; e3el 5F&& T*+vJ565T5&Q ~ Afl ~ ~~fl 4 Methods for Sterilizing Biological
Materials Field of the Invention The present invention reI ates to nethods
for sterilizing biological materials to reduce the |evel aﬁ{g 2@%

bi ol ogi cal contam nants therein, such as 5 viruses, bacteria

nol ds, nycopl asmas and/ or parasites. Background of tl:e Invention Several
products that are prepared from human, veterinary or experinmental use may
cont'ain unwanted and potentially dangerous contam nants such as viruses,
‘bacteria, yeasts, nolds, nycoplasnmas and parasites. Consequently, it is 10
of utnost inportance that any biologically active contam nant in the
product be inactivated before the product is used. This is especially _
critical when the prod¥thpds far SterididmgBiniogical Mateialsy to a patient, for
exanpl e in blood transfusions, _ organ transplants and other forms of human
therapies. This is also criti cal for various biotechnol ogy products which
are grown in %{g% h cont ain various 15 types of plasma and which may
be subject to ENEBF"t her viral contam nants. Previ ously, nost
procedures have invol ved nethods that screen or test products for a
particul ar contam ngpt rather than renoval or ipactiyvation of the

contam nant from't hﬁ%Pf?ﬁ?P&t‘“veﬂiFO&d{?iafeé @H&?‘g‘fd@s{g ﬁf?é‘*‘f‘?glg?‘ql?ﬁ“‘a cont am nant
are 20 merely npkerid&ad redmXiPlcas oﬁicn’&@lﬁ@l%?ﬁbﬁl&oﬂﬁxﬁ{ﬁ&dy(h@x%m' achugde the
testing for a particular virus in human bl ood from bl ood donors. Such
proceduPes, hoWBYER, PagiFwa HEsetsanaldy By soplapessiad/aneragi®: not abl e to detect the
presence of viruses in very |ow nunmbers. This reduces the value or
certainty of the test in view of the consequences associated with a fal se
negative resul Backeapd dégderapgor esul ts can 25 be life threatening in
certain cases, for exanple in the case of Acquired |Immune Deficiency’
Syndrone (Al DS) Furthernore, in sone instances it can take weeks, if not
nmonths, to deterni n%e\iﬁl’@émfh@m@%ﬂtmremﬁpmédm@t,Vﬁf@nwmmﬂm@ﬂ 0 ~ roc
Z00S "2 More r t Hanﬁ@c r inactivate
‘cont am nants |(r?11§eteﬁltg Sc?]fcl) &c@gm‘%ﬁ% doﬁre&ﬁgdjs I Iude eal%a[nt%;%g}t?lagn)g,
filtration and viresdddera, pastafhisnipablaimeaend passitss. Sonsewsllt.itiers to the

product;, Heat t

Do oxitat oy BEERPEREAEEALER, hORkeh)E-RANEhES RSN i ve

products. Heat manms@tad\baitoreoimpwinctmbastcr wsupsﬁeaaﬂ'zﬂﬁrmodl whirethéprodwegi cal

activity of the tpr mml mcl (tmec{ nzvlﬁrg]\égt cg%i(gn%lplé erl n thgfu r%guct in order
y al so

to physically renmve COntarm nan ortuna
..r.emove.. product srgahatindplve aad bthgh"om|0éhmh®rthm1@hﬂhzsﬁmﬁlbmaﬁtma] far certai n

cases small viruses the filter because of the larger

10 mol scul ar ¢ PGS BB RE oG o B P SR oG

sensi titzation iypeohy @Sasinhemadiidh any o stitgoct @8l SnyaeRais whatkd Wand to the
DNA/ RNA of the virus and which are activated either by UV or ionizing
radiation to pFOHHREaH-ee radical s which break the chenical bonds in the

backbone ofthe DNA/RI&Ao@le,m P deliSreHiave RNBIVEX mbthodshat YsrbenforW@y that t he
virus can no |on repl icate. This 15 procedure requires that unbound

sensitizer is Hfé%i for 2 prticwl coRtamIngt Gukes then ssprval arpreciivaian o ther s ar e
toxic, if not %ﬁtﬁﬂﬁ&t@rcﬁ&&ﬂ&&icﬂ%@dﬁb&tﬁa@t@g pb&e 10 a ReaAiEh st ered to a
-:patlent .. lrradiating a product wth gammua radiation is another nethod of
sterili?0ing a pEIIEe useh lfﬂPﬁ’éqr@ﬁmg prosequsestinahedeithe watsgfon? ng vi ruses
and 20 bacteri iaﬁm&ﬁﬁuyﬁ{huh;@nﬂbw‘fr&ﬁﬁl%d&L‘ﬁﬁ&ssﬁﬁ CQ&Mes gv@veﬁ "I's There
Life After Irradiation? Part 2;" BioPharm 7ul y-A 993, and Leitman,
USe of Bl ood Céareinot #lways reliablgrang are Pﬁ@bbﬂ(eﬁﬁéq@tﬂ!emresﬁﬂcwg@rusﬁsanm5| on
Graft-vs-HoSt RS GaRGers. ¥hi§’?§aﬁ1ble§'tﬂé‘ aﬁfé'o?%ﬁm&rg ‘A HE 23 dn (RABPde The
published literature 1n this area, h aches that ‘gamma radiation
can be danagi ngoltsgquea@hsassp@ﬂect\aiﬂsd italwxgﬂtﬁfeptsmﬂuﬁalsnegamhreauitslnhmod In

parti C%Far Itbh fﬂ%%a ing in ce amca est}lo em €C Selsne As I néurl ous to -
red celTs; pl attets ananggranu ocy q{’ an: ?IHNB 4,620, 908
di scl oses t hat Daﬁcltmiyr&;ypxirmdu(@ﬂssmmthebmré ﬁmm:rptan@mtbm] tkl{el‘vaadksatl on in
order to maint nthe vi abi | it f t he pr.ot ei r oduct. i s patent

concl udes t hat D[ol PPIfHdo &% g ngé tg?floéf"g uéplaﬁ%i‘ﬁ“aaﬂeﬁﬂ le the protein
material was at, for 30 exanple, anbient tenperature, the material would be
al so conpletely destroyed, that is the activity of the material would be
“rendered so low as to be virtually ~ ~ ~~~ ~00~ -3 ineffective."
Unfortunately, nmany sensitive biologicals, such as blood, would |ose
viability and activity if subjected to freezing for irradiati on purposes
and then thawing prior to admnistration to a patient. In view of the
difficulties discussed above, there renmains a need for :




5 nmethods of sterilizing biological nmaterials that are effective for
reducing the level of active biological contam nants witHpgtAlsh erse
effect on the biological material. Summary of tl:e Invention Accordingly,

it is an object of the present invention to provide nethods 10 of
sterilizing biological materials by reducing the | evel of active biological
contam nants w thout adversely effecting the biological material. O her

obj ects, features and advantages of the present invention will be set forth
‘in the detailed description of preferred enbodi nents that follows, and in
part will be apparent fromthe description cr may be-learned by practice of
the invention., These IS objects and aglvantages of the invention will be
reali zed and attai ned by the conpositions and net hods particularly pointed

out in the witten degGEdRt éiiks ARtk fb@edt REHERT 0 rtfloVBGE Hddnse W th these
and ot her objects, a first enbodi nent of the present invention is directed

to a method fopontamipantsin fhggroguess. chuslmetpdsipaluse heat treating, [Higatios aatensi t i ve t o
i oni zi ng radi af. QRGN IR EheR; ma{tivlé? %&%H&‘nt&grs{ﬁﬁe 56 &lc yithe Fi{‘t_ content of

a biological mterial to a leve ective to protect the biological
mat eri al fr om Feqniresithey theaadddaei kerheatad th E(npm)umatqlbaén “&tfongpouh® usd ogi cal

material wth (vi’cfé}xogl Cgraf% ﬁ%ﬁo%@r} ﬁw&g}/" ubt@feal 8£ct%aﬁ ?Jsfr?f%ve to

sterlllze the bio second e e present
invention is dio¥etedhetiolagicat bdiody bithe pbduct. | Hiltratign 1avdbveslﬁhgu@ahe mat eri al

that is sensitiyg, &g &oADanRU AR SHIRE Yriunbld 1Bddiag Lo 2
bi ol ogi cal mat abi'Tizer 1h an anou ive to

protect the bi niap@sminovmeﬁucalthaf havan hnghmnleagarmcghatﬁuﬁhe;r 1and-ta(n i)
irradiating the ~ e~ Wt diation at an
o f ot ve s at o5y Ty TRESCRPL fot o pavey, O ok Prath D safed mcrial. A
third ewbodi menbleoflart m::anaenﬁ‘e;hé pnoﬂwntrh@mrobaiufh dfatibridalt ensitizgéhod for
ster|I|2|ngab|oIo rial that Sltl zing radiation
comprisings 5 trsvraRgT b PustanarhEnr aR e nia bR S of ogi cal
material to a bJ&i/erhlcEfafeE&hbatﬁi ¢itheP P IAC br tohiamglr@chﬁgﬂn&alprdm&eefrbeal from
|on|2|ngrad|atlon' i] ddi to the biological mterial at |east one
stabilizer in %lcﬁﬁ&ﬁbL’@%T‘SE&%W@‘*W?“%IBF’EE%&?%Og}’%lp]g@{% i erial from
i oni zi ng radi abir@r cample itiih duch A Bt ROt BancabRQt fplical@tEid al Wi th
radiation at an effective rate for a tinme effective to sterilize. the 10

bi ol ogittal nat BPFadure eyt HEpores sepsidzeaiseediarm cellaleppeducispinghd (i) may
be reversed. DggClhdtdeRNudkotdler FhiOMEBSenfc! FURRSiokerd)dind cif Go0b@pPhs show ng

“t'he protective ef fects of certain stabrlizers on Iyophlhzed anti-=insulin- - --

monocl onal ant PBiateER o3 Rtierlo 45 kGy of 15 | ow dose gamma irradiati on.
FI GURES 3A-3C are graphsmeShomds: Wik eﬁﬁiaﬁ&x of Lefts Mlm&eokai n

stabilizers on Iyophlllzed antl-lnsu nonocl onal anti body exposed to 45
kGQy of | ow dosetenlimne? produsti Seinma radiat@ylizEefftcm@ ip dgsteaping yhrosek Aed t he

protecp ve, ef f Babeiadnel VIR T 130 1baiORRL delild A SEFARARIY PRI | 1 21 ng on

the sensitivity of a no onal”™ anti graph show ng the
protective eff radiaiph? Reat/R" Biofhkangy Jakyd%mustaw%ddéaelgn@bllﬁt gicBlooh the

act I vi ty Of Fa%ﬁﬁm}éa&m Fthgyggﬁn%ﬂﬁ%f 90%9%%8%”5% O(\-_‘[\ﬂ&:ﬂ S- O?th 135G e,Ct I ve ef f ects

of certain stabiTizers i'zed anti ’n 111 exposed
to 25 kGy of fawmsen@amwm%zﬁ%(mm Mﬁuﬁaﬁdﬁeiahuameth@mqahs show ng

the protective,effec etaln stapilizerg on.the CIVIt of | yophilized
bt L1 sl 1 mBRECRbi s iRl BBt BAgn &f BE Sl lS R slalt Y00
show ngst he pr ptodadts, m&:heitﬂaﬁt Irqfan&tzabitlhaszbeé:sh@mmm:gm;idlaﬂohyosai | yophi li zed

anti-insulin nonacl onal %qu%ﬂ the1 sarrmj d| a d at a high
dose rate (30 RG/PHRUS 5@ Gisa g&'r“&ﬁﬂ't ?"é “of a
stabilizer on lyophod dizdshes that protein products must be frozen prior to 1rrad1at10n in
‘order to maintain the viability of the protein product. This patent concludes that
"[i}f the gamma jrradiation were applied while the protein material was at, for
30 example, ambient temperature, the material would be also completely destroyed,

- that is the activity of the materjal would be rendered so low as to be virtually



5 thronbin that was irradiated with gamma radi ation. FIGJRE 17 is a graph
showi ng the effect of a stabilizer on IgMactivity after ir{}gdg%? with
gama radi ation. FIGURE 18 is a chronmat ogram showi ng the effects ﬁ%am‘r&
irradiation on albumn. 10 FIGURE 19 is a graph show ng the protective
effects of |yophilization and/or the presence of a stabilizer on thronbin
activity after irradiation with ganma radi ati on. FlI GURES 20-25 are graphs
showi ng the protective effects of certain stabilizers on liquid IVIG

pol ycl onal anti body exposed to 45 kGy of gamma is irradiation (1.8 kGy/hr).
FIGURE 26 is a graph showing the effects of pH on'the recovery of urokinase
(liquid or lyophilized) irradiated in the presence of a stabilizer Detail ed
Description of the Preferred Enbodi ments A. Definitions 20 Unl ess defined

ot herwi se, all . niga d ientific.ternms used herein are.intended to
have the sane rlr’%eegf%fq’r‘fa' a{sjnﬁ’gl"é%emk} STREEY Egg’éﬁglﬁfu%’naeﬁ%?"do?’ﬁ‘f]?\ar y skill in
the rel evant atdsevidtilitypad savsy ifsubjcpudioifeadingdfs rimiioh pipsieiiai gl ar e
expressly incorﬁ}@orat ed g)y ref.erence. As used herein, the term "biol ogical
material " is i AESHEREOr & HERHSEHOn W2 Palit ance derived or obtained from a

living organi sm ||Inusitwasfitkedigicaiih ascied Rib&e0 Gefetlembmt Mm@ fr i NCl ude, but
are. not limted to, the fallaow ng: cells; tissues; blood or blood
conponents; pr AL sieq ?‘Eﬁﬁ‘%g‘F@E@%Flﬁ@ﬁ@I%ﬁfﬁmﬁ@ﬁ%"&%‘ﬁ?&fhﬂ%’i eins;

bot ani cal s; foQdsctidBdioldical téiRamiRieS MihRfaL¥RBRE 88ecPbn RleiQOiGR!  ~ ~ ~—~
~00~ -6 materials include, but are not Iimted to, the foll ow ng:

| i ganment s; t endBifEal nerves: bone, incl udi ng dem neralized bone matri x,
grafts, joints, femurs, fenoral heads, etc.; teeth; skin grafts; bone

mar row, including bone marrow cell suspensions, whole or processed; heart
val ves; carti| dg@mognfibaBvendioneri es and 5 veins; organs for transplant,
such as hearts, lungs, liver, kidney, intestine, pancreas, linbs and
digits; lipids; carbohydrates; collagen (native, afibrillar, ateloneric,

sol ubl e and i nsol ubfeprdinghy, it in amehdect eitheipresevtdnyeptien topedviddtinmeghodhi t osan and
its denjpvativess LGt g cal i ( X s, islet of
| anger Hgns cel ?g%tg%%%@o?%ggﬁ%le 'Etgl?%%/bﬁf?éghésﬁ glﬁtlg%%gft%&%g%%%eti cally
altered 10 cel kentaminghtdivithoat asivbisey effdatinggthdidogical elatesial. Otiek okdéctsy nonocyt es
and stem cel | s; : . ed. her.ei n,...t he rm.sterilize" is

i ntended to ms*g‘:'r?a]geqragcjcjzl%%:"tg%1 tgéﬁeifﬁé?ﬁ%%ngwg nigy Ma{{belsgtatlg'?h &t e‘% IlF‘%/e bi ol ogi cal
cont am nant f odesdriptiontofi grefired embatihernsthatfoliiws e mgparr witittedpgemor di ng to t he

present inventi.gn...15 As used herei t(ﬂg}iterm" i,0l.0gi cal contaminant" is
“intended to-medsrar %??9?*??!05‘0%_1‘5% %’aﬁ?‘w?-- --??aﬂ'ﬁaﬁ’?mer.‘ getnﬁ‘&‘}' ,.irﬂEFdT,rect contact..

wi t ha Bbol ogi cabjesrntel advhntagey of thehiawation @il &l erlizd anebfteedd wnha bi ol ogi cal
material. Such bi ol ggl cal, contam naElts i.nc(%(ude lf‘he_vari ous. Viruses,
bacteri a and. p&FRFERES PSRRI By Beinted eyt i thewiitea dasoppiog apdner al 1y be
found in or intkeddsHaieof.0gi cal materials such as whol e bl ood or 20 bl ood

conponent s. Exanpl contam nants include, but are not

s of biol ogjcal ' _
limted to, the foﬁ“cﬁﬁf% ; C‘?/l""&hé@é": and pther Quiee(y pelist sithoARest Pithency viruses
and ot her retr gxkdntis@sntion BdieSed/to h tRBDd fdd REAMNEAHISISSES makeidi@Rgal OVi ruses,
hepatitis viruses (including hepatitis B and hepatitis C), pox viruses,
toga vitPuses, PUSREFY IBATYZIA fREabeRicompriviag (Dusdising Mhcreeriah solvith as
Escherichaa, Bagiidd ¥ a tislo SRR Llevel SHEGRE QF PlotdP tid 1@2&?&phal ococcua,
parasites, such as Trypanosoma and mal arial parasites, including Plasnodium
speci es; yeast §aterpifgpin iopizing mdintinmgnd Gi dradiatingibe binbogisslavatériat witlh, the term
ractive bi of 00ketiof ANERARIAML rar ol NRRARAAD RRMNA Bl YAGHGR
contam nant that is capable of causing the c]el eterious effect. 30 As used

herein, the 'tem&eripl ood components” is intended to mean one or nore of the

conponegts that mayy besenalatad: SR HaelSe o0 2480 th Dk esor DUt

sterilizing a biological material that is sensitive to ionizing radiation comprising:

(i) adding to a biological material at least one stabilizer in an amount effective to

protect the biological material from ionizing radiation; and (ii) irradiating the



are not limted to, cellular blood conponents, such as re% go&d cells,

white blood cells and platelets; blood proteins, such as 12084 i ng
factors, enzynes, al bum n, plasm nogen, fibrinogen and inmunogl obulins; and
| i quid bl ood conponents, such as plasna and pl asna-cont ai ni ng conpositions.
5 As used herein, the term"cellular blood conponent” is intended to nean
one or nore of the conponents of whole blood that conprises cells, such as
red blood cells, white blood cells or platelets. As used herein, the term
*blood protein” is intended to nean one or nore of the proteins that are
normal Iy found in whole blood. Illustrative exanples of I 0 blood proteins
found in manmal s (including humans) include, but are not limted to,

coagul ation proteins (both vitanm n K-dependent, such as Factor VII or
Factor I X, and non-vitam n K-dependent, such as Factor VIII and von

W 1 | ebrands factiglpyicalanaierigl I’i‘”ﬂllrﬁ%’ﬂpﬁf &n RECcliNg gt fendtinyeffactispioot ei ns

and/ or | ow densiuyizk RIS {ﬁ%malcorrpl ement proteins, glbulins (such as

i mmunogl bulins 1gA 15 Ig | gG and IgE), and the Ii ke. A preferred group
of blood proteins i Helhirdéembediment of the pepsnt msepéing is ditaetecio aimetioRarhr onbi n) |
Factor Il (Tis i celerin),
Factor VI (Acce%éggﬁin%g%ma%cgrﬂ@ fMt é’r So%%\\%tlé‘}r%t#?"m g?ia&%a%n ééﬁ{rppgrg?

conver sion), Faltk wduoig ﬂie(rﬁmtlah@rmm bondapt ph e thirloghyal nﬁmbto 4 )evel

(Anti henphil i ac ] r fFactor Xl
(Plasma thr nbopfffgegﬁegs g%eggg%%ﬁtg é“’%ﬁ‘%?t‘m‘r"%ﬂ me%ﬁééag%% I@a?@fi Factor XI | |
( Pr ot ansgl ut anm tabielogicolamtasial dtébstammmmnﬁMAE)qun%ctomk@rotEadieor Il a,
Factor Va, Fact V] |.a F ar Vv ctor |. Factor Xa,
and Factor X | Ilgglo lca{%dl'lse %%?%li%nm?%ra é 4#’%1%581?”50%5 %‘8 SHent” is
i ntended to neamatial ovith mdlatmraemoéffdoﬁva‘ﬂamlfdratimaeﬂeétivultcaﬂern@érﬂﬁnents of
whol e bl pod, C the. fl ui n-.cel I ul ar, port.ion qf the bl ood
of humaés) or aulf '?’galé%a%?rgg Cogpding o t@*é%‘ﬁ%ﬁ% By (Hranééhﬁ'?ﬁy he fluid,
non-cel | ul ar poktéred. of the bl ood of humans or animals after coagul ati on).
As used herein, the term"a biologically conpatible solution” is intended
30 to nean a solution to which biological materials nay be exposed, such as
by bei ng suspenbaeriffondif#Fiymds t herein, and remain viable, i. e., retain
their essenti al -g biological and physi ol ogi cal characteristics. Such

bi ol ogi cally conpatible solutions preferably contain an effective anmount of

at |east one anti COFYUURES.1 ah@ 2 URGGPASEIRMWIg th@ﬁrole%ﬁ&@ efﬁc@bpéeﬁ%cm ly
conpati bl e buffered solutign” is intended to nean a bi ol ogl cal conmpati bl e

sol.uti on havi ng'®rsantyoskibiesd peti-sylinepaupqlonalantibody expaspdtp (kG al ity

and/or pnctic preIBH nmsbhallog for maintaining the integrity of bi ol ogi cal

materials. Suitable biol ogl cally conpatible buffered 'sol utions typically

have a pH bet ween 5 FHAHRBES 3As}{darg gephsowingdhoprolalivg affsele pheegtkip hypot oni ¢

or hypertonic | own and .

read| |y ava| I absi%lebgtzglgltoﬁ?ggm %ggﬁgx%f;. lﬁﬂlngnc{aﬁ‘gé%%%bé dsgds}égl%%rég?n the term
"stabilizer" islowvdpsrgteenaigadigign a . conpound or material that reduces any

damagetothe bi ol o t.eri r veI that i's

insufficient to pr egﬂ?ﬁgié]i?%elgsa?é lp?ﬂé&g’f‘é g%’t g{ﬁ%tcﬁ%ete@ & HF et erial .

Il lustrztive exlzophilesmgodndsicatyidhry Zpopbilizing| andéde smsinvaye}frnomt)ﬂachmmed to, the

following: anti o&&pnts such as ascorbic acid and tocopherol; and free

radi cal scavengers, 15 such as ethanol. Preferred exanpl es of stabilizers

i nclude, but are noFIGURES e giaph slhhﬁgﬁl@plrc%&ﬁ@ffe&@ffr@éz@&ﬂymg and/gicl udi ng

6, 8- di mercapt o-octanoic.acid (/i cid nd its derivatives and.
anal ogues (al pH&,? geg][ %ﬂ eoac fyscﬁ' a ?f)dVI‘?Iet ranor |ipoic acid), thioctic

acid, 6, 8- d| mer capt (F{GUREIGQQ anrmIsﬁwaﬁlgﬂhyﬁxfo&thﬁE&s &kt hn S4bilAisol oct anoi ¢
acid rreH1 ester ? aﬂ‘} sonor_nethy] ester and tatranor 20

di hydr ofd poi ¢ a®! “‘df‘h YRR é"td@m ol I sreased tard KBy ablodidesegaeBal ni ti ¢
aci ds and thei ringd@httcn. and derivatives; flavonoids, phenyl pr opani ods, and

flavenol s, such as uercetln rutin and its derlvatlves api geni n,

ami nof | avone, cat echiAURRS skt iai gaphm ghowing fisgpatectivir Sfeenelscertific| udi ng

bet a- car ot ene; s@?ﬁl@eﬁbgn tﬁ@dailﬂ@m)slobﬁllze@%ty (sl Bordkfofl Qhithogpuch as

glycerol, mannitol; sugars, such as xylose, glucose, 25 ribose, nmannose,
fructose and trehalose; am no acids, such as histidine, N acetylcysteine
(NAC), glutam c acid, tryptophan, sodiumcarpryl Nacetyl tryptophan and
met hi oni ne; azi des, such as sodi um azi de; enzynes, such as Superoxi de

D snutase (SOD) and Catal ase; uric acid and its derivatives, such as B
1,3-dinmethyluric acid and di methylthiourea; allopurinol; thiols, such as 30
gl utat hi one and cysteine; trace elenments, such as selenium vitamns, such
as V|tan1n A V|tan1n C (|nclud|ng its derlvatlves and salts such as sodlum

- - a2 ~ O~ o~ . e -, = o




As used herein, the term"residual solvent content” is i mean t he
anount of freely-available liquid in the biological JpﬁdﬂﬁfiMﬁf
Freely-avail able I'iquid neans that |iquid, such as mater or an organic
solvent (e.g. ethanol, 15 isopropanol, polyethylene glycol, etc.), present
in the biological material that is not bound to or conplexed with one or
nore. of the non-liquid conponents of the biological material (e.g.

- proteins, netal ions or salts, etc.). Freely-available liquid includes
dintracellular water. The residual solvent contents referenced herein refer
to Levels determ ned by the FDA approved, nodified Karl Fischer nethod
(Meyer 20 and Boyd, Analytical Chem, , 215-219, 1959; May, et al., J.
Bi ol . Standardi zation, 10, 249-259, 19 ; Centers for Biologics Eval uation

and Resear.Ch.’ FDA, i &I nﬁ%ﬂ%%&g?%gsgo 419 the rBt%% Ve E Q%lfstab iz rggd herein, the

term"sensitizer" nean ancet hat  seract | veI y tar gets
viral, bacteri adctmgmf/lmphnawmtt-mmﬂmmaMMaanmsodyrﬁmdelud sagpteh&m 25 nore
sensitive to |ntacﬁti 3 radlgi%(%plgtherefore permtting the use of a
| oner rate of r5arart?d 8?’ ( tinme of irradiation than in the

absence of the SGHSIFIIGURE 16 id d giaghr shbwing the X Eean bes stgbiliset bh Bopielizsensi ti zers

i ncl ude,_ but ar imted to the foll om ng: psoralen and its

deri vat i‘ves ano‘gﬁ’ﬁg’l“b% WS HEA ti‘Eﬁdr’(@ %Pﬁéaé‘taﬂﬁ‘ky psoral ens); angeli cins,

khel I'ins and coumar iFMSURAIIZ i 2@iphahdwids B0l Fa8RbIMRIShiIiMaatviand a wat er

sol ubilization nnletg such as quaternary amoni umion or phosphoni um i on;
nucl ei ¢ acid bi#§ iepvingpgma radiation—___ 24Q- - 10 br oni nat ed

hemat opor phyri n; phtpt@tmgmﬁlaee%maﬂagtranuﬁdmm@&feeeefgaﬁemhﬁt@ﬁ%ﬂat ed or
metal atom substituted derivatives of di hemat opor phyrin

est er s, henat opd™HMH deri vati ves, benzoporphyrin derivatives,

hydr odi fgenzopor phyr FGRE S Reieon marng%egﬁazc@ippefrﬁémrdfnyopﬁm%fto di sul f one,

t et racar bet hoxy5h drodlbenzoporp yrin, etracar bet hoxy ,

hydr odi benzoporaseier thedirgsersgiod Astrbiliser cadhiombisisstivityaafitr dzadisbay with, whi ch may
be nodified wt Q88A5,0r nMetal atons; netropsin, BD peptide, S2 peptide;
S- 303 (ALEconpound); dyes, such as hypericin, met hyl ene bl ue, eosin,

fluorescei ns (andt hElGURES 2086 iayeegippbs fshewing the prasectivy afiéctreof4ain phot oact i ve

conpounds suc e he term
"prot ei naceoushsrr%?[erlllggiﬁgﬁlﬂitg Pﬁt}gﬂ%’ g’ﬁ?l%g{?néeog gﬁ?#éﬁgrk 0? %}Pg t hat

conpri s¥s at | exsdiatomd] pkEGydidn or peptlde This materi al |spreferably

conposed primarily i S t .y be a aturally :

- -oceurri-ng—materi-al , %G ?gu‘gﬁgk{ wm gfd%( f)pH ox the Tecovery o R

fol | ow ngl5pr oa&elenasg(lmmdloﬂyeamtzmd) anadibteat znd&rpmsamebﬁﬁ btabilizet t may be

artificially produced, either by chem cal synthesis or utilizing

reconbi nant/transgeni c technol ogy. Such artificially produced material may

al so be pr oeesskaaippdiDebdriptionofthe Pegsricd ®nibo@ishenss| | ustrati ve exanpl es of

pr ot ei naceous materials include, but are notlimted to, the follow ng:

protei ns/ peptides produced fromtissue culture; mlk20(dairy products);

ascites; hornones; oK ow Deffiragd@rs;, materials, includingpharnmaceuticals,

extracted or isolated fromaniml tissue (such as heparin andinsulin) or

plant matter; plasma (including fresh, frozen and freeze-dried);fibrinogen,

fibrinamnd/ or fibri unkesieamtd ofeRASCiIRechiBN bt sBleRER terME Me@hdeifrare PT Ot €1 NS;

al pha-1 anti-trypsin (al pha-1 protease i nhi bitor); butyl-cholinesterase;

25ant i coagul ant8'endsddR ha¥e B6RE imraBins g IS Searoay wyderstpod dygtaRidase:

ti ssuepl asni Nogaindg Lkl H e rfeVirlr. &1 ¥hBHORRL %lic%&?%@mongéﬁéféxﬂase
neupogen; anti-thronbi n-3; al pha-glucosidase; (Fetal) Bovine Serum Horse

Serum neat; |nﬂHﬁ@@FﬁﬂﬂFﬁﬁ@mﬂknbYGﬂﬁﬁgﬁant|-sera nDnocIonaI anti bodi es,

pol ycl onal anti bodi 1@@% . ti bodi es;

al bum n; al pha30 gl o%u | nsgs%ggl%eat &} O!ﬁ] lB%glgaﬁinlasq%F‘R{)g%g& a%gagul ation

prot ei i&; conpl whsaice pfrrb'cebrr@tana:ddfromﬁlemg@rrgmsm MustrGive-exampleskf As used
herein, the ter ed,to. nean r.adiation of

suff|C|ent enerlm)l Bﬁné%ﬁ%gnﬁﬂmé 59§em%§s {%q£eg¥gﬁmﬁfw Stmm?dglca

mat eri al . Typesblmfd erolo@i evgnpoadita tpraeing, eludile redombmameamdatantgenmt ed to, the

followng: (i) cor Iar ( trea of .. subat ar |cI Suc

neutrons, el ectprg[f“'iéIS got{ %Opro G ke, %chf ’galmé]i 88@?3
(originating in a vary| ng eI ectromagnetic field, such as radi o waves,
visible and invisible tight, x-radiation, and gamma rays). B. .Particularly
Preferred Enbodi ments A first preferred enbodi nent of the present invention
is directed to a nmethod for sterilizing a biological material that is
sensitive to ionizing radiation 10 conprising: (i) reducing the residual

sol vent content of a b| oI ogl caI mat eri aI to a Ievel effectl ve to pr ot ect

T e -, = -, =



15 |l ess than about 0.2% While not wi shing to be bound bg @mg’gmry of
operability, it is believed that the reduction in residual cont ent
reduce the degrees of freedom of the biological material and thereby
protects it fromthe effects of the ionizing radiation. Simlar results

m ght therefore be achieved by |lowering the 20 tenperature of the

bi ol.ogical material below its eutectic point or belowits freezing point to
| i kewi se reduce the degrees of freedom of the biological naterial. These
Tesults permt the use of a higher rate of irradation than m ght otherw se
be acceptabl e. The residual solvent content ofthe biological material may
be reduced by 25 any of the nethods an% t echni ques known to those skilled

in the art for renoving solvent froma~biological material. A particularly

preferred nmeth f £ cin he, residua vent ,.conten f a biol ogical
arert ol i o | yame AR b0 85 FRILCU e SIQHFRE, EPRRE bl o g
enbodi nent of trkerepbasgnthdinydeniiieelizeddotd roatDggraRd, joimkd, fmual febiath has been

| yophi l'i zed is stpred uynder vacuum or an inert 30 nospher e referably a
nobl e gas, sucﬁwﬁ‘g’ K& Hfﬁ(’jrli" K, g kﬁ’, %r‘@mf?rwef‘%cihﬁ‘mgslt’%‘eh’gw "%\gl ecul ar

wei ght nobl e gasspemsiths,Wisdle fif R6RERY| Heard i @) caflldgey dothehd: hAGRE afD. ~ ~1-G
2QQ~ _I'3_ The ioni zi n??g‘;‘1 ‘rsfgdi ation enployed in the present jnvention nay be
any ionPzing r 381t P8HS P Harplzat st hieaqti dEesIier AT, SRESr nor e

Preferably the ionizing radiation is el ectromagnetic radiation and

aparti cul arly piemFeegublEns Beelable): ehign mditderbretitn cidpasiiieseadi at i on.
According to thed TBadRaNeOinthink NeR&Rox) BYRRhINBCC) RRUAL g 6al materi al
is irradiated with the ionizing radiation at a rate effective for the

i nactivation oflangfaansoelior andinther sefiualtraephebrindluding ewrtiehe awred ogi cal

- materiaghp. Suitabherel BlobFcat; \&ﬂt@ﬁgbﬂéﬂg%cgﬁmg\‘rﬁﬁﬁc deRgndiQuypen the
particul ar formof ionizing radiation and | -0 t g nature and

‘char act eri sti colagfiethe particul ar biol ogical material being irradi ated and

the particul ar biol Qgic [oX0) m nant.s Qei.ng i nactivated.. Suifable rates of
irradi ati on can be gg?séagh’?rﬁ% e:tﬁ’ﬁ‘?rsfeﬁlaﬁ )‘/“T)t%'dIS‘ﬂt&?“%eﬁ?ﬂeg'&d’l{’?lmt e art.

Preferably, theevenifer ikt one sttt Biblogital contAaiRGt @Add ih BE bibRicalwiaddriapn of t he
sterilization %r_ocedur e. cording to a particularly preferred enbodi nent

A
of the present iAVEHFAGIRCCOTSE fodhs BIESPURVPRadi ation is not nore than about
3.0 kGukhour, nore gg sa‘eeh&@dnymbﬁhﬂ@ﬁaogbf%n/té%iﬂauk@intbhded%ﬂw%;P kGy/ hr,

even nore preferably between about 0.2 hr and 2.0 kGy/hour, still even

bi ol ogi cal COntpﬁﬁﬂréh@,nﬁlﬁbsoindtdi‘@tspiiﬁb@%@ﬂydfﬁ%ﬁédllﬁ%ept(ﬂtﬁg debaased:
g

— nor-e--pref-er-abl ypoamipess thag yper diger fadirédh contagtivitita Hiadygital materdalomayt . preferably

bet ween about §,5. ki Bﬁ%ctjongb}%@iﬁcﬂ]matgr&.%%iglhéﬁgaltc&t%g%rﬂsgrrat e of

particularly preferred e diment of” the present Tnvention,
i rradiation is igpludeghesarionsyirnses bactkr@ahth pargsitesdmewptoghese abikjll mtthd east about 6

kGy/ hr., even npke,RLSH ﬁg‘%ﬁﬁ : st
- preferably at | eas% argo}:?t5 ‘@?*h’?&ﬁ@%?%%ﬂ%%“%h%@% digg irradi ated
with tR8 ionizibirgdcempariton Exgmples of bielogigal edntatbdntsendlale, ttereinaaict i vat i on of
e o ons bl 62t RORY A NARLS Rl okl B DI en RS Bha SV 1 2P
ionization times nmay vary dependi ng upon e particular formand rate of
i-oni zi ng radi awthsrremendrutdscerat inueespadmykavirass, ey tomtgabyiredes,hiymtipar t i cul ar
bi ol ogi cal mat ek | : .fﬂﬂ i i he particul ar biol ogi cal
cont am nant s bgl:fﬂln%gp%z‘%:tl h§§%§ghéﬁjﬂﬁqgﬁﬁgc}f’gﬁ %rgﬁs’é?ﬂgatvfnﬁ%%]%gﬁlgbe det erm ned
30 enpiricallyBay gmes il pabvimseshdagierda, such- as~Eschzidehia, 1Badddtsi onal |y, an
effecti,¥e anou e ensitizer,is added to the, biological '
mat er i z%_ prior 'lf(ag:% PF )r%zﬂf%’at%? ,18%19%%?% im?)ani 'gtfpgfﬁlo‘rc‘g Fat P%?\S}tesSuﬂclébfse sensitizers
are known to tHagenekinb| ed malartahearagites, ikdeingd?/ngnadimneetieg geasfs; t he present

invention, the_irradiation of the 5 bhiolqqgical t er, al occur at any

t enper at ur e v\/nin?ﬂ‘lf:E ‘%‘Y%"é’l‘asla%ﬁ’ 3?&«9??08515 BSegﬂge‘Bi 8‘??65%5? ‘Vﬁg?% %4l bei ng
treated. Accor dbfitgninant® iﬂhﬁﬁtﬁﬁﬁ@%e&ﬂb@ﬁidgﬁﬁltmnfaﬂﬂﬁxaﬂi RiQobpablc GRt erial is
irradi ated at anbient tenperature. According to an alternate preferred .
enbodi nent, t h&2Wing|hrglelesrioneatleeti al is irradiated at reduced tenperature,
preferagly at or behoweh i&efUhefld SIRAIHEL &Ent&“ﬁ?in&h@éd‘?&lnﬁﬁa:on@ﬁ} erial. 10 C
Exanpl es The foll ow ng exanples are 11| Ustrati ve, but not limting, of the
present i nvent imesme of@heisempenghts thisl neayrbo hipfiatsd froo whola hidodatdpichtdedns are of the
variety normally encountered by those skilled in the art and are fully
within the spirit and scope of the present invention. | S Exanple 1-
Sterilization of Blood A 200 mM bag of one day ol d packed red bl ood cells
was used. Ethanol was added to the cells in order to achieve a final

et hanol concentration of 0.0.1 v/v. The red blood cells were diluted by a
factor of one in ten using a nodified G trate Phosphate Dextrose (CPD)

v P — o



not undergo irradiation. Table 1 illustrates that dilution and i rradi ation
of human bl ood cells did not significantly alter the V\/nitﬁiﬁ?p w
count. The platelet count and hematocrit val ues were slight y‘/& than
the control; however, these values are still within the range that is seen
in normal adult blood. The |l evel of | S henoglobin was higher than in the
control indicating that sone red blood cells did |yse during the procedure.
This is also evidenced by the lower red blood cell count. Neverthel ess,
‘contrary to what has been previously published, up to sO kGy of radiation
did not destroy the conmponents of blood by the present procedure. The cells
were al so counted and found to be vi abl7e after 2s kGy of 20 gamma '
irradiation delivered at a | ow dose rat'e of 1 kGy/hr. TABLElI Conponent

I rradi ated Bl oo L Red Bl ood
ol s 2 M Qn@ﬂ&ﬁt%to@e%gb%gt‘,Ob@h&gsgsugf;%ﬁr%b?&old% ﬁ%@btﬁogm ¢ 46% 64%
Pl atel et 100 k/%eHp all@QIaI@lqiﬁnblood@memaEwchZasM@d d@l@(&n@tseelﬁymee& erilization

reatment of oat bangararaeny PPNl BhesBollbrln, BOf NBRY of

- hypogl yceni a, a@n’wopﬂnﬁsmhemimgnﬁplasmaﬂen'ainmglcainy&utsmand to count eract
hepat ot axi ns (The l.ndex EI,,e nt.h d tion, , Mr ., Inc.
(1989), Qj)e(md Mart i nda Sglgesdhg? the 5y nélg%rpbel%l Fomporeht lsilggljdgﬁé%’?ose is also
the preferred swrocmomfofdarcbmmtﬂntabfenholbthmﬂamedmpw&srdens arheegd rents (The
Merck | ndex, Elgv , Inc. ((1989), and Martindale's
Extra Phar nacop[g%:%g:eﬂs g"te@g?sce ?ﬂrpiﬁt%%ﬂ%f t he above applications, the
dextrose nust be st esiukdddestin)dt e "BSE profifY ik Inteaddd tO e ond B more

dext r ose- cont ai rooducts is erall one by heat sterilization or

aut ocl avi ng. Unt ryélfet%u‘r’% aret??é'?%g’#%%ﬁ éhog%VBO%ﬁléW“F%‘ﬁGFWSPB degrade or
carnel i me dext rmmmﬂhﬁbmmmamnm(ummiﬁgaamhﬁs? iaauwb@a&g&%me@ange in the
solution (Martindal e's, Extra Pharmacopeci a Gamma i rradiation of

gl ucose has al §& OB%’ILF“P%B‘ES’ et otV IR Aers eyl %Bé%l:—f’é@ﬁygp’rﬁﬁﬁ@rsol utions

(Kawaki shi, et &I, and ﬂ&-w%ﬁlxh theﬁéhd&ﬁdslé%ﬁ’s ERgradatingRoR fwilkgidde ose in
Anaer obi ¢ Contiti on;' Agric. Biol. Chem, June 1977). Therefore, there is a

need for a met HAHOW-HAbumIE.IRAPEYSIRS Gighlsnsity dipeprisinsaindion dovpAensitet s t hat does
not degrade thqlp%ﬁégﬁ; cbﬁaﬁl&lnf:nt p!rdileu\@ gl%l?%s tden &ngﬁl g&fgx?mxnsffg g prior art, a

dextrose solution was treated accordi ng he ne e pr esent

i nventibn as fJeMel# agdeR). 3ud dhe kike: of erefeeyed gioum ofiklgod proteis inclede f or 24

hours, at 2 raticef ERARGLIPAR Y ®rothlihy rdld B (LA cf%h #r L e product
—was -t-ested-and-it -was-f-oun er e was no- ws t.

as conpared to Whé ks Faclel] Ht@wa@@hﬂm)ol Faciﬁne\fle@@p@;mt),hﬁacméébnt met hod

can be useful Bz} [ 0se,...25 I'n addition

to the above exprerlﬁinl%] 4 resh S%ﬁ%g%%ﬁ%@%%@%ﬁkﬁl% reﬂfgelFl(l)lse wer e

irradi ated to Z&tRa@), F@v‘ferDfi{ﬁntﬂwmosh!mcffactdoBhﬁactctréﬁtﬁmm&’mﬁathe) results were

simlaryto tho I sca re obt ai ned
and dem)nst r at Zﬁ”g gg%%% %lggpr%%se o@gcg'?'u nbpg% O%yg%mﬂ”h PO “furfural ™
as per U S P. IHactedﬁﬂlr(ammnsgﬂlaaamdmkv@ﬂﬁmbiﬁmdsﬁa&m(bWZ}:;Haduﬁ[anlgwﬂﬂ 30

AR T T L R TR

Serum Al bum n vhstorXHadl ated as a 25% salt-poor solution to a total dose of

25 kGy over 36 hour u5| n G, 20, (Cos is the gamma ray source in
this instrument). % ‘g@?’“af%g eé'm\/\g%m%éf’o%‘i?mpf’%qnf éﬁi‘rﬁe"gfi}rtf)ﬁ&a‘t he - |
i rradi atsi on butonebrm@eeﬁmaﬂmdﬁ@h&enamrcbnpmﬁﬂtaammmml seibm tafiga @l bumi n

sol ution was apglr %)él matel y 23C. The results of HPLC ana@ym S are given in

Tabl e 2. TABLE ‘2*¢B5ida0asecs MG&HFPBP?‘E%IO?W Spmansogatiogls spfopsingiger 2 3 Di mer
7 8 Mononer 90 t860a§ﬁlﬂﬁd¥@bﬁa@ldﬁrﬁ{rﬂze]ﬂu& non-cMh¥ktion of the blood of humans 15 PH 7. 05.
6.97 NTU (nust be > glg[l'% %t 11.4 11.4 As the resuits denonstrate, Normal Human
Serum Al bunmi n CAAMTEFE ?}"’B@“W‘P‘le ated to 25 kGy (at a rate of
approximately 0.7 k t af fecting
the essential pr ope%?%gbg?ﬁi&ﬁgggﬁoﬁyﬁgﬁw %th;@%{%n Oiégﬁt%lﬁil%enonstrat ed
bef ore.30AI | ot H@meat@e?m@tawhnthbadqmal mgtessésmma¢ bmmd pebas be that it be
irradiated in t fficulty of
doi ng the |rradb|‘a§1F Fl%géﬁ%(ghg%ﬁveﬂl%g uaérrgvnadg *60 ‘%m%gwgs%neth t hy donor
was taken in a heparinized 25 t ube, vvashed three tines with standard CPD
solution, then diluted 1: 20 with CPD containing 0.0l %v/v Ethanol. This

| atter solution of CPD with 0.01%v/v n ~ ~~~o0~~ _,8 Ethanol is called -
SCPD. Two m aliquots were then placed in 10 mM plastic test tubes -and
irradiated to different doses up to 26 kGy over 36 hours at room
tenperature. There was no haenolysis and the cells appeared intact if

spect rum change.. .
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~np~ -20 The cefﬂi\ggn%/\ﬂ/ere hgst??l?/gl%gtcgm enspﬁsp%?fgu%?}o%‘ E’&lyr%‘)é'g’ﬁg]flftut ed in
fresh buffer. Thlstidnslptefanabigcdniaies aéﬁegezblaimﬁsfa(tﬁaampéﬂslc&guﬁmand 7) were
conducted in order Aglasggpgrrelmt %eltgf(le b(?‘];lzég‘% afléleﬁgf?gc(;;soﬂ‘tmen treating

HI V- cont ani nat ed bl 00 n eac PArfy treated.
I n these exper iutemesio rﬁeamhaebldetlbesly\mmﬁatgkmbluyoxamvh@taad{ afd @mofie, 16 and 24

hours ot irradi t| Fur her L rd ex e 7), the
cells V\ére pl a %’ ‘%Sﬁ% fas sosf“o aggov{bjc?é oélf% t%rfssgrﬁi g'ff?g]gp%’é and reduce
t he concentrat mtamta;lmegtﬂm@msgmwlofhn@ogmlmktmaﬂnoBﬁxmmmfoldgiwﬁllﬁmm;ranﬁwge tubes. In

h th t ed rate of a roxwrately 0.7
oy nr 10 Exanera B iy fet SRR A R e P BBR R T ol 1 owi ng

experi nent s wemnedemntliypdtetic whtyjsertohe Bildgipuilyngmpaittd Huffere Bglatgdns ves: 1. To
I,Cli RB
evaluate the t %lk%lo\w( an%freg 1§ a?allol():le%osthésgm?skﬂfmrﬂ?edanbl ood cells (RBCs).
10 As used herein, the term "stabilizer” is intended to mean a.compound or

material that reduces any darhage to the biological material being irradiated to a
level that is insufficient to preclude the safe and effective use of that material.
MNlustrative examples of stabilizers include, but are not limited to, the following:
anttoxidants, such as éscorbic acid and tocopherol; and free radical scavengers,
15 such as ethanol. Preferred examples of stabilizers include, but are not limited to,
the following: fatty acids, including 6,8-dimercapto-octanoic acid (lipoic acid)
" and its derivatives and analogues (alpiia, beta, dihydro, bisrio and tefranor lipoie
acid), thioctic acid, 6,8-dimercapto-octancic acid, dihydrolopoate (DL-6,8-
dithjolocténoic acid methyl ester), lipoamide, bisonor methyl ester and tatranor-
20 dihydrolipoic acid, furan fatty acids, oleic and linoleic and palmitic acids and
their salts and derivatives; flavonoids, phenylpropaniods, 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,
25 ribose, mannose, fructose and trehalose; amino acids, such as histidine, N-
acetylcysteine (NAC), glutamic acid, tryptophan, sodium carpryl 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
30 glutathione and cysteine; trace elements, such as selenium; vitamins, such as

vitamin A, vitamin C (including its derivatives and salts such as sodium ascorbate




15 2. To evaluate the anti-retroviral activity of the process. Mthod
Initially, 2 ml of anticoagul ated bl ood was obtained fror) En&wﬁv\ggﬁi
seronegative donor. The bl ood was centrifuged, and the plasnma enoved.
The remaining cell pellet was resuspended in 10 ml of the CPD buffer and 20
centrifuged. This washing process was repeated a total ofthree tines. The
final pellet was resuspended in 40 m of the SCPD buffer, and distributed
into plastic tubes in 2 m aliquots, with 16 separate aliquots being
retained for further manipulation. For 8 of these tubes, an aiiquote of
HTLV-111B was added. This is a | aboratory strain of the HV virus and 100
tissue culture infective doses 25 (TCID) were added to each of the tubes to
be infected. For the remaining 8 tube®: a "nmock" infection was per f or med,
by adding a smal| anount of nop-ipfectious. laboratory buffer, phosphate

DUt er ed sal | 184 pRBEpY Ml 1D 3t B Lo i S Rives dad B st ss 00 P

i nfected tubesoMBhdolssdRies bl alpRa-lobsirifioDE @B maiMalph®IpALhedroxy-t he remai ni ng
8 tubes (four infected and four non-j nf ,ect‘gd) \gﬁre. handl ed in _an identi cal
manner , exceptzé’??ﬁttﬁ"taﬁé‘}‘y\ﬁ%‘P'@a'ﬁB"Fb%iﬁ‘i%@t( loppng ARVBRVGEEEERSMY shoul d be

st at eg t t hat da;pr&tgﬁi, Eﬁﬂg@ BiftGh 3%1_% albhifinStisdYnctid 13 %@fyﬁt@yﬁkﬁlﬁ@cﬁne?f h5 bIt O|Od
was obt ai ne romthe danor. IS was processed .in cl.i ni cal hemat ol ogy
| abor at’ory anc(W@é%‘F‘E?@“W@W&W%@%ﬁ‘ﬁqyi?“ﬁfg’éffie @h&:ﬁ@’%%ﬁqene resul ts
wer e conpar ed di@hdneR@dhict K& (FIPEDD ilhRzd4; Udythedybsprddéns (MOREX Hi,3-ncl uded

eval uati on of four processed_ and four unprgceg{segﬂ%&a)gpl.ei % of which
were not i nf ecti@ingytrilitl pducing sphstenes et 2s Gpiy it opaigRlePHY t he i nf ect ed
study sanpl es Ma$uiyRedhhdbReolRéhe TBHTN URdI@RK0lCHbSOIl MES) dathviilesshad been

obt ai ned three days earlier. These cells had heen suspended.in RWI culture
medi um with 1thoperesal; jazargids and diriaged MESYARt droeg ?qlﬁ:\P@Bf&f@ﬁ?‘WM in, -
Streptyiycin, Ghididith Saea) feddiddlen QPEGESOD), ALOABul-diphalphe@@diffonePHA- P. At the

same tinme as this inocculation, the cells were 15 resuspended in fresh
‘medi um wi t h r | ®BYDiang 4wy dioxy-2 8- Teiramgthslpipgrdia- Lregyid g for 7 days. Twice

weekly, a portion Qfsutda@etH, thtie8n FEdivdiSoWeS chRéN'aSinREddd@s méAereasSUr ENENT
of HI'V p24 antigen levels (comercial EL|SA kit, Coulter El iga%iﬂroni Ccs,

Hi al eah, FL) fasmovphef Heshouiatlshintiawd inthe Biolagicglappteriak Feslyrayp i quot of the
ei ght i nf ect edgid @¥am AR RS dBShUSesktéir Akl dridnic?@eht (e e@Bng@xperi ments.
Briefly, serial four-fold dilutions of the virus-contai m,nq fluids (ranging
from 1196 to 1is@%omne) palksthylang slyeelatiel Present i thy bielgeisal maegalhy £ at - bot t om
tissue cul t ur ep@ban@%o orRbifpistddmithahest rdrSoriRIBn Aadle orknencdt el | (4

~-m-+1 ion eebl-s—i-n-2-m-culture medium wth |L- 25.,,,,An aliquot.of the ...
super nat ant f rigplogiaelmategit (G aEns, magEomAF PES L Frofleer papic or the

measur ement  of ; b 4e¥ igRcdRithr AREd. GROreki@YRScIventtolehts refARcibeeRder@s " posi tive”
if the HV p24 antigen value was > 30 pg/mn. . 05 ~~ 2~0~_ 22 The viral
titer was cal ciolerelsdeteratenddy iigFPé spprevedpredifiediidishy mRefOEIESe ACTG

virol ogy protogpl pRNURhJyikal RBehNes1f Olib oW Ngoseawadyl QarMi=Bik. + d[ 0.5 -
(I/n)r] M titer (in'log 4) 5 xk: "dose of highest dilution d. space between
dilutions ' n: Swudrstization, 1(k1298-25%r 19871 Genterm fpr BiglegicsiEveletign Atthber of

wel I's. Resul t Sl sf) PRcRe o iopass6ahlospasoaet ers for the basel ine

sanpl e as wel | asfor theunprocessed and processed studysanpl es are shown in
‘Tabl e 4. TABLE 4Sar‘rp$‘~€usﬁd Inargiy dhepgry "RADsjtizer” is intended to mean a Substance that

MCHCBasel i ne94 ée%avgéfé%%p«ﬁr%ﬁaﬁéﬁg; drbr i3 L RLARAAE %5620 237. 9420Unpr
ocessed-392. 140. 0433 Unprocessed-4" Processed-1 Processed-2 Processed-3
Proces8®d- 4 91mordsgBitiye ednacyvatipgbiradigtions thergfope pyymifing fiegsepfalywgy 4 442 284
342 303-301 Th éﬂ% U dnBI3R a bl ABh € ofinddifi X Rinah RRGbIAELSE dabl e 3. As
descri bed abovga,t IV cu tu_resavverrte es_tgbl [ slvhied using 0.5 m_ aliquots of
unpr ocessed an@bnpiﬁwelélgmns@qm}lplsmfﬂh'@blﬁSqn?hzﬁﬁp?i “F%f%?t_&m(t.b‘b/ m) from
;hie StZ(LJIgZ Sarrpko?%h@ ri}olqﬂ\)fn,cgf.1 ;%&qlcgaa)ﬁd7itsOEerﬁWi‘$e's'ra‘?xd%ﬁo@ﬁﬁﬂudiﬁg Babl e 5. 05

carboethoxy psoralens); angelicins, khellins and coumarins which contain a
30 halogen substituent and a water solubilization moiety, such as quaternary

ammonium ion or phosphonium ion; nucleic acid binding compounds;



-23 TABLE 5 5 10 IS 20 Sanple | Nunberp24 Day 4p24 Day

7Unpr ocessed- 1 1360484Unpr ocessed-21180418Unpr ocessed- 3123 5I§¢E£éﬁlessed-4l
080563Pr ocessed- | 57924| Processed- 2760303Pr ocessed- 3590276 4622203
Finally, one unprocessed sanple and one processed sanple were selected for
the performance of direct viral titration wthout culture. The results are
shown in Table 6. TABLE 6 Sanpl e/ Nunber Titer (log 10 ml) Unprocessed-1 1.5
Processed-1 0.0 The red blood cells were mninmally affected by the process,
al t hough sone reproduci bl e macrocytosis was observed. Although on
co-culturing of processed sanples, there appeared to be sonme residual |ive
virus; this was not confirned by direct titration experinents. 0 ~ ~~~~
n04 -24 Exanple 6 The objective ofth|§0exper|nent was to eval uate the

toxicity ofthe proces towards red blood cells in a conpreh%nslye manner .
Met hod 5 For t breainsiede rhemstporplyiig:  @hthalopya@istju| PAREDS | POBPPIRS: obt ai ned

fromthe same HidesRE0Rne0ad kb doiRieddnlaivid s dihdniiopsiph@ii @Rt . The bl ood
was centrifuged and the plasnma was renpved. ' The remaining cell pellet was

resuspended i nhqma@Pﬁﬁphb‘?“*H@*‘W@WP@PYW@@YRSNYM@EWPPH?@%S hi ng
process was re@iﬁﬁleﬁﬂad@ tiaaaipeizo tldisy%n Tisutfohd) ateti@ktetio
resuspsnded in 20 ]%g tlhe S%:P buf fer and di SD'[I’I beut ed el n?%vapl astic
tubes it 2-m %xdra%w‘wwhyram apg Aetreratethopti MYdeaibsniBerPRBHn f ur t her

mani pul ation. [ fonalﬂiaesc;a&%fuﬁmﬁ.%%mm WARKRARQCRSSoditdl W& t he final
two tubes were retained as control %é)ce)cessed tubes. After the

processi ng, al palegses ormsdal\giques; @é"FﬂHSinf peptidn 52 AptifsstPYy M el | et was
resuspended i ngdp, JQQnJMye@uJufcﬁas hﬁcﬁ&ﬂﬂh&ﬁﬁen@%mégécﬁm WasesBahS @idred on these
15 reconcentrate study sanpl es. in the first experinent, a separate

al i quot of bl othdirderdvasisesdi ﬂﬁws,fm@mmwee 84h ohotodstie @qm@ogmdﬁdgnch anpl e was

t aken. conpl r performed on this baseline sanple. As the

st udy sg\npl es g\%erga ltﬁler(?lreTBglo%gise trated to 33-50% of their original state, nore
‘direct conparisons Asiushd héreinithsietn heoRDasarmshatcrnd s ditdpdedindert aken t han
were possible | Ll t l.l paraneters
for the baseli negluis%g Eﬁ thé% ?}R&r%t”%ﬁo{l% %Eé#lgr%cggsezh?% te§p:)iiﬁo“léessed st udy
sarrpl es are shpm’erably ifcaiqtoeeﬂprlrﬂ'dmy af)bmmm(atandﬁospc;mdc(s) nitTedyl i 4 are defi ned
in Table 3. T _Zsat égl‘ e i an%él state or foll

Nurber RB%GSNCWEP—R?M&% o Rahisls 48 531 OB SN0 c s SRUL™BE 093390, 233. 0
366UnprocessedpdiestiBd/ p&dialh M?Béxh@émeﬂ Itha&dﬁ@ﬁﬁ&ﬂﬁ?ﬁaﬂﬁ@ﬁ?r ocessed- 2.
| s34l ss. 929. 418, Prg essed-31. 26281 61.522. 11 37Processed- 241s8. 430. 8l 94P
- rocessed-50.s4

44.733. 0228Pr oswﬁﬁdﬁ&inﬂ%ﬁmﬁ&s ﬁ&@naﬁ%ﬁ% dibe e pﬁ&&ssﬁﬁp\hﬁﬁytahados ofthe cells

whi ch was pres | t he roces 15 sanpl es abl e hennglobln
| evel s were re&%th ”F‘FF’é“"Eu 8led ‘i’ielaar‘fﬂo"ﬁl”t?f?é‘%@gﬁﬂg% 1285 The "absol ut e

val ues were apﬂfn@&ﬂoa{lﬁ fowikd) Brotedssl fépides Plolitidel Blom o dubttkephiiod cell's are
preserved. Exanple 7 Method 20 For this experinment, 5. m of ﬁ%ntlcoagul at ed

bl 0od #8s obt aldEy’ ATPEHEPN ASCUSTOPRaRES o B HEY TS MRATAHS: 20oding e first two

experiments. ThRarBhQafcaNRExtRBRY bi EoSEd froR Rbintal Bssht ea(msma%nhaﬂmved The
remai ning cell pellet was resuzg@gnded in 100 M of the CPD buffer, and

centrifuged. THISSIMASHIHY Patlst gdsmpdinchudive ek Bozeneat fsrzadiede times. The
final pellet “@§nﬁ@§ﬁ%ﬁﬂg€ﬂor'f 'Bn};l-g@lampr&ﬁac@fwﬁ(ﬂeolw BoQH}fCE %Eot@lﬂd

distributed in 2s guots, in T25 tissue culture th all four

aI i quot s bei ngSk eaﬂlé!ﬂﬁe@nmwpsﬁful(%lﬂ@rl reaetrase | iakibisn): Wcﬁ’lpl&l@@?amr e QA—~~

25 anticoagulants, such as coumarin drugs (warfarin), streptokinase; tissue
plasminogen activator (TPA); erythropoietin (EPO); urokinase; neupogen; anti-
thrombin-3; alpha-glucosidase; (Fetal) Bovine Serum/Horse Serum; meat;
immunoglobulins, including anti-sera, monoclonal antibodies, polyclonal
antibodies and genetically engineered or produced antibodies; albumin; alpha-

30 globulins; beta-globulins; gamma-globulins; coagulation proteins; complement

proteins; and interferons.

Snigal Sy pRCTIS I SUHIZEE Tera” ftgaseesr dospp %%'SSed 71.3s4s1



-26 subject to the process, while the other two were retained trol,
unprocessed flasks. After the processing, the contents of§h§d%ﬂ%éﬁﬁﬂ

fl asks was observed and a visual determ nation of the cells' capacity to
absorb oxygen (fuming a brighter red on exposure to anbient air) was made.
Following this, the contents of the 5 flasks were aspirated and
centrifuged, mnth the residual pallet resuspended in a small vol une of
buffer. A conpl ete henmogram was perforned on these reconcentrated study
'sanples. As in Exanples 5 and 6, a separate aliquot of blood was obtained
fromthe donor when the study sanple was taken. A conplete henogram was
performed 10 on this baseline sanple. As the study sanples were
re-concentrated to 33-50% of their ortldinal state, direct conparisons of a
nunber of specific parameters woul d be possible with the baseline sanple.
Resul ts On vi sual . i4sisetiereimthe iona fienigisg rdighon inendedigimeapialieiotences bet ween
the 15 processgi, g HORINGE RREH @BMy m?@fmé ﬁx%d1at§ﬁ’§i%lo%lc§larhe{téhalt hese
appeared Eo be a uniformtdistribution of suspended cells. On exposure
to ambi ent ai r Typehef irvivingradiativh ingladef b’atsiks n@émm@ e dhefavingr ((hhter red. No
speci f1 ¢ quant | {3l GRARYLEIRALRiHarRINORA haRHE bReIRIGn/RRd DI 00d cel |
paraneters for ase I'ne sanp as for the 20 unprocessed and
processed st udyromn)paluéén)anle@tr@hWIQ(nr@eﬁbinem&vafph@ electzummgesticdeldons used in

Table 8 are def| T le /

Nunber RBCHGS agg I@%’g% ﬂ%‘%ﬁgg%e }%Q%ﬁ% npr o?essedé%gpQSSOISI 532.
32135

Unpr ocessed- 20. 9230,155. 71 56. 532. 8209Pr ocessed- 20. 81
26152. 632. 4212 Thi s&expz’?'%mu??[]é ,ﬁ?dsﬁgb f"IE?'(%JSZrmre cl osely approxi mate

conditions of red blood cells to be transfused into a patient, and was
consequent |y conduc oleyie i % dasis,

does not appear tha‘fkq?%%&f%ggg%g&&e}gidrs t Ssegnﬂ@ebp&ﬂ JFEPFJS abi | i ty to
‘carry oxygen, aietHodfcghtetlml& Esﬂwiggi@bi beterielabal issehsitiye t ibwringiadiption
Interestingly, hi_ s I ell size

bet Weer?]lst he pr S%m rism& %)elg&{%%} %ecmgssxcé\}az?cﬁ@eny\?o%eﬂp%be ofl(%' c%pﬁgtlefé%l écg conpared to
basel i ne. Conpamdleﬁ'emmmttﬂﬂneblelweicsfnmqn@lfmalsmmeﬂraldﬁhm,hndﬂs) t he study

| es. Exanpl |
Tradiated | n IVSRATE o uERbeR e BRBATLOANS Sl i< of

| gG are given Bﬁecﬁabtoestcmlzeﬁtﬁeblhbglpsmaal denonstrate, the product appears
to be unaffected aftg o I(Bog men{c%{éh apa%@ntx&eﬁtﬁﬂ?&re&rcd 1?05 Jﬁ?ﬁ( d”‘itor room

.tenperature.when ThETTE Lon_i's rate approxi mately.

0.7 kGy$hr. Thissrildsg arh)tblob%matpnﬁﬁlamasdnymdemmm@dmn cofpriing=. ~~ 2004 -zs

TABLE J 5 Par anet er I “gEa 11 D mer
10 13 Mononer gﬁa‘gﬁngl_ 'ﬁ@ﬁgélﬁater’%gaﬁ%g%@ﬁkesuh {f%&kv(f%ﬁle results
presented by G@rcgat;hpbaﬂogdal matgsal igpnf toeizing rethiativd; dnd Gisimediethgtthat a portion
of the proteln SO Irr t to 25 kG
at standard i rrac]‘ogaf‘ta‘PorE#e %s‘glthr%%gﬁon %ég eﬁa?t‘% rIﬁ{gqrordfg}%iecy}fﬁé[%t u‘(gzl;l)/es of -
GamaRay- | r r adi atealizel-ﬂhm!mlogz klobul i n G SM92/12 LA E.A ) In contrast,

_ y- naffmtag
the Br 8lei b v i noBil aotfeb B Bt En e ARl el B T e or
degr adati on of stehﬁmpgm:%glczbmmﬂﬂelthmsmmheto mxﬁ*ﬂmgechgt;onebmadlsmg found that a

l'iquid formulation, of tivit aft i rradiation.
In studies usiny rf%é‘“ﬁ?ﬁs?ﬁ@“%@?%%% cgﬁte rab‘é’f‘f 'ﬁ'agl rlmr‘ﬁgrrﬁéfng o uﬁil n(IVIg in
liquid form i tef&ﬁﬁemr;@wmﬂiaaiolcgrcﬁahﬂﬁml ﬁam 16fﬂﬂﬁg1fad1a1mp(e1(}addmgtant| body in

hyperi nmune 1VIG.was .ret aj ned anpl Iln this Ipha 1
pr ot ei nase i nhi%ﬁ%@?glﬁaﬁﬁmﬁgpﬁﬁlﬁ% S\RE fizer p 4p apmotiyt %{p n °§?r°t‘ f11% zed form
0 ~ ~, 23~ 20a -bxfodied hﬁtﬂ:rﬂlﬁﬁonsﬁbmzir@S‘adﬁai‘cﬁ aida(iiadnadnmnag ﬂartanoghdI 220 and

|rrad| ated accordi 0y ese roce s to a 25 kGy.

Sanpl es were t H&HET gf"ﬂg %{D‘Eatt%ee e‘étg(‘frrtf LA §13% © %ﬁiﬂe tgl ‘c"”ﬁﬁé]edose rate
was 0. 72 KGy/ hrbioibgifagmkidetia. Theoradr pheepk (1@5M(E]rﬁ@$&fdoﬁlhd: be tewersedmst h treat ed
and control, f{fﬂéO% of a standard norrnmal pool ed plasma sanple. The

Manci ni rad| al nodi f fusi on techni que was used as the assay. The topical
fibrinogen conplex vials were reconstituted in 10 mM of water. 10 Protam ne
sul phate vials were reconstituted in 10 ml of water. Protam ne sul phate at
a concentration of 10 ng/mM was added to the sanples. There was i nstant
formati on of nononer in all three preparations. Exanple 10 In this
experinment, Factors VII, VIIl and IV were irradiated in |yophilized 15
form



- Thus,--a-dose--0f—-0. 75 rovi-des-—-a -4

Met hod The sanples were placed in a Gamacell 220 and irradi ated to various
total doses at a dose rate of approxinmately | kGy/hr. Resufit’s R §gfidt or VI |
retained 67% activity at 20 kGy and 75% at 10 kGy. Factor VIII retained 77%
activity at 20 kGy and 88% at 10 kGy. Simlarly, Factor IV showed an
activity level of 70% at 20 kGy and 80% at 10 kGy. Q~ ~~ 2004 -30
Excellent results were found for the three Factors. To our know edge, no
-one has been able to achieve these results by irradiating the Factors at
“ambi ent terrperature to such a high dose of radiation with such little |oss
of act|V|ty This is in direct contrast with the results of Kitchen, et
al., "Effect of Gamma 5 Irradi ation on_the Human | nrnunodefi ci ency \/ i rus
and Human Coagul ati on Proteins,"” Trox @ang 56:223-229 (1989), who found
that "the irradiatigon of ncent r.at es no bl e
procedure.” Simlar b?—‘f%#g%ﬂ es‘t?ngiz ‘naclc?fg%ltc?%fi‘ﬁ’ﬁﬁw&ﬁogﬁ?ﬁﬁn

i munodef i ci engyesatt ﬁm;mrbjyl xg@.nmiaﬁ}aﬁimﬁalmma&&ﬂoi dsived fremta bvinplasnma and

| at i fagt " T f 3323 al | uded 10 t hat
" Gamme | BFFoRRHL OGO RS S R REEA AL ERGATHH PIASSTRIT | pati on of

pl asma and pl asfarydeld(y)es apripgidacd) 8y a ataidanyoblid fidiguinraditiedicabn of vi rus
infectiyity at radiatian dgses that still give acceptable recovery of

bi ol ogi & acti vi f?/O'btPIOIB¥lﬁa§ﬁa’ onents." Exanple 11 15 In this experinent,
red blood cells vverﬁcdofdixegiuoalhdadetaédsasfdﬁ%&sernaineermﬁn @hdie&@ad batveéhor peri ods of
time ranging from7 nut e order to r.eno er|

cont am ngntg I%'i‘t?fﬁﬂg B'o 5’6 dPEE af’é ‘?%@?egpﬂ?ﬂt?’éré‘fh tbonfoﬁgﬁ bo?\gécéft hy donor in
EDTA, washed 3 mderihi wmsmmztdg rhed?hdionO Tk k@ﬂuﬂ@dvér@ﬁbtﬁ@ﬂ@x@ducbmtdlac to provide
a 1:20 dilution bas n the ori gt&]nal %Od v(g .The cel.l . suspensi on was
then subdi vdi edf FHibdsedectigplagroteeheglopicdmatepal fpgfisdonizpar 9<ti‘°r‘?ate| y 1.0 x
104 St aphyl OCOEGM@}@BE&IMTMH@s\ﬁ@lreﬂoaﬁté%ﬁaﬂ?gedeﬁhdhﬁg wnehemam;edl on |d ce for
transport to the irradiation faci of t re placed in
the chanber at *EhHheEgiErisiss PQ‘H’% “hPFé“’H’ﬁH’a]l“t‘ﬁ“’é?& atﬁg%ﬁ &/ hr
forperiods of mbaaeﬁxﬁleﬂlemguicgtyadyo@l@él@l&d%ith@arﬁz’&fer&w zﬁwn&ezmento 375, 0.500
and 0. 750 kGy, resp ectlvel%. The sanpl es wer ~ ~~~ éﬁ“ -31 renoved

and agitated ats¥AEHIEPHE %ﬁl‘f‘i’Ptcﬁﬂtﬂntﬁla%gﬁnﬂ’t‘i“‘lz@e/"=fft9FcRr? B4t either to
the m crobi ol oganlaBdnt 00% Hen hefEkaRY lebBanf2Biut QPR a48 most phg&stly s The
‘results of t he mcrobl ol o ¥ assays are given in Table 10. 5 Tame 10

Radi at i!&n Dose 1k &} 2bpp h@ “M n.) Nunber Surviving 0 92,200 0.625 7.5 84, 500
0.125 15 35,000 10 %ﬁéﬁot%@sbﬁr@t@@bo@n@%@nﬂ&e&ryB%eﬁbﬁaolt&%e&ﬁ@d0 750 90 0

l.ogo- reducti.on_j.n bactgrl al-

survi vors. Th.é%tgﬁﬁ@%@?ﬁ@naesﬁuarﬁvwlgéﬂw%ﬁdéﬁmaif@fea%Oﬁ‘fé'ﬁe Hr8bd Further

the D 10 val ue m&@@ﬁ&&ﬁd&%ﬁw tﬁeré%%:&@fs WhbshhCGicaoPRASHYRE | W th the
val ues reported in the |iterature for simlar speci es of staphyl ococcus '

(B. A Bridges, ™Hignef Pigilar gelErpightnibeios de aﬁli‘fe‘feﬁ by AFreErE ol sensi tivity
of bacteria, " JemfeRiture Mr @HeObibREicAOmAbial ddidw (ilsWrdric Fost &ras‘ems is G P. and

Sadeh, N., 20 "Radi osensitjzation of Staphyl occocus aureus
p- hydr oxybenzoifi€ezeg goint fonlikewise 1rdnee the d%ﬁﬁf of frgedgm ofzihg btoi%‘*?i I n order

t o denonstrat e pidaatal. t1Rsd 81D baakk th&hdeDr h SR RELoMiralkien Bbh Blighk he
i rradi ati onprocess, the follow ng paraneters were determ ned for the cells,
WBC, Neut r ophi ogheryigiRsrisesptaBle.  Monocyees, Eosinophils and Basophils. These

25 determ nations ngpakiaRMNMRIRLAELRS: RYBBEL nalerif®ldy Be RIERARY - Al |
nucl eated cells woul d, of course, be inactivated by the radiation dose

del i ver&d. The aBY picthe methpds ard toghpiguesipoveie thosersdied & the HHloRIvEOERS noni t or ed
are |isted in TaRbg s il GRS TR AR (AR YIRS HARGSE 1 om L hat
of the controls even after a radiation dose kGy. Thi s experinent
dermpnstrat es t Keareyidgl soivsaigontentofa biglpgise n@@p@lpylyq:nhplgaqzcm égcwfinghe present
met hod 10 3 dose oGhrfluddy Kietn@h hBGIHLATPRANUER MichlioNQ dif3scal S cel I
function. Exnnple 12 Thi's experinent was conducted using the nethod in
Exanpl e 11 to e’éﬁﬁl’@h"thlifé basritem dxopbilized: dnpbred [under arpguume o8 @3aitértupon some of
the pargneters ﬁﬁ@s%ﬂér@% ef;l;myaﬁsyé gas fbn e SRGEITRBH: MGt} yen [0 Tabl e
12. 10 Results (See Table 12, be These results confirmthe previous
results and |ndllg,fmreﬂltmwﬁlahl@eblegﬁse@dmoamtfm:@m@g@mqgmlmdﬁam ated to a
dose sufficient to provide 4.5 log, o reduction in bacterial count.



15 1t is contenplated that future experinents will provide simlar results
for platelet. Thus, with little or no additional manipul & AHG 2K€ wi t hout
the addition of extraneous materials, red blood cells can be treated by the
present process to provide a bacteriologically safe product, thus further

reducing the risk of untoward reactions in recipients. p ~ ~~~~ 2004 -33
wa-mHbUOLt ObwOOUWHNUDbLbOOO7b OOM<t ~O~"? ~,-. Nuvt
NMNMO1L OVIVMWtOM O ~M~ " n N O- OV N~O ~nM OvN W ‘
‘W-OOM nt ~' ~cyrovMN -ttVIO-MMOM NO N ~ N |~ M-Nvo , ~v. -oM dN
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The ionizing radiation employed in the present invention may be any
ionizing radiation effective for the inactivation of one or more biological
contaminants of the biological material being treated. Preferably the ionizing
radiation is electromagnetic radiation and a particularly preferred form ofionizing

5 radiation is gamma radiation.

According to the methods of the present invention, the biological material
is irradiated with the ionizing radiation at a rate effective for the inactivation of
one or more biological contaminants of the biological material. Suitable rates of
irradiation may vary depending upon the particular form of ionizing radiation and

10 the nature and characteristics of the particulal; biological material being irradiated
and the particular biological contaminants being inactivated. Suitable rates of
irradiation can be determined empirically by one skiiled in the art. Preferably, the
rate of irradiation is constant for the duration of the sterilization procedure.

According to a particularly preferred embodim.ent of the present invention,

15 the rate of irradiation is not more than about 3.0 kGy/hour, more preferably
between about 0.1 kGy/hr. and 3.0 kGy/hr, even mofe preferably between about _
0.25 kGy/hr and 2.0 kGy/hour, still even more preferably between about 0.5 7T

kGy/hr and 1.5 kGy/hr and most preferably between about 0.5 kGy/hr and 1.0

kGy/hr.

20 According 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 most
preferably at least about 30 kGy/hr.

The biological material is irradiated with the ionizing radiation for a time

25 effective for the inactivation of one or more biological contaminants of the

| biological material. Suitable ionization times may vary depending upon the
particular form and rate of ionizing radiation and the nature and characteristics
of the particular biological material being irradiated and the particular biological
contaminants being inactivated. Suitable ionization times can be determined

30 empirically by one skilled in the art.
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Optionally, an effective amount of at least one sensitizer is added to the
biological material prior to irradiation with ionizing radiation.  Suitable
sensitizers are known to those skilled in the art.

According to methods of the present invention, the irradiation of the

biological material may occur at any temperature which is not deleterious to the

biological material being treated. According to a preferred embodiment, the

biological material isirradiated atambient temperature. According to an alternate
preferred embodiment, the biological material is irradiated at reduced

temperature, preferably at or below the eutectic point of the biological material.

C. 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 those skilled in the art and are fully within the spirit and

scope of the present invention.

Example I - Sterilization of Blood

A 200 m! bag of one day old packed red blood cells was used. Ethanol
was added to the cells in order to achieve a final ethanol concentration of 0.01%

v/v. The red blood cells were diluted by a factor of one in ten using a modified
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Citrate Phosphate Dextrose (CPD) solution having a pH of about 6.4 t0 6.7 and -

having the following composition in a total volume of 500 ml:

Citrate Acid Monohydrate 0.2g
Sodium Citrate Dihydrate 27.3g
Sodium Monobasic Phosphate 2.2¢g
Sodium Dibasic Phosphate 1.0g

Dextrose 3.2g
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Exanple 13 In this experinment, the protective effects of certal

stabilizers were evaluated using |yophilized anti-insulinnonocl onal

ant i body exposed to 45 kGy 5 of |ow dose gamma irradiation. The stabilizers
tested were: sodium ascorbate, nethionine, and lipoic acid. Method In 2 m
-glass vials, 0.5 nm total volunme was |yophilized containing SOEcg
‘anti-insulin nmonoclonal anH body, 5 ng bovine serumal bumin (1% ‘and either
10 no stabilizer or SOrM of the stabilizer of interest. The sanples were

st oppered under vacuum Sanples were |§radi ated with gamma radiation (45
kGy total dose, dose rate 1.83 kGy/hr,"tenperature 4 C) and t hen
reconstituted with t Ant i hody. bi ndi n ctivit dent

dupl i cate sanpl es %fgtwere gate macos%e?faagr &eéﬂu\é lnbardb crﬁ 96- wel |
mcrotitre pl a:toa&uméraecabalattseckodzﬁe macter Mirgdiftiond wds @nSE@tanﬁem msaml in antigen.
Three-fold serlal d|| o] anti. |n.suI|n nonoc¢l ona nt| sanpl es -
starting at SEREIH® dvvereqﬁggels Sl adREt i dae %u(rzg?l‘]‘rﬂnga alli)edoci-y

phosphat ase usagraim&€y nddythr. Siftgntae ﬂr&dxammmmélepétbblpbthtﬂlswe@ubstrate was
used at_1 ng/nl_in in i Vit r

absor bahce at AGEYE 6’131‘3%'2"68%76%??11350 g“r‘é‘i(‘:be%;ﬁ?‘éﬁx %ﬁh%fletr%rcmoﬁeg‘ by

estimati ng t hecshrolfsbmpla, cbinmnhgd}ﬂpactlaedmdbhbd/@ll(ﬂhat@qerecmrmmmdmtﬁuﬂmn of ant i body
needed to observe the.s nt of he irradiated sanple
cormpared to aniNP bﬁrsﬁrbtiegﬁgsgg' lfévaéfm ghﬁ'ﬁ rr}g?déa}ti? 50% of the nmaxinum
absor bance signal fFRoor dableaﬂa:mhb irtdiadbregtocairp tie: dildled Rals wetesesteddor~ A~~ ~~04
-36 Lyophilize nt ainin abi l.j zer .r et ai of anti body
avidity fol l omh%?ﬁ“as ir’T‘Ir)" s oRpe “t&%‘“‘ii'%f/mé%ﬁ%’?ﬁe ppyn %?‘*'oﬁ. hisisin
contrasg- to prmntrammplesoﬂsts&dbﬂblmfﬁimtﬁésah-@joag)sfsﬂgaammmlmitidtdn dest royed

essentlally aII th activit o) lLin irrradiated in
(sol ution. Thus™ t“{’ e Eadiggi ‘r@ﬁ’ lt%m‘?%tgatgg'ﬂﬂ%'ta?%‘ﬁraé‘ﬁmﬁe2{] B wat er
content by | yoplhod ¢ellh 0 mt Signidesits hignitid xelatatblqmﬂmtﬂeeﬁunonTI&rplatelst own protein.

The addition of sodium ascorhate vid recov ctivity after
i rradiation of ccf“ﬁ’eangg?%eft%cm ﬁ%ﬁﬁ%hélﬁ? g‘ﬁlbthf’ Foblgr g‘%‘@?"&"’ &ﬁ%evl ded
significant reedweay sofl witinithd ﬁgge(ﬂ?a@rs&@é}ﬁm @cfnnalcddm«bloyd afledevel 6ff adi at i on as

conpar to the 10 unirradiat | e. res |ts ar in Figures 1
and 2. ?%xarrpl eheropg] “’t‘ﬁ?s‘?‘ tg con ‘ﬂé“ tg?t P E eﬁsz%ﬁ% certain
stabilizers wega 13&&&@@@:@&@@ Thyaphsd évmﬁheaajrtheimfddmmﬂmnl onal

—ant i-body- exposed t0::45 l-ow-dose i-rr.adiati ~The. stabi-li-zers- -... ..
tested were: bﬁﬁ?&g‘%ﬁ{ ‘é’mﬁylt%wgﬂetelg e‘if&/%rf’\??‘f‘? ,P‘ﬁﬂ?glfeﬁtw? Bhe and
m xtures of ur 84 RGY bp taaiatiah didane aEsnad ﬁleLU’oﬁlb&iehfsQif(Mbod Nz@ttﬁoﬁ'eielﬂt 3 m glass

vials,1.0 m total, volune was |yophili cont aj ni 0 -insulin
nmonocl onal anthB‘?SiHE‘f Tﬁeeelﬁg”e d%“i"r?@“’g 3&&?%“5 ”‘q’gﬁ'la]f%}z(’gh(g & ther 20 no

st abi | pger or phemsirabialiéz®livedd 4t Aley st ratclie kSampl es’ wer e st opper ed under
vacuum Sanples were irradiated with gamma radi ation (45 kGy total dose,
dose rate 1.83 kGy/hr, tenperature 4C) and then reconstituted with LO m
wat er. Anti body binding activity of Taadependent duplicate sanpl es was
determ ned by a standard ELISA protocol: Maxjsorb plates were coated 2S
‘overni ght with Qopp&ghel i nsul i piudiaigeBloodh[ €enfrallRloaeri al dil utions of
anti insulin nBQ_sanples starti 19 at pug/m /\gré%jrlégsd. Goat anti-nouse Ig

White Blood Celis

Red Blood Cells 3 Mi/mm’ 7.2 Mi/mm?®
25 Hemoglobin 42 g/dl 21 g/dl

Hematocrit 46% 64%

Platelet 1 100 k/mm’® 120 k/mm’



0 ~ @60 -37 conjugated to phosphatase was used at 50 ngl M@i’ggﬁ@?
activity was determ ned by absorbance at 405-620nm Rel ati { i on was

determ ned using a parallel line analysis software package (PLA 1.2 from

St egmann Syst enberatung). 5 Results Lyophilized sanples containing no
stabilizer retained 70% of antibody avidity following irradiation with 45
kGy .ganma irradiation. This is in contrast to previous results in which 45
kGy of ganmma radi ati on destroyed essentially all the activity of

i mmunogl ubulin when it was irrradiated in solution. Thus, it is 10 apparent
that the reduction in residual water content by |yophilizing afforded
significant protection on its own protein. The presence of sodi um ascorbate
i ncreased recovery by 20% i.e. such tifat there is 90% avi dity recovered
after irradiation. The remaining stabilizers resulted in recovery of 77-84%
of avidity. ThEXPEEGf ¢ Stegfizatian 58 gures 3A15 3C. Ekanple IS In this
experinent, the protective effects of primary |Iyophilizing (which | eaves a
relatively "high mpisture" content in the roductéiangaseconda y _

| yophi |'i zi ng (whi cHPFEe Psliqese) cRMBaTe folpens areaist 1y W“’FW’{mi sture") on
the 20 sensiti ¥ioky@hteand i@ aéiiiidh, id et Qe nME hfpodBt@iianeglashet hods 1 n 3
m glass vials,1.0 m, total valune was |yophilized containi.ng I OOUg
anti-insul i n nEwaedendarenahtiplyinend tf@ﬂ%e%m’?ém@@ﬁmw%{fﬁﬂh&m % and

ei t her 518 Stngieiééﬂ{ EliitithQvSIélMlo& godi me Q%g},ba{dg-MaTtﬁlﬁal‘é‘arfEh% \évere (
stoppered under 25 vacuum Sanples were irradjated wt radi ati on (45
kGy total dosePbaggagrecia,p.l,2609) Dextrossas alseithe neletirdspuree ?f§arg%2¥m3%tel3 kGy! hr,

tenperature 4 i QarcARnkthiBéh LGRAS (THNGEK Mdek) HlevndiEdRLMVerck\8s | body
bi nding activity of independent duplicate sanples was dg%/é[?r? ed by a
standard ELI SACHr BEdEB): 2ol Madpdpe  Extpaddhatmpacgpeciaht b8 iYht with

2. 5Ecg/ M i nsubioRe aFiicaRis, tHd eR@osk At tetariBikedtickodd hs@N Stefifizalibd bf NSUl i N MAb
sanples starting at 5~g/m were used. Goat anti-npuse Irg conjugated to

phosphaf ase walSXFeECORFINGE REIRTS Bi SFAFAY HOPF Vit Pedhade ié"ﬁ‘t§1‘1rr_i_:”r1_ed by
absorbance at 4QRIKAM MmBRSHelyS tHesOmbthodsRvabsa R widegtabit | zer, there
was better recovery of the anti-insulin mAb after irradiation fromthe
sanpl es that hepmEadPEBRecRHEREseHerFyultpgine plprehanee! ResEHYT cycle, le. a
| ower total mopgidihdidXie Markitobdtt: 7PI8NC SaifnadrRila0h bfighRbselnaPr oved
recovery.. In the presence of the stabilizer, however, there was very good
recovery 15 of aatherbiagredie degreresaguese-amigine sopigei (B EVaHDL Fid espect | ve of
whet henst he sanpligbAthdbder @R D-§1B& s ARedbbicliabidii s44r " drying
--cyel-e-or-had -al so- undergone -the secondary "l ow.noisture”. drying.cycle._.The. .
resul ts of thi Siok&hers eaiodTd) dhewtim ters i nged Brametndhyr@ siesilize 20" 1n this

experinment; thge,Rbel&alintS: Rddues thaoed MR BPrdde HlePLIBAMAS 1RReRddEd
stabilizer on the activity of Factor VII| was déterm ned. The stabilizers

tested were; s8@ipmrhlemsces thparrior adgrdeprapsgsalton wagirested agrorhngigtthy t r ol ox

i xtures; . ascopRabebihabRidf QlOXoiMabiildu@s; uratel trol ox nixtures;
ascorbate/urate m xtures Methods 0 ~ ~~ 200 -39 Sanples were _|lyophilized

and st éPpered underAvie srrossapisfien Wae isadizted radde HouRr: t9h AL r adi at i on
(45 kGy total daseimiese EQYE. Jalr kfdaiibn, thepRetalml Rsidd fd @Rds t hen

reconstituted with wateér. Measurenment of Factor VIII activity in the -
‘sanpl es was def@ndihsthereivag ng yisibla lighbspertoim rhsgesassapraied RhePns MLA El ectra

1400C Aut omat i ¢ G0RAUOAkI0 ThARREY 4R presBRSHLth& LA HeRBrADASRARLRE 2
stabilizer, there was good recovery of Factor VIII activity after

i rradi ation of products thairepingegrosanpl e (69-88% of unirradiated control). In

the pregence of a s{aPiios %S theldBEVelexPRiinct, TrdsR soluBGR\E Y, Bfa SAptor VITI 10
activity after irradiation (69-89% of unirradi ated control). The

conbi nati on of dextepseatserkiinzadiatedriel 2F Gy hyer B¢ hewss atteohientlempeseteipi d881 a recovery
of Factor VIl ,Q t?&érw@ﬁ%gé 10 A itk o] i &Qgﬁhﬁﬁivm@ b wérs 0di UM
0

ascor bat e+l yophi |1 zi ng: recovery; trolox+lyophilizing: 84%recovery;
and sodi um or atobtained yopb Hethinsiratest 2 8@94lete Thesneeeafithe geakirat 28héwme fon Fi gure. 5.

15 I;xrnple 17 "furfural" as per U.S.P. TIn contrast, dextrose samples sterilized using an

30 autoclave contain the 283.4 furfural peak. "Furfurals” arc carcinogenic.



In this experinment, the protective effects of certain stabilizers were

eval uated using liquid or Iyophilized antithronmbin 111 (ATEEI ki}63#8&ed to
25 kGy of | ow dose gamra irradiation. The stabilizer tested was sodi um
ascorbate (200 m-. 20 Metl:od ATIII was either irradiated alone or in the

presence of ascorbate as a stabilizer. Mxing wth the stabilizer was
acconplished by either: (i) mxing the ATIII and the stabilizer as |iquids
and then |yophilizing the m xture and stoppering under vacuunm or (ii)
mxing the ATIIl and the stabilizer while both 25 were dry powders (i. e.

after each was |yophilized separately). 0 ~ ~~.~Q004 -40 After
irradiation (25 kGy total dose, 1.8 kGy/hr rate), the Iyophilized powder
antithrombin 111 (Sigma A 9141) |ot 113H9316) + ascorbate was reconstit ut ed

to a concentration of 40U mM wth water. Follow ng irradiation, both the
liquid and rec&n@tr'e & Sqrifisafion siumenyerpmAleymisl es (+ ascorbate) were 5
then diluted to 20 Um in water. Thronbin (IUm) and heparin (800 U mn)
solutions in water were prepared. In a pre-chilled 96-well plate assay,
2-fold serial diluthomal Semm pumdy, jygs dgadiptsdeasyd 29%r @ PoRepari n (25ul
- of 800 Um sobdshiicaRd a Rfal Wak 8 23185y AedRhol8 uREHGHRLAcel Dot {caved by _

i ncubation at 37C. Thronbin (50ul of ITUm 10 solution) was added, again
fol l oned by i nEGBERTERYSOWSy i thif drFrme)- | Bodyransratis vAbIN cetiBled ate in water
was thep addedgfddgnRd inGARERMVu Al ROmStEd HHNES EtfheV\Bs1di8P Bz hbumid ol | owed by
incubation at anbient tenperature. Activity was determ ned by nmeasuring
absor bance bet S@gienars aproRmrisly 35 edbe F‘?%lg‘ of SIPLGVGnRlYSIS a5 SiYeRER addi ti on.
15 Resultr Liqgghgle AT Il lost all thrombin inhibitory activity in the
absence of a stabilizer when irradiated at 25 kGy ofl ow rate ganma
irradiation. The presence of sodium ascorbate, however, maintained 55-66%
of liquid AT I'll activity follow ng t4gadi ation. 20 Dry powder AT IIl |ost
only 43% of activity in the presepce of a dry, powder stabilizer when
irradiated at 25 kGy ofpalaétdlose QammgRedol (0@ Pikdjated@sy esul ts of this
experinment are sho T T T Exanmpte St thisexperi nent, the

prot ectlPve effect of ceFelaimer  stabilize?s on the 253activity of |yophilized
anti-insulin nonocl onal ﬁﬁteirbody yas determ npd. Thg stabilizers tested

wer e; sodi um ascor bat e; holox/ urafe/ascorbate} m xtures; N acetyl cysteine
and gl ut at hi one. 0 ~ Momor#904 - 1 Metdgods Anhti-irgsul i n nonocl onal

anti body supplenented with 1 % of human serum gl bum n (and, optionally, 5%
sucrose) was | yophilix@Masessper edundet vacuum and3irradiated (total dose
-45 kGy;--dose rate. bet weekeightg3 anfl 88 ~kGylhr). 5 Antihody.binding.activity. ..
was determ ned using the standard|ELI SAqgprotopol dggeribed above. Results
Irradiation of |yophilized anti-ipsulin mAb sppplenented with .1% HSA to a
dose of 45 kGy resulNBdmuwt - 28)ef age kbsés of | avi ditt.y of about 33% The 10
, addition of the followi ng stabilizers significantly inproved recovery:
20mMM sodi um ascorbate (100%.r ecover ﬁ?; 200] ~M trol ox/ | . SmM uratel 20 nv
ascorbate (87% recOBErFsults demopsirate. Noard) Humgnteaym Alpmingpeafely ks y) and 20 mv

irradiated to 25 kGy (at a rate of approximately 0.7 kGy/hr) at room temperature

without adversely affecting the essential properties of the protein. This has not

20 been demonstrated before. All other attempts at irradiating serum albumin
require that it be irradiated in the frozen stage. This adds to the cost and difficulty
of doing the irradiation. '

Example 4
Normal human blood from a healthy donor was taken in a heparinized

25 tube, washed three times with standard CPD solution, then diluted 1:20 with CPD
containing 0.01% v/v Ethanol. This latter solution of CPD with 0.01% v/v



gl utat hione (76% recovery). The addition of 5% sucrose to the |yophilized
mMAb containing 1 % HSA 15 resulted in an average |oss of avidity of about
30% when irradiated to a dose of 45 kGy. The addition of th& AULIPE ng
stabilizers significantly inproved recovery: 20nM sodi um ascorbate (88%
recovery); 200,ceMtrolox/1.SnM urate/ 20 nM ascorbate (84% recovery); 20
mM N-acetyl cysteine (72%recovery) and 20 nM gl ut at hi one (69% recovery).
20 The results of these experinments are shown in Figures 7-14. Exanple 19
In this experinment, the protective effect of stabilizers (ascorbate) on the
activity of lyophilized anti-insulin nonoclonal antibody was.determ ned
when the 25 sanple was irradi ated at 38h' gh dose rate (30 kGy/hr). 0~ ~;
~~ ~~n~ -42 Methods Anti-insulin nonoclonal antibody was |yophilized and

irradi ated at rat i,.oody bi ndi ng
activity was d {h%'l’%ls c@@"%@%@e’“@’%@%‘?ﬂe E’E? %‘5“%%/ Oquas egeéérll bed above.
5 Results |rradibad mmnedaaﬂeg(&p&lfﬂeneﬂtedbs&rﬁp tol A8SkChyi Wefrﬂﬁ)hbm'sat tose of 45 kGy
resulted in an_aver \}Joss of .acti LV %{5’ algout % e ad t| on of 20mMM
Sodiumr ascor BRPERHG TGS FepeRPER Ry N i pptneEy M SRR o

uni rradi at ed S&m@aﬁdsliﬁh@m@.ﬂdrﬁr&hﬁfeemdrﬂﬂuﬁsgpm&eéxﬁemn&ﬁbaﬁ(aﬁpl e 20 In
this experinent \tk/a ed thronmbin was irradiated in the presence of a
st abi | izer. I\/Eferﬁ’?)’aéldLg e rate sanples were ganma irradiated at anbient
tenperature at 15 a dose rate of 0.326 kGy/hr for a total dose of 45 kGy.
Hi gh dose rate sanples were gamma irradi ated at anbient tenperature at a
~dose rate of 30 kGY/hr for a total dose of 45 kGy. Follow ng irradiation,
all sanples were reconstituted with 500 ~d of 50% gl ycerol solution to a
concentration of 100 Um and then diluted to 0.5 Um. 20 Thronbin
activity was then determ ned by a standard chronogenic assay utilizing a
SAR- Pro- Ar g- PNA substrate. Thronbin Vmax and Km val ues were determ ned by
Sigma Pl ot 2000 using the singular rectangular hyperbolic fit equation for
‘each averaged set of ~ ~~~ 20Q -43 data. Thronbin activity was al so
determ ned using a clotting tinme assay perforned on an MLA 1400C anal yzer.
Results The cal culated Vmax fromthronbin irradiated at 30 kGy/ hr at
anbient 5 tenperature was 0.216, as conpared to a Vmax of 0.287 for its
unirradi ated control, indicating a 77% recovery of thronbin activity. The
cal cul ated Vmax fromthronbin irradiated at 0.326 kGy/ hr at anbi ent
tenperature was:0.189, as conpared to a Vmax of 0.264 for the unirradiated
control, indicating a 72% recovery of thronbin activity. A clotting tine
-assay- 19 perf-or fred on the-1ow -dese-sanpte yielded-a 74%rel-ative potency—
conpared to the unirradiated control. The results of this experinment are
shown in Figure 16. Exanple 21 In this experinent, an |gM nonocl onal

antibody specific for marine 1g& 15 was irradiated at a | ow dose rate in

the presence or absence of a stabilizer. Method U Liquid rat anti-marine
| gG nonoclonal 1gMantibody (in a PBS buffer with 10 nM sodi um azi de;
concentration of antibody was 666 ng/~1) was irradiated at a rate of 1.8
kGy/ hr to a total dose of either 10 kGy or 45 kGy. 20 Sanples either
contained no stabilizer or a stabilizer m xture containing 20 nMcitrate,
300 uM orate and 200 nmM ascorbate. Antibody activity was analyzed by
‘standard ELI SA protocol using marine 1gG as the coating antigen and a
phosphat ase- conjugated anti-rat | gM detection anti body.
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d and liquid) were analyzed by size-exclusion col um

gel 4000SW1 30 cmx 7.8 mm elution buffer 0.1 M
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the irradi ated sanples that had undergone only a primary dryi ng cycle. The
addition of a stabilizer increased the recovery to 86% Tha& AésS il of this
experinment are shown graphically in Figure 19. Exanple 25 20 In this
experinent) the protective effects of certain stabilizers were eval uated
using liquid I'VIG pol yclonal anti body exposed to 45 kGy of ganmma
irradiation (1.8 kGy/hr). The stabilizers tested were: sodi um ascorbate and
a m xture of sodium ascorbate. and N-acetyl cysteine. 0 ~ ~~1~ 2a0 -47
“Results Irradi ated sanpl es containing no stabilizer exhibited the follow ng
| osses in activity: 1 log with respect to rubella; 0.5-0.75 log with
respect to munps; and 1 log with respget to CW. Irradi ated sanples

cont ai ni ng sodi um ascorbate or 5 a m Xture of sodium ascorbate and N acetyl
cysteine as a stabi}hlLz8f LXNLHLLE i LVl hen npared to

uni rradi at ed cont ro-lllhg. The ré@%t gm‘[’c:#?"sljfeﬁlggnAé’)%f)%ﬁslf%%?ynare sf%gn graphical ly
in Figures 20-26. BhafglosvimghThexpemnpwy (Eramlesfas aaEBivgresgndwtedxani ne t he
effects of pH . i [Fe[UTa gy ilized)
irradiated in -@ﬁé&g@gég?@g&g%@g%gféfbl r%ﬁeog g%%ah%%@c%% f%ar‘)t{%%gsodi um orate
or a m xture tbesddhpachixainpld thercold wers gmflartyOgEatetd) i theseesperinzgms) wi t h 200 iV
sodi um ascorb r i r e qf 35 .mM sphate buffer at
vari ousgpl-ls. %%ﬁqﬂ%%tggﬁggﬁﬂ%dn%e}e@?\l/\%rngafﬂrqéilerlsdo%fé?ag& R 'tPﬁlptgert Otal dose of
45 kGy gammma r thelibirdienperiatentExantpde f th@ cdli©ptidaplacddas Uikt S8asHire ptoysiphi | | zed
irradi ated sanpl.es ¢ i_ni odi um ascor bat e, exhi bi.t ed recovery of
Zbout 8- 9096 oReiie siing aied afteBBF e LR RORLE LR Rk DY ETY 50

i ncl usi ve. Thethkicepmifiige rubagli liteach sanpheesllc eat dirafing! 8 adiostmagsor bat e

exhi bited a regover f 65- 70% of urokinase activity across the pH
range 5.5-7. 8.&%502@{%%{19?2&3&'{1 his experiment are shown graphically in
"Figure 26. 0 5 ~~1~ 2064 -48 Having now fully described this invention,
it wll,be und t t.hase rdi nar killl in the art that the

(ret hodio of theﬁ%ar%" ggﬁf&‘?ﬁ‘%zé’%s’f‘(’fﬁ‘f”c’gﬁ’"f)“é””é%‘?’r?’f’%d out with a wide and

equi val ent range of conditions, formulations, and other paranmeters w thout
departing fromthe.sc of the. inventio an odi nen thereof. All
‘patents and publ i ce@’fg{ﬁfs%w&l X Sremyeapee eerne"%lélt?%ﬁ)ﬂg |ﬁs‘ cfﬂplﬁ(s%rat ed by
reference in téigectivesntirety. 05 AUG 2004 49 What is clainmed is: 1. A

thod f duci ng the. | evel tive_ bi ol ogical '
pat hogens. i n a t1 sdue.  A4FYIHE Re BNl Pebrg i RARETEh sl o 11 ssue

at | east one s{RHMils).i zer selected fromthe group consisting of ascorbic ‘
~-aci-dr—spdi-um-ascor-bat-e; . manni -~--t.r-ehal ase.-.di-pet hyl sul f.oxi.de . (DMSO) . -
but yl a?%dhyr oxyt ol %ne RS |érr%“ttﬂﬁ§’/tfcivﬁﬁﬁﬁtﬁvé%,° e@?‘)ﬁfsﬁ'i one, lipoic acid,

. 6-hydroxy-2,5,7,8 tetramet hyl chroman-2-carboxylic acid (Trolox), uric acid,
al bum n, histidi n_e,My-hgacetyl cysteine, tryptophan, N-acetyl-tryptophan,

met hi oni ne, cysteine,” or N-tent-butyl-al pha-phenyl nitrone; 10 and (ii)
irradiating said tissue wwth a suitable dose of gamma radi ation erfective
to reduce the | evel, .of,,active.hi ol ogical.,.cont am nants.or gens in said
tissue. 2. The net ﬁ%lgalgfgd%io%a&tfcoiﬁhea?egﬁ 1F%O(i%‘hvemst P@%‘ﬂeedslﬁcs’mhaglr ti ssue. 15 3.
The net hod of @Eraegati®s devver Eharbldddevas aentkifigegisand thesplsselaees eshdvedm t he gr oup
consi sting of n dem neralized bone mat.rix, . qint fepurs.. fenoral
theads or teet hJ.PlQ‘I:4.%nTL a@r%a’ t‘Fggéto‘?aséf Sélf%n%,g 1grmeli o% t{']ehépl? ibE%reanPs soft
tissuez2d 20 centrifuged. This washing process was repeated a total of three times. The final

=t
pa

pellet was resuspended in 40 mi of the SCPD buffer, and distributed into plastic

tubes in 2 m! aliquots, with 16 separate aliquots being retained for further
manipulation. For 8 of these tubes, an aliquote of HTLV-I{IB was added. This

isa laboratory strain of the HIV virus and 100 tissue culture infective doses

25 . (TCID) were added to each of the tubes to be infected. For ;che remaining 8 tubes,
a "mock™ infection was performed, by adding a small amount of non-infectious

laboratory buffer, phosphate buffered saline (PBS). Four infected and four non-



5. The method of Claim4, wherein the soft tissue is selected fromthe
group consisting of bone marrow, |iganents, tendons, nerv@s$ MG A0Hrafts,
heart val ves, cartilage, corneas, arteries or veins. 25 6. The nethod of
Caiml, wherein the tissue is a conbination of hard and soft tissue. 7.
The nethod of Claim1, wherein said tissue is at a tenperature belowits
. freezing point during irradiation. 30 8. The nethod of Caim1l, wherein
said tissue is maintained in an inert atnosphere during irradiation. 9. The
~-method of Claim8, wherein said tissue is maintai ned under vacuum during
irradiation. 35 05 AUG 2004 50 10. A nethod for reducing the |evel of
active biological contam nants or pathogens in a protein sanple, said
met hod conprising: (i) adding to said2rotein sanple at |east one
stabilizer selected fromthe group consisting of ascorbic acid, mannitol,
trehal ose, di mBtFAAIHeE BeTeTFRRIETRASO e N5RRESH APERPHIPRES0YL 1BE rEREINGESHT) |
di met hyl t hi our @es @ irddcRiaQR®sou) doRGhfEct@ Wee handled in an identical manner,
6- hydr oxy-2, 5, 7, 8t et r anet hyl chr oman- 2- carboxylic acid (Trolox), uric acid,
al bumi n, ~ hi st i §¥§e! thaythey tein nopspbicgted 0 the prggstsophan, N-acetyl -t rypt ophan,
net hi oni ne or N-t ent s{yidte v@ieR Bar 22 e BYdindtd of 8R8ud R Adedatatdalipidi 8l ati ng sai d
protein sanple wth a suitable dose of gamm radiation effective to reduce
the levél of ablordevasi tzigdclom dbhdanarnatiis Yot Ppsesishéhdie; dinical d protein
sanple. 10 11. hJRQoIBE) IBQAxOY affd R heMIPAPIE: po@bithe Bl HeQivAscBAOPI € 15 at a
tenperature below its freezing point during irradiation. 12. The met hod of
Clai m 10, wher &sHlts Wee 5ermpassdrio sens| testing ol study Alidrotsnwhigh insded at nosphere |
S during irradiafhfbn ofkdur prodsdBh DR Wibrotls@ldBntdes, MFWAIA weReoPr Ot € N
sanpl e is maintained under vacuumduring irradiation. 20 14. The nethod of
Cl ai m 10, wher &fertedrethiildt ei n sanpl e contains one or nore proteins. 15. The

met hod 1gf G ai m 14, AWBehel dobhe ofdatl &tk ihiScte P bdniiélivas tBBHAGH! obul i n,
hor mone, grow h factor, anticoagulant, clotting factor or conpl enent

{protein. 25 16onWesonveierrsalldMGE) whigh hal beoyrbrained threpdags eprlier-nbhesact or i s
selected Trom LAg gl SiRa ARSI ROOT Rl BicbiEh] Mitn FOORKAl calsbornrad o7V, Factor
VI, Factor VlIla, Factor VII1l, Factor |IX, Factor X, Factor XlIl, Factor
XI1la, Von W loter additivEntrenipilinFptpptomyein, Eiteming 9pdHEPES bufferpalaeg hod of d aim
15, wherein the.i Ui | r : I

i mmunogl obul i n?“%%%ﬁ?%?‘t 2g;&@‘%}#%&gé@%ﬁ?g&ﬁ%&g@m@%, wher ei n

t he i mhnogl obashypsndereini figsh ogdiwsb WitnlG2 (Al obs| ewrueF Woasunogl obul i n

A, | MIUNOGT ODUb bl ol Xt CRvOGEER] - dFichbe HENG R ARMnPUal 3l M 14,

——wherein the protein is selected fromthe group consisting of protein C_

protein S, al pharvastedientharpsppnsement oW a24anpgesiaevals ommisrdal EbISA kithepar i n,
insulin, butyl coufed FRbHG, ﬁ%%é_h Cf‘i?kdrﬁf%%e%&e%_%mwr%wm streptol dnase,

ti ssue plasm nogen activator (TPA), erythropoietin (EPO, uroldnase,

neupogen, anti t hr onBispragate Aigpeie! G gighispigetesbstsly samplemivas usaldor viigk et hod of
G ai m 14, wher ginbid GGl Bribfy, REQF HEEIPKIAEHURI AL JREDRgS . 21. A
met hod for reducing the | evel of active biological contam nants or

pat hogens i n plfagiydranging ey 163ail @5 480 e s qgddn fiplicgte 1o Ydfthg to sai d
pl asma or ser umg.ag,d, Eue%ﬂﬁlm?%l@t@é.ll’}ﬂﬁgtirﬁﬁitﬁfﬂd@gwyegﬁﬂehlf@ea% QHp consisting
of ascorbic aci 3 sodi um ascorbate, mannitol, trehal ose, dinethyl sulfoxide
(DVBO), 10 but yi milberhseHoing 1 FuleremgdBiag yith Hi-He vinpliquet ofthesaperetant at hi one,

l'i poic acid, 6-hyfl , . ;Qﬂﬁ{k 3 iy aci d

(Trol ox), uric aci &%éﬁ“ﬁﬁeﬁ“@*ﬂ@‘%ﬁ%@% ar ety %;ag%{ﬁgﬁei}%%{%pt ophan,
N-acet y&5- t r ypt ophantigemisvdis. dnwelbwasgyaedss frositive” iNhe¢ HFY piuantigenaklpha- phenyl
nitrone; and (i&a)s>i3r0r?%lat ing said plasma or serumw th a suitable dose of
gamma radi ation effective 15 to reduce the level of active biological
contam nants or pathogens in said plasma or serum 22. The nethod of Caim
21, wherein the serumis fetal bovine serum 23. The nethod of C aim 21,
wherein said plasma or serumis at a tenperature belowits 20 freezing

poi nt during irradiation. '



24. The method of Caim 21, wherein the plasnma or serumis nmaintained in an
i nert atnosphere during irradiation. 25 25. The nethod of C aim 24, wherein
the plasma or serumis naintai ned under vacuumduring irradiation. 26. The
met hod of Claim1l1, 10 or 21, wherein the concentrati on of 5h§%§§t@wé| izer is
at least 20 mM 30 27. The nethod of daim1, 10 or \% 7
concentration of the stabilizer is at |east 50 mvl 28. 'The method of Claim
1, 10 or 21, wherein the concentration of the stabilizer is at |least 100 35
.mv 52 05 AUG 2004 29. The nethod of Claim1l1, 10 or 21, wherein the one
or nore stabilizers is DMSO. 30. The nethod of Claiml1, 10 or 21, wherein
the one or nore stabilizers is mannitol. 5 31. The nethod of Cdaim1l1, 10 or
21, wherein the one or nore stabilizer®-is trehal ose. 32. The nethod of
Claim1, 10 or 21, wherein a conbination oftwo or nore stabilizers is added
to said tissue, proTkdvirabaEpha caltulbdsiasrdiag to3hd Spigarmh0 Kather thbodret hod of

Cl aim 32, wherein nor e s abilizers are, sel ec d fromthe group
consi sting of M%’ﬁﬂ?? mt8?‘° PRt I%@%?heﬁlo Wod of O aim 33,
where the two or nore stabilizers are DVSO and rrannltol. 15 35. The net hod
of Claiml, 10 or 21, further c risi o cting the tissue, protein
sanple, plasma or serumw th on ?‘kﬁﬂ&% éﬁéﬁltlzers. 36. The nethod of
Clainms 1, 10 or 21 wherein the tissue, protein sanple plasna or serum
cont ai ns one or ﬁl r.esi. dﬁ}gl4 solvents. 20 37. The nethod of C aim 36,
wherein the residualt86f GBI 4s water. 38. The method of O aim 36, wherein
the restdual sol venkk:ideseasf highgediltiosol vent . 39. The method of C aim 38,
wherein the organic,solv i el ected fromthe group consisting 25 of

et hanol , i sopropanof’ SB?CES’SH"S?@}%@ f¥e glycol. 40. The nethod of O ai m 38,
wherein the resi duah.rﬁlﬁibwaﬁtwenqmemmms reduced by Ilyophilization. 41. The
met hod of Cl aim 40, wheregjn th gjgal solvent content is less than 2.0
percent. 30 42. Ther'ﬁ’é‘flﬁgh’%f‘ eé? wherein the residual sol vent
content is less than 1.0 percent. 43. The nethod of O aim 40, wherein the
residual solvent coptent is |ess than 0.5 percent. 35 44. The nethod of

Cl ai m 40, wherein t A&4ff8si dual sol vent content is |less than 0.2 percent.
53 05 AUG 2004 45. The nmethod of Claim1l, 10 or 21, wherein the tissue,

protein sarrple or pla r serumis irradiated fo fficient anmount of
time ta% educe the k@%gﬁ"’gfelgﬁaémﬁ?ﬂﬁﬁ?re Bg RN TReA {ecfﬁn‘f WEAAPS in the
ti ssue, protei mn@aaaa&eﬁamp@&rsumu@sh&plemﬁ shennadasiegording to Caim1l, 10

or 21, wherein said irradiation is ﬁ %d at a rate of at |east about 3.0
_kGy/hour to at |east about 30.0 kGy/ g‘ihﬁ 47. The nethod of Claim1, 10 or

21, wherein the rate gof rragli s atl L easy about 3.0 kGy per™ T
hour 10 48. The nethw PER 1 ﬁ# }?/lbkr he rate of ganmma
irradiation is at | eagisepout 6.0 <G¢4_per howr.; 4839 The nethod of Caiml,
10 or 21, wherein the rate of gamm@ irradiarion is at |east about 16 15 kGy
per hodf. 50. The met Hoproegsssedlai m 1, 916 qr 344, wh&fein the rate of gamm
irradiation is at Iea?t ab ut 30 k By gggr h%rg. 204 . The nethod of Claim
1, 10 or 21, wherein the “Fot dos¢ of "ggmia”irfradiation is at |east about -
45 kGy. . A (& A() . AY( Unpﬁ:()ceét(edAC( <| | AGR.1Aq. ABOA(]. A§33A. A(. A(. Af

. AKY. AX) . Aul . . AL AL+ A(.Alc. A% A

( nprocessed-4 91.0 40.2 442
Processed-1 1334 | 378 | 284
20 Processed-2 131.5 450 342
Processed-3 128.5 38.6 303

Processed-4 1311 | 394 301

The abbreviations in Table 4 are explained under Table 3.
As described above, HIV cultures were established using 0.5 m] aliquots
25 of unprocessed and processed study samples. P24 antigen levels (pg/mi) from the
study samples on day 4 and day 7 of culture are shown in Table 5.
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a g the SCPD buffer and distributed into plastic tubes in 2 mi aliquots with all 10

aliquots being retained for further manipulation. Eight tubes were subjected to
the process, while the final two tubes were retained as control, unprocessed tubes.

After the processing, all the tubes were centrifuged, and the resulting pellet was

resuspended in 100 ul buffer. A complete hemogram was performed on these 77777

15 reconcentrated study samples. _

As in the first experiment, a separate aliquot of blood was obtained from
the donor when the study sample was taken. A complete hemogram was
performed on this baseline sample. As the study samples were re-concentrated
to 33-50% of their original state, more direct comparisons with the baseline

20 - sample could be undertaken than were possible in our earlier experiment.

Results

Red blood cell parameters for the baseline sample as well asf or the
unprocessed and processed study samples are shown in Table 7. The

abbreviations used in Table 7 are defined in Table 3.
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- 0 Processed-5 0.54 | 29 162.5 | 545 | 335
Processed-6 1.04 | 32 163.0 313 192
Processed-7 135 | 45 144.7 33.0 228
. Processed-8 _ 122 [ 45 135.8 | 36.5 269

7 There wasmacrocytosis of the cells which was present in all the processed
15 samples. Comparable hemoglobin levels were measured in the unprocessed and N
processed samples. The absolute values were appropriate for the residual

dilution. The red blood cells are preserved.
Example 7
Method

20 For this experiment, 5 mi of anticoagulated blood was obtained from the
same HIV-seronegative donor as in the first two experiments. The blood was
centrifuged, and the plasma was removed. The remaining cell pellet was
resuspended in 100 m! of the CPD buffer, and centrifuged. This washing process
was repeated a total of three times. The final pellet was resuspended in 100 ml

25 of the SCPD buffer and distributed in 25 ml aliquots, in T25 tissue culture flasks,

with all four aliquots being retained for further manipulation. Two flakes were
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L at higher volumes. On a preliminary basis, it does not appear that the process
impairs the red blood cells' ability to carry oxygen, although this should be

measured more formally. Interestingly, in this experiment, there was no
differencein cell size between the processed and unprocessed samples, both being

large compared to baseline. Comparable hemoglobin levels were measured in ali

15 the study samples.

Example 8

In this experiment, Immunoglobulin G (IgG) was irradiated in Iyophilized

form.

Method

20 The results of HPLC analysis of IgG are given in Table 9. AS the results
demonstrate, the product appears to be unaffected after being jrradiated to a dose
of 25 kGy at room temperature when the irradiation is delivered at a rate of

approximately 0.7 kGy/hr. This has not been previously demonstrated.
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TABLE9
Parameter Control (%) Irradiated (%)
Polymer {must be >2%) 1 1
Dimer 10 13
5 Monomer 88 84
Low Molecular Weight 1 2
Results
The results presented by Gergely, ef al., using freeze dried [gG showed
that a portion of the protein was insoluble after an irradiation dose of 12 kGy to
10 25 kGy at standard irradiation dose rates. (Gergely, J., ef al., "Studies of Gama-
Ray-Irradiated Human Immunoglobulin G." SM-92/12 LA.E.A.) In contrast,
using the present method at a dose rate of approximately .7 kGy/hr, none of the
protein was insoluble. This would indicate that little or no change or degradation -
of the protein occun‘ed. Further, Gergely, et al., found that a liquid formulation
15 of human IgG lost all of its activity after irradiation. In studies using the present

method on intravenous immunoglobulin (IV1G) in liquid form, it was shown that

greater than 70% of a specific antibody in hyperimmune [VIG was retained.

Example 9

In this experiment, alpha 1 proteinase inhibitor and fibrinogen were

20 irradiated in lyophilized form.
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The samples were placed in a Gammacell 220 and irradiated according to

the present process to a total dose of 25 kGy. Samples were then returned to the

laboratory for analysis. The dose rate was 0.72 kGy/hr.

Results

The alpha 1 proteinase inhibitor, both treated and control, were 40% of a

standard normal pooled plasma sample. The Mancini radial immunodiffusion

technique was used as the assay.

' Thetopical fibrinogen complex vials were reconstituted in 10 ml of water.

Protamine sulphate vials were reconstituted in 10 ml of water. Protamine

sulphate at a concentration of 10 mg/ml was added to the samples. There was

instant formation of monomer in all three preparations.

Example 10

form.

Method

In this experiment, Factors V1I, VII and IV were irradiated in lyophilized

The samples were placed in a Gamacell 220 and irradiated to various total

doses at a dose rate of approximately 1 kGy/hr.

Resulrts

Factor VII retained 67% activity at 20 kGy and 75% at 10 kGy. Factor
VIII retained 77% activity at 20 kGy and 88% at 10 kGy. Similarly, Factor IV
showed an activity level of 70% at 20 kGy and 80% at 10 kGy.
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Excellent results were found for the three Factors. To our knowledge, no
one has been able to achieve these results by irradiating the Factors at ambient
temperature to such a high dose of radiation with such little loss of activity. This
is in direct contrast with the results of Kitchen, et al., "Effect of Gamma
Haﬁation on the Human Imfnunpdeﬁciency Virus and Human Coagulation
Proteins," Vox Sang 56:223-229 (1989), who found that "the irradiation of
lyophilized concentrates is not a viable procedure." Similarly, Hiemstra, ef al.,
"Inactivation of human immunodeficiency virus by gamma radiation and its effect

on plasma and coagulation factors," Transfusion 31:32-39 (1991), also concluded

that "Gamma radiation must be disregarded as a method for the sterilization of _

plasma and plasma-derived products, because of the low reduction of virus

infectivity at radiation doses that still give acceptable recovery of biologic activity

of plasma components.”
Example 11

In this experiment, red blood cells were irradiated at a dose rate of 0.5

kGy/hr for periods of time ranging from 7.5 to 90 minutes in order to remove -

bacterial contaminants.
Method

Red blood celis were collected from a healthy donor in EDTA, washed 3
times with CPD solution and resuspended in DPC to provide a 1:20 dilution

based on the original blood volume. The cell suspension was then subdivdied

into 14 tubes. To seven of the tubes, approximately 1.0 x 10* Staphylococens

epidermidia were added. The cells were placed on ice for transport to the
irradiation facility. All of the samples were placed in the chamber at ambient
temperature and irradiated at 0.5 kGy/hr for periods of time to give total doses of
0.625,0.125,0.250,0.375,0.500 and 0.750 kGy, respectively. The samples were
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removed and agitated at each time point and placed on ice for transport either to

the microbiology Iab or the hematology lab for analysis.

Results

The results of the microbioclogy assays are given in Table 10.

5 ' TABLE 10
 Radiation Dose (kGy) Time (Min.) | Number Surviving
0 92,200
0.625 7.5 84,500
0.125 15 35,000
10 0.250 30 10,067
04375 | 45 1,800
0.500 60 250
0.750 90 0

Thus, a dose of 0.75 kGy provides a 4.5 log,, reduction in bacterial

i5 survivors. This represents a significant safety factor for blood. Further, the D10

value is approximately 0.125 kGy which corresponds well with the values

“reported in the literature for similar 5pe¢ies of staphylococcus (B.A. Bridges,

"The effect of N-Ethylmaleimide on the radiation sensitivity of bacteria," J. Gen.

Microbiol. 26:467-472 (1962), and Jacobs, G.P. and Sadeh, N.,

20 "Radiesensitization of Staphyloccocus aureus by p-hydroxybenzoic acid," Int, J.
Radiat. Biol. 41:351-356 (1982).

| In order to demonstrate that the red blood cells remained viable after the

irradiation p;-o cess, the following parameters were determined for the cells, WB.C,

Neutrophils, Lymphocytes, Monocytes, Eosinophils and Basophils. These

25 determinations merely enumerated the number of cells present, All nucleated

cells would, of course, be inactivated by the radiation dose delivered. The other
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red blood cell parameters monitored are listed in Table 1 1. The Methaemoglobin

value was unchanged from that of the controls even after a radiation dose of 0.75

kGy. This experiment demonstrates that red blood cells can be safely irradiated

by the present method to a dose of 0.75 kGy at room temperature with no loss of
cell function. )

Example 12

This experiment was conducted using the method in Example 11 to
confirm the findings of Example 11 and to expand upon some of the parameters
measured. The results of this experiment are given in Table 12.

Resulis

(See Table 12, below.)

These results confirm the previous resuits and indicate that indeed, red

blood cells can be irradiated to a dose sufficient to provide 4.5 log,, reduction in
bacterial count.

It is contemplated that future experiments will provide similar results for
platelet. Thus, with- little or no additional manipulation, and without the addition
of extraneous materials, red blood cells can be treated by the present process to

provide a bacteriologically safe product, thus further reducing the risk of

. untoward reactions in recipients,

@LOWA & ()-)
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Example 13

In this experiment, the protective effects of certain stabilizers were
evaluated using Iyophilized anti-insulin monoclonal antibody exposed to 45 kGy
5 of low dose gamma irradiation. The stabilizers tested were: sodium ascorbate,

methionine, and lipoic acid.
Method

In 2 ml glass vials, 0.5 m! total volume was lyophilized containing SOMgV
anti-insulin monoclonal anti-body, 5 mg bovine serum albumin (1%) and either
10 no stabilizer or 50mM of the stabilizer of interest. The samples were stoppered
under vacuum. Samples were irradiated with gamma radiation (45 kGy total
dose, dose rate 1.83 kGy/hr, temperature 4°C) and then reconstituted with water.
Antibody binding activity of independent duplicate samples was
determined by a standard ELISA protocol: 96-well microtitre plates were coated
15 overnight with 2.54g/ml insulin antigen. Three-fold serial dilutions of anti-
nsulin monoclonal antibodj samples starting at Sug/ml were used. Goat anti-
mouse Jg conjungated to phosphatase used at 50 ng/ml. Sigma 104 alkaline
phosphatase substrate was used at 1 mg/ml in DEA buffer. Binding activity was
determined by absorbance at 405-620nm.
20 Relative protection was determined by estimating the shift in the titration
curve (i.e. concentration of antibody needed to observe the same amount of
binding) of the irradiated sample compared to an unirradiated sample at

approximately 50% of the maximum absorbance signal for the unirradiated

sample.

25 Results
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Lyophilized samples containing no stabilizer retained 50% of antibody
avidity following irradiation with 45 kGy gamma irradiation. This is in contrast
to previous results in which 45 kGy of gamma radiation destroyed essentially all
the activity of immunoglubulin when it was irrradiated in solution. Thus, it is
5 apparent that the reduction in residual water content by Iyophilizing afforded
significant protection on its own protein.
The addition of sodium ascorbate provided full recovery of activity after
irradiation of the sample. Both methionine and lipoic acid provided significant
recovery of activity (76-83%) of activity after irradiation as compared to the
10 unirradiated sample. The results are shown in Figures 1 and 2.

Example 14

In this experiment, the protective effects of certain stabilizers were
evaluated using lyophilized anti-insulin monoclonal antibody exposed to 45 kGy

oflow dose gamma irradiation. The stabilizers tested were: sodium ascorbate, N-

15 acetyl cysteine, glutathione and mixtures of uratefirolox and
ascorbate/urate/trolox.
Method

In 3 ml glass vials, 1.0 mi total volume was lyophilized containing 100ug
anti-insulin monoclonal anti-body, 10 mg bovine serum albumin (1%) and either
20 no stabilizer or the stabilizer of interest. The samples were stoppered under
vacuum. Samples were irradiated with gamma radiation (45 kGy total dose, dose
rate 1.83 kGy/hr, temperature 4°C) and then reconstitated with 1.0 ml water.
Antibody binding activity of independent duplicate samples was
determined by a standard ELISA protocol: Maxisorb plates were coated
25 overnight with 2.5.g/ml insulin antigen. Three-fold serial dilutions of anti-

insulin mAb samples starting at Sug/ml were used. Goat anti-mouse Ig
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éonjugated to phosphatase was used at 50 ng/ml. Binding activity was
determined by absorbance at 405-620nm.
Relative protection was determined using a parallel line analysis software
package (PLA 1.2 from Stegmann Systemberatung).
5 Results

Lyophilized samples containing ro stabilizer retained 70% of antibody
avidity following irradiation with 45 kGy gamma irradiation. This is in contrast
to previcus results in which 45 kGy of gamma radiation destroyed essentially all
the activity of immunoglubulin when it was irrradiated in solution. Thus, it is
apparent that the reduction in residual water content by lyophilizing afforded
significant protection on its own protein.

The presence of sodium ascorbate increased recovery by 20%, iLe. sﬁch
that there is 90% avidity recovered after irradiation. The remaining stabilizers
resulted in recovery of 77-84% of avidity. The results are shown in Figures 3A-
3C.

Example 15

In this experiment, the protective effects of primary lyophilizing (which
leaves a relatively "high moisture” content in the product) and secondary
lyophilizing (which results in a product with relatively "low moisture") on the

sensitivity of a monoclonal antibody were determined.
Methods

In 3 mi glass vials, 1.0 ml total volume was lyophilized containing 100.g
anti-insulin monoclonal anti-body, 10 mg bovine serum albumin (1%6) and either
10 stabilizer or 100 mM of sodium ascorbate. The samples were stoppered under

vacuum. Samples were irradiated with gamma radiation (45 kGy total dose, dose

) (
0-)
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15 of antibody activity after 45 kGy irradiation, irrespective of whether the sample
had undergone only the primary "high moisture" drying cycle or had also
undergone the secondary "low moisture” drying cycle.

The results of this experiment are shown in Figure 4.
Example 16
20 In this experiment, the protective effect of lyophilizing and/or an added
stabilizer on the activity of Factor VIII was determined. The stabilizers tested (
were; sodium ascorbate; sodium urate; trolox; ascorbate/trolox mixtures;

ascorbatefurate/trolox mixtures; urateftrolox mixtures; ascorbate/urate mixtures

Methods
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Samples were lyophilized and stoppered under vacuum. Samples were
trradiated with gamma radiation (45 Gy total dose, dose rate 1.9 kGy/hr,
temperature 4 °C) and then reconstituted with water. Measurement of Factor VIII
activity in the samples was determined in a one-stage clotting assay using an

5 MLA Electra 1400C Automatic Coagulation Analyzer.

Resulis

In the absence of a stabilizer, there was good recovery of Factor VIII
activity after irradiation of the lyophilized sample (69-88% of unirradiated
control). Inthe presence of a stabilizer, there was similar recovery of Factor VI
10 activity after irradiation (69-89% of unirradiated control).
The combination of a stabilizer and lyophilizing, however, provided a
recovery of Factor VIII of between 83-90% of the unirradiated control (sodium
ascorbate + lyophilizing: 90% recovery; trolox + lyophilizing: 84% recovery; and

sodium urate + lyophilizing: 83%). The results are shown in Figure 5.
15 Example 17

In this experiment, the protective effects of certain stabilizers were
evaluated vsing liquid or lyophilized antithrombin ITI (ATII) exposed to 25 kGy

of low dose gamma irradiation. The stabilizer tested was sodium ascorbate (200

mM).
20 Method

ATIIl was either irradiated alone or in the presence of ascorbate as a
‘stabilizer. Mixing with the stabilizer was accomplished by either: (i) mixing the
ATIII and the stabilizer as liquids and then kyophilizing the mixture and
stoppering under vacuum; or (i) mixing the ATIU and the stabilizer while both

25 were dry powders (i.e. after each was lyophilized separately).




f 10% & ()- /Ler=4f 10% s-viO%! & ()-3 |
10% & ()- #3@@f 10% & ()- eyvUd f #v1i0R &
6910%! & ()-f = 6910%& ()-f ys-10%!& ()-3
‘010%&'()- | " 108 & ()- 109 & ()- V1I0% & (

s-10% & ()-3 p,-109%! & ()-6 f
()- L! 10%&'() 10x! 10x! 10x!
I

)
§ o e () () - @%v%&%%

)
109% & ()-' ) 109 & ()-) 10% & ()-) 109 & ()-) 10% & ()- eEvU4 f
109 & ()-) 109 & ()-) 1098 & ()-' ) 109 & ()-) 109 & ()- "#16hL, 4)
109 &()-) 10%& ()-' ) 10%& ()-) 10%& ()-) 10%& ()-' 6:; GKOP\ eGH4)
109 & ()-' ) 109 & ()-) 10% & ()-) 10% & ()-' ) 10% & ()-\  dequyeE+4)
10% & ()-) 104 & ()-) 10% & ()-) 10% & ()-' -) 10% & ()-) 10% & ()-yz8hM 4
10% & () -) 40-

After irradiation (25 kGy total dose, 1.8 kGy/hr rate), the lyophilized
powder antithrombin III (Sigma A 9141, lot 113H9316) + ascorbate was
reconstituted to a concentration of 40U/mi with water. Following irradiation,
both the liquid and reconstituted dry powder AT III samples (+ ascorbate) were

5 then diluted to 20 U/m! in water. Thrombin (1U/ml} and heparin (800 U/mI)
solutions in water were pi'epared.

In a pre-chilled 96-well plate assay, 2-fold serial dilutions of the AT III
samples were prepared. Heparin (2521 of 800 U/ml solution) or water was added
to each well, followed by incubation at 37°C. Thrombin (50ul of 1U/ml

10 solution) was added, again followed by incubation at 37°C.

1001 of 1600uM thrombin substrate in water was then added (final |
concentration of substrate was 8§00uM), followed by incubation at ambient
temperature. Activity was determined by measuring absorbéncc between 405-

620nm at fixed times following substrate addition.
.15 Results

Liquid AT I lost all thrombin inhibitory activity in the absence of a
stabilizer when irradiated at 25 kGy of low rate gamma irradiation. The presence
of sodium ascorbate, however, maintained 55-66% of liquid AT III activity
following irradiaﬁon.

20 Dry powder AT III lost only 43% of activity in the presence of a dry
powder stabilizer when irradiated at 25 kGy of low dose gamma irradiation.

The results of this experiment are shown in Figure 6.

Example 18

" In this experiment, the protective effect of certain stabilizers on the
25 activity of lyophilized anti-insulin monoclional antibody was determined. The
stabilizers tested were; sodium ascorbate; trolox/urate/ascorbate mixtures; N-

acetyl cysteine and ghutathione.
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Results

Irradiation of iyophilized anti-insulin mAb supplemented with 1% HSA
to a dose of 45 kGy resulted in an average Joss of avidity of about 33%. The
10 _ addition of the following stabilizers significantly improved recovery: 20mM
sodium ascorbate (100% recovery); 200uM trolox/1.5mM urate/20 mM ascorbate
(87%) recovery); 20 mM N-acetyl cysteine (82% recovery) and 20 mM
glutathione (76% recovery). | '
The addition of 5% sucrose to the lyophilized mAb containing 1% HSA
15 resulted in an average loss of avidity of about 30% when in’adiated to a dose of
45 kGy. The e;ddition of the following stabilizers significantly improved
recovery: 20mM sodium ascorbate (88% recovery); 200uM trolox/1.5mM
urate/20 mM ascorbate (84%) recovery); 20 mM N-acetyl cysteine (72%
recovery) and 20 mM glutathione (69% recovery).

20 The results of these experiments are shown in Figures 7-14.
Example 19
In this experiment, the protective effect of stabilizers (ascorbate)} on the

activity of tyophilized anti-insulin monoclonal antibody was determined when the

25 sample was irradiated at a high dose rate (30 kGy/hr).
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5 Results

Irradiation of Iyophilized anti-insulin mAb to 2 dose of 45 kGy resulted
in an average loss of activity of about 32%. The addition of 20mM sodium
Y ascorbate provided 85% reéovery of avidity compared to an unirradiated sample.

The resulis are shown in Figure 15,
10 Example 20

In this experiment, lyophilized thrombin was irradiated in the presence of

a stabilizer.

Method
& _
Low dose rate samples were gamma irradiated at ambient temperature at
15 ~a dose rate of 0.326 kGy/hr for a total dose of 45 kGy. High dose rate samples
‘ were gamma imradiated at ambient temperature at a dose rate of 30 kGY/hr for a
total dose of 45 kGy.
Following irradiation, all samples .were reconstituted with 500 zl of 50%
glycerol solution to a concentration of 100 U/ml and then diluted to 0.5 U/ml.
20 Thrombin activity was then determined by a standard chromogenic assay utilizing
a SAR-Pro-Arg-PNA substrate.
Thrombin Vmax and Km values were aetermined by Sigma Flot 2000

using the singular rectangular hyperbolic fit equation for each averaged set of
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b

In this experiment, an IgM monoclonal antibody specific for murine IgG;

15 . 'was irradiated at a Jow dose rate in the presence or absence of a stabilizer,

Method
(}
';:. ’ Liquid rat anti-murine IgG; monoclonal 1IgM antibody (in a PBS buffer
| with 10 mM sodium azide; concentration of antibody was 666 ng/ul) was
irradiated at a rate of 1.8 kGy/hr to a total dose of either 10 kGy or 45 kGy.
20 . Samples either contained no stabilizer or a stabilizer mixtﬁre containing 20 mM
citrate, 300 1M urate and 200 mM ascorbate,
Antibody activity was analyzed by standard ELISA protocol using murine
Ig(G3 as the coating antigen and a phosphatase-conjugated anti-rat IgM detection
antibody. | '



F KLMOPQRp(G{ JZ F
10%&'()-\!10%&'()-\!10%&'()-\!10%&'()-\!10%&'()-\!RUVYZ]{‘]%ﬁJm%F

109& ()-\!109& ()-\!109& ()-\!(109& ()-\!109& ()-\!(109&¥Y( P &tfhi; o Jz
FG JZ F 109 ()-\!109& ()-\!109& ()-\!(109% ()-\!ikl mopqtX<{ JZ F
GLOY&' ()-\!109& ()-\!109%& ()-\!109& ()-\!109%& ()-\!109%& ()-\!109%& ()-\!qrst .
uw{ dD$10%& ()-\!10% ()-\!G JZ F

109%&' () -\!10%&' ()-\!10%&' ()-\!{|}IL, 10%& ()-\!10%& ()-\!10%& ()-\!10%& ()-\
110% ()-\!109& ()-\!10%&' ()-\! D(, 10%& ()-\!10% ()-\!10%& ()-\!'G[ JZ F
109& ()-\!109& ()-\!pT8L0%0%& ()-\!109%& ()-\!109%& ()-\!109%& ()-\!109%& ()-\
1 109%& ()-\!10%& ()-\!dD(810%& ()-\!10%& ()-\!10%& ()-\!10%& ()-\!10%& ()-\!
q JZ F \

gG+10%&' () -\! 10%&' Resxts10%& ()-\!10%& ()-\!10%& ()-\!10%& ()-\!10%& ()-\! @
109 ()-\!G{ JZ F :

109& ()-\!109& ()-\!109& ()-\!109& ()-\!pT8L0YRI0%& ()-\!109%& ()-\!109%& ()-

; ! \1?%«?‘ S )Z-\ !F10%&' (iddid Q285169 contal@Rnd htabillifer Godd L Wndiibnal | AEO94E () -\ ! 010%& (
(109& ()-\! ( 1058ty Pllowing ivwiztioy with githsod0kGy ar 4§ bGg cppme inadiglion) -\'1 100& () -\
P109%&' () -\!( 1Omlp§ésél\clebf ﬁé@ﬁ@#ﬁ?@r& hﬁ\xéw@% éidedFull recovery of activit
10‘V&'()-\!10%&'(l)-_\!10‘V&'_()-)!tX810‘V<10‘V&' _-\!10%&'()-\!10(@'_{)-\!10%'()-\
1 10%& (3 -\ ! 109li¢vying iragipgior with 10KGy@roogradyation g Ggos cocovarn Gogivity-\ | { JZ F

300/;/‘@'( § ) {} '( iggﬁgfogléw%\hlﬁ %%1{19%@ {5 i) Barhha \adkRUE (e fed@¥Eoe(dhis ! 10%& () -\ 11
. experimént are shown graphically in Figure 17.

Example 22

In this experiment, lyophilized and liquid samples of albumin were

10 irradiated with gamma irradiation.
Method

Samples were irradiated with a total dose of either 10 kGy or 40 kGy
gamma radiation. Following irradiation, the iyophilized samples were
reconstituted with 1.1 ml of assay buffer (50 mM Tris, pH 8.8; 50 mM NaCl;

15 0.1% PEG 8000).

Samples (lyophilized and liquid) were analyzed by size-exclusion column
chromatography (TSKgel G4000SWxI 30 cm x 7.8 mm; elution buffer 0.1 M
sodium phosphate pH 6.5/0.1 M sodium sulfate; flow rate 1 ml/min} with a UV

detection system set at 280nm.
20 Results

No degradation products were observed in the liquid or lyophilized
samples of albumin irradiated with a total dose of 10 kGy gamma radiation.
- Although some degradation product was observed in the liquid samples of

albumin -irradiated with a total dose of 40 kGy gamma radiation, no such
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: dose (30 kGy) provided an eight to thirteen day delay in incubation time, which

1s equivalent to an approximately 1 log,iD,, reduction in the titer of the

25 pathogen. This was still significantly loner than the unirradiated control. .
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Linear regression analysis of the data results in 95% confidence intervals
that indicate that the actual reduction in pathogen levels may be as high as a 3.5

logoIDsy reduction in the titer of the pathogen.

- Experiment 24

This experiment evaluated the protective effect of lyophilizing and/or the
presence of a stabilizer on thrombin activity following irradiation with 45 kGy

gamma radiation,
Method

Samples of thrombin were prepared containing 1% bovine serum albumin
and lyophilized to the desired level of moisture. Sodium ascorbate was added to
a concentration of 200 mM in some samples as a stabilizer.

All samples were then irradiated with gamma radiation (45 kGy total
dose, rate 2.03 to 2.13 kGy/hr at 4°C) and thrombin activity measured.

Results

In the absence of stabilizer, 67% of thrombin activity was recovered from

the irradiated samples that had undergone only a primary drying cycle. The

addition of a stabilizer increased the recovery to 86%. The results of this

experiment are shown graphically in Figure 19,
Example 25

In this experiment, the protective effects of certain stabilizers were
evaluated using liquid IVIG polyclonal antibody exposed to 45 kGy of gamma
irradiation (1.8 kGy/hr). The stabilizers tested were: sodium ascorbate and 2

mixture of sodium ascorbate and N-acetyl cysteine.
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Results

Irradiated samples containing no stabilizer exhibited the following losses

in activity: 1 log with respect to rubella; 0.5-0.75 log with respect to mumps; and

1 log with respect to CMV. Irradiated samples containing sodium ascorbate or

5 a mixture of sodium ascorbate and N-acetyl cysteine as a stabilizer exhibited no
loss in activity when compared to unirradiated controls.

The results of this experiment are shown graphically in Figures 20-26.

Example 26

This experiment was designed to examine the effects of pH on the
10 recovery of urokinase (liquid or Iyophilized) irradiated in the presence of a

stabilizer (sodivm ascorbate, sodium urate or a mixture thereof).-

Method

Urokinase (1000 U/mi) was mixed with 200 mM sodium ascorbate and/or
300 #M in the presence of 35 mM phosphate buffer at various pHs. - All tested

15 samples were irradiated with a total dose of 45 kGy gamma radiation at a rate of
2 kGy/hr.

Results

The lyophilized irradiated samples containing sodium ascorbate exhibited

a recovery of about 88-90% of urokinase activity across the pH range of 5.5-7.8,

20 inclusive. The liquid irradiated samples containing sodium ascorbate exhibited
a recovery of about 65-70% of urokinase activity across the pH range 5.5-7.8. _

The results of this experiment are shown graphically in Figure 26,



& ()-( s< 10%! & ()-fnV|[:bW3j( s sill0%! & ()- s10%! & ()- sfCl0%!

& ()- s10%! & ()- 910K & ()-( s|L10%! & ()-,W[:bUa3j( ?Ssgﬂgqm& & ()-

s/:10%! & ()- sf-10%! & ()- s|'10%! & ()-g s%Wd0%! & ()-( s"10%!

& ()-y*/gv4d3j ( cl090$9& ()- clOo%B@ ()- s< v10%& ()- s!'\109%B& ()- 10 !

10! 10! ( s610%! & ()-Y |[:vW3j( s (10%& ()- fVSI0Y& ()-]1s

S10%$& ()-*s sclO%& ()- sf&I0%& ()-( f&LO%& ()- | [ NA43j (10$10$10%

s\ =:109%& ()-ts s#B81l0%& ()-=s s,1/J 10%& ()- 1/J 10%3$& ()-(

"s+10%$& ()-Z|[: NA43j (10 s9l 109%A" &' ()- S10%A"& ()-s sc glOYA"& ()-s

S:10%A"& ()- s) WIOYA"& ()-( s"10%W & ()- >R/ [: NA43j (10 s ' F10%A"& () -

Sq"109%A" & ()-zs 10%A"& ()-s 10%A"& (Jg. sV: 109A" & () - (

s, WOYA" & ()-"|[:-410A" sf|910%A"& ()- sS610%A"& ()-ys 410%A"& ()-s

SC2&109A" & () - Haying hOSHANRY @sclibeaQihit Gdnon( )t -will b AdddAGodSIoGhdkO W& ()- S C
0w () - R () - R ()- ° "H#109%& () - 10A" " . "

_::'_gf%/%é.) 0 _Svi'g(%%a}z skﬂ?'gl\]/:tég/é%%%ét%e meﬂloﬁjé?t}/ggreggnt i}lgé%ti%x? cAan’b(glc tL'i-E('iA\ 410A° s

out with a wide and equivalent range of conditions, formulations, and other
parameters without departing from the scope of the invention or any
5 embodiments thereof. All patents and publications cited herein are hereby fully

incorporated by reference in their entirety.
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(1) adding to said tissue at least one stabilizer selected from the group consisting of
ascorbic acid, sodium ascorbate, mannitol, trehalose, dimethylsulfoxide (DMSO),
butylatedhyroxytoluene (BHT), dimethylthiourea, glutathione, lipoic acid, 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), uric acid, albumin, histidine, N-acetyl cysteine,
tryptophan, N-acetyl-tryptophan, methionine, cysteine, or N-tert-butyl-alpha-phenyl nitrone;

10 and

(ii) irradiating said tissue with a suitable dose of gamma radiation erfective to reduce

the level of active biological contaminants or pathogens in said tissue.

2. The method of Claim 1, wherein the tissue is hard tissue.

15
3. The method of Claim 2, wherein the hard tissue is selected from the group consisting of
bone, demineralized bone matrix, joints, femurs, femoral heads or teeth.
4, The method of Claim 1, wherein the tissue is soft tissue.

20

5. The method of Claim 4, wherein the soft tissue is selected from the group consisting of bone
marrow, ligaments, tendons, nerves, skin grafts, heart valves, cartilage, corneas, arteries or
veins,

25 6. The method of Claim 1, wherein the tissue is a combination of hard and soft tissue.

7. The method of Claim 1, wherein said tissue is at a temperature below its freezing point

during irradiation.

30 8. The method of Claim 1, wherein said tissue is maintained in an inert atmosphere during

irradiation.

9. The method of Claim 8, wherein said tissue is maintained under vacuum during irradiation.

35
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tetramethylchroman-2-carboxylic acid (Trolox}, uric acid, albumin, histidine, N-acetyl cysteine,
tryptophan, N-acetyl-tryptophan, methionine or N-tert-butyl-alpha-phenyl nitrone; and

(1i) irradiating said protein sample with a suitable dose of gamma radiation effective to
reduce the level of active biological contaminants or pathogens in said protein sample.
10
11. The method of Claim 10, wherein said protein sample is at a temperature below its freezing

point during irradiation.

12. The method of Claim 10, wherein the protein sample is maintained in an inert atmosphere

15 during irradiation.

13. The method of Claim 12, wherein the protein sample is maintained under vacuum during

irradiation.
20 14. The method of Claim 10, wherein the protein sample contains one or more proteins.

15. The method of Claim 14, wherein the protein is an antibody, immunoglobulin, hormone,

growth factor, anticoagulant, clotting factor or complement protein.

25  16. The method of Claim 15, wherein the clotting factor is selected from the group consisting
of Thrombin, Factor 1L, Factor V, Factor VII, Factor VIIa, Factor VIII, Factor X, Factor X,
Factor XIII, Factor XIila, Von Willebrand Factor, Fibrin or Fibrinogen.

17. The method of Claim 15, wherein the immunoglobulins are polyclonal or monoclonal

30  immunoglobulins or mixtures thereof.

18. The method of Claim 17, wherein the immunoglobulins are immunoglobulin G,

immunogiobulin M, immunoglobulin A, immunoglobulin E or mixtures thereof.

35  19. The method of Claim 14, wherein the protein is selected from the group consisting of
protein C, protein 8, alpha-1 anti-trypsin {alpha-1 protease inhibitor), heparin, insulin, butyl-




[[:vU410 s F10%!i& ()-@ SW0%! & ()-Y sSW0% & ()- sC*10%! & ()-
AMO% & ()- s 10% ! & ()-3>%|[:vU4l0 s s/:10%! & ()-s -:10% & ()-Y
q *ClO% & ()- s%0%! & ()-z s"d10%! & ()- s 10%! & () Mbk“i@ﬁ 010 !
10 1 s $6:10% ! & ()-]Y &65:10% & (3- $310%1 & ()- sf 270 s0: 10%
| & ()-][:NAM1010 sd10%! & ()-s FL0%& ()-Y F10%& ()- SCLO% ! &'()

122, ERAADIa8, yr  S812h AN  eb S

(EPO), urokinase, neupogen, antithrombin-3, alpha-glucosidase or albumin.
20. The method of Claim 14, wherein the protein is produced by recombinant methods.

21. A method for reducing the level of active biological contaminants or pathogens in plasma
or serum, said method comprising:

(i) adding to said plasma or serum at least one stabilizer selected from the group
consisting of ascorbic acid, sodium ascorbate, mannitol, trehalose, dimethylsulfoxide (DMSO),

10 butylatedhyroxytoluene (BHT), dimethylthiourea, glutathione, lipoic acid, 6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid (Trolox), uric acid, albumin, histidine, N-acetyl cysteine,
tryptophan, N-acetyl-tryptophan, methionine, cysteine, or N-tert-butyl-alpha-phenyl nitrone;
and

(i1) irradiating said plasma or serum with a suitable dose of gamma radiation effective

15  toreduce the level of active biological contaminants or pathogens in said plasma or serum.
22. The method of Claim 21, wherein the serum is fetal bovine serum.

23. The method of Claim 21, wherein said plasma or serum is at a temperature below its

20  freezing point during irradiation.

24. The method of Claim 21, wherein the plasma or serum is maintained in an inert atmosphere

during irradiation.

25  25. The method of Claim 24, wherein the plasma or serum is maintained under vacuum during

irradiation.

26. The method of Claim 1, 10 or 21, wherein the concentration of the stabilizer is at least 20
mM.

30
27. The method of Claim 1, 10 or 21, wherein the concentration of the stabilizer is at least 50
mM.

28. The method of Claim 1, 10 or 21, wherein the concentration of the stabilizer is at least 100
35 mM.
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30. The method of Claim 1, 10 or 21, wherein the one or more stabilizers is mannitol.
5 31. The method of Claim 1, 10 or 21, wherein the one or more stabilizers is trehalose.

32. The method of Claim 1, 10 or 21, wherein a combination oftwo or more stabilizers is added

to said tissue, protein sample or plasma or serum.

10 33. The method of Claim 32, wherein two or more stabilizers are selected from the group

consisting of DMSO, mannitol or trehalose,

34. The method of Claim 33, where the two or more stabilizers are DMSO and mannitol.

15 35. The method of Claim 1, 10 or 21, further comprising contacting the tissue, protein sample,

plasma or serum with one or more sensitizers.

36. The method of Claims 1, 10 or 21, wherein the tissue, protein sample plasma or serum

contains one or more residual solvents.

20

37. The method of Claim 36, wherein the residual solvent is water.
. 38. The method of Claim 36, wherein the residual solvent is an organic solvent.

39. The method of Claim 38, wherein the organic solvent is selected from the group consisting
25  of ethanol, isopropanol or polyethylene glycol.

40. The method of Claim 38, wherein the residual solvent content is reduced by Iyophilization.

41. The method of Claim 40, wherein the residual solvent content is less than 2.0 percent.
30

42. The method of Claim 40, wherein the residual solvent content is less than 1.0 percent.

43. The method of Claim 40, wherein the residual solvent content is less than 0.5 percent.

35  44. The method of Claim 40, wherein the residual solvent content is less than 0.2 percent.
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