about

-80C. 6. Thg Slaamllee&cﬂ@ge) W& adiatethoendivwide: 280 Rind@s & 378t @aef about
2.6kGy/h to a total dose of -about 55kGy to 60kGy. 7. The sanples were

eval uated for bashani cal strength using a 3-point bending test. 20

Resul ts: The bendiarg 4.83kcaNgh YShseSoonedicihale; t he irradi ated sanpl es
treated with CK2-f exhibited 82% of the corresponding contraql strength and

sarfpl es tr edt eBhasrrpesToeopshed himey wigh SPYdBP f4rhe REr Ry At il cont r ol

strength. 25 Ex . 14 Purpose: The protective effects of a stabilizer
m xture on porcine ACL sanples irradiated_ to 50 kG were_ ipvestigated.
Materials: 4. Tipgpaplaevackashrd } fimg with o1 S0%! @e) fpyppmin. Y{bﬂ@zﬂa abi | i zer

Mxture: 3.% M IWBOmAr @asMut gt@a&%@?ﬁﬂﬂ@ﬂeces%ﬁ%nmm&@; ; and 100 mM
trehal ose. 52 WD 03/ 026703 PCT/ US02/ 28134 Procedure: 1. Porcine ACL's (10)

wer e st or ed 6at Thegamplsniviere Riageddn # 67! valn@/Hidhut es in 37C water bath: 2. Each

AC was pl aced; i ansenarat 8ixkR0b: wRAaalddtdbeactsvid, The sanples were

washed 4 tines with 50nl PBS for -'5 minutes per wash while
8. Rubber stoppets and caps wete placed on the vials;

9. The samples were shaken at 4°C overnight;
10. The samples were itradiated to a total dose of about 50kGy.
11. The samples were analyzed by SDS-PAGE.
15 Results: According to SDS-PAGE, the samples treated with the stabilizer mixture exhibited

improved ptopetties over the untreated controls.

Example 15
Purpose: The protective effects of vatious stabilizer mixtures on bovine tibias itradiated to
20 50kGy were investigated.

Materials:

e Bovine tibias obtained from the slaughterhouse (Mt. Airy Meat Locker) milled to

3mm x 3mm x 42mm sections
e Butanediol (Aldrich B8, 490-4, lot K023119B0)
25 e DPropylene glycol (Sigma, P-4347, lot 111K1658)
e DMSO, USP (Spectrum, D1258, lot RE0754)
e Mannitol, USP (Spectrum, MA 165, lot RE1020)
e Trehalose (Sigma, T-9531, lot 062K7302)
e  Gallic acid (Sigma G-7384, lot 111K0103)
30 e Sodium Ascorbate, USP (Spectrum S$1349, lot RM0398)
e Branson 2710 Water Bath Sonicator
e 30mL serum vial (Kimble Glass 62121D-30)
e 20mm Stoppers (Stelmi C1404 672GC 6 TP, lot G005/3758)
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shaking; 4. The sanples were washed 1 tinme with water (50nil each) for 5
mn. while shaking; 5. Each liganent was cut into about 4-5 smaller pieces
(about 3rmwpdBap@bEr); 6. The sanples were placed in a 2nl peiraise2/¢su34 vi al ) ;
10 7. 1 m of the stabilizer mxture or water was added to each vial; 8.
Rubber st oppersabdize Miapsswer e pl aced on the vials; 9. The sanples were
shaken at 4C %%ﬂfﬂgl; 10. The sanples were irradiated to a total dose of
about 50kGy. 171 " sanpl es were anal yzed by SD S-PAGE. 15 Results:
According to SDS-PAGE, 2R bsenplids treated with the stabilizer mixture
exhibited inproved prope(tihgsoover the untreated controls. Exanple 15
Purpose: The protective effects of various stabilizer m xtures on bovine
tibhas irradiated to 200050¥@liogeide i nvesti gated. Material s: Bovi ne
tibias obtained fromthg, ghierhouse (M. Airy Meat Locker) nmilled to
3mm x 3mm x 42nm secti ons utanedi ol (Al drich B8, 490-4, |ot KO023119B0)
25 Propyl ene B @S D Si gma, P-4347, | ot 111K1658) DVBO, USP ( Spectrum
D1258, |ot RE0754) Manpi4.al P.(Spectrum MA 165, |ot RE1020)

aSC

Trehal ose (Sigma, T-9531, [ot 062K7302) Gallic acid (Sigma G 7384, | ot
111K0103) 30 Sodi um AsgdMdutasedie}SP ( Spect rum S1349, | ot RMVD398) Br anson
27)p Water Bath Soni cat 4y, O agrum vial (Kinble dass 62121D-30) 20mm
St oppers (Stelm Cl1404 672GC 6 TP, | ot G005/3758) 53 WD 03/026703

PCT/ US02/ 28134 St abi | poeM tdhslesgr es: F1 (BDGT): 2.2M but anedi ol 3. 1M DVSO
5 100mMM gal lic acid

F3 (ABDM):
200 mM ascorbate
15 1.66M butanediol
0.33M DMSO
125mM mannitol
F4 (BGMT):
2.2M butanediol
20 50mM gallic acid
150mM mannitol
50mM ttehalose
F5 (BDG):
2.2M butanediol
25 3.1M DMSO
100mM gallic acid
F6 (AMPT):
200mM ascotbate
150mM mannitol
30 2.2M propylene glycol
50mM trehalose
Procedure:
1. Milled cortical bone pieces wete placed in a latge beaker and mixed.

2. ‘Ten (10) bone pieces were selected randomly and placed in 2 50 mL conical. '
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S50mM trehal ose F2 (ABMI): 200nM ascorbate 2.2M butanediol 10 150nM
manni tol 50mMM trehal ose F3 (ABDM: 200 nM ascorbate 15 1.66M butanedi ol
0. 33M DVS&O 038%™ nanni t ol F4 (BG\/IT) 2 2M but anedi ol 20 PB@rdgoz2d1B4 ¢ aci d
150mM manni_t ol OnmM tr ehal ose 2M but anedi ol 25 3. 1M DVSO
100mM gaPi itespi Zfltemttﬁwiﬂfvewe?ﬁeﬁe é%fé?ﬂ)%tnémails@w AYHFEt ol 30 2. 2M

propyl ene. gih¢eohical I RAIRBAnd Pl FREMNEA witer BYIH LBMaePr ti cal bone pieces
were placed in a | ar ge beaker and m xed. 2. Ten (10) bone pieces were

sel ected randont'y WHE ipiisceth Was Peciglieddp 4%oni cal . 54 WO 03/ 026703
PCT/ US02/ 28134 3. w1iB6n HedRit b4 QEchll Xl W:6%- &M&%%@@@M@ &9 t e 40 m

mark on the conical. 4. Th e conicals were placed inftloats an en pl aced
ina water bath soRiE&tEE4howswater in the bath was prechill ed to 4C »

Wat er inst heubahh shasHex alangieds Lt plage@ i Blckd £d aﬁﬁ%e%rgeg@part Qxt pRbEl Y every
15 L
6. The bone pieces were removed from the conicals, excess stabilizer mixture was removed
and the samples were placed in a 25 m1. serum vial for irradiation.
) 7. 'The vials were stoppeted, capped, and stoted in —80°C until irradiated.
8. Samples were irradiated on dty ice to a total dose of 50kGy.

9. Mechanical strength was tested by a three-point bending test.

Results:
) The three-point bending test analysis gave the following results for mechanical
strength of irradiated samples (relative to average unirradiated control):
o BDGT: 75%
ABMT: 66%
ABDM: 60%
BGMT: 68%
BDG: 59%
AMPT: 61%
No stabilizers: 56%

0 0O 0o o o O

) Experiment 16
Purpose: The protective effects of vatious stabilize mixtures on porcine ACL collagen
following gamma irradiation to 50 kGy at dty ice temperature were investigated.

Materials:

® Porcine ACLs (harvested on 06.25.02) obtained from RadTag Technologies.
b o Saline [0.9% NaCl (VWR #VW6430-5, lot 41240202)]

® Propylene glycol (Sigma P-4347, lot 111K1658)

® Dimethyl sulfoxide, USP (Spectrum D1258, lot RE0754)

e Mannitol, USP (Spectrum MA165, lot RE1020)

® Trehalose (Sigma T-9531, lot 062K7302)
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i mnutes for 4 hours. 5. Follow ng sonication, the conicals were placed in
racks and agitated gently at 4C for 24 h. 6. The bone pieces were renoved
fromthe woBozi783 excess stabilizer m xture was renoved pamdiShhesisanpl es
were placed in a 25 nL serumvial for irradiation. 7. The vials were

st opper eds @Mﬁbﬂ(Q@mﬂBEﬂagfcddlﬁﬂO&BnﬂouﬂloBﬂo)i rradiated. 8. Sanples were

i rradi at ed ce e of 50kGy. 9. Mechanical strength was
tested by‘®a ﬂ?“é@l(b&“ﬁ%%ﬁgghtﬂ’ ﬁ%éf{ogg:‘s Results: The three-point bengi ng
test anal ym@@gy@&ﬂ@ﬁ@ibqw(ngomg)sul ts for mechanical strength of

irradi ated sanpl e relative to average unirradi ated control): o BDGI: 75%
0 ABMT: 66%1M sy Pegh sdatBEHigme 8850, JopiE08EH ypady HAI@W'Pf%’f etpePlNo

stabi | izers: ARG shed @BAt7486 Purpose: The protective effects of various
stabilize m xtures on ‘porcine ‘ACL collagen follow ng gamma irradiation to

(Sg kGQy at ;dr%me@eumewbe(%tmre#wﬁ@r)l nvestigated. Materials: Porci ne ACLs
arveste 25.0 RadTag Technol ogi es. Saline [0.9%
NaC (WR'# ﬁo@ers%%gf%%?ﬁ%%‘z% Propyl ene glycol (Sigma P-4347, |ot
111K1658) Prc[aleﬂ&iehyl sul fOXI de UsP (Spect rum D1258, | ot RE0754) Manni t ol ,
USP ( Spectr VAL65, e ma T-9531, |ot 0621C 7302)
55 WO b3 8o CTURY e oD ﬁ“’d"fﬁ@ﬁ ?Eﬁé‘h@ i ol ogi cal 112-103- 101, | ot
719850)  Br obuegire (WOTOMR B85 #lonel &Ftthel RBEKIBY Sglutiond Fdl 40 of Al°drahé hed3, 881- 3,

| ot 02507TS) 1M stock of Propyl gallate (Sigma P-3130, | ot 60K0877) nade
in 200 pr oofovargghf gpout 15 houts) aPX°C: (Stg )

a. Saline;
b. 2.2 M propylene glycol, 3.1 M DMSO, 150 mM mannitol and 100 mM trehalose,
brought to volume with saline;
15 c. 2.2 M propylene glycol, 3.1 M DMSO, 150 mM mannitol, 100 mM trehalose, 1%
solutol, brought to volume with saline;
d. DMEM;
e. DMEM, 2.2 M ptropylene glycol, 150 mM mannitol;
f. DMEM, 50 pM probucol, 2% DMSO; ot
20 g. DMEM, 50 mM trolox, 100 mM propyl gallate;
3. ACLs were removed from the solutions. Changes in the properties of the tendons
wete obsetved and are noted below (letter in this section cotresponds to the solution
indicated by the same letter in 2 above).
4. ACLs wete bisected in half and the ends trimmed to fit in a 3 mL vial (one half
25 designated 0 kGy control, and the other half desighated 50 kGy). Samples wete stored in at -
80° until packaged for irradiation.
5. Samples were ittadiated on dry ice to a total dose of about 50kGy.
Results:
Irradiated samples treated with stabilizer mixtures d, e, and £ exhibited improved

30 results over other stabilizetr mixtures.

Example 17

Puspose: The protective effects of vatious stabilizer mixtutes on bovine tibias itradiated to
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5 (Aldrich E702-3, lot 01213740) 3 nL serumvials (Wheaton #223684)

Stel m stoppers (#C1503 6720GC 6 DT) Procedure: 1. Seven porcine ACLs were
t hawed armiorBas@a 5 tines in PBS. 10 2. An entire ACL wasPsoaisezi2dis4 one of
the follow ng solutions for 4 h at 40C and then overnight (about 15 hours)
at 4C  a. St PHEsy Were vestigatssk opyl ene gl ycol, 3.1 M DVSO, 150 nM nannit ol
and 100 nm¥rj«gfigl ose, brought to volunme with saline; 15 c. 2.2 M propyl ene
glycol, 3.1 MDVsO, 150 mM nannitol, 100 mMtrehal ose, 1% solutol, brought
to vol ume wi<% hBguih¢ fikdas ofjtainpil/Emn the slogiprhogse MMy S5yt lengkery Fgbed and1 50 v
mannitol; f. %{Fmto§8mngrgﬁgQM|secﬁg% DVMSG, or 20 g. DMEM 50 nmM trol ox,
100 mM propyl gallate; 3. ACLs were renoved fromthe solutions. Changes in
t he5pr oper t i s Bofant¢die (AlénddFs490wk e KOBHEPR®A and are noted below (letter in

this section cqrresponds to the l.ut.i ihdi cated by the sane letter in 2
above). 4. ACL r%]f’ge?g’fcg l@@ﬁi%‘ﬁaﬂé‘ftf“ﬁgh“%e ends trinmmed to fit in a 3 nL
vial (one hal f pp2dp dessl gnated 1k tqamtsgl , and the other hal f designated
50 kGy). Sanples were stored in at - 80 until packaged for irradiation. 5.

Sanpl es wer e i Mraditdt &P ©pecdry MAdohtRE182%| dose of about 50kGy.
Resul t s: Irr.adiIgethglgseg@gBLels_?stzg,qgtt(%%ygo stabilizer mxtures d, e, and f

exhi bited i nprove results over other stabilizer mxtures. Exanple 17
Puripose: Thes pGatlieatid \&pnefG-8884sloof11Katd3pus st abili zer m xtures on bovi ne
tibias irradiated to 56 WD 03/026703 PCT/ U302/ 28134 about 50kGy were

i nvest i gat ed® ReEERiAsrebate, UShnserum B34S '9t™PA®d from the sl aught er house

(M. Ary Mat gl.ockeshowiasBed sahdimM | led to 3nm x 3nm x 42nm secti ons
e 30mL serum vial (Kimble Glass 62121D-30)

20mm Stoppers (Stelmi C1404 672GC 6 TP, lot G005/3758)

15 e Sodium citrate dihydrate (Mallinkrodt #0754, lot 0754T51H28) in water

Stabilizer Mixtures:
a. F1 BDGT)
2.2 M butanediol
3.1 MDMSO
20 100 mM gallic acid
50 mM trehalose
b. F4 (BGMT)
2.2 M butanediol
50 mM gallic acid
25 150 mM mannitol
50 mM trehalose
c. F4-prop (GMPT)
50 mM gallic acid
150 mM mannitool

30 2.2 M propylene glycol
50 mM trehalose
d. F4+pH (BGMTc)
2.2 M butanediol
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5 Butanediol (Aldrich B8, 490-4, |ot KO023119B0) Propyl ene gl ycol (Sigma,
P-4347, |ot 111K1658) DMSO, USP (Spectrum D1258, |ot REO754) Mannitol,
USP ( Specwouwai2dvBs 165, | ot RE1020) Trehal ose (Sigma, T-2E3MS0Y/2H134
062K7302) 10 Gallic acid SSi ma G- 7384, |ot 111K0103) Sodi um Ascor bate,
USP (Spectrum S1349, | 0f0 yid Branson 2710 Water Bath Sonicator 30mL
serumvial (Kinble G asssP2iddnds) 20mm Stoppers (Stelm Cl404 672CC 6
TP, lot G005/3758) 15 Sodiumcitrate di hydrate (Mallinkrodt #0754, | ot
0754T51H28) in water 80 abfighalese M xtures: a. F1 (BDGT) 2.2 M but anedi ol
3.1 M DVSO 20 100 nM gabhi &naekidm ™™ trehal ose b. F4 (BGMI) 2.2 M
butanediol 50 mMgallic acid 25 150 mM mannitol 50 mM trehal ose c.
F4-rop (GWT) 50 MR BPMBcid 150 nM nmannitool 30 2.2 M propyl ene
glycol 50 mM trehal ose >8., ;4K BGMIc) 2.2 M butanedi ol 57 WO 03/026703
PCT/ US02/ 28134 50 nmM g%lll ic acid 150 mM mannitol 50 nmM trehal ose

M DMSO
150 mM mannitol
100 mM trehalose
10 Procedure:
1. Milled cottical bone pieces were placed in a large beaker and mixed.
2. Six (6) pieces were then selected randomly and placed in a 50 ml. conical for
treatment one of the stabilizer mixtures above.
3. The stabilizer mixtute was added to the 40 mL mark on the conical.
15 4. The conicals were placed in floats and then placed in a water bath sonicator.

"  Water in the bath was prechilled to 4°C
»  Water in the bath was exchanged for ice-chilled water approximately every 15

minutes for 4 hours.

5. Following sonications, the conicals were placed in racks and agitated gently at 4°C for
20 24 h.
6. The bone pieces were removed from the conical, excess cocktail removed and the 6

pieces were placed in a 25 mL serum vial for irradiation.

7. The vials were stoppered, capped, and stored at —80°C until itradiated.
8. Samples were irradiated on dry ice to a total dose of about 50kGy.

25 9. Mechanical strength was measured by a three point bending test.
Results:

The three-point bending test analysis gave the following tesults for mechanical
sttength of irradiated samples (telative to average unirradiated control):
no stabilizer mixture: 62%
CK2: 78%
F1: 77%
F4: 67%
F4 + pH: 71%
F4-prop: 62%

30

0O 0O O o O O
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200 MM sodiumcitrate 5 e. CK2 (BDMI) 2.2 M butanediol 3.1 M DWMSO 150 mM
mannitol 100 mMtrehal ose 10 Procedure: 1. MIled cortical bone pieces
wer e pl acwo o3t02&03 ar ge beaker and mi xed. 2. Six (6) piecePCrarse2/d1en

sel ected randomy and placed in a 50 nL conical for treatnent one of the
stabilizer m xtures above. 3. The stabilizer m xture was added to the 40 niL
mark on tpeagpRigal . 15 4. The conicals were placed in floats and then
placed in_a water bath sonicator. ~ Water in the bath was prechilled to 4C
A\t er | Busbege: b AR hPiRERSTE CERRATRf At stapiliesr SHYPIea e Revins i FdRiCet el y every
15 m nut esccFyQberdinbQUgated. 5. Fol | owi ng soni cations, the conicals were placed
in racks and agitat ed gently at 4C for 20 24 h. 6. The bone pieces were
remdved f 324 conical, excess cocktail renoved and the 6 pieces were

pl aced i nua BRRinELibES kP Mhtahedf Bdm id AdblabihOtse (Mt.7AirylRiGat Viicakes), Wadhed
stoppered, capped, and stored at -80C until irradiated. 8. Sanples were
i rradiated 6Adailpdite @ mpx 3 Mp¥ A MAGEEOBT about 50kGy. 25 9. Mechani cal

strengt h a8t r1asd bk R_oBAY Nt bending test. Results: The
t hree- poi nt bending test anal ysi s@%ave the follow ng results for nechani cal

strength 8f Trehalpde Gicew 15891 lel062IKE0Z: P9 & tteckdy @rihe unirradi ated control):
0 ng stabil iéﬂca@dégi%égé_@gg/%tqg@l . 78% o0 Fl: 77% o F4: 67% o F4+pH:
0

71% o F4-prop: 62 WO 03/ 026703 PCT/ US02/ 28134 Exanple 18
» Butanediol (Aldrich B8,490-4, lot IK023119B0)
* Propylene glycol (Sigma P-4347, lot 111K1658)
*  Sodium citrate dihydrate (Mallinktodt 0754, lot 0754T51H28); 2 M stock in watet
» VirTis Genesis 25 EL Freeze Dtiet with Maestro Software
15 o 08.16.02-08.19.02 freege dry 1—Teri Bone cycle
®  Stabilizer Mixtures:
a. BDGT: 2.2 M butanediol
3.1 M DMSO
100 mM gallic acid
20 50 mM trehalose
b. BDGT+C: 2.2 M butanediol
3.1 MDMSO
100 mM gallic acid
50 mM trehalose
25 200 mM citrate
c. PDGT: 2.2 M propylene glycol
3.1 M DMSO
100 mM gallic acid
‘ 50 mM trehalose
30 d. PDGT+C: 2.2 M propylene glycol
3.1 M DMSO
100 mM gallic acid
50 mM trehalose
200 mM citrate
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Pur pose: The protective effects of various stabilizer m xtures on bovine
tibias irradiated to 50kGy were investigated. 5 Materials: ™ Bovine tibias
wer e obt awoped/otd7ean t he sl aught erhouse (M. Airy Meat Lockeckuseasdied and
mlled to 3 mm x 3 nm x 42 nmm sections ~ DVSO (Spectrum D1258, | ot RE0754)
A Tr ehal éxdicedt girmbymmdd Bepting psior pEoiding PPy 0.5 M stock in water 10 A

Gl lic agipgeediegma G 7384, | ot 111K0103) ~ Butanediol (Al drich B8, 490-4,

| ot 1,023119B0) " Propyl ene glycol (Sigma P-4347, |lot 111K1658) ~ Sodi um
citrate denEPises qENBIGOTHK Fhostn opps averq placed 752 PR 1rbgyniced  heberdcvisn water A

VirTis Geneglighed Indtkhdil L8401 LY th@furd\bi HatdVBSSR tQedSOf hiad 811 LR and the
08.16.02-08.19.02 freetie thH{q 9-Teri_Bone cycle ~» Stabilizer Mxtures: a.

BDET: 2.2 NFHgit s5vetfice 1wg samplgs messanary doseviigiertifien dofido bodrosw aaiher ehal ose
b. BDGI+C. Zh& sg{lftgpﬁr@eg%%rgb 23 followd: DMSO 100 mM gallic acid 50 nMtrehal ose
25 200 mMcitrate c. PDGI: 2.2 M propylene glycol 3.1 MDWVSO 100 mM gallic

acid 50 mMtrehal ose 30 d. PDGT+C. 2.2 M propyl ene glycol 3.1 M DWVSO 100

mV gal li ¢"a ANPPIR! T T eNal QBET AVBONEALE -PRORMEBLPRINGS)
PCT/ US02 ~
0 4.29/4.39 41.35/41.21 (water)
50 4.35/4.33 41.20/41.16 (watex)
BDGT 4.22/4.28 43.35/43.03
BDGTH+C 4.34/4.32 44.85/44.66
PDGT 4.34/4.28 43.68/43.54
PDGT+C 4.46/4.45 44.83/45.18
*BDGTHC 4.24/4.28 44.59/44.46

2. Placed the 50 ml conicals containing the bone in the sonicator, and changed the
0 sonication bath water every 15 minutes with ice-chilled water for a total sonication time
of 4 h.

3. Following sonication, the samples wete placed in a Styrofoam box for 24 h at 4°C. The

samples wete then either placed in 30 mL serum vials and frozen at -80°C or placed on
glass plates and put into the freeze drier.
5 4. After freeze drying, the bones were placed in 30 mL serum vials, capped, and stored at -
80°C
5. The samples were irradiated to a total dose of about 50kGy
6. The samples were analyzed by a three point bending test.

Results:

20 For freeze-dried samples irradiated to 50kGy, samples treated with BDGT and
BGDTHC exhibited an average increase in mechanical strength of about 1.6 times compated
to the sample not treated with a stabilizer mixture. The addition of citrate did not impact
mechanical strength.
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Gllic acid was by mld heating prior to adding organics. Procedure: 1.

Si x pieces of randomly chosen bone were placed in a 50 nL conical. The bone
was wei gvedsandol hen a stabilizer mxture or water was asd@dsop2gipe 40 nl
mark and the 5 weight recorded. Two sanples were made for each condition (1
set to be froZ8al arftavitgmowdttedeserdhed lgy pventionat Wil hagersiood & thesgof SAMPLE

"I " ET WEI
50 4. 35/ 4. § Eﬂ%’% ‘z‘i‘fﬁ%wmﬁ %‘h(’%go%grﬂﬁg‘grf%}’ﬁm%‘%{“é%g%‘g,%ﬁﬁ%i%g%h (vater)
4.34] 4. 32 d4i@SinivedhtaleRDETgelof3ohditinss, AGTBBIIAG: Sl Otmm@elbrM,WﬁhpDGual .
44.83/45.18 * 4,24/ 4. 28. 44 59] 44, A 50 . |

i ni g‘}pﬁ lnggg)éncﬁhﬁ SEIRS, of t%e mve 1%% of'anr}/ dp@nlﬁ)dm%ngsctﬁ%e&he coni cal s

cont ai ni ng 5OnI"Cat 10 sonication bath
water every 1 nut.es _wW.th on time
of i h 3 F 05[I8g1/\/| 1&1? tents al%ci ]gu%hg ol‘xé 9% V@%egﬁ \2}\%?{661‘ é@hgzﬁﬂ%ﬁ ?)ﬁ; of 0am box
for 24 h atefeiéhcemdlmmumbesﬂwematl@meﬁmm fubbeatiph ascbd lts Ais@Osun¢ priartam vi al s
and frozen_at ed eze

' or | 1o R g e e B R, Pron AT B AL SRl R e

vial s, cappedr thanﬂlle$>t@e1adn\ahuon 18@61 Gutitldch® asmdpﬂessclvwbhcatnon@dlvat@d)ft o a
total dose_of .abogt 50kGy 6. The sanples were anal yzed by a three point
bendi ng t eB¥ ™R8 ts: 20 For freeze-dried sanples irradiated to 50kGy,

sanples treate %DGI C | ein
n,eg@ ani cal st r@ﬁm hﬂb OBeg?)la% erEbcgnPents asn% %Vantdgg a%%e?%/lg )‘z%lér?%ﬁ(ﬁ%? treat ed
Wi th a stabétl foziey cofisittied as limhiag alkkd ptesamn ntmfentmrt, r dhe pehiseht rt@ichmgwamtbe

mechani cal strength. 60 03/ 02670 US02/.2813 [ 82] Havi now fully
descri bed % ?ﬁ%ﬁf‘i?} ‘?\4\%}1"8 %Qalpparﬁ Seﬁ%@?? 888@1({110%}?? sreeSla’[(I)tfUm('f;’}(1 p‘Ighnary skil |

in the art ifdnatd tdee MRERAIES a0d néthe Liriese Rtope f eiet dldms.c Manpeltaaativeed out
With

modifications, and variations will be apparent to those skilled in the art.

15
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a w de and equival ent range of conditions, fornulations and ot her
paraneters wi thout departing fromthe scope of the invention or any
enbodi menwe oBlozg7edf. 5 [83] Al patents and publications @cwaonesied n are

hereby fully incorporated by reference in their entirety. The citation of
any publiaﬁﬁéad_@iw Si gxI>:di scl osure prior to the filing date and shoul d
not be construed as an adm ssion that such publication is prior art or
that the preseht i ndarthiasifoi seerifions ehiplogirabanatedal athich dantansardt-49B¥f cat i on by
virtue of oL g hRMERLLON: 1 Lil8A kid Remb QELYRIRY iR dRMSopnd
advantages are nerely exenplary and are_ not to be construed as |limting

t he presermatdipvaitdnpionThe fpedfipivetegetizaipitivlogenl mpeddriaratsppl i ed to

ot her typeg.of. RRRAHA UR83olod HEnAERELHIRS F%cpiaidtﬁ?ﬁoﬁaﬁﬁﬁgﬁal LBMendion is
intended to be illustrative,” and not to Iimt the scope of the clains. Many
al t er nat i vadetion.npdi fi cations, and variations will be apparent to those
skilled in the art. 15 61 WD 03/ 026703 PCT/ US02/ 28134 WHAT | S CLAIMED I S:
1. A nmethod for sterilizing a biological material which contains a

non- aqueous  sd&l venf malepdtfantteriizngebiglogial mategal phiph gppteins 2 S04 $A% hod

conpri si NQoik & AKH @hd iDnSidto PIRLAYE S hBBESE )Rl th radiation for a tine
effective to sterilize said biological material at a rate 5 effective to

st dPi | i ze sai d@bi ol wslyingap sahlbielpgicel maiserl eideast enesiebilises inprisrereigiiedive mat er i al

from said, pagdabidclogdeal AaftBh RO shiQkadBti6k;iahd i Ng a bi ol ogi cal material
whi ch contalns a non-aqueous solvent and that is sensitive to radiation,

sai d method cofidri sitigietineraidbiologielimagerielsidug Wtiordgonsf aaniieeivestte at | east
one stabi lghzehnd gfe@ﬁ\,ea_gggémze@M@glgéiya@ma{egalpr otect said biological materi al
fromsaid radiation; and (ii) irradiating said biological material with a
suitable radiation at an effective rate for a time effective to sterilize
sai@ biol ogi cab nat gh@hod fbostdilizify MEbIGE bferiitedhidnl bAhiRg, foiptLgi cal

mat eri al which contains a non-aqueous "solvent and that is sensitive to
radi at i on solseitdndvibatia erneigvRipitastiafien, sgid methed GePpiicghe resi dual sol vent
content of sai g bi 0lagiigAhe FBHEN idident Qnint &YEH bioflfcAGldal b 91810t Ct sai d
bi ol ogical material fromsaid radiation;, and (ii) irradiating said

bi ol ogi caleffastive i Rrpteg said biplegirpkreaigrial fromp paid fadiations 2dn ef fective rate 20 for
a tinme effecti Elﬁ t Omﬁhﬁﬁﬂg! slaié%io?(%%cg QL OGHE Abuit B Blih@n-at 4h efRERENOD for

sterilizing a biological material which contains a non-aqueous
20 for a time effective to sterilize said biological material.

4. A method for stetilizing a biological material which contains a non-aqueous

solvent and that is sensitive to radiation, said method comprising:

@ teducing the temperatute of said biological material to a level effective to
25 protect said biological material from said radiation; and
(i) irradiating said biological material with a suitable radiation at an effective rate

for a time effective to stetilize said biological material.

5. A method for sterilizing a biological matetial which contains a non-aqueous
30 solvent and that is sensitive to radiation, said method comprising:
@ applying to said biological material at least one stabilizing process selected

from the group consisting of
() reducing the residual solvent content of said biological material,

(o) reducing the temperature of said biological material, and
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solvent and that is sensitive to radiation, said nmethod conprising: (i)
reducing the tenperature of said biological material to a | evel effective
to 25 prwDesm2eed d bi ol ogical material from said radi ati ecT/tsoz28184 )
irradiating said biological nmaterial with a suitable radiation at an
effective rate forl©a t piringet feest prasgbiliserse e4id biplegicad gty Blogi cal materi al .
5. A nethod fogy stefldilizl D 18o10Lo) AGSAbiNBERIDIE LdGCL 26 QAL NG

non- aqueous 30 solvent and that is sensitive to radiation, said nmethod
conpri si nfpr 2 (e efpysivy foriterities said biplagical it b erain a3 afleagione sfgilizigghe

stabi | i zi P cRE QCEES r8elreeddBbon §:£ VMO ARERYR G61RE1sHE bidtheRhl adiar educi ng t he
residual solvent content of said biological nmaterial, b) reducing the

t erfper at uftemgpid sagiaioni ol ogi cal material, and 62 WD 03/ 026703 PCT/ US02/ 28134
(c) adding at |east one stabilizer to said biological material; and (ii)
irradiating said biological material with a suitable radiation at an
effective rateb ford gethpdforsefiligngahiclogicabpaipyl Phigh cogfdpsiingragice® materi al ,

wher ei n s@iith,alnd BAK Qe 8 @BhbdnZiaMmetSDCaDSsidnd the rate of irradiation
are together effective to protect said, biol oquca Jmaterial 5 fromsaid
oF

radiation. 6. @ netdwpbing &rsaigdibialegicebmteriahatiag e sebiizngdrrarersl sltieLh cont ai ns
a pPn- aquegkshe SohyY&Rkis@@dst hat is sensitive to radiation, said nethod
conprising: (i) applying to said biaological materijal at {east t wo
stabilizing process®s sdfdeengtre repgugl pelrsot FRotE BLBIOHRER PHEF D! (a)

reducing the residyg| soQlMaRS the@MRRkObf RIMbIRIARgGRbndat erial,,  (b)
reducing the tenperature of said biological material, and (c) adding at

| east one stabilizef) to*ddpartbryiopgiedizenares Pigfosical gpterias 3n_di rradi ating said
bi ol ogi cal mat g5 i al;Mifdhe QiBblogiPl BrafetflivithiaQRitBle rAMhiich hesldvaive ake 15 for
atinme effective to sterrlize said biological material, wherein said at

| e85t t wo fastedinid affestivg to erdieesiddiologicel pygEl Heereprsrid at P e oo plaPect sai d

bi ol ogi C_a:p_rdx_@srs&raiceatlogétﬁeggf‘f&@@*éio padiatdonoBEeh mhidhill hek sldes@iiBnsad d at | east
two stabilizing processes may be perforned in an 7. The net hod

OCE . y. orager.
accor di ng fertheeWhgrein $aid g leag twi stalglize PE?CC%%F@W%QPW%%@@&H@&US 20 sol vent
is an organic solvent. 8. The nmethod according to claim1l1, 2, 3, 4, 5 or 6,
wherein said effective rate is_not nore than about 3.0 kGy/hour. 25 9. The
met hod accor di frg t olled ragthadiaccopdingto clpim &, 2 B, 45> oppy stheiein saidingn-a448% i ve rate

1S90 solvent is an organic solvent.

8. The method according to claim 1, 2, 3, 4, 5 or 6, wherein said effective rate is

not more than about 3.0 kGy/hour.

25 9. The method accotding to claim 1, 2, 3, 4, 5 or 6, wherein said effective rate is
not more than about 2.0 kGy/ht.

/

10. The method according to claim 1, 2, 3, 4, 5 ot 6, wherein said effective rate is
not more than about 1.0 kGy/hr.

30
11. The'method according to claim 1, 2, 3, 4, 5 ot 6, wherein said effective rate is

not more than about 0.3 kGy/ht.
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not nore than about 2.0 kGy/hr. 10. The nethod according to claiml, 2, 3,
4, 5 or 6, wherein said effective rate is not nore than about 1.0 kGy/hr.
30 11. Thwomewhod according to claiml1, 2, 3, 4, 5 or 6, WRIEUSIN28E3 d
effective rate is not nore than about 0.3 kGy/hr. 63, 03/ 026703
PCT/ US02/ 2813412-12 Thepeethad asenidiag ioi4ir Ag tho Kibarhgren sad effectivs ryfeisg - wher ei n
sai d ef f eGldy¥ @k Hoft 1 6kGPMoE:. t han about 3.0 kGy/hour. 13. The met hod
according to claim?2, 3,4, 5 or 6, wherein said effective rate is at 5
| east about 6.0 kGy/hour. 14. The nethod according to claim2, 3, 4, 5 or
6, wherein sai gsef fmtﬂléf@om&&djh%t&amlz,e@a,ts @E0WherdiB sAd ki@ehihiQite is 210 15. The
met hod according to claim2, 3, 4, 5 or 6, wherein said effective rate is
at 51 east lapeheuisd XvKSPEhour . 16. The method according to claim?2, 3, 4, 5
or 6, wherein said effective rate is at |east about 45 kGy/ hour. 15 17.
The met hod according to claim1, 2, 3, 4, 5 or 6, wherein said biological
material whi chltont eﬁget]éo%mré‘&&éb%mgoiée%‘ir@%’hﬁﬁPﬁﬁl‘gF%"éﬂvﬁrﬁteﬁ aItowgoxygen
at nospher @eqst 2b8ut 13D@GHRIJALEd according to claim1, 2, 3, 4, 5 or 6, wherein
sai d biological 20 nmaterial which contains a non-aqueous solvent is
mai ntai ned in an atnosphere conprising at |east one noble gas or nitrogen.
19.10The met hod 1&ccorKh RghddDacedrainptoldaim WNBUES 6 S Hheleinohll eff@as his it gon. 25
20. The nethod according to claiml1, 2, 3, 4, 5 or 6, wherein said
bi ol ogi calleasimReEAPAESHARTA contai ns a non-aqueous sol vent is maintained in
a vacuum 21. The nethod according to claim3, 5 or 6, wherein said
residual solvent <content is reduced by a t hod sel ected fromthe group
consi sting of Mophfhs %ﬁ??%ﬁ?ord]ﬂ“%f“hgﬁ"‘m 30 42%?&%?‘({‘?%&‘% ?g%fa'fﬁ P8t of
sol ute, evapohatisoncyareni cal extraction, spray-drying and vitrification.
22. The nmethod according to claim3, 5 or 6, wherein said residual solvent
codfent is | ess than about 15% 64

17. The method accotding to claim 1, 2, 3, 4, 5 or 6, whetein said biological

matetial which contains a non-aqueous solvent is maintained in a low oxygen atmosphere.

18. The method according to claim 1, 2, 3, 4, 5 ot 6, wherein said biological
20 material which contains a non-aqueous solvent is maintained in an atmosphere comprising at

least one noble gas or nitrogen.
19.  The method according to claim 18, wherein said noble gas is argon.

25 20. The method according to claim 1, 2, 3, 4, 5 ot 6, wherein said biological

material which contains a non-aqueous solvent is maintained in a vacuum.

21.  The method according to claim 3, 5 ot 6, wherein said residual solvent

content is reduced by a method selected from the gtoup consisting of lyophilization, drying,

30 concentration, addition of solute, evaporation, chemical extraction, spray-drying and
vitrification.
22, The method according to claim 3, 5 ot 6, wherein said residual solvent

content is less than about 15%.
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WO 03/ 026703 PCT/ US02/ 28134 23. The nethod according to claim3, 5 or 6,
wherein said residual solvent content is |l ess than about 10% 5 24. The

met hod acworidioexgoi o claim 3, 5 or 6, wherein said resi dualPCIaiSoEeR134 cont ent
is less than about 3% 25. The nethod according to claim3, 5 or 6, wherein
said residual solvent <content is |ess than about 2% 10 26. The net hod
according to clai MR R abeorMIEHRlath $3i0d o/ Rkl SodupdtventcONt ent i s

| ess than about 1% 27. The method according to claim3, 5 or 6, wherein
sai d resi degntisssa/ban 2bop5lPent ent is | ess than about 0.5% 28. The met hod
according to claim3, 5 or 6, wherein said residual solvent content is

| ess than about 0.08% 20 29. The nethod according to claiml1, 2, 3, 4, 5
or B, wherein %t | dhsmeding acepsdiag toickist 3.5 favedeit i?lds“éflg"agioge‘btgi cal materi al

whi ch congghQ§F@$pggiggHg@%s solvent prior to said step of irradiating
I

said biological material. 30. The nethod according to claiml1, 2, 3, 4, 5
or 6, wherein said biological 25 material which contains a non-aqueous

sol vent contaifis atryceaslodiReRhoQBIE &5 £eNy RN resiBial RehOgen sel ect ed
fromthe group consisting of viruses, bacteria, yeasts, nolds, fungi,

par asi t es cenieht sldsogn 8pous 2¥i | ar agents responsi ble, alone or in

cogpi nation, for TSEs. 31. The nethod according to claim2, 5 or 6, wherein
said at |east one stabilizer is 30 an_antioxjdant. 32.2lh nmet hod
according to chai mEhe mthnd agcording e &1 ¢ Carniren stid R LIRS i zer is a
free radi ¢glis&a%ePQL Lo WO 03/ 026703 PCT/ US02/ 28134 33. The net hod
according to claim2, 5 or 6, wherein said at | east one stabilizer is a
conbi nation stabilizer. 34. The nethod according to claim2, 5 or 6,

wherein said ai; | eagf. rﬁ’&l@oc{se{c@&%g Zfdaih 8, 5 & @whérgasdd redidual Idtentret hod
according to claim 37, wherein said ligand is heparin. 36. The nethod

acdbr di ng cogentlisd¢spriten aBows 0582 wherein said at | east one stabilizer 10
reduces damage due to reactive oxygen speci es.

28. The method according to claim 3, 5 or 6, whetein said residual solvent

content is less than about 0.08%.

20 29. The method according to claim 1, 2, 3, 4, 5 or 6, whetein at least one
sensitizet is added to said biological matetial which contains a non-aqueous solvent prior to

said step of itradiating said biological matetial.

30. The method according to claim 1, 2, 3, 4, 5 ot 6, wherein said biological
25 material which contains a non-aqueous solvent contains at least one biological contaminant
ot pathogen selected from the group consisting of viruses, bactetia, yeasts, molds, fungi,

parasites and prions ot similat agents responsible, alone or in combination, for TSEs.

31. The method according to claim 2, 5 ot 6, wherein said at least one stabilizer is
30 an antioxidant.
32. The method according to claim 2, 5 ot 6, whetein said at least one stabilizer is

a free radical scavenger.
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37. The nethod according to claim2, 5 or 6, wherein said at |east one
stabilizer is selected fromthe group consisting of. ascorbic acid or a
salt or ewDap/02dTes eof ; gl ut at hi one; 6- PCT/US02/28134
hydroxy-2,5,7, 8-tetranet hyl chroman-2-carboxylic acid; uric acid or a salt

or ester thered$; 1Bheqmethpdaricerding i daitn@i het 0, Nheteiatsgifl adgast eiegiebilizer isj poi ¢
acid; sodium fQrs Isgigpgge sul foxylate; gallic acid or a derivative

t hereof; n-propyl gallate, coumaric acid, and m xtures of two or nore
thereof. 38. The nethod according to claim37, wherein said m xtures of two
or nore 20 stabilizZeL S AL 686 EAihP0bt NGnelAURdGOBSI GlkAgLRk s M xtures
of ascorbic acid, or a salt or @&ster thereof, and uric acid, or a salt or
est ér thersdigind mi xt ures of ascorbic acid, or a salt or ester thereof, and
6- hydr oxy-2, 5, 7, 8-t et ranet hyl chroman- 2- carboxylic acid; mxtures of
ascorbic acid, or a salt or ester thereof, uric acid, or a salt or ester
thereof, and 63hydr 8kymethodacroding éq claimel hyheedin wirdisarsl i hepbdey| i ¢ aci d:

m xtures of uric acid, or a salt or ester thereof; 25 a-lipoic acid; sodium

f ormal dehyde sul foxylate; gallic acid or a derivative thereof; n-propyl
gal | ate, cour nafi c ébq‘: @e@ﬁgaccording to claim 2, 5 ot 6, whetein said at least one stabilizer

6- hj)bdroxy-rgdu@%?dagﬁéeegge%mgg HBRiL- carboxylic acid;, and mxtures of

et hanol and acetone. 39. The nmethod according to claim2, 5 or 6, wherein
said at |east one stabilizer is 30 a dipeptide stabilizer. 40. The nethod

according to clai m 3f, \MaeH 8lcBradditdadnPepbt €& netealbidiaZielst b stablGt €d from
t he group consisting of glycyl-glycine (dy , carnosine and anseri ne.

Gy-ay)
66 WO 03/ OfleroBiraeiiegsoy @agigiag of 3scorbisacighor hesdlf cActerpieny dupthpeg i 1, 2, 3,

4, 5 or 6,,Wher 8k R oS ak A R Akhan hdoSRE RYS ML Mid £BALRLI QR @Ercof, _
el ectromaggetl c radiation,” or a mxture thereof. 42. The nethod accordi ng

to B ai m 4dgthinhies; disndisaiNlaetybostriomagipeiciacidrsadinmt fommldekyde Bulkostlaet ed from t he
group consi sting of ., radjio ves, mcr ves, Vi sibl | vi.sibl e 1ight,
01 1 avi of ak paRee oePils? e e ELRIE BTl Bl L BB BHTLE O

t her eof . 43Bore Teecoffet hod according to claiml1, 2, 3, 4, 5 or 6, wherein said
radiation is gamm radiation. 10 44. The nethod according to claim1l, 2,

3, 4, 5 or 6, wherein said radiation is E- beamradiation. 45. The net hod
accordi ng to cl3@i m The thethdd adbordigos clfm 3thehedin ssbmgturadi atd @maers 15

\\I/\/IOZ%(}GJ: ﬁ lsias?ah }hrz%{cg ?rg tsc%[%cﬁeqqgcgrg] 81% g?‘o%g chn%{sgt% ct>fO ml(}:(lcu?‘eisrgf :alfs’cor%ic a§1d, o%’a sa§t o 6,
ester thereof, and uric acid, or a salt ot ester thereof; mixtures of ascorbic acid, or a salt or
ester thereof, and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid; mixtures of
ascotbic acid, or a salt or ester thereof, uric acid, or a salt ot estet thereof, and 6-hydroxy-
2,5,7,8-tetramethylchroman-2-catboxylic acid; mixtures of utic acid, or a salt or ester thereof;

25 a-lipoic acid; sodium formaldehyde sulfoxylate; gallic acid or a detivative thereof; n-propyl

gallate, coumaric acid and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid; and

mixtures of ethanol and acetone.

39. The method according to claim 2, 5 or 6, wherein said at least one stabilizer is

30 a dipeptide stabilizer.

40.  The method according to claim 39, wherein said dipeptide stabilizer is

selected from the group consisting of glycyl-glycine (Gly-Gly), carnosine and anserine.
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ultraviolet light. 20 47. The nethod according to claim1, 2, 3, 4, 5 or 6,
wherein said radiation is x- ray radiation. 48. The nethod according to
claim1l, Wp03/02¢4035 or 6, wherein said radiation is pol yekrarsat/2s134i si bl e
light. 25 49. The nethod according to claim1l1, 2, 3, 4, 5 or 6, wherein
sai d radiation4ls Thfmethedceading Thdaimdt hddh ot brdictsly seid redisgiends1, 2, 3, 4,
S or 6, W@fpﬁée&a?ﬁhﬁﬁé@&' eﬁk&&ﬁhghéqc%&a%gn,%m&@e't}%&oﬁf one or nore

wavel engt hs "of visible and ultraviolet light. 51. The method according to
claiml, 2, 3, 5 or 6, wherein said irradiation is conducted at anbi ent
tenperature. 64 WO P Q%Z@éc@gé ma&%rejé%id e@@o@h%@aﬁ&i@@ﬁﬁ' ng to
claiml, 2, 3, 4, 5 or 6, wherein said irradiation_ is conducted at a

t enper at urseleds) foup theisiamtcorsisipreitedie wavesgnicrppavepsisiblsnd vbilfilight t o cl ai m 1,
2, 3, 4, QuPlioR: iMel sl Rasddndednlh AdliAInQRd tSmRnfiBRAMEt&d bel ow the freezing
poi nt of said biological material which contains a non-aqueous solvent.

54. The nethod according to claiml1, 2, 3, 4, 5 or 6, wherein said

irradi ation isg43congychedobelanng hedarties s £ spRisNheRdn sl diliionkogi cal

mat eri al which contains a non-aqueous 10 solvent. 55. The nethod according
to clai m gemparglatigngr 6, wherein said irradiation is conducted at a

t enper at ure above anbi ent tenperature. 15 56. A conposition conprising at

| east one biological material which contains a non-aqueous solvent and at

| east one st abitfti zerht mehpd aeerding tefidiads Plet 00t freseineiddafigion i i ogi cal

mat eri al QL kd@bimt ended use following sterilization with radiation. 57. A
conposition conprising at | east one biological material which contains a

20 non-aqueous sol vent, wherein the residual solvent content of said

bi ol ogi cal mat g al Thém@&lo@acc&@mgko afilach i e sth cPHIRSAI MRl Baitnld ol ogi cal
material for its intended use followng sterilization wth radiation. 58.
ThelSconposithloighdf cl ai m 57, wherein said residual solvent content is |ess
25 than about 15% 59. The conposition of claimb57, wherein said residual

solvent content is |ess , . L o
46. The method accotding to claim 1, 2, 3, 4, 5 or 6, wherein said radiation is

ultraviolet light.

20 47. The method accotding to claim 1, 2, 3, 4, 5 or 6, wherein said radiation is x-

ray radiation.

48. The method accotding to claim 1, 2, 3, 4, 5 or 6, wherein said radiation is

polychromatic visible light.

25
1
49, The method according to claim 1, 2, 3, 4, 5 or 6, wherein said radiation is
infrared.
50. The method according to claim 1, 2, 3, 4, 5 or 6, wherein said radiation is a
30 combination of one ot mote wavelengths of visible and ultraviolet light.

51. The method accotding to claim 1, 2, 3, 5 ot 6, wherein said irradiation is

conducted at ambient temperature,
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t han about 10% 30 60. The conposition of claim57, wherein said residual
sol vent content is less than about 5% 61. The conposition of claimb57,
wher ei n swod3nagddual sol vent content is | ess than about PR¥US6S82946x

03/ 026703 PCT/ US02/ 28134 62. The conposition of c¢clajm57, wherein said
residual sol vert cohtedhithqdscradas it dpodt® 196 6’533”%‘6@%n &9BHAREI tion of
claim 57, SRRERHD: Sehfer i@ beddlambehVefbesant ent is less than about 0.5%
64. The conposition of claim57, whereln said residual solvent content is

| ess than about 0.08% 10 65. The conposition of claimb56 or 57, wherein
sai d bi ol ogi caks mat-efd @dihMlcehding A2, 8, 161r LGRS BIMeHibn isS gl assy or
vitrified. 66. The conposition of claimb56 or 57, wherein the total protein
conéent r atePeficted Belpy thedtesring g sa Piplggieal maferialfrhich cRRyHpSR PR-2UFRSA - aqueous
sol vent i scRént! east about 0.5% 67. The conposition of claimb56 or 57,
wherein the total protein concentration of said biological material which
contai ns a non-aqueous solvent is at |east about 1% 20 68. The conposition
gf Icl aim I56 0rs547, l'Y\ﬂiEQﬁm_&iﬁdﬁicb&dlh@&ﬁ&lairﬂﬂm,@iQS%Qﬂ,Gﬂiafe[rﬁéaideiadjﬂBni&ai d )

i ol ogi cal materia ich contains a.non-aqueous solvent is at | east about
5% 69. Tﬁ@n%wsaglpwmuﬁfﬁc&%ntﬁf@@6&0%@7? FPID AR AP EERI n
congent r atsbeeht, of sai d bi ol ogical material which contains a non-aqueous
solvent is at |east about 10% 25 70. The conposition of claimb56 or 57,
wherein the total protein concentration of said biological material which
contai ns a nonsgaquUeDkSMERIVRBSrding tddlaihn@aS 13, AR vhdiBiftsaid kradihhigh i€ ONMPOSI ti on
of claimb56 or 57, wherein the total protein concentration 30 of said
bi ol 0gi calCORHCEsH P AT ERC ORI ERL RBFf2 % fueous sol vent is at | east about
20% 72. The conposition of claim56 or 57, wherein the total protein
concentration _of said biological material which contains a non-aqueous
soll¥ent is at I5@astgé%ﬂ‘fsm?5%m8@%t G@ﬁg%@@%@bﬁ%ﬁf}%@f%m%g The

conposi t i ARnQfudl@doMemBn@bt 18:6: odRRHBEA id MenlahfepivotehBseRREENt rat i on

biological matetial for its intended use following sterilization with radiation.

57. A composition comprising at least one biological material which contains a
20 non-aqueous solvent, wherein the residual solvent content of said biological material is at 2
level effective to ptesetve said biological material for its intended use following sterilization

with radiation.

58.  The composition of claim 57, whetein said residual solvent content is less

25 than about 15%.

59. The composition of claim 57, wherein said residual solvent content is less

than about 10%.

30 60. The composition of claim 57, whetein said residual solvent content is less

than about 5%.

61. The composition of claim 57, whetein said tesidual solvent content is less

than about 2%.
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of said biological material which contains a non-aqueous solvent is at

| east about 50% 74. The nethod according to claiml, 2, 3, 4, 5 or 6,
wher ei n swDd3n0TeRqUEeoUs 5 solvent is selected fromthe giPewwSoneEBssti ng of
gl ycerol, DWVSO, ethanol, acetone and PPG  75. The nethod according to
claim74, wherein said PPGis PPG 400, PPG 1200 or PPG 2000. 10 76. The
nmet hod accordi Bg t 0T @&niPodiiomoflaiR 57, WheleRisNd sRiddal kil uaders Rl1seNt  cont ent
is about 0% 77. The nmet hod according to claim3, 5 or 6, wherein said

resi dual <BASAE tontent is about 1% 15 78. The method according to claim
3, 5 or 6, wherein said residual solvent content is about 2.4% 79. The
met hod according to_claim3, 5 or 6, _wherein said residual solvent 20
confent is abo@? 4. §BCWOSI?%OE?FFPHBE“@E@’GFG?F@MP@S%‘V%ﬁtﬁ?@entﬁ1‘?5? 6, wherein
sai d resi dda abs@lowent content is about 7% 25 81. The method according to
claim3, 5 or 6, wherein said residual solvent content is about 9% 82.
The met hod according to claim3, 5 or 6, wherein said residual solvent 30
cont ent is Oab@mt 1086 cBdosifibreofRi 87 vieeBlsali RGidiQ sGva: Bdent 2 1QE 6, wherein
said resid solvent content is about 20% 70 WD 03/026703 PCT/ US02/ 28134
64. The ?Pcfﬁouat&%r/(’dl ng to claim3, 5 or 6, wherein said residual solvent
conpent is about 33% 85. The net hod according to claim3, 5 or 6, wherein
sai d residual solvent 5 caonten an abou

conposi tion of 6§I SETRIFEP P "’é‘ﬁrr’glo % 1"&5@?5 lgglézrfﬂafe?@ -Q“g sel ect ed
fromthe gioaups &aRsi@mtdRGolodnt isahegrobigiREl d or a salt or ester thereof;

gl ut at hi one; 6-hydroxy- 2,5,7,8-tetranet hyl chroman-2-carboxylic acid; uric
acid or a salt or ester thereof; methionine; 10 histidine; N acetyl
cysteine; a-lipeic @6dmpadbn sl danB8besTyERes teftonral®; co@@hirdtien aci d or a

15 of said biological material which contains a non-aqueous solvent is at least about 0.5%.

67.  The composition of claim 56 ot 57, wherein the total protein concentration
of said biological material which contains a non-aqueous solvent is at least about 1%.
20 68.  The composition of claim 56 or 57, wherein the total protein concentration

of said biological material which contains a non-aqueous solvent is at least about 5%.

69.  The composition of claim 56 ot 57, wherein the total protein concentration

of said biological material which contains a non-aqueous solvent is at least about 10%.

25
70.  The composition of claim 56 ot 57, wherein the total protein concentration
of said biological material which contains a non-aqueous solvent is at least about 15%.
71. The composition of claim 56 ot 57, whetein the total protein concentration
30 of said biological material which contains a non-aqueous solvent is at least about 20%.
72. The composition of claim 56 ot 57, whetein the total protein concentration

of said biological material which contains 2 non-aqueous solvent is at least about 25%.
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derivative thereof; n-propyl gallate, coumaric acid, and m xtures of two or
nore thereof. 87. The conposition of claim86, wherein said m xtures of
two or nowe osatind i zers are selected fromthe group consi PCTrUpOLE81341i Xt ur es
of ascorbic acid, or a salt or 15 ester thereof, and uric acid, or a salt
or ester theredd; nihecmenresigen afldem bt e HcWhpreip hegotalfroteigconcgaifaipn ¢ her eof
and 6- hydr@xys BioReifal Srathi~AEL %m0 % B 2016 861X Yt Basagi i 50, Xt ur es of
ascorbic acid, or a salt or ester thereof, uric acid, or a salt or ester

t hereof , and 6-hydroxy- 2,5,7, 8-tetranethyl chroman-2-carboxylic acid;

m xtures of urig acirfe metho@a&8iding® 18S1EL, 3t NBIREf wherdn baidPQnGg@ehd; sodi um
f ormal dehyde sul foxylate; gallic acid or a derivative thereof; n-propyl 20
gal 15at e, colyprRiES selegigqd fomihe group consisting of glycerol, DMSO, ethanol, acetone and PPG.

6- hydroxy-2, 5, 7, 8-t et ranet hyl chr oman- 2- carboxylic acid; and m xtures of

et hanol and acetone. 88. A nethod far prophylaxis_ or treatnment of an
infection or di'2easd&hs metod agcaifing te BHEI Vg R MG Y0 @ mal in
need t her egfppamoehfecti ve amount of a 25 biological material nade
according to a nethod of one of clains 1-6. 89. The nethod according to
claiml1, 2, 3, 4, 5 or 6, wherein said biological material is selected
from the group7gonsirst RGo@hccdidsitnass,3, b BFEROGleabuidiBidutiRblompi n,  trypsin,
al bumin, purified protein factor and tissue. 30 90. The nethod according to
cl ai m 89, &R #P¥EPE tissue is selected fromthe group consisting of
heart val ves and dem neralized bone matrix. 71

71. The method according to claim 3, 5 ot 6, wherein said residual solvent

content is about 1%.

15
! 78. The method according to claim 3, 5 or 6, wherein said residual solvent
content is about 2.4%.
79. The method accotding to claim 3, 5 ot 6, wherein said residual solvent
20 content is about 4.8%.
80. The method accotding to claim 3, 5 ot 6, wherein said residual solvent
content
is about 7%.
25
81. The method according to claim 3, 5 or 6, wherein said residual solvent
content is about 9%.
82. The method according to claim 3, 5 or 6, wherein said residual solvent
30 content is Oabout 10%.
83. The method according to claim 3, 5 ot 6, wherein said residual solvent

content is about 20%.
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84. The method according to claim 3, 5 or 6, wherein said tesidual solvent

content is about 33%.

85. The method according to claim 3, 5 ot 6, wherein said residual solvent

content is less than about 33%.

86. The composition of claim 56, wherein said at least one stabilizer is selected
from the group consisting of: ascotbic acid or a salt or ester thereof; glutathione; 6-hydroxy-
2,5,7,8~tetramethylchroman-Z-carboxyh'c acid; uric acid or a salt or ester thereof; methionine;
histidine; N-acetyl cysteine; o-lipoic acid; sodium formaldehyde sulfoxylate; gallic acid or a

detivative thereof; n-propyl gallate, coumaric acid, and mixtures of two or more thereof.

87. The composition of claim 86, wherein said mixtures of two ot more
stabilizers are selected from the group consisting of: mixtutes of ascorbic acid, ot a salt or
ester thereof, and uric acid, or a salt or ester thereof; mixtures of ascorbic acid, ot a salt or
estet thereof, and 6-hydroxy—Z,5,7,8—tetramethylchroman—Z—carboxylic acid; mixtures of
ascorbic acid, ota salt or ester thereof, uric acid, or a salt or estet thereof, and 6-hydroxy-
2,5,7,8—tetrarnethy1chrornan—2-carboxy]ic acid; mixtures of uric acid, ot a salt or ester thereof;
a-lipoic acid; sodium formaldehyde sulfoxylate; gallic acid or a derivative theteof; n-propyl
gallate, coumaric acid and 6~hydroxy—2,5,7,8—tetramethy1chrornan—2—carboxylic acid; and

mixtures of ethanol and acetone.

88. A method for prophylaxis or treatment of an infection or disease in 2
mammal comprising administeting to a mammal in need thereof an effective amount of a

biological material made according to a method of one of claims 1-6.
89. The method according to claim 1, 2, 3, 4, 5 or 6, wherein said biological
material is selected from the group consisting of urokinase, immunoglobulin, thrombin,

trypsin, albumin, purified protein factor and tissue.

90. The method according to claim 89, wherein said tissue is selected from the

group consisting of heart valves and demineralized bone matrix.

71



