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Field of the Invention The present invention relates to nmethods for
steriliziwmgobrmatogi cal materials to reduce the | evel of Bcrse/dsal ogi cal
contam nants therein, such as 5 viruses, bacteria, yeasts, nolds,

nycopl asmas and/ or rasifes. Backgr.ound.qf th vention Several products
that are prepared f%‘?ﬁ?'r%#alsﬂ,r g@t‘”ﬁ?@‘ﬁ&?ﬁ“ﬁf’%&ﬁﬂ%ﬁ%? use may contain
unwant ed and potentially dangerous contam nants such as viruses, bacteria,
yeasts, nolds, nycoplasmas and parasites. Consequently, it is 10 of utnopst
i mportance {h y biologically active contam nant in the product be

i nacti vat ed}‘-ﬁaﬁfrﬁl’get’ﬁ’ée”ﬂf’ﬂduct is used. This is especially critical when
the product 1is to be admnistered directly to a patient, for exanple in

bl ood transfusions, organ transplants and other forns of human therapies.
This is al so criTheglrestor inveatior udlates ab embtholo fyr preditininigsbiotugidal ar e gr own

in media which contain various 15 types of le asma, and which may be subj ect
to nycopl asmatesalsde feducg thedevel of aetays biakeeical eangamigants fher¢ipstuchpgcedur es

have invol v t t r l or a particular

cont am nant\%ﬂdastg%é)lragttgﬁ%frﬂ?%%n?@(gﬁggl}ﬁfﬁ%grﬁ%sv%@%ﬂﬁ%%ﬁ?{ie contam nant from
the product. Products that test positive for a contam nant are 20 nerely
not used. Exanples of screening procedures include the testing for a

parti cul ar Beckgsoqnd efitfradnnerded from bl ood donors. Such procedures,

however, are not always reliable and are not able to detect the presence
of viruses in very |ow nunbers. This reduces the value or certainty of the

test in view of $Heral pRIISEHLRNLE Prepaea Got fhatl Veferahydr Sfpeni@datal ve resul t.
Fal se negative results can 25 be |ife threatening in certain cases, for
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10 of utmost importance that any biologically active contaminant in the product be
inactivated before the product is used. This is especially critical when the product
is to be administered directly to a patient, for example in blood transfusions,
organ transplants and other forms of human therapies. This is also critical for
various biotechnology products which are grown in media which contain various
15 types of plasma and which may be subject to mycoplasma or other viral
contaminants. |
Previously, most procedures have involved methods that screen or test
products for a particular contaminant rather than removal or inactivation of the
contaminant from the product. Products that test positive for a contaminant are
20 merely not used. Examples of screening procedures include the testing for a
particular virus in human blood from blood donors. Such procedures, however,
are not always reliable and are not able to detect the presence of viruses in very
low numbers. This reduces the value or certainty of the test in view of the
consequences associated with a false negative result. False negative results can
25 be life threatening in certain cases, for example in the case of Acquired Immune

Deficiency Syndrome (AIDS). Furthermore, in some instances it can take weeks,

if not months, to determine whether or not the product is contaminated.
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to renbve or inactivate contamnants in the products. Such nethods include
heat treavong7o2fe|ltrati on and the addition of chem cal i|ipPaTABVaIB&E Or
sensitizers to the product. Heat treatnent requires that the product be
heated to approximately 60C for about270 hours 5 which can be damaging to
sensitive products. Heat inactivation“can destroy up to 50% of the
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Further, in certain cases small viruses may not be renoved by the filter
because of thkeddifiogefchtticabiractivarts atsentizeretoakie prhduqyr Heatateatrdére pr ocedur e
of chem cal sensitization involves the addition of noxious agents which
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vi ruses andcas@shall tvixinied mBemog by @embvedbglthd filted betaagsof Healakdey et al .,
"I's There Life After Irradiation? Part 2," Bi oPharm Jul y- August, 1993, and
Lel®man, us@olseulpr swertuicelt] the prediicht iTha recedwe wrabgrriedl spnsdizapent
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(1989)). The pu eraturecin I'S "area, owever, teaches that

ganma radi agndoWhianarbcGvdied eitlgert 9y lﬁdbﬁﬁdrﬁﬂn%%‘tﬁhﬁdm_ﬁ) pRodatOeet s, such as
blood. In particular, it has been shown that high radiati on doses are

i nj urious txdicals vdeeh bycaksheehemicalhandsgn thelbaekhpne of the BNAYRNA ofshg.  Pat ent
No. virus or complex it in such a way that the virus can no longer replicate. This
15 procedure requires that unbound sensitizef is washed from cellular products since
the sensitizers are toxic, if not mutagenic or carcinogenic, and can not be
administered to a patient. |
Irradiating a product with gamma radiation is another method of
sterilizing a product. Gamma radiation is effective in destroying viruses and
20 bacteria when given in high total doses (Keathly ef al., "Is There Life After
Irradiation? Part 2," BioPharm July-August, 1993, and Leitman, USe of Blood
Cell Irradiation in the Prevention of Post Transfusion Graft-vs-Host Disease,"
Transfusion Science 10:219-239 (1989)). The published literature in this area,
however, teaches that gamma radiation can be damaging to radiation sensitive
25 products, such as blood. In particular, it has been shown that high radiation doses
are injurious to red cells, platlets and granulocytes (Leitman). U.S. Patent No.
4,620,908 discloses that protein products must be frozen prior to irradiation in
‘order to maintain the viability of the protein product. This patent concludes that
"[i]f the gamma irradiation were applied while the protein material was at, for
30 example, ambient temperature, the material would be also completely destroyed,

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



4,620,908 discloses that protein products nust be frozen prior to
irradiation in order to maintain the viability of the protein product.
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objects, featur es and advant ages of the present invention will be set
forth in tHhBagEelaj | ed description of preferred enbodiments that follows,

and in part will be apparent fromthe description or nay be | earned by
practice of the invention. These 15 objects and advantages of the invention

wi || be reaSimedrpsfthallhvdntiosl by the conpositions and nethods particularly
pointed out in the witten description and clains hereof. In accordance

with these and other objects, a first errbodi ment of the present invention

is directed to a, et odfrst ri i 001c rla tthat 20 is
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t he bi ol ogi cal
contaminants without adversely effecting the biological material. Other objects,
features and advantages of the present invention will be set forth in the detailed
description of preferred embodiments that follows, and in part will be apparent
from the description or may be learned by practice of the invention. These
15 objects and advantages of the invention will be realized and attained by the
compositions and methods particularly pointed out in the written description and
claims hereof.
In accordance with these and other objects, a first embodiment of the
present invention is directed to a method for sterilizing a biological material that
20 is sensitive to ionizing radiation comprising: (i) reducing the residual solvent
content of a biological material to a level effective to protect the biological
material from ionizing radiation; and (ii) irradiating the biological material with
radiation at an effective rate for a time effective to sterilize the biological
material.
25 A second embodiment of the present invention is directed to a method for
sterilizing a biological material that is sensitive to ionizing radiation comprising:
(1) 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



material fromionizing radiation; and (ii) irradiating the biological
material with radiation at an effective rate for a tinme effective to
sterilizavohe7d2rdl ogi cal material. 25 A second enbodi nenPCDUStIM®3qr esent
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Fi gures FI are ive e s of

certain stabietlihlizelth rﬁlﬂatﬁc)ﬁ)zﬁthid dftetvaniid firnstinereffioiacioofeiliznhé body
exposed to 45 kGy of 15 | ow dose gamma irradiation. FlI GJRES 3A-3C are
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Description of the Figures

FIGURES 1 and 2 are graphs showing the protective effects of certain

stabilizers on lyophilized anti-insulin monoclonal antibody exposed to 45 kGy of
15 low dose gamma irradiation.

FIGURES 3A-3C are graphe showing the protective effects of certain
stabilizers on lyophilized anti-insulin monoclonal antibody exposed to 45 kGy of
low dose gamma irradiation.

FIGURE 4 is a graph showing the protective effects of primary

20 lyophilizing and secondary lyophilizing on the sensitivity of a monoclonal
antibody.

FIGURE 5 is a graph showing the protective effect of freeze-drying and/or
an added stabilizer on the activity of Factor VIII.

FIGURE 6 is a graph showing the protective effects of certain stabilizers

25 on liquid or lyophilized antithrombin III exposed to 25 kGy of low dose gamma
irradiation. ‘

FIGURES 7-14 are graphs showing the protective effect of certain

stabilizers on the activity of lyophilized anti-insulin monoclonal antibody.
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FIGURE 6 is a graph showing the protective effects of certain stabilizers
25 on liquid or lyophilized antithronpin Il exposed to 25 kGy of | ow dose
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1 FIGURE 19 is a graph showing the protective effects of lyophlhzatlon
and/or the presence of a stabilizer on thrombin activity after irradiation with
gamma radiation.
FIGURES 20-25 are graphs showing the protective effects of certain
stabilizers on liquid IVIG polyclonal antibody exposed to 45 kGy of gamma
15 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
Detailed Description of the Preferred Embodiments
A. Definitions

20 Unless defined otherwise, all technical and scientific terms used herein are
intended to have the same meaning as is commonly understood by one of
ordinary skill in the relevant art. All patents and publications mentioned herein
are expressly incorporated by reference.

As used herein, the term "biological material” is intended to mean any

25 substance derived or obtained from a living organism. Illustrative examples of
biological materials include, but are not limited to, the folloWing: cells; tissues;
biood or blood components; proteins, including recombinant and transgenic

proteins; botanicals; foods and the like. Preferred examples of biological



Det ai |l ed Description of the Preferred Enbodi nents A Definitions 20 Unl ess
defined otherwise, all technical and scientific terns used herein are
i nt ended wooh20229 t he sane nmeaning as i s conmonly under st opdT/igo1om8s10f

ordinary skill in the relevant art. Al patents and publications nentioned
herein are expressly incorporated bx6_ref erence. As used herein, the term
"biological material" is intended to nean any 25 substance derived or

obtained frgma |ivin rgani sm ..l L.l ystrati exanpl es of  hi,ol ogi cal

mtor ol s | etat e R E0 ety B {ReRIE IRl 1PetY {esues:
bl ood or bl @@desgammemuﬁagdeﬁmeemgdb¢mhaﬂk,rg9aﬁ§mﬁb,lfaﬁﬁus,faﬂﬂr41r ansgeni c
proteins; botanicals; foods and the like. Preferred exanpl es of biol ogical

WO 01/ 70279h¢ady/ &80 1teetb36kin gmftynbens aharrawicingidingbboneamearreot cellmi ted to,
the follow ng: |iganments; tendons;. nerves; bane, including.denm. neralized
bone. it 11 xS BTEIHS, "IE A STOEETHy Boan AT RBE R CareH s P ski
grabfts; bongindr&gihs forctaidpias: RABE HBLAY kRkd, uw%y,spiﬁﬂéydqnﬁesﬁmol e or

processed; heart valves; cartilage; corneas; arteries and 5 veins; organs
f or transpl pmcreasulimbasnhdegitss lipildangspolhyidvaes; collagemy(naiivd, edibritier, pancr eas,

linmbs and digjts;. lipids; carhohydrates; col|agen (natiye, afibrillar,
atel oneri c, .FI}?HFeSOQ‘H:ge PH@G‘F‘%BF 33;"%_&% qnd s H‘%?Tt‘%esd’é‘fll%&gic ¥ ne| udi ng
chitosan apgh jd &er%{weg%awﬁ%Nt@.ka&@bgpcmgsgé é‘b?;cé?énﬂ Qél"f’s’,‘iﬁ(lé\t'g@c) , stem
cells, islet of langerhans céells, and other cellular transplants,

i ncl udi ng glngérhasl defisalahé roddr 16lldlet transpiants, bhadoding gehaticalhiaiteredl ood cel | s,
i n¢l udi ng nonocyt nd stemcells; and. platelets. As used _herein, the
tedth "steri?q”f'eﬁedi'ef’iooaﬁf’lé%&’ e plpomeslhs. incl nppRryies aphgtemiceliglangds at | east
one active @ia%heqsgi cal contam nant found in the biological material being
treated according to the present invention. 15 As used herein, the term

“bi ol ogi cal cont gg,,QaMereih, $hd R "HESi1e® iIBAAIA to mean a reduction in the

level of at least one active biological contaminant found in the biological material
being treated according to the present invention.
15 As used herein, the term "biological contaminant" is intended to mean a

contaminant that, upon direct or indirect contact with a biological material, may
have a deleterious effect on a biological material. Such biological contaminants
include the various viruses, bacteria and parasites known to those of skill in the
art to generally be found in or infect biological materials such as whole blood or

20 blood components. Examples of biological contaminants include, but are not
limited to, the following: viruses, such as human immunodeficiency viruses and
other retroviruses, herpes viruses, paramyxoviruses, cytomegaloviruses, hepatitis
viruses (including hepatitis B and hepatitis C), pox viruses, toga viruses, Ebstein-
Barr virus and parvoviruses, bacteria, such as Escherichia, Bacillus,

25 Campylobacter, Streptococcus and Staphalococcus, parasites, such as
Trypanosoma and malarial parasites, including Plasmodium species; yeasts;
molds; mycoplasmas; and prions. As used herein, the term "active biological
contaminant” is intended to mean a biological contaminant that is capable of
causing the deleterious effect.

30 As used herein, the term "blood components" is intended to mean one or

more of the components that may be separated from whole blood and include, but



contam nant that, upon direct or indirect contact with a biol ogical
material, my have a deleterious effect on a biological material. Such
bi ol ogi caVyooom2aam nants i nclude the various viruses, bacPeTriaoizesl

parasites known to those of skill in the art to generally be found in or
i nfect biological materials such as ol e bl ood or 20 bl ood conponents.
Exanpl es of biol ogi cal contam nants include, but are not linmited to, the
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may be sep | e bJ. ood an |nclude, but WD 01/ 70279
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bl ood clotting factors enzynes, al bum n, plasm nogen, fibrinogen and
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pla ma- cont ai n GO tions. 5 As Us her ei,.n he term "cel |l ul ar bl ood
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bIood t hat ¢o C I d cells or
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Illustrative exanples of, 10 blood proteins found in mammal s (i ncluding

hunans) | ncfaﬁ@@; gy ppprotainsnthighy density lipoproteins and/or low density

lipoproteins), complement proteins, globulins (such as immunoglobulins IgA,
15 IgM, IgG and IgE), and the like. A preferred group of blood proteins include
Factor [ (Fibrinogen), Factor IT (Prothrombin), Factor III (Tissue Factor), Factor
IV (Calcium), Factor V (Proaccelerin), Factor VI (Accelerin), Factor VII
(Proconvertin, serum prothrombin conversion), Factor VIII (Antihemophiliac
factor A), Factor IX (Antihemophiliac factor B), Factor X (Stuart-Prower Factor),
20 Factor XI (Plasma thromboplastin antecedent), Factor XII (Hageman Factor),
Factor XIII (Protansglutamidase), von Willebrand Factor (VWF), Factor Ia, Factor
ITa, Factor Va, Factor Vla, Factor VIla, Factor VIIIa, Factor IXa, Factor Xa, and
Factor Xll]a.

As used herein, the term "liquid blood component" is intended to mean
25 one or more of the fluid, non-cellular components of whole blood, such as plasma
| (the fluid, non-cellular portion of the blood of humans or animals as found prior
to coagulation) or serum (the fluid, non-cellular portion of the blood of humans

or animals after coagulation).
As used herein, the term "a biologically compatible solution" is intended
30 to mean a solution to which biological materials may be exposed, such as by

being suspended or dissolved therein, and remain viable, i.e., retain their essential
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30 to mean a solution to which biological materials may be exposed, such as

by bei ng suseadedndreadily swlilable tphlmsepﬁsklammtheml nviable, i. e., retain
essenti al 70279, PCT/ USO.1/09361. I cal and phyS| ol ogi cal
zpact eristics. %U?:%i/}f?f%f’ota? §T§’in| ﬁta% aty eréﬁe&ﬂ '?}F%b‘?‘lgorﬂ}? 5b| y contain
an ef f ect i v@arARLUAALL reducdt aﬁ)e@zﬁﬁa%"t@ tmwl@g@gnha@hal befMy iS8/dtdags & N, the
term"a biologically conpatible buffered solution" is intended to nean a

bi ol ogi cal | pvelghgas muﬁﬁcmtm pmluﬁi&\ﬁhmgﬁfaammvogﬁ@@f that majsrieber ti es
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antioxidants, such as ascorbic 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 (alpha, beta, dihydro, bisno and tetranor lipoic
acid), thioctic acid, 6,8-dimercapto-octanoic acid, dihydrolopoate (DL-6,8-
dithioloctanoic 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



mai ntaining the integrity of biological materials. Suitable biologically
compatible buffered solutions typically have a pH between 5 and 8.5 and
are isotovdoeror7only noderately hypotonic or hypertonic. p8lobagivsal |y
conpati bl e buffered solutions are known and readily available to those of
skill in the art. 10 As used herei n,9the term"stabilizer"” is intended to
mean a conpound or naterial that reduces any damage to the biol ogical
material being irradiated to a _|evel insufficient t recl ude the
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15 isopropanol, polyethylene glycol, etc.), present in the biological material that is
not bound to or complexed with one or more of the non-liquid components of the
bioiogical material (e.g. proteins, metal ions or salts, etc.). Freely-available liquid
includes intracellular water. The residual solvent contents referenced herein refer
to levels determined by the FDA approved, modified Karl Fischer method (Meyer
20 and Boyd, Analytical Chem., 31, 215-219, 1959; May, et al., J. Biol.
Standardization, 10, 249-259, 1982; Centers for Biologics Evaluation and
Research, FDA, Docket No. 89D-0140, 83-93; 1990). ‘
As used herein, the term "sensitizer" is intended to mean a substance that
selectively targets viral, bacterial, and/or parasitic contaminants, rendering them
25 more sensitive to inactivation by radiation, therefore permitting the use of a lower
rate of radiation and/or a shorter time of irradiation than in the absence of the
sensitizer. Illustrative examples of suitable sensitizers include, but are not limited
to, the following: psoralen and its derivatives and analogs (including 3-
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;



and pal mtoyl ascorbic acid) and vitamn E (and its derivatives and salts
such as tocopherol acetate and al pha-tocotrienol); chromanol -al pha-Cs6;

6- hydr oxywo 81/527¢ 8- t et r anet hyl chroma- 2 carboxylic acid ( Trot/ws)i@se
derivatives; extraneous proteins, such as gelatin and al bum n;
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wat er. The tﬂi@sddualtwssjj flgvihs, amb@fmmerﬁelﬁephmwlmmommun@‘ eunch 20 | evel s
determ ned by the FDA approved nodi fi ed Karl Fischer nethod (Meyer 20 and
Boldi, Anal yeigsnienchshSE peptiden15. 219, 1959: May, et al., J. Biol.
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derivatives and anal ogs (including 3-
either by chemical synthesis or utilizing recombinant/transgenic technology.
Such artificially produced material may also be processed/purified and/or
derivatized. Illustrative examples of proteinaceous materials include, but are not
limited to, the following: proteins/peptides produced from tissue culture; milk
20 (dairy products); ascites; hormones; growth factors; materials, including
pharmaceuticals, extracted or isolated from animal tissue (such as heparin and
insulin) or plant matter; plasma (including fresh, frozen and freeze-dried);
fibrinogen, fibrin and/or fibrin sealant products; whole blood; protein C; protein
S; alpha-1 anti-trypsin (alpha-1 protease inhibitor); butyl-cholinesterase;
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.



car boet hoxy psoral ens); angelicins, khellins and coumarins which contain a
30 hal ogen substituent and a water solubilization noiety, such as

guat er nawo oamoni um i on or phosphoni umion; nucl ei ¢ aci dPOT/NdIINY361
conmpounds; WO 01/ 70279 PCT/ USO01/ 09361 -10 brom nated hemat opor phyri n;

pht hal ocyani nes; purpurins; porphori ﬂg; hal ogenat ed or net al

atom substituted derivatives of di hematoporphyrin esters, hematoporphyrin
derivatives, benzoporphyrin derivatives, hydrodibenzoporphyrin
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conpri ses alch eagtioonseprasibierandrinyigpiel light, xHadmtioataadigalmeraygr ef er abl y
conposed primarily of protein(s) and/or peptide(s). It may be a naturally
occurring material, either inits native state or follow ng 15

processi ng/ purifgcatign,andlop.geri i safihess 1t my be artificially
produced, either by c e’?nﬂgal? sr%t ﬁegs or utigl i zi ng reconbi nant/transgenic
technol ogy. Such artificially produced material may al so be '

processed/ purified and/or  derivatized. Illustrative ex | es, of

pr ot ei naceous nﬁ‘f‘g.??té?réf%frﬁéleﬂ’é’&g‘r?ﬁ?f Oglﬂée prgpent I"?Vr?_fl{‘%'?jlst ‘gi?g)ctteﬁjztof%l | owi ng:
proteins/ p%ﬂérh&'&%r@{eﬁﬂﬂﬁgq HiS18Pichll HftkBal Gkt i deBsitiVe tdiorRingdadiadoPr oduct s) ;
ascites; hornones; growh factors; materials, including pharmaceuticals,
ext@ act ed acronipsisingt 6)refddncing s nesiduali sobveet ¢antash ofis bivdggiedl mageripl té nsul i n) or
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protein irradiating the biological material with radiation at an effective rate for a time
effective to sterilize the biological material.
A second embodiment of the present invention is directed to a method for
15 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
biological material with radiation at an effective rate for a time effective to
sterilize the biological material.
20 A third embodiment of the present invention is directed to a method for
sterilizing a biological material that is sensitive to ionizing radiation comprising:
(i) reducing the residual solvent content of a biological material to a level
effective to protect the biological material from ionizing radiation; (ii) adding to
the biological material at least one stabilizer in an amount effective to protect the
25 biological material from ionizing radiation; and (iii) irradiating the biological
material with radiation at an effective rate for a time effective to sterilize the
biological material. The order of steps (i) and (ii) may, of course, be reversed as

desired.



S; alpha-1 anti-trypsin (al pha-1 protease inhibitor); butyl-cholinesterase;
25 anticoagul ants, such as coumarin drugs (warfarin); streptokinase; tissue
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pr Sent |nv§’rﬁa¥’§ﬂe‘fq§s r'eggltlagao{vS r?}eet“f'lg’ﬁyfVS’Fy def%“@f’%?"???% gué bi ol ogi cal
material thay cmraé@ﬂ&wslomet@rﬁ&maﬂdl&g fAdhatifbefRTRAdStedGnd chh ) adding to
a biological material at |east one sta% |izer in an anmount effective to

prot ect t hebehetdrmipiedampimatadly ibalon skifted mhzamanemtéy,ﬂmvn thenwlmnt)
:c (r): agl ? ;[ Irrggéi[mﬁgg&tgq/rgs@gal sglver%%gtréntais less tthgn 5&% 3 bl’/) rr]noér‘e pr%?ergl%c st lve rate
than about 1.0%, even more preferably less than about 0.5% and most preferably
15 less than about 0.2%.

While not wishing to be bound by any theory of operability, it is believed
that the reduction in residual solvent content reduce the degrees of freedom of
the biological material and thereby protects it from the effects of the ionizing
radiation.  Similar results might therefore be achieved by lowering the

20 | temperature of the biological material below its eutectic point or below its
freezing point to likewise reduce the degrees of freedom of the biological
material. These results permit the use of a higher rate of irradation than might
otherwise be acceptable.

The residual solvent content of the biological material may be reduced by

25 any of the methods and techniques known to those skilled in the art for removing
solvent from a biological material. A particularly preferred method for reducing
the residual solvent content of a biological material is lyophilization. According
to a particularly preferred embodiment of the present invention, a biological
material which has been lyophilized is stored under vacuum or an inert

30 atmosphere (preferably a noble gas, such as helium or argon, more preferably a

higher molecular weight noble gas, and most preferably argon) prior to irradation.



sterilize the biological material. 20 A third enbodi nent of the present
invention is directed to a nmethod for sterilizing a biological naterial
that is semei/tizve to ionizing radiation conprising: (i) pedusimy3tihe

resi dual solvent content of a biological material to a level effective to
protect the biological material fromlgoni zing radiation; (ii) adding to
the biological material at |east one Stabilizer in an amount effective to

protect the 25 biologjcal material from i 1(2n| Zi ng[ radi ation; and (iii)
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steps (i) an course, be reverse desire 01/ 70279
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t he nmet hods of .the present .invention may. b n terial obtained or
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liguid mat ggnﬁlh'as n of any solid(s) in any liquid(s) or a
coa%ll ng of qééri]‘g{“’s’g{ or f&aqw g on a biological 5 or non-biological
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material fromt Iont ZzZing radiation. 10 Suitable |evels of residual
sol vent coritrediatiommay sary ddmmlmgupgndwcparttdu@r fatnurfeonizing raslwioaenér i sti cs of
the particu i nd. can ,.be. determ ned

enpPrical Iy Lﬁwtgﬁﬁghg%aﬁg‘%ﬁ?ﬁqse{’ E b?éuq%rbé?lég‘glﬁlla"bggﬂﬂf?ﬁmtgllf@ adigfdent s
water, the n@sthgﬂﬁltlcﬁ‘a} Bﬁ)‘iﬁgl&ﬂ’ QBQ%Maﬁtsll%%% &Q&Wa@éﬂoﬁun%bﬁ%teg@fe
preferably less “than about™ 1.0% even nore preferably | ess than about 0.5%
and nost priehdiatibh yan br&leteasmedhmpxraiab)aby oneXalledhin the artoPrefgrablythet o be bound
by any theor a%/e o%flrrgcﬁgtrl&bljslci);[ls}{éntif(t)r t.hes dltljreé\lltii)r? g? t%e sterilization procedure.
According to a particularly preferred embodimlent ofthe 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 more preferably between about
0.25 kGy/hr and 2.0 kGy/hour, still even more preferably between about 0.5
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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the nmethods of the present invention, the biological material 1is
irradiated with the ionizing radiation at a rate effective for the
inagtivation of cone pgamples biol ogi cal contam nants of the biol ogical
material. Suitable rates of irradiation may vary dependi ng upon the
particular formof ionizing radiation and 10 the nature and characteristics
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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.
15 Example 1 - Sterilization of Blood

A 200 ml 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

Citrate Phosphate Dextrose (CPD) solution having a pH of about 6.4 to 6.7 and

20 having the following composition in a total volume of 500 ml:
Citrate Acid Monohydrate 0.2¢g
Sodium Citrate Dihydrate 27.3g
Sodium Monobasic Phosphate 2.2¢g
Sodium Dibasic Phosphate 1.0g

25 Dextrose 3.2g



irradiation can be determned enpirically by one skilled in the art.
Preferably, the rate of irradiation is constant for the duration of the
sterilizavdon7@rocedure. According to a particularly prefper@doiebadi nent
of the present invention, 15 the rate of irradiation is not nore than
about 3.0 kGy/ hour, nore preferably 1§)etween about 0.1 kGy/hr. and 3.0
kGy/ hr, even nore preferably bet ween'-about 0.25 kGy/ hr and 2.0 kGy/ hour,
still even nore preferably between about 0.5, kGy/hr .and 1.5 k / hr and
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the parti cuI ar biological nmaterial being irradiated and the particul ar
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to the biological material being treated. According to a preferred
enbodi nent pldodecellbidal waiscguificratle @i tet theswlite bldpdreticaunt.afbe @lteletenper at ur e.
According tcgur%relmg Lér%zritrc}crlt values were slightly lower than the control; however, these

values are still within the range that is seen in normal adult blood. The level of

15 hemoglobin was higher than in the control indicating that some red blood cells

did lyse during the procedure.‘ This is also evidenced by the lower red blood cell

count. Nevertheless, contrary to what has been previously published, up to

50 kGy of radiation did not destroy the components of blood by the present

procedure. The cells were also counted and found to be viable after 25 kGy of

20 gamma irradiation delivered at a low dose rate of 1 kGy/hr.
TABLE 1

Component Irradiated Blood | Control Blood
White Blood Cells 4 K/mm® 4.8 K/mm’
Red Blood Cells 3 Mi/mm’ 7.2 Mi/mm’

25 Hemoglobin 42 g/dl 21 g/di
Hematocrit 46% 64%
Platelet 100 k/mm’ 120 k/mm*




preferred enbodi nent, the biological material is irradiated at reduced
tenperature, preferably at or bel ow the eutectic point of the biol ogical

mat eri al wo 070279 Exanpl es The fol | owi ng exanpl es are il | uBcTasom®3cibut not
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order to achieve a final ethanol concentration of 0. 0-1 % v/v. The red
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10 dextrose-containing products is generally done by heat sterilization or

autoclaving. Unfortunately, these methods have been reported to degrade or
carmelize dextrose-containing solutions resulting in a color change in the solution
(Martindale's Extra Pharmacopecia p.1,265). Gamma irradiation of glucose has
also been reported to decompose glucose-containing solutions (Kawakishi, et al.,

15 "Radiation-Induced Degradation of D-glucose in Anaerobic Contition," Agric.
Biol. Chem., June 1977). Therefore, there is a need for a method that can sterilize
dextrose-containing products that does not degrade the product itself. In view of
the problems of the prior art, a dextrose solution was treated according to the
method of the present invention as follows.

20 A 5% dextrose solution was irradiated for 24 hours, at a rate of
approximately 1 kGy/hr. After irradiation, the product was tested and it was
found that there was no visible light spectrum change as compared to the non-
irradiated control. Therefore, the present method can be useful in sterilizing
products that contain dextrose.

25 In addition to the above experiment, fresh solutions of 5% and 50%
dextrose were irradiated to 25 kGy over 36 hours at ambient temperature. The
results were similar to those desctibed above. In addition, UV/VIS scans were
obtained and demonstrated a complete absence of the peak at 283.4 nm for
"furfural” as per U.S.P. In contrast, dextrose samples sterilized using an

30 autoclave contain the 283.4 furfural peak. "Furfurals" are carcinogenic.



| evel s of various bl ood conponents and the results are shown in Table 1.
The 10 control sanple consisted of blood fromthe sane bag as the test
sanpl e bwobnt/7adred not undergo irradiation. Table 1 ill ustrar@sotdadl
dilution and irradiation of human blood cells did not significantly alter
the white blood cell count. The platgehet count and hematocrit values were
slightly lower than the control; however, these values are still within
the range that i s_seen.in.nor adult bl ood. .The | evel of 15 henogl obin
wns hygner Bytaels 52 ST oF Fin St ReBRain come -t ed bl ood cel I di g

| yse during the procedure. This is also evidenced by the | ower red bl ood

cell count. Nevertheless, contrary to what has been previously published,
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and fluid dgpleetion, in the treatment of hypoglycem a, as a plasm
expander, in renal dialysis and to counteract hepatotoxins (The Merck

I ndex, 5 Eleventh Edition, Merck & Co., Inc. (1989), and Martindale's Extra
Phar macopeci a, p.1l, 265). Dextrose iﬁgg#so the preferred source of

carbohydrate in parental nutritio%A ments (The Merck I ndex, Eleventh

Edition, Merck & Parameter Control (%) Irradiated (%)
10 Polymer 2 3
Dimer 7 8
Monomer 90 86
Low Molecular 1 3
Weight
15 ' pH 7.05. 6.97
NTU (must be > 20) 11.4 11.4

As the results demonstrate, Normal Human Serum Albumin can safely be
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



Co., Inc. (1989), and Martindal e's Extra Pharnmacopecia, p.1, 265). In all
of the above applications, the dextrose nust be sterilized before use.
Sterilizavdon7f9 10 dextrose-containing products i s generptTAySadorssiby heat
sterilization or autoclaving. Unfortunately, these nethods have been
reported to degrade or carnelize dexgrose-containing solutions resulting
in a color change in the solution (Mirtindale's Extra Pharnmacopecia p. 1,

265). (a jrradiati ucose.has also been reported to deconpose
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1977). Therefore, there is a need for a nethod that can sterilize
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view of the proble of the prior art, dextrose soluti.on was treated
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dexg rose sqlilrednn Wasleisr radi ated for 24 hours, at a rate of approximtely
1 kGy/hr. After irradiation, the product was tested and it was found that
there was no visible |ight spectrum change as conpared to the non-

irradi ated control. Therefore, the present nethod can be useful in
sterilizing products that contain dextrose. 25 In addition to the above
experinment, fresh solutions of 5% and 50% dextrose were irradiated to 25
kGy over 36 hours at anbient tenperature. The results were simlar to

t hose described above. In addition, U/ VIS scans were obtained and
denonstrated a conpl ete absence of the peak at 283.4 nmfor “"furfural" as
per U S.P. In contrast, dextrose sanples sterilized using an 30 autoclave
contain the 283.4 furfural peak. "Furfurals" are carcinogenic. WO 01/70279
PCT/ US01/ 09361 -17 Exanple 3 - Sterilization of Human Serum Al bum n Nor nmal
Human Serum Al bum n was irradiated as a 25% salt-poor solution to a total
dose of 25 kGy over 36 hours using a Gamracell 220 (Co60 is



the gamma ray source in this instrunent). The tenperature was not
controlled 5 during the irradiation but it is estinmated that the contai ner
hol di ng tweoabdmm n sol ution was approximately 23 C. Thepewesbtr®aaf HPLC
analysis are given in Table 2. TABLE 2 Paranmeter Control (% Irradi ated
(% 10 Polyner 2 3 Diner 7 8 Monrbher 90 86 Low Mlecular 1 3 Wight 15
pH 7.05 6.97 NTU (nust be > 20) 11.4 11.4 As the results denonstrate,

Nor mal Human Serum Al bum n can safely be irradiated to 25 kGy (at a rate
of approximately 0.7 kGy/hr) at roomtenperature wthout adversely
affecting the essential properties of the protein. This has not 20 been
denonstrated before. Al other attenpts at irradiating serum al bumn
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| arge and slightly irregular in shape. The results of three separate

experinents are

5 reported in Table 3. WO 01/70279 PCT/USO1/09361 -1
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in order to determine the efﬁcacy of the method when treating HIV-contaminated

blood. In each Example the cells were similarly treated. In these experiments,
the cells were gently agitated after 12, 16 and 24 hours of irradiation. Further, in
the third experiment (Example 7), the cells were placed in T25 flasks to provide
greater surface area and reduce the concentration due to settling in the bottom of
the centrifuge tubes. In each case, the cells were irradiated at a dose rate of

approximately 0.7 kGy/hr.

Example 5 - Sterilization of HIV-containing Blood

The following experiments were undertaken with the following specific

objectives:

1. To evaluate the toxicity of the process towards red blood cells
(RBCs).

2. To evaluate the anti-retroviral activity of the proceSs.

Method

Initially, 2 ml of anticoagulated blood was obtained from an HIV-
seronegative donor. The blood was centrifuged, and the plasma was removed.
The remaining cell pellet was resuspended in 10 ml of the CPD buffer and
centrifuged. This washing process was repeated a total of three times. The final
pellet was resuspended in 40 ml of the SCPD buffer, and distributed into plastic
tubes in 2 ml aliquots, with 16 separate aliquots being retained for further
manipulation. For 8 of these tubes, an aliquote of HTLV-IIIB was added. This
is a laboratory strain of the HIV virus and 100 tissue culture infective doses
(TCID) were added to each of the tubes to be infected. For fhe 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-
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-20 The cells were easily put into s,_§§_pension and reconstituted in fresh
buffer. The follow ng three experinents (Exanples 5, 6 and 7) were

conducted .in ord to d ' h ffi f th t hod wh t ti
V- cont anil FREER WHSE SEF SAURCLth BRSPS FRECRBPRLOlE ISP y et od.

In these expesidRPintect® dldFoG&lonSin¥eted) GeRtHaidRdird A @entfal Sandet, 16 and 24
hours of irradiation. Further, in the third experinent (Exanple 7), the

cells were epb%p_(tdcht they P&se ﬁd)tesSIkECtGd_ttptfmﬂrd@SS-gr eater surface area and reduce
e Conee T a4 e BEL b eSS LB
0. % kKGy/ hr .plood was obtained from the donor. This was processed in the clinical

hematology laboratory and a complete hemogram was performed. These baseline

results were compared to repeat testing on the study aliquots, which included

evaluation of four processed and four unprocessed samples, all of which were not

infected with HIV.

10 An aliquot of 0.5 ml of each of the infected study samples was inoculated
on mononuclear cells (MCs) which had been obtained three days earlier. These
cells had been suspended in RMPI culture medium, with 10% fetal calf serum and
other additives (penicillin, streptomycin, glutamine and HEPES buffer) along
with 1 pg/ml PHA-P. At the same time as this inocculation, the cells were

15 resuspended in fresh medium with rIL-2 (20 U/ml). The cultures were
maintained for 7 days. Twice weekly, a portion of the culture medium was
harvested for the measurement of HIV p24 antigen levels (commercial ELISA kit,
Coulter Electronics, Hialeah, FL) for the measurement of viral growth.

A separate aliquot of the eight infected study samples was used for viral

20 titration experiments. Briefly, serial four-fold dilutions of the virus-containing
fluids (ranging from 1:16 to 1:65,536) were inoculated in triplicate in 96-well
flat-bottom tissue culture plates. PHA-stimulated MCs were added to each well
(4 million cells in 2 ml culture medium, with IL-2). Analiquot of the supernatant
from each culture well was harvested twice weekly for the measurement of HIV

25 p24 antigen levels. A well was scored as "positive" if the HIV p24 antigen value

was > 30 pg/ml.



10 Exanple S - Sterilization of H V-containing Blood The foll ow ng
experinments were undertaken with the follow ng specific objectives: 1. To
eval uat e wdel/taed city of the process towards red bl ood cePCHUS(IRBGS). 15 2.
To evaluate the anti-retroviral activity of the process. Method Initially,
2 m of anticoagul ated bl ood was obtgined froman H V- seronegative donor.
The bl ood was centrifuged, and the pfasma was renoved. The renaining cell
pel l et was resuspended.in 10 of . the D buffer and_20 centrifuged. This
washi ng process W4s’ ”ragﬁbtééi’véﬂcagl"[l?}[a%Fccé’f‘%?w‘fet e%P"rf"é ?n‘ﬁ%éberri"?%{‘o‘{ pel | et was
resuspendeqsd AC40; ol ot SRR fite hamslihiisg bilibad i nto plastic

tubes in 2 mM aliquots,” with 16 separate aliquots being retained for
further rmanipul ation. For 8 of these tubes, an aliquote of HTLV-I11B was
added. This 1is a |laboratory L[g%n ?é [ﬂﬁ HI.V virus and 100 tissue culture
infective doses 25 (TCID) wer€ a &410-3 ¢dfHlof the tubes to be infected.
For the remaining 8 tubes, a "nock"” infection was perforned, by adding a
smal | amount of non-infectious |aboratory buffer, phosphate buffered
saline (PBS). Fddrtitenfiréaged) and four non WD 01/70279 PCT/US01/09361 -21

i nfected tubes re subjected,. t he process. For conparison, the remaining
8 5teubes (four i g%steeogh Stfddt']'?loﬂon-i nfected) were handled in an identical
manner, except ¢ BpdcebBichRIBLARt Subjected to the process. It should be
stated that at the beginning of the study, a separate aliquot of 5 blood
was obt ai ned fr omnumberidnells pEhildutigns processed in the clinical henatol ogy
| aboratory and a, corrgtfttg hertr)o r ml¥vas performed. These baseline results
wer e conpar ed td ?Lg?) Ol BT ﬁ]goo‘ﬁe “he study aliquots, which included

eval uation of four processed and four unprocessed sanples, all of which

wer e not
Results

10 Red blood cell parameters for the baseline sample as well asfor the

unprocessed and processed study samples are shown in Table 4.

TABLE 4
Sample / Number MCV | MCH | MCHC
Baseline 94.5 32.0 339
15 Unprocessed-1 914 344 376
Unprocessed-2 90.2 379 420
Unprocessed-3 92.1 40.0 433
Unprocessed-4 91.0 40.2 442
Processed-1 133.4 37.8 284
20 Processed-2 131.5 45.0 342
Processed-3 128.5 38.9 303
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 ml aliquots
25 of unprocessed and processed study samples. P24 antigen levels (pg/ml) from the

study samples on day 4 and day 7 of culture are shown in Table 5.



infected with HV. 10 An aliquot of 0.5 m of each of the infected study
sanpl es was i nocul ated on nononuclear cells (MCs) which had been obtai ned
t hree dawoenrd2rer. These cells had been suspended i n RVMAT/@80T09B@ nmedi um
with 10%fetal calf serumand other additives (penicillin, streptomnycin,

gl utam ne and HEPES buffer) al ong \Anzgh lg/m PHA-P. At the sane tine as
this inocculation, the cells were 15 Fesuspended in fresh mediumwth rilL-2
(20 Um). The cultures were " mai nt[ai ned for 7 days. Twi ce weekly, a
portion of the culture nediumwas HW&¥8sted for the measurement of HV p24
antigen levels (comercial ELISA Kit, _Coulfer Electronics, Hialeah, FL)

for the measuremeng,hleViNdhb&y oW |h. Rzéepaﬁat &% i quot of the eight

i nfected study sanples was used fdr Days 0 Pay/ati on experinments.

Briefly, serial fauyr-fold dilutions of the VMirus-containing fluids
(ranging from 1: 1215]19130&‘?38%?5536) wgr e 1i3r‘§hcul ted‘&id'n triplicate in 96-well
flat-bottomtissu I | ates.| P tinul at MCs were added to each
well (4 mllion sléﬁ{gg#%gdéﬁm cul turl_ye}—sréredi m f\ﬂfkt h 1L-2). An aliquot of

t hes super nat ant f@g(gfbgéggéu_g;ul turg welhowas| harygsted tw ce weekly for the
measurenent of HV 25 p24 antigen |l evel s. wel | was scored as "positive"
if the HV p24 antUgencessddsé¢ was [> 308Pg/ n] . VEB301/ 70279 PCT/ US01/ 09361
-22 The viral titer was cal cul ated according to the Spearman-Karber nethod
(se ACTG virol ogy peeassebl nanual )| usiig the fol4lowi ng equation: M= xk +

d[0.5 - (1/n)r] titer.(in logl4) xk: dose, of highest dilution d:
space between dil riof)"rféec[i.z nunber |of Pl's per %Iuti on r: sumof total
number of wells. p.,essed-3 590 276

10 Processed-4 622 203

Finally, one unprocessed sample and one processed sample were selected

for the performance of direct viral titration without culture. The results are shown

in Table 6.
TABLE 6
15 Sample/Number Titer (log 10 ml)
Unprocessed-1 1.5
Processed-1 0.0

The red blood cells were minimally affected by the process, although
some reproducible macrocytosis was observed. Although on co-culturing of
20 - processed samples, there appeared to be some residual live virus, this was not

confirmed by direct titration experiments.



Results 10 Red bl ood cell paranmeters for the baseline sanple as well asfor
the unprocessed and processed study sanples are shown in Table 4. TABLE 4
Sanpl e / Wwaonbar7MCV MCH MCHC Baseline 94.5 32.0 339 15 popuscem®sad-1 91. 4
34.4 376 Unprocessed-2 90.2 37.9 420 Unprocessed-3 92.1 40.0 433
Unprocessed-4 91.0 40.2 442 Pr ocess«ig_-l 133.4 37.8 284 20 Processed-2

131.5 45.0 342 Processed-3 128.5 3879 303 Processed-4 131.1 39.4 301 The

abbr evi ati%‘s’wiéﬂq ;sl'abl e 4 are explained under Table 3. As described above,

H V cul tur 2%established using 0.5 m aliquots 25 of unprocessed and
processed study sanples. P24 antigen levels (pg/m) fromthe study sanples
on day 4 and day 7 of culture are shown in Table 5. WD 01/70279

PCT/ US01/ 09361 THe3bjeasyEoBhiSgrpirandnt Nastoevalpau tiptdxicppf the Peges

Unprocessed-1 1360, 484 processed-2.1180 418 5 Unprocessed-3 1230 516
Unpr ocess e&9War%6é‘?51 é@%d C%Ede §§§8’85e%e%s2‘§e Bgqner.

Method

5 For this experiment, 1 ml of anticoagulated blood was obtained from the
same HIV-seronegative donor as in the first experiment. The blood was
centrifuged and the plasma was removed. The remaining cell pellet was
resuspended in 10 ml of the CPD buffer and centrifuged. This washing process
was repeated a total of three times. The final pellet was resuspsnded in 20 ml of

10 the SCPD buffer and distributed into plastic tubes in 2 ml 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

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.



Processed-2 760 303 Processed-3 590 276 10 Processed-4 622 203 Finally,

one unprocessed sanpl e and one processed sanple were sel ected
per f or mave@oofoxd r ect viral
shown in Table 6. TABLE 6 15 Sanpl e/ Nunber Titer (log 10 ml)

Unprocessed-1 1.5 Processed-1 0.0

af fected by the process,
observed. Al though on co-culturi ng

titration w thout culture.

for the

ThecT/@sul/aselar e

e red blood cells were mninally

al t hough some' r epr oduci bl e macrocytosi s was

0 processed sanples, there appeared

to be sone residual live virus, Fé Was not confirned by direct titration
experinments. WO 01/70279 PCT/ JSOl/ 09|?61 4- Exanple 6 IThe obj ective of
this experifemplgoNumbes a yat tly MEW HeMfr Hd/vards red
bl ood cellsgn conpr ehensi ve t hod Fo periment, 1 m
of anti coagg gﬁlg’& bl ood was oHt ai’ 2§ F?i(\)/?n the’* gar 5}—IPV-se negati ve donor
as in the f'[fn?t*oc%é‘sggrl' ment . e pbgod yas |cegisi fluged angeghe pl asma was
renoved. The renmal ning cell Il et reguspendgqd 1n 10 nl of the CPD
buff er and cripiddetdeged. Thi s ashDBgl papcess 8mas |repsatedi2a total of three
times. The final pellet was rgsuspsnded in |20 M qgf 10 tjhe SCPD buffer and
di stri but edProvessegtlasti ¢ tubeq i h12 |l 34l i quddBOwi|t R9.81 I| 15 al i quots bei ng
retained for further mani pul atji on. H ght tubes werje_subjlected to the
process, whiresesssd-% i nal ubkd Sy atted ds2¢8nt|r disY unpr ocessed
tubes. Processed-3 126 | 28 | 1615 | 221 | 137
Processed-4 0.79 24 158.4 30.8 194
10 Processed-5 0.54 29 162.5 54.5 335
Processed-6 1.04 32 163.0 313 192
Processed-7 1.35 45 144.7 33.0 228
. Processed-8 1.22 45 135.8 36.5 269
There was macrocytosis of the cells which was present in all the processed
15 samples. Comparable hemoglobin levels were measured in the unprocessed and
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 ml 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 ml 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



After the processing, all the tubes were centrifuged, and the resulting
pell et was resuspended in 100 ,ul buffer. A conplete henpbgram was

per f or redvonv/these 15 reconcentrated study sanpl es. As i PRCT/HSof(9B&EL
experinment, a separate aliquot of blood was obtained from the donor when
the study sanple was taken. A conplq&g_henngranrmas perfornmed on this
basel ine sanple. As the study sanpleS were re-concentrated to 33-50% of
their original state, nore djrect caonparisons wth the baseline, 20 sanple
Coul d be oRHBErTROIF HrAdRaatls BEABTNG oS GURnELs SouPoRRREPPIE  Resul TS
Red bl ood ggkks PRf@TRE Hosestifl, thb€o@febs dRh SaRIRsBSwIRIkerded a t he
unprocessed and processed study sanples are shown in Table 7. The

abbr evi at i @ngsuasdeteinnindtainl of the calls’ cdpdditydd absoriT aky gen §turniay @ brighe7 9

PCT/ US01/ 09361 -25 TABLE .7 Sample / Nunmber, RBC MCV C Baseline
4.76 152 94° °%f¥@x§§%wfBHBPﬁé&B@@apfmﬁrgﬁh%§"§égg§§§fﬁnggg processed- 2
1. 08 41 89.thsRBwareddfiratéd ArE&naued with t%érés@c&a@ga’d%t?es& nd& peessed-2 1. 15
34 155.9 29.4 189 rocessed-3 1.26 28 161.5 22.1 137 rocessed-4 0.79 24

158. 4 30. 8 stgul vduiRe of dxiffed- B CorapleRhenBRran Svaspeafebmedpodhessad- 6 1. 04 32
163.0 31.3 192 tP{’?gcgs ed-7,1.35 45 144.7 33.0 228 Processed-8 1.22 45
135. 8 36. 5 OBFNRifd SHAYaMPIER, ocytosis of the cell's which was present in

al | the processegkinExamples 5 and 6, a separate aliquot of blood was obtained from the
donor when the study sample was taken. A complete hemogram was performed

10- on this baseline sample. As the study samples were re-concentrated to 33-50%
of their original state, direct comparisons of a number of specific parameters

would be possible with the baseline sample.
Results

On visual inspection, there were no appreciable differences between the

15 processed and unprocessed study samples. Specifically, there appeared to be a

uniform distribution of well suspended cells. On exposure to ambient air, the

contents of all flasks became somewhat brighter red. No specific quantitative
measurements of oxygenation were made.

Red blood cell parameters for the baseline sample as well as for the

20 unprocessed and processed study samples are shown in Table 8. The

abbreviations used in Table 8 are defined under Table 3.



15 sanpl es. Conpar abl e henogl obin | evels were neasured in the unprocessed
and processed sanples. The absol ute val ues were appropriate for the

resi dual wapl/uron. The red bl ood cells are preserved. Exmapiusoifo93diet hod
20 For this experinent, 5 m of anticoagul ated bl ood was obtai ned fromthe
sanme Hl V-seronegative donor as in thg first two experinments. The bl ood was
centrifuged, and the plasnma was reno %d The remaining cell pellet was
resuspended in 100 m of the CPD bﬁffer and centrifuged. This washing
process was repeated a total of tHPBEEPimes. The final pellet was
resuspended in 100 m 25 of the SCPD buffer| and dlstribufed in 25 m

al i quots, i rPampde{ Nymbercyl tureRB(is sHGSyj |t M&M |f MfsHa| MEGBG bei ng
retai ned for.further mani pul at|i on | akles rg 01y 70279
PCT/ US01/ OQM&‘“ZG subj ect t ﬂgsp 2ss, e t}%)3 e3|% two were

retained as [ﬁgp(%creggred unpr ocessedo ol pskg- ft1§:1r5t he3@.|goc 523|3ng, t he
eac

contents of the fl asks] was opserved and™ g visua eterm nati on of
thes cel I's' aapRedebsedio absorb joxggen| (sor nijngssasbrii ghtier| 09d on exposure
to anbient air) was made. Folllowing fhis, the contlents of the 5 flasks were
aspirated arfdoessudrli f uged, vvith 0188 re8Vduall 1p@abl dt 328susp¥¥ded in a small
vol unme of buffer. A conplete %ra was perfornmgd on these re-

concent r at ed’f@QeﬁW Lanpl es. As |ﬁ Expnpfes plahd d, 3A4sepatldte aliquot of
bl ood was obtained fromthe donor when the study sanple was taken. A
conpl ete henogram was perfornmed 10 on this baseline sanple, As the study
sanpl es wer e re-dunewstimgnevasdssiggedioonee clopdy F‘PHPK@%S‘O@tté{néO di rect
conpari sonsefh A IORIhelfaSREEA [hGa BAEATTHA s SRYb ety RATRLEI e vi th the
basel i ne sarrp t's "On Visua nspect1 on, ere re no appreciable
di {¢ er encesat hgtheeesluinee 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
difference in cell size between the processed and unprocessed samples, both being
large compared to baseline. Comparable hemoglobin levels were measured in all

15 the study samples.
Example 8

In this experiment, Inmunoglobulin G (IgG) was irradiated in lyophilized

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 irradiated 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.



15 processed and unprocessed study sanples. Specifically, there appeared to
be a uniformdistribution of well suspended cells. On exposure to anbi ent
air, thewaontem s of all flasks becanme sonmewhat bri ght er rer@soO3a&peci fic
guantitative neasurenents of oxygenation were nade. Red bl ood cel
paraneters for the baseline sanple as well as for the 20 unprocessed and
processed study sanples are shown in %éble 8. The abbreviations used in
Table 8 are defined under Table 3. WO 01/70279 PCT/ US01/ 09361 -27 TABLE 8
Sanpl e / Number RBC HGS Mcv McH McH@BLBZsel i ne 4.75 153 95.0 32.3 339
Unprocessed-1 0.93 30 151.5 32.3 213 5 Unprodessed-2 0.92 30 155.5 32.1 207
Processed-1 _0.82 Xaragetg 32. 8 209Comrabesoted- Irmdinted 6352, 6 32. 4 212

Thi s experinment was designed to|nore c|osely |approxinmate conditions of red
bl ood cells tg%ﬁ@n?ﬁgﬁ§?ﬁ%ﬁg%?nto a pa{ient, and was consequent|y conduct ed
10 at higher volunesy, On a prelilm narygbasis,| it dogs not appear that the
process inpairs the red blood gells' ability to carry oxygen, although
thig shoul d be nmeagtoaftrnore formallwg I nterlestingda, in this experinment,
there was no difference in celll size betweer] the processed and unprocessed
sanpl es, bot h ey Mpledudarg€eightrpgr ed t ol basel ijne. Cof@par abl e henogl obi n

| evel s were neasured in all 15 the study sanples. Exanple 8 In this
experinment, |Immunoglobulin G (1gG was irradiated in |yophilized form

Met hod Results

The results presented by Gergely, et al., using freeze dried IgG showed
that a portion of the protein was insoluble after an irradiation dose of 12 kGy to
10 25 kGy at sténdard 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 occurred. 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 (IVIG) in liquid form, it was shown that

greater than 70% of a specific antibody in hyperimmune IVIG was retained.
Example 9

In this experiment, alpha 1 proteinase inhibitor and fibrinogen were

20 irradiated in lyophilized form.



20 The results of HPLC analysis of 1gG are given in Table 9. AS the results
denonstrate, the product appears to be unaffected after being irradiated to
a dose o¥0oBb74e@ at room tenperature when the irradi ati onCT/wSd@loBamer ed at
a rate of approximately 0.7 kGy/hr. This has not been previously
denonstrated. WO 01/70279 PCT/ US01/ 0 §61 -28 TABLE 9 Paraneter Control (%
Irradiated (% Polymer (rmust be >2% 71 1 Dimer 10 13 5 Mnoner 88 84 Low
Mol ecular Weight 1 2 Results The results presented by Gergely, et al.,
using freeze drﬂ@ﬂhpﬁG 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., et al., "Studies of Gama Ray-Irradi ated Human

| mmunogl obul i n GHe s&pRRAER: plackd in AGEmmacelbP2( astirradiaeid agecardieg pr esent

nmet hod at a dose rate of approxi ma LTk hr, none of the rotein was
i nsol ubl e, HHhPESSRLATACTHE aebieEioonat f Voi  seng eﬁkye@ﬁﬁﬁb’&twed&@d‘?gdat ion of
the protei r]a&ﬁ&thyr%ganaﬁygig.h?ﬁe ddL A Whs 080 1&y/mr. found that a liquid

formul ation 15 of human'1gG lost all of i1ts activity after irradiation. In
studies using the present nethod on intravenous inmmunoglobulin (IVIG in
liquid form it s shown that greater than 70% of a specific antibody in
hyperi nmune | VI &MY 1 et ai ned. Exanple 9 In this experinent, alpha |
prot ei nase inhibitor and fibrinogen were 20 irradiated in |yophilized

form WD 01/70279 PCT/USO1/09361 -29-
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.
The topical fibrinogen complex vials were reconstituted in 10 ml of water.
10 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

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

15 form.
Method

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

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

20 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.



Met hod The sanples were placed in a Gammacell 220 and irradiated accordi ng
to the present process to a total dose of 25 kGy. Sanples were then

ret urned woot/fe79 | aboratory for analysis. The dose rate wWeeT/WOSVAIBEDY/ hr. 5
Results The al pha 1 proteinase inhibitor, both treated and control, were
40% of a standard normal pool ed pl aspm sarrpl e. The Mancini radi al

i munodi f fusion technique was used as the assay. The topical fibrinogen

conplex vials econstitute 1 0 Pro am ne sul phate
Vi gP S were reco CF[IQH é%su}tﬁwﬂf fgr?n‘gff’ &EtﬂérFe {:ﬁtﬁﬁsafl}PﬁB}k Bat a g
concentr at iR Hf bddh 184 @S Ade testifs Bﬁ%ra’%ﬁé’fﬁig%e Fﬁ'é”t&rs%t %%wn't ”St ant

formation of nononer in all three preparations. Exanple 10 In th

experi ment telperarstoduch ahdghldoacmf radratigey with suchdltthtt l@ds pfractiyityp HTHis zed 15
form Methad. The sa wal0 a irradiated to
various tot'& ‘E@gtego fasg“\éﬁ’sg‘ '@% ?%Eﬁ ﬁ% ﬁ(@ MResults 20

Facgor VI| Ihﬁa@hm@nﬁﬁ%}ﬁﬁhw[thuﬁ&d&i‘éxeh@/ \am-i J&P@{ﬁhaﬁ%dﬁ latiBActor VI 11
r et ai ned 77%act|V|ty at 20 kGy and 88% at 10 kGy. Simlarly, Factor IV

showed an dbofeuist'y Vbebehg o%6:2209228 (1989 k Gyhaa frding 0iata t'the Grrkdigtion\ef 01/ 70279
PCT/ US01/ 0936 ent resul.ts wer hr ee ,Fact ors.
our knowl 5%13]1“%63 ComeeiiateS g S plRkRnr v il Hitui; €%,

i rradi ati ngTAREvARH ThEmah irBh&REicich&MAALdY BhRntaRadistédh add itk éifeclose  of
radiation with such little loss of activity. This is in direct contrast

with the reslasmagidgpagitasion fastoral' Transfsfondt :33f 3 TAd APR), also concluded

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

To

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

15 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 cells were collected from a healthy donor in EDTA, washed 3
20 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* Staphylococcus
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
25 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



5 Irradiation on the Human | mmunodeficiency Virus and Human Coagul ation
Proteins,"” Vox Sang 56:223-229 (1989), who found that "the irradiation of
| yophi | i 2e0lovoneentrates is not a viable procedure.” Sim pariogol/ddBanstra,
et al., "lnactivation of human i munodefici ency virus by gamma radiation
and its effect on plasm and coagul gfion factors,” Transfusion 31:32-39
(1991), also concluded 10 that "Ganma radi ati on nmust be di sregarded as a
nmet hod for the s erilizaﬁion -derived products,

f. plasnma.and pl as
because of ERE LG aRIaiER rbsreBfima R A RIASE] Y IcEyoraoRet SHHSHP doses ¢ hat
still give RERRALBRIGRYIASOMEBE heBhtoRig)1989F% Bl iyi ty of plasma conponents.”
Exanple 11 15 In this experinment, red blood cells were irradiated at a dose
rate of 0.5 kGy/hr for periods of tinme ranging from7.5 to 90 mnutes in
order to renove ,bacterial contam nants. Method Red blood cells were
col I ected from &A% thy donor in EDTA, washed 3 20 times with CPD
sol ution and resuspended in DPC to provide a 1:20 dilution based on the
original blood volune. The cell suspension was then subdivdied into 14
tubes. To seven Bife resdtstofjesnicspipelogy asseed are givenin Telde $Paphyl ococcus
epi derm di a were added. The cells were placed on ice for transport to the
irradiation facility. Al of the sanples were placed in the chanber at
antj ent 25 tenperature and irradi afggigato 0.5 kGy/ hr for periods of tine to
give total doses of 0.625, 0.125, 0.250, 0.375, 0.500 and 0.750 kGy,
respectively. The sanples were WO 01/ 70279 PCT/US01/09361 -31 renoved and

agitated at each tinme point and placed on ice for transport either to the
m cr obi ol ogy | aRashatidreDbeenikiGyl) ogy Timb (Min.) anaNusiter SResivintgs The results
of the m crobi'ology assays are gfven 1n Tabl¢ 10.
0 92,200
0.625 7.5 84,500
0.125 15 35,000
10 0.250 30 10,067
0.375 | 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

15 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 species 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 "Radiosensitization 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 pfocess, the following parameters were determined for the cells, WBC,

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



5 TABLE 10 Radi ation Dose (kGy) Tinme (Mn.) Nunber Surviving 0 92,200
0.625 7.5 84,500 0.125 15 35,000 10 0.250 30 10,067 0.375 45 1,800 0.500
60 250 ®WGBD7@® 0 Thus, a dose of 0.75 kGy provides a 4.BCTogads@ducti on
in bacterial 15 survivors. This represents a significant safety factor for
bl ood. Further, the D 10 value is a EFOXIﬁHte|y 0. 125 kGy which
corresponds well with the val ues gorted inthe literature for simlar

i f hyl B. A. Br, dge T f | | d
oh the. radied GRS afAT g yl%lrltorﬁrsl'@f%k%t%d in TR TR Mehstionlotm: agy 4y
(1962), anq/aﬂﬁ%%ncl@nged ao8 t%%@the Dnirold@ve r@ﬁ:f Qfa‘%l'ih‘-‘tiogl'd%@é b7 9f

St aphyl occocus aureus by p-hydroxybenzoic acid, . Radiat. Bio

41: 351- 356 K@y 8Dis expericrededenanstiaten thet redtbéocdhatls t4reber aftlpirontiated| | s

remai ned viable after th i rradiat roces the foll raneters
were det er RYHBYIPESM fstho ?é??gos ﬁ§?@§??8ﬁW§@EW"EVH5WB§9?3%?° nocyt es,
Eosq nophi | s.cargndgagophils. These 25 determ nations nerely enunerated the
nunber of cells present. Al nucleated cells would, of course, be

i nactivated by the radi ati on dose delivered. The other WD 01/ 70279
PCT/USOl/O%ﬁ61 { ?g red blood cell paraneters nonitored are listed in Table
11. The Met bi val ue was unchanged fromthat of the controls even
after a radlatlon dose of 0.75 kGy. This experinent denonstrates that red
bl ood cells can be safely irradiated by the present nethod to a dose of
0.75 kGy at roonthiesprarament evasi condnesed gsingcshe 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.
10 Results

(See Table 12, below.)

These results confirm the previous results and indicate that indeed, red
blood cells can be irradiated to a dose sufficient to provide 4.5 log,, reduction in
bacterial count.

15 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.



5 cell function. Exanple 12 This experinment was conducted using the nethod
in Exanmple I | to confirmthe findings of Exanple 11 and to expand upon
sonme of tweopananeters neasured. The results of this exprCi/mseosssie gi ven
in Table 12. 10 Results (See Table 12, below. ) These results confirmthe
previous results and indicate thatsgndeed, red blood cells can be
irradiated to a dose sufficient to provide 4.5 10g10 reduction in

bacterial count. 15 It is contenplated that future experinments will provide
simlar results for platelet. Thus, with little or no additional
mani pul ati on, 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 wuntoward reactions in

reci pients. WD 01/70279 PCT/US01/09361 -33 MK? .--i NN O O.-- "™ NN
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Example 13

In this experiment, the protective effects of certain stabilizers were
evaluated using lyophilized 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 ml total volume was Iyophilized containing 50.g
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 2.5ug/ml insulin antigen. Three-fold serial dilutions of anti-
insulin monoclonal antibody samples starting at 5..g/ml were used. Goat anti-
mouse Ig 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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Exanple 13 In this experinment, the protective effects of certain
stabilizav@oweney eval uated using |yophilized anti-insul i RCTVOR@EI9661AI

anti body exposed to 45 kGy 5 of |ow dose gamma irradiation. The
stabilizers tested were: sodium ascorggt e, nethionine, and lipoic acid.
Method In 2 m glass vials, 0.5 m t3 tal volune was |yophilized containing

50g anti-insuli ocl.onal ., anti -bod bovi ne.serum al bunmin (1% and
o ther 10 no- st A RDEE SPaBsR R e Rellest SEpiigr ST S BUPOBine samphes
ver e st oppefgdity NE&TngMAGHEITdN WRHRb RE:yWRIENd itfadftish €thivid i 8w radi ation
(45 kGy total ‘dose, (%ose rate 1.83 kéy/hr, tenperature 4C) and then
reconst i t uttegreniaus resdte i wiich #b by dbigamimagadiatiandestroysfd eisseahéipdnalént

dupl i cate sanpl es det ey m ned by .a standard ELI SA.protocol: 96-well

i orot i re O B BeEIBTLaE b S S P HRY RTSGrER T sgidH (T RSttin ant | gen.
Thr ge-f ol d genical afll tHet @SR in 20didudl Rl B ERDBF L ARLIAY hitodya sanp! es
sta?ti ng ata%%/emtwere usedl.0 égat 1alﬁlti - r?ouge |g§c’?§’?uhzg§% ed&?gdphosphat ase
used at 50 sigiifrtant Sragension @4 iglokal proein.phosphat ase substrate was used at |
ng/ M in DEA buffer. Bjinding,activi was . determ ned hy ahsorbance at

405- 620nm 20 ReTlaﬁadégloarOéﬁ%Pm&%%cééeaéQVéqegiifHﬁaeCByeré PACHREYAIEE he shift in
the titrati.ong:.c [ - At ; I; . des observe the
sane. ampunt TapiarEh ek som . FRRE RGO PindCiab pidaaRRaL AL

uni rr adi at edcoampbaatvity (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 usiﬁg 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 urate/trolox and

ascorbate/urate/trolox.
Method

In 3 ml glass vials, 1.0 ml total volume was lyophilized containing 100..g
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 reconstituted 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 2.5ug/ml insulin antigen. Three-fold serial dilutions of anti-

insulin mAb samples starting at Sug/ml were used. Goat anti-mouse Ig



approxi mately 50% of the maxi num absorbance signal for the unirradi ated
sanple. 25 Results WD 01/70279 PCT/US01/ 09361 -36 Lyophilized sanples

cont ai ni mono7@rabili zer retai ned 50% of anti body avi di t pct/okéiosseg
irradiation with 45 kGy gamma irradiation. This is in contrast to previous
results in which 45 kGy of ganma ra}gi/_ati on destroyed essentially all the
activity of inmunoglubulin when it Was irrradiated in solution. Thus, it is

5 t that duction | i QRN vty | yaphi | 21
2t orded CCPGARET dAnPRBPOREtH Poh B i S bl bt ol eTies R ¥ on of sodi um

ascorbate dgﬁ%hgg(ﬂ,yfagggrbgr%gyq:@y.@@nnacti vity after irradiation of the
sanple. Both nethidonine and |ipoic acid provided significant recovery of

activity (76-83Rdatofe pastestiantwasafteamined nsing aparaliel lige arplyds WEWAE t he 10

uni rradi ated sa .. Jhe results ar ho i\n Figures 1 and 2. Exanple 14
In this eﬁ&é‘fqgﬁgﬁifg kh ON%QB?%QSEWS%E%@“% certain stabilizers were
eval uated using |yophilized anti-insulin nonoclonal antibody exposed to 45
kGy of |ow dose gamma irradiation. The stabilizers tested were: sodium
asgorbate, N 1Raa#tyl cysteine, glutathione and m xtures of urate/trol ox

and ascorbate/urate/trolox. Method In 3 m glass vials, 1.0 m total
vol unme was | yophilized containing 100/,cg anti-insulin nonocl onal

ant1-body. 10 i paulAg saﬁﬁl%%@ﬁtmﬂ{%rmo(sje&@ili@é?de@in%bet)w@f Aeibsd@bi | i zer or

the stabilizer I'nter est e sanpl es were stoppered under vacuum

Sanpl es wesvadity follehvaigeittadiatitn githwa kGadjaatnxinradigor Gyhis étialcodterse, dose rate
1.83 kGy/ hr, tenperature 4@1 and then recg‘ﬁstit t ed -thé’iﬁ@?é wat er .

Ant i body bomesvipsaesulty it Whish 40 ik BB ME AT LSt EOLATHP B WA

the activity of immunoglubulin when it was irrradiated in solution. Thus, it 1s

10 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%, i.e. such

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-

15 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

20 sensitivity of a monoclonal antibody were determined.
Methods

In 3 ml glass vials, 1.0 ml total volume was lyophilized containing 100ug
anti-insulin monoclonal anti-body, 10 mg bovine serum albumin (1%) and either
no stabilizer or 100 mM of sodium ascorbate. The samples were stoppered under

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



determ ned by a standard ELI SA protocol: Mxisorb plates were coated 25
overnight with 2.5g/m insulin antigen. Three-fold serial dilutions of anti
insulin moorsanpd es starting at 59/ were used. Goat antPeTDRGINIBEY WO
01/70279 PCT/US01/09361 -37 conjugated to phosphatase was used at 50
ng/m. Binding activity was determ ggd by absor bance at 405-620nm

Rel ati ve protection vvas determ ned using a parallel line analysis software

k PL 2 f t enber at Resul t I d
Campl 65 Comta PRGN AQEa0ani RS rRPRLRe § 0o Br agetipag o ¢,

fol I ow ng iyrg gdiwakdron vvlth 45 kGy gammm irradiation. This is in contrast
to previous results in which 45 kGy of ganma radi ati on destroyed

essential ly al | Anthiwdgcbindingy acivitymefinodépdndéntn duplentd tsamalesi was adi ated in
solution. Thus, .it s 10 a ad@gltsthat t he duction in residual water
content by 4e{espHRad Yr?gsﬁf’&g ASiPERiPgalc alPXBPER AtsSoM et cPated own
progein. TR eREGRADRE 200 3RMI IR SAALAA PhiOFEIARA HRRRKEICY - 20% 1. e
suc that there is 90% avidity recovered after irradiation. The renaining
stabilizer Snsmlasuiﬁbedamples emmeg yat fghiil 86 aledavi @odtyantifimeuseedull t s are

shown in Figures 3A- 15 nple 15 In this experinent, the protective
effects of oriugaleyd ‘IOyBB‘PﬁPPf‘tﬁend"aEvWF‘ét?t 1% pgaul. 5 Biadiagi VY Wayh moi st ur e”

content in ilﬂsg %&thb)sog%ﬁﬁcesa%@?@%% l'yophi l'izing (which results in a
rel at

product wit ow rmlsture) on the 20 sensitivity of a
nmonocl onal anti body were determ ned. Methods In 3 ml glass vials, 1.0 m
total volunme was | yophilized containing 100kg anti-insulin nonocl onal
anti-body, 10 ntR458{fne serum al bunin (1 % and either

10 In the absence of a stabilizer, there was better recovery of the anti-insulin
mADb after irradiation from the samples that had undergone the secondary "low
moisture" drying cycle, i.e. a lower total moisture content in the absence of a
stabilizer improved recovery..
In the presence of the stabilizer, however, there was very good recovery
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;

ascorbate/urate/trolox mixtures; urate/trolox mixtures; ascorbate/urate mixtures

Methods



no stabilizer or 100 mM of sodi um ascorbate. The sanples were stoppered
under 25 vacuum Sanples were irradiated with gamma radi ation (45 kGy total
dose, doseOoWDr@19 70279 PCT/ USO1/ 09361 -38 rate between 2POBUsNM®D926113

kGy/ hr, tenperature 4'C) and then reconstituted with 1.0 ml water.

Ant i body binding activity of i ndeperls%nt duplicate sanpl es was determ ned
by a standard ELI SA protocol: Maxiso pl ates were coated 5 overnight with
2.5, ug/m insulin antigen, Three-fold serial dilutions,of anti insulin mAb
sanpl es starti nﬁaip?%/‘??a}mpﬂwé i étﬁ})pe(f%%fm(geﬁ_tvﬁgmsgamﬁl%s &6Hj ugated to
phosphat asgny@siedSeith @hmn RAdfon (?'Sﬂ@ﬁﬁ%tﬁ‘lcad)s‘é! Uysagge 19ekeRMrned by

absor bance at 405-620nm Results O In the absence of a stabilizer, there

was better teraparstered °@f) abdtheardcbnstitstad vith watdy. MicaewernentaliFadtoronlf r om t he
sanpl es that had, undergone the secondary "I ow isture” drying cycle, i.e.
a | ower totaéi“”%}“stthﬁrsé‘%EEﬁt"@ﬁtdefq’imfrW lﬁl?s%pr'féséagﬁ’frg {ting As§sy I‘isgr@r?gi npr oved
recovery. . Natdlg.tRy BCLLBhatib e oshBidn ZSllyzeROWever, there was very good
rec%gvery Jl.\gﬂéfﬁlacn% ﬁ@gy act{n\ﬁltyoa ter n45 kgf irradiation, irrespective of
whet her the sanple had undergone only the primary "high noisture” drying
cycle or had also undergone the secondary "l ow noi sture” drying cycle. The
results of this&& iment are shown in Figure 4. Exanple 16 20 In this
experinment, the protective effect of |yophilizing and/ or an added
stabilizer on the activity of Factor VIII was determ ned. The stabilizers
tested were; sdaditheratessnar b etabidiael, uitare mas good redoorry @Sicaatdya¥ B t r ol ox

m xtures; ascorbate/urate/trolox mxtures; urate/trol gx m xtures;
ascor bat e/ @Yy gftst irFadiationeef Hslyophilized sample (69-88% of umirradiated

control). Inthe presence of a stabilizer, there was similar recovery of Factor VIII
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 using liquid or lyophilized antithrombin III (ATIII) exposed to 25 kGy
of low dose gamma irradiation. The stabilizer tested was sodium ascorbate (200

mM).
20 Method

ATIII 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 lyophilizing the mixture and
stoppering under vacuum; or (ii) mixing the ATIII and the stabilizer while both

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



WO 01/70279 PCT/ US01/ 09361 -39 Sanples were |yophilized and stoppered
under vacuum Sanples were irradiated wth ganma radiation (45 kGy total
dose, doweonmte7d.9 kGy/hr, tenperature 4 C) and then reponssétyasad wth
wat er. Measurenent of Factor VIII activity in the sanples was determ ned
in a one-stage clotting assay using agn 5 MA Electra 14000 Automatic
Coagul ation Analyzer. Results |In the absence of a stabilizer, there was

good recovery of, Factor. VI tivity after Jrradiatjon of .the |yophilized
sanpl e (69-88% &é:%ﬁfr?élﬁm%{%dﬁé%éﬁ?lr%qsf’. f?#dtyﬁg rfl)e_re steﬁggogl?l_}%edst abi | i zer,
there was j,(idbAbnfi@FANSERYIIOI SRR A 9Ml 1104913903 M)ty BEdrBhtei wasadi ati on
(69-89% of "unirradi ated control’). The conbination of a stabilizer and

| yophi | i zi negonbitweden a qonoantdédn af 40d6ulveitly water Fdollowing irfadgftiobet ween

83-90% of the unirradi gted contro] (sodiu scorbate + Lyophilizing: 90%
recovery; to8 6% hﬂu‘l%;ﬂ& KegonstitHEsd &&6’?’ ?d@é!@?%ﬂs {+s%§89 CEPNgfee + i

lyaphi 11 zi nge, &ﬁ?{%c}]ton@Ur/ﬁFH{ {iiteRl §hRHomA (ilﬁ/n’f—l? QA Beparinl(3obtamm) € 17 In

t hi's experinent, e protective effects of certain stabilizers were
eval uat ed usiufigns inquater werelpyguandd. i zed antithrombin 111 (ATII1) exposed to

25 kGy of |ow dose gamma irradjation. T tabiljzer teste sodi um
ascor bate (200 IHW)P.TC'Q’@‘H%%'&F?IA%P?Ias%ﬁsgg‘i’@ﬁ%rﬂalidﬂlflﬁﬂ?sa?tsetbegi or in the
presence of ih4 j ' dhdger was
acconpl i shesal%ﬁ%ggg ﬁé?@?@)Hﬁagprgigs%ﬁggoﬁ%ﬁlﬁgggghh@bfﬁéﬁﬁﬁhger as |iquids
and t hen | wophath ivdlindolldhveedrbytincwbasdon at S76EpeThrogntumd80vat dlvml or (i)

m xing the ATIII_ and the stabilizer while both__25 were dry powders (i.e.
aft&r each sahsiony wphadded caganeiolpwed by yncubghiandt 70299 PCT/ USO1/ 09361

100! of 1600M thrombin substrate in water was then added (final
concentration of substrate was 800uM), followed by incubation at ambient
temperature. Activity was determined by measuring absorbance between 405-

620nm at fixed times following substrate addition.
15 Results

Liquid AT III 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 irradiation.

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 monoclonal antibody was determined. The
stabilizers tested were; sodium ascorbate; trolox/urate/ascorbate mixtures; N-

acetyl cysteine and glutathione.



-40 After irradiation (25 kGy total dose, 1.8 kGy/hr rate), the |lyophilized

powder antithrombin 11l (Signma A 9141, |ot 113H9316) + ascorbate was
reconsti moed7mm a concentration of 40UmM with water. FoPCDWSEIgI361
irradiation, both the liquid and reconstituted dry powder AT Ill sanples

(+ ascorbate) were 5 then diluted to,20 Um in water. Thrombin (1Uni) and
heparin (800 Umnm) solutions in water were prepared. In a pre-chilled
96-wel | plate aaﬁa , ,2-fold serial dilutions of the AT IIl sanples were
prepared. Hepari ’{’%ﬁ of 800 Um solution) or water was added to each
wel |, followed by incubation at 37C. Thronmbin (501 of IUmM 10 sol ution)
was added, again followed by incubation at- 37C. 1001 of 1600M t hr onbi n
substrate in watfti-inadinthewchadedtibédyipplessnisd mithd{p ofhusfanseryst r at e was
800M, foll gwed i ncubat i at _anpient .t erature. Activity was

det er ni ned aﬁi"‘“ﬁ‘ﬂ r?lﬁb’ng\%égrf} b%ﬁ&c@e)o‘@?ﬂé‘é‘?{"ﬁ%ﬁt%@ﬁﬁ% TFYARY™ i nes

fol lowi ng shhSh@hRdRBMILdRE 45 WG RaRIk bste lbefittied 1495 hid 1/883LGy@hH). t hr onbi n
inhibitory activity in the absence of a stabilizer when irradiated at 25
kG5 of | owAmibedydimiing aatavity atdsaleterimedprsemethe standdrddddSdnpratnsol bat e,
however, maj ntai ned 55-66%of liquid AT Ill activity follow ng

i rradiati oslesgpetaboYfonder AT 111 Iost only 43%of activity in the presence
of a dry powder stabilizer when irradiated at 25 kGy of | ow dose gama -
irradiation. The results of this experinent are shown in Figure 6. Exanple
18 In this experkdsmfis, the protective effect of certain stabilizers on the
25 activity of lyophilized anti-insulin nonoclonal antibody was determ ned.
The stabilizers tested were; sodium ascorbate; trolox/urate/ascorbate

mxtures; N acefyl f¥35ABshiANd MithdhH QRS supplemented with 1% HSA

to a dose of 45 kGy resulted in an average loss 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 irradiated to a dose of
45 kGy. The éddition 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 lyophilized anti-insulin monoclonal antibody was determined when the

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



WO 01/70279 PCT/US01/ 09361 -41- Methods Anti-insulin nonoclonal antibody
supplenented with 1 % of human serum al bum n (and, optionally, 5% sucrose)
was | yopiwoorent7s st oppered under vacuum and irradi ated pecDUsH1/d0EE 45
kGy; dose rate between 1.83 and 1.88 kGy/hr). 5 Antibody binding activity
was determ ned using the standard EI:J@A protocol described above. Results

Irradiation of |yophilized anti-insulin mAb supplenented with 1% HSA to a
dose of 45 kGy rl‘?srl%ﬁd in an average |loss of avidity of about 33% The 10
addi ti on of the™Mg"*Hwi ng stabilizers significantly inproved recovery: 20nmv
sodi um ascorbate (100% recovery); 200Mtrol ox/ 1.5mM urate/20 nmM ascorbate
(87% recovery); 20 mM N acetyl cysteine (82%recovery) and 20 mM

gl ut at hi one ( 76%nteinswlar mpnocidnal ardibiotly was blopBlizedanddrrediagd atrerateyophi | i zed

mAb cont ai ni | % HSA 15 resylted jn..an average | oss of ,avidity of about
30% when i ©f A ikder @Q}a‘adsﬁségqﬁy : 4‘%“%@9?%ﬁénéa‘i}lvfﬁyo‘ﬁaso‘fe?"trﬁﬁnﬁ% | owi ng
stabilizer LG L. i = 20mMM sodi um ascorbate (88%
recovery);%E%ggl\lﬁ%tgrﬁ%%%ﬁ%gﬁfog(y%?g?%gﬁ%%oggbrbate (84% recovery); 20 nM
N-acetyl cysteine (72% recovery) and 20 mM gl ut at hi one (69% recovery). 20
The results of these experinents are shown in Figures 7-14. Exanple 19 In
t his experi ment Respigs protective effect of stabilizers (ascorbate) on the
activity of |yophilized anti-insulin nonoclonal antibody was determ ned
when the 25 sanple was irradiated at a high dose rate (30 kGy/hr). WO

01/ 70279 PCT/ USQira@ig3ilof lyéighilized anti-insulin mAb to a dose of 45 kGy resulted

in an average loss of activity of about 32%. The addition of 20mM sodium
ascorbate provided 85% reéovery of avidity compared to an unirradiated sample.

The results 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 irradiated 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 1 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 determined by Sigma Plot 2000

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



Met hods Anti-insulin nonocl onal antibody was |yophilized and irradi ated at
arate of 30 kGy/hr (total dose 45 kGy). Antibody binding activity was
det er m nedo ousizng t he standard ELI SA protocol described abov@soimoRasul ts
Irradiation of Iyophilized anti-insulin mAb to a dose of 45 kGy resulted
in an average loss of activity of abput 32% The addition of 20mM sodi um
ascorbate provided 85% recovery of avidity conpared to an unirradiated
sanple. The results .are shown in Figure. 15. . .10 anple.20 1n this

exper | rent 04y oD ATARbIBCRCH KD EHs S P PR A P HBEHBS e of - a
stabi | i zer . Mathadn 4oV dOBROCRIBIyS&TP| es were gamma irradiated at anbi ent
terrperaturg 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 sanpl es wer &&¥fonstituted with 500 ,ul of 50% glycerol 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- Pr 0- Ar g- PNATSgkslictuiated. Vb o throvittix irmadtiatkenay30 k@g/hnetr ambdebter mi ned by

Sigma Plot 2000 wusing the singular_ rect angulgr h)/(perbol ic fit equation for
each aver agRvapesaiurepand 20 8/ a0eorepaedria gy indoek 9287 4o W tairrediisnni n

VA 100c SoaRsBaRehEL Iy PRtetiVeR o ftntih kihaty. e assay - performed on an
The calculated Vmax from thrombin irradiated at 0.326 kGy/hr at ambient
temperature was 0.189, as compared to a Vmax of 0.264 for the unirradiated
control, indicating a 72% recovery of thrombin activity. A clotting time assay
10 performed on the low dose sample yielded a 74% relative potency compared to

the unirradiated control.

The results of this experiment are shown in Figure 16.
Example 21

In this experiment, an [gM monoclonal antibody specific for murine IgG,

15 was irradiated at a low dose rate in the presence or absence of a stabilizer.

Method
@)

Liquid rat anti-murine IgG; monoclonal IgM 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 mixture containing 20 mM
citrate, 300 1M urate and 200 mM ascorbate.

Antibody activity was analyzed by standard ELISA protocol using murine
IgG3 as the coating antigen and a phosphatase-conjugated anti-rat IgM detection

antibody.



The cal cul ated Vmax fromthronbin irradiated at 30 kGy/ hr at anmbient 5
tenperature was 0.216, as conpared to a Vmax of 0.287 for its unirradi ated
control, wadi/oerd ng a 77% recovery of thronmbin activity. FopuUsalm®sdiat ed
Vmax fromthronmbin irradiated at 0.326 kGy/ hr at anbient 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 tinme assay 10
performed on the, | ow dose sanple yielded a 74% rel ati ve potency conpared to
the unirradiate 6’6)é1v’trol. The results of this experinent are shown in
Figure 16. Exanple 21 In this experinent, an |IgM nonocl onal anti body
specific for murine g@ 15 was irradiated at a | ow dose rate in the
presence or absénqpedchmplest@idiningmo stivbilinerdlost alli fynétibnabangbady- nuri ne |1 gG3
nonocl onal | gM apti body. (i.n.a PBS huff W th nv sodi u zi de;

concent r at PEHVIBF OL!HY"F%'HS?CIWHQH 6‘6@% i mlﬁGX/\B%“S %8?%%%‘&3?1"’% "rate of 1.8
KGy7hr to gyt g%%h?«%%ff% s&foirlﬁlelt ﬁﬁ&%ﬁl%meﬂﬁ)r&ﬁdéﬁcﬁﬂl réQv&a3hasisi t her

cont ai ned no izer or a stabilizer mixture containing 20 MM citrate,
303 , uM ur @slibvang ir2Aiativhlva scidrdiat gammiatadizoidy and 88 %irtopveryfactatityzed by

standard ELI SA protocol. using nurine 1gG as.the coating antigen and a
phosphat as&liying gardiatian Wit 40 kgx1 %f@i‘g% tr?%ﬁ“mbnt ﬁ!fo W“ﬂﬁl\ﬁr}oq‘ 0279

PCT/ US01/ 0 =44 I L juUi: s containing no stabilizer |ost
all functi %%g%l%%rﬁiéﬁeo%}%fg%h\%aw 1?5?%%(%%9 irradiation with either 1 kGy
or 45 kGy ganma irradi ation. The presence of a stabilizer m xture,

however, provided full recovery of activity
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 lyophilized 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



5 following irradiation with 10 kGy ganma radi ati on and 88% recovery of
activity followng irradiation with 45 kGy ganma radi ation. The results of
this expeoonenyy are shown graphically in Figure 17. ExanpCEBUR®@/19861t hi S
experinment, |lyophilized and liquid sanples of albumn were 10 irradiated
wi th gamma irradiation. Method Sarrpjéﬁ:s were irradiated with a total dose

of either 10 kGy or 40 kG gammma radiation. Followi ng irradiation, the

| yophili zed sanples were recopstituted with 1.1 m of. as buffer (50 nM
T oH o e edR R perve &Y B arisie By e Su SRR APK Sea and

i qui d) Wero?4@ﬁ@5¢é§§1%e@éd§ﬁé@.'”ﬁ%@dh&&h&tﬂglﬁgﬁw'i‘e’f@lt@Bftﬁ&%&B&irﬁ&h)ére( TSKgel
A000SW1 30 cmx 7.8 mm elution buffer 0.1 M sodi um phosphate pH 6.5/0.1
M sodi um sshéwn & Figuow &.ate 1 ml/nin) with a UV detection system set at
280nm 20 Results No degradation products were observed in the liquid or

| yophilized sanples of albumin irradiated with a total dose of 10 kGy
gama radi gt QR menfbs hough sone degradation product was observed in the
liquid sanples of albumn irradiated with a total dose of 40 kGy ganma
radi ati on, no such WO 01/70279 PCT/US01/ 09361 -45 degradati on was observed

in the Iyophilized sanples irradiated with.a total .dos of . 40 kGy ganma
radl ati on. The HIFEPHYPEPhMmeasuEed thes SeRsitivifg Oéxlbré‘?qsrréfﬂns%lfsé‘ le howng in

Figure 18. :j],lm{;ll i I d Qtﬁdhr itivity of
prions (t rgﬁbs&%qf;& b geﬁ%b %{g}f%?@ng)gﬁégﬂgﬁgkéﬁt y ﬁg%‘magﬁesﬁ)@i oni zi ng
radi ati on at | ow dose rates.

Method

0.3 ml of phosphate buffered saline containing a 10% homogenate (brains
collected from golden Syrian hamsters in the terminal stages of scrapie infection)
10 was added to 29.7 ml of albumin in a 50 ml polypropylene tube. Samples were
irradiated with a total dose of either 30 kGy or 55 kGy (control samples were not
irradiated).
Weanling golden Syrian hamsters were inoculated intracerebrally with 50
1] of undiluted sample. All animals were then evaluated for signs of scrapie
15 disease and scored for the appearance of a wobbling gait, failure to rear and
terminal condition (at which point they were euthanized). The days post

inoculation for each sign for each animal was calculated.
Results

Irradiation at the higher total dose (55 kGy) provided a thirteen to fifteen

20 day delay in the median incubation times compared to the unirradiated control for
any of the three symptomatic endpoints, which is equivalent to an approximately

2 log,,IDs, reduction in the titer of the pathogen. Irradiation at the lower total

- dose (30 kGy) provided an eight to thirteen day delay in incubation time, which

is equivalent to an approximately 1 logIDs, reduction in the titer of the

25 pathogen. This was still significantly loner than the unirradiated control.



Method 0.3 ml of phosphate buffered saline containing a 10% honogenat e
(brains collected fromgolden Syrian hansters in the term nal stages of
scrapi e iwbentizon) 10 was added to 29.7 m of al bum n i nPar/H01M9361

pol ypr opyl ene tube. Sanples were irradiated with a total dose of either 30
kGy or 55 kGy (control sanples vere pot irradi ated). Weanling gol den
Syrian hansters were inoculated intracerebrally with 50 /.cl of undiluted
sanple. Al anirnmls were then lev.aI P@%gd forltgi /o(fmtsd%ra i 5 di sease
and scored for tHB“AHPREFHNAAGFS] BT RG GETE PTG 1P§er¥a ar and
term nal cqpgliihdiefte (1 MMcaRI RALSontiNPYtheBEElPlt RARibeaghigh Ba 3days post

i nocul ation for each sign for each animal was cal cul ated. Results

| rradi at i odogtIDsheedhitiingn thotitgt oltbs path6&kGy) provided a thirteen to
fifteen 20 day delay in the nedian incubation tinmes conpared to the
unirradi ated control for any of the three synptomatic endpoints, which is
equi val ent gg.an,appyoxi mately 2 10gl0l D50 reduction in the titer of the
pat hogen. Irradiation at the |ower total dose (30 kGy) provided an ei ght
to thirteen day delay in incubation tinme, which is equivalent to an
approximately 1 10gl101D50 reduction in the titer_of the 25 hogen. This
was>still signi filEafAcymeshR teddhs pategiive stleat o Bophilitins GiVSNgs 01/ 70279
PCT/ US01/ 0 : j L QR ' ] . ts in 95%
confidenc e%?‘g%gcr:evéﬁ%?ﬁgér ({nﬁgfogrzlﬁg Q‘t& ‘g!t}adtoﬁgwglcg? Erg%hra?%lg 3;(13% 4{)52&% pat hogen

| evel s may daenmsradiationas a 3.5 | 0910l D50 reduction in the titer of the
pat hogen. Experinent 24 5 This experinent evaluated the protective effect
of l|yophilizing and/or the presence of a stabilizer on thronbin activity
following irradiglijon with 45 kG ganmma radiation. -

Samples of thrombin were prepared containing 1% bovine serum albumin

10 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

15 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

20 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 a

mixture of sodium ascorbate and N-acetyl cysteine.



Met hod Sanples of thronbin were prepared containing 1 % bovi ne serum

al bumn 10 and lyophilized to the desired | evel of npisture. Sodium
ascor bat avovas7@dded to a concentration of 200 MM in sone Baph&EIaE a
stabilizer. Al sanples were then irradiated with gamma radi ation (45 kGy
total dose, rate 2.03 to 2.13 kGy/ hp,at 4'C) and thronbin activity
measured. Results 15 In the absence of stabilizer, 67%of thronbin
activity was recovered from the irradiated sanples that had undergone only
a primary drying cycle. The addition of a stabilizer increased the
recovery to 86%pelhigs results of this experinent are shown graphically in
Figure 19. Exanple 25 20 In this experinent, the protective effects of
certain stabilizers were evaluated using liquid IVIG polyclonal antibody
exposed to 45 k f ga irradiation (1.8 /hr).. The. stabilizers
tested were: so?ﬁﬁ‘?f?'ﬁgéﬂp ﬁf%Orﬁ‘ﬂﬂmﬁnoﬁ{al?'g‘@?reexg%@g&%ﬁfm-{%’g’@ PHte and
N-acetyl c [ [ ; < l di ated
sanpl es coﬁ?gléln‘}iﬁﬁgl }&Qvgi?i{ a%?%%zgteore%él%?g%t(ggﬁg %g 1$h§i2slpg\%ec ﬁ;ﬁ %%%Sééi@ in
activity: Il loggvithi tebpeceop@elV. t loradialeel dampled cbnt@intitg $calgumiasdorbaspect t o
munps; and 1 log with respect to . |rradi ated mpl es .conf ai ni ng sodi um
ascbr bat e GrMEYE /f sadiyma a%ﬂor%?ji“ﬂf’r@ﬁgﬁ%{ pateeAsd Sl%a-% ﬂ‘hlgﬂ}"é{‘%ﬂ ne as a
stabilizer ﬁgghhg&ﬁ\gg‘g}% dd dd ot Middq Whgcompared to unirradi at ed
controls. + e results oflt I'S experinent are shbmn graphically in Figures
20-26. Exanpl e T2fe rdsuilts of Hpieexpreiniennas shesn graphichidy axiBigures 20426. ef f ect s of

pH on the 10 recovery of urokinase (liquid or lyophilized) irradiated in
the presence of a

Example 26

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

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

Urokinase (1000 U/ml) 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

arecovery 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.



stabilizer (sodium ascorbate, sodiumurate or a m xture thereof). Method

Ur oki nase (1000 U m) was m xed with 200 mM sodi um ascorbate and/or 300

, UM in theopreeence of 35 nM phosphate buffer at various peiFUSH/d3diest ed 15
sanples were irradiated with a total dose of 45 kGy gamra radi ation at a
rate of 2 kGy/hr. Results The IyopQ lized irradiated sanpl es contai ni ng
sodi um ascorbate exhibited a recover?/ of about 88-90% of urokinase

activity a 0SS the rang f,5.5-7. cl usj ve The liqujd

i rradiat ed A B%chﬁﬁgf ﬁ@gébﬁ.lwﬁ“&gé’ &B’%{ 1be ‘ﬂd p Q’OF%fE%very of
about  65- 7QiaiahryWkAKinAS Grt At iid h¥thBEd OSRe b&@ed@ mJeaﬂgﬁ cah B darfled _The
results of this experinent are shown graphically in Figure 26. WO 01/ 70279
PCT/ US01/ 0986 ivith- 4 8vitlaandgquigalehiutange désanditierss, férimsilationenandonthei t wi |1 be
understood to those o ordlna%% Pkl|| n theﬁ;lé_that t he met hods of the
present i n\}@Fﬁ“i‘eé‘Ffsc%’H B dsP3TRg ref ﬂﬁ SRS R dBC aHYCRYRN VAI 8% range of

congi tions, e iiGILAL iHeRBe AN af%mﬁdrb d phBH %h@&&a\ﬂ&éﬁ@% lﬁﬁe%?rfmwg from the
scope of the iInvention or an odi ment s t hereof ent’s and

publ i cat i oriscarpiretdivgreferenae én theirebyretyul | y |ncorporated by reference in
their entirety. WO 01/70279 PCT/US01/09361 -49- What Is Cained Is: 1. A
nmet hod for sterilizing a biological nmaterial that is sensitive to ionizing
radi ati on, said nmethod conprising: (i) reducing the residual solvent
content of a biological material to a 5 level effective to protect said
bi ol ogical material fromsaid ionizing radiation; and (ii) irradiating
said biological material with a suitable ionizing



radiation at an effective rate for a tine effective to sterilize said
biological material. 2. A nmethod for sterilizing a biological materi al
that is se@si/tizve to ionizing 10 radiation, said nethod POWVPSIISI9BE: (i)
adding to a biological nmaterial at |east one stabilizer in an anount
effective to protect said biological gateri al fromsaid ionizing radiation;
and (ii) irradiating said biologi czif1 material with a suitable ionizing
radi ation 3}, 20 fective rate for a tine effective to sterilize said

bi ol ogi cal VA% Is&deimedIs: 3. A nethod for sterilizing a biological material
that is sensitive to ionizing radiation, said nethod conprising: (i)
adding to a biological material at |east one stabilizer in an anount

ef fective tlo pr i eethoddorcstdyiloimgy ialogimat waieahl thatossenaitide kmwhizing radi at i on;
and 20 (ii)_ drradi.atin aid biological material with a suitable ionizing
radi ation é?d‘éthrb\ﬁf‘laé@ ng"ronéprtsf% effective to sterilize said biol ogical
material. 4. Apeth i j i t is
sensitive to i orglmzai nggdécg{(ﬁ tg% F%L(%Uhlg%o?%nﬁ%%%{é%g%ﬁ%??grs@lg{ak%l %)025/370279

PCTH US01/ 098&] effechi®e (dproteedaidibigogiba nissial flain saolivening catidtent af a
biological materjal to a .level effective to pratect said biol ogical
material from sdlill | JHRGAtRE saidi Biofqgcal awaterlef) vith 2r gyiakls 9gizng d

bi ol ogi cal i i suit ahl e .l anidi jat:l Aty rate for a
i me.of f octroah FpbielipefieSid B RO, 1Sl QB piBigb R {2 o
sterilizi ngn@eddlol ogi cal material that is sensitive to ionizing radiation,
said nethod conprising: (i) reducing the residual solvent content of a
biological material to a |evel effective to protect said biol ogical
material fromsaid ionizing radiation; (ii) adding to said biol ogical
material at |east one stabilizer in an

2. A method for sterilizing a biological material that is sensitive to ionizing
10 radiation, said method comprising:
(1) adding to a biological material at least one stabilizer in an amount

effective to protect said biological material from said ionizing radiation; and
(i)  irradiating said biological material with a suitable ionizing
radiation at an effective rate for a time effective to sterilize said biological

15 material.

3. A method for sterilizing a biological material that is sensitive to ionizing
radiation, said method comprising: |
(1) adding to a biological material at least one stabilizer in an amount
effective to protect said biological material from said ionizing radiation; and
20 (i)  irradiating said biological material with a suitable ionizing

radiation at a low rate for a time effective to sterilize said biological material.

4. A method for sterilizing a biological material that is sensitive to ionizing

radiation, said method comprising:



10 anount effective to protect said biological material fromsaid ionizing
radiation; and (iii) irradiating said biological material wth a suitable
i oni zi ngwoatd7r@re on at an effective rate for a tine effecpCo@stimsdierili ze
said biological material, wherein steps (i) and (ii) may be perforned in
inverse order. 15 6. The rret hod accorgding to claim2 or 3, further
conprising the step of reducing the residual solvent content of said

bi ol ogi cal mat erl p t i ol ogi cal
material. 7. The' rret h%gl%%% ggléﬂu Eoei nt%m%gt 0391 bg)lgé]g%%vt\ﬁés & said

solvent is M/aéleffecuv%toarb&cf@at&mélogmnﬁ@kbﬂgﬁ&l@h@bmzﬂngrédlaﬁo@hn@ wher ei n
said solvent is an 20 organic solvent. 9. The nethod according to claim?7,

wherei n said resiidualiradtaéing ceit émloglé’;al mattiebdvitly a Reitabdelianizing of an
organi ¢ sol ven

Lo el . Tadgion i BN AET0e B SBrRL Ot S b od g BRERE n e

organi ¢ solvent follow ng reductl on of said residual solvent content. 11.
The net hod according to clains 1-10, wherein said biological nmaterial is 5
bl ood or a conponent of blood. 12. The nethod according to clains 1-11,

whegein said bi o] ogi.cal teri.al ceous material. 13. The
mothod aceordi g PR PR e bRiee el SebRar S sdie Tatwing 1o a
conponent qiad,g{lglpqmdj,getggd cofifridigg.hod according to claims 1-13, wherein
sai d biological material is a clotting factor. 15. The nethod according to
cl ai m 14, V\,her ei(m sainddading thlemgndtmd:scﬂventsomethtexfatb'cblogicdmmatth@lgrmup
t mbi Fact Fact or. Fa r VI, Factor
consisting o level e-trth crt?ve té) grotecz%%alg b1010g1ca1 material from seﬁé ?oniz\{ng ra 1atfon;
(i)  adding to said biological material at least one stabilizer in an
10 amount effective to protect said biological material from said ionizing radiation,
and
(i)  1rradiating said biological material with a suitable ionizing

radiation at an effective rate for a time effective to sterilize said biological

material, wherein steps (i) and (ii) may be performed in inverse order.

15 6. The method according to claim 2 or 3, further comprising the step of
reducing the residual solvent content of said biological material prior to said step

of irradiating said biological material.

7. The method according to claim 1, 4, 5 or 6, wherein said solvent is water.

8. The method according to claim 1, 4, 5 or 6, wherein said solvent is an
20 organic solvent.
9. The method according to claim 7, wherein said residual water content is

reduced by the addition of an organic solvent.



VlIla, Factor VIII, Factor |X, Factor X, Factor XllIl, Factor Xlilla, Von 15
Wl | ebrand's Factor and Fi brinogen. 16. The nethod according to cl ai ns
1-10, whaveobn7ea® d bi ol ogical material is selected from paOERUSEINIP6T

consi sting of. al bum n, urokinase, polyclonal immnoglobulins, nonocl onal
i mmunogl obul ins, and m xtures of onegspr more polyclonal and/or nonocl onal
i mmunogl obul ins. 20 17. The method according to claim 16, wherein said

i mmunogl ob ns obul naal Q n m Xt ures

t her eof . . ulé)l Thliﬁe mffthgac}u Iq;(’)’ Cia“P (S()B’l c1|°m%fe Sflfll{”(\)/vﬁ%’]% 'ﬂatgra\?lds bi ol ogi cal
material i suspends®in an ok% &Uﬁ)l%nt aolmgrtemcn@ﬁ Alsaidl REigeAeGdvamal i an
tissue. WO 01/ 70279 PCT/US01/09361 -52 19. The nethod according to cl ai ns

1- 10, wher efontenhi d bi ol ogi cal material is bone or a conponent of or
processed bone. 20. The method according to claim19, wherein said
bi ol ogical material is dem neralized bone matrix. 5 21. The net hod

accordi ng tQ, cl affEmdihdPacchiiBibR13ak5 9- 10 Rhogintald vislbeichBhatbSal i
reconbi nant | y- produced bi ol ogical material. 22. The nmBthod according to

cl at ns 1- 1Gloathera¢ammmaent dfibddaslgi cal material is a transgenic biol ogical
material. 23. The nethod according to clains 1-10, wherein said biological
material is 10 a food or a botanical product. 24. The nethod according to

claim 1-1G, \Ahenf'erﬂetﬁ@daiccafd% lcfifthhs mtlecvheﬂe,dsald @olg%rcmm&@ﬂatée or
pol ysacchari de. 25. The method according’to clai ms wherein said

bi ol ogi cal ambtinagtoussnateidlect ed fromthe group consisting of chitin,
chitosan, NOCC-chitosan and 15 derivatives thereof. 26. The net hod
according to clainms 1-10, wherein said biological material is

13. The method according to claim 12, wherein said proteinaceous‘material

is a component of blood.

10 14.  The method according to claims 1-13, wherein said biological material is

a clotting factor.

15.  Themethod according to claim 14, wherein said clotting factor is selected

from the group consisting of: Thrombin, Factor II, Factor V, Factor VII, Factor

Vlla, Factor VIII, Factor IX, Factor X, Factor XIII, Factor XIIla, Von
15 Willebrand’s Factor and Fibrinogen.

16. The method according to claims 1-10, wherein said biological material is
selected from the group consisting of: albumin, urokinase, polyclonal
immunoglobulins, monoclonal immunoglobulins, and mixtures of one or more

polyclonal and/or monoclonal immunoglobulins.

20 17. The method according to claim 16, wherein said immunoglobulins are

immunoglobulin G, immunoglobulin M, or mixtures thereof..

18. The method according to claims 1-10, wherein said biological material is

mammalian tissue or a component of or processed mammalian tissue.



a product of cellular netabolism 27. The method according to clains 1-26,
wherein said effective rate is not 20 nore than about 3.0 kGy/hour. 28.
The net hadoavordi ng to clains 1-26, wherein said effectiper/vatiénIsa not
nore than about 2.0 kGy/hr. WD 01/70279 PCT/US01/09361 -53 29. The net hod
according to clainms 1-26, wherein sai.d effective rate is not nore than
about - 1.0 kGy/hr. 30. The nethod according to clains 1-26, wherein said
effective rgte i-s not re i han abou 3. kGy/ hr,..5 31 . The et hod

accor di ng t@t'cl allshr%m‘it}m ?chgal%g,atoc ier itl'nl%s‘évlhar%lénfﬁaledctflgl%lc?lar%teflgl Smore than
about 3.0 %él@@ulbomﬁgnen]'bﬁoﬁﬁbm%m@rdi ng to claim1, 2, 5-26, wherein
said effective rate is at |east about 6.0 kGy/hour. 33. The nethod
according to clainms 1, 2, 5-26, wherein said effective rate is 10 at |east

about 18.0 kGy/ hpour. 34. The nethod.according to,clains. 1, 2, 5-26, wherein
sai d ef fective ?Qtﬂeemle Odﬁfcqrglggttoﬁg’brﬂﬁ 30”?’6“%@3‘%% ogigd Mafgrialis hog

accordi ng tRush&aFdlord magher ein said biological material is maintained
in a |l ow oxygen atnosphere.. 15 36. The nethod according to claim 35,
wherein said biological material is maintained in an argon atnosphere. 37.

The_net hod according to . clains 1, 4-36, wherein sai.d resjdual solvent
coment is educﬂ?f ‘gff}‘?@%"ﬁﬂfﬁgﬁ&ﬁl%ﬁ? ?S‘Ié) W$ﬁr§mnsét‘ﬂﬂglf’g’§€f68?t8’i‘ﬂdsto claim1,
4-37, wher ef pcsabflahBRhddatedbveRh ma@rigontent is less than about 10.0%
WO 01/ 70279 PCT/ US01/709361

22. The method according to claims 1-10, wherein said biological material is

a transgenic biblogical material.

23.  The method according to claims 1-10, wherein said biological material is
10 a food or a botanical product.
24. The method according to claims 1-10, wherein said biological material is

a carbohydrate or polysaccharide.

25. The method according to claims 1-10, wherein said biological material is
selected from the group consisting of chitin, chitosan, NOCC-chitosan and

15 derivatives thereof.

26.  The method according to claims 1-10, wherein said biological material is

a product of cellular metabolism.

217. The method according to claims 1-26, wherein said effective rate is not
20 more than about 3.0 kGy/hour.
28.  The method according to claims 1-26, wherein said effective rate is not

more than about 2.0 kGy/hr.



-54 39. The nethod according to claim1l, 4-37, wherein said residual

solvent content is |ess than about 5.0% 40. The nethod according to claim
1, 4-37, woher/aizm sai d residual solvent content is |ess thanvaboese2. 0% 5
41. The nethod according to claim1, 4-37, wherein said residual solvent
content is less than about 1.0% 42. ;Jhe nethod according to clainms 1,

4-37, wherein said residual solvent cont ent is | ess than about 0.5% 43.
The met hod fccorgin ein ensitizer is 10
added to sa%@d bl’@* onq‘n'tlhg‘l1 a?ﬁatr real CAIaan % Whea{e‘& Sgi%a%%e(%ﬁvei P 18.“8& ng said
blologlcalIn&a&ﬁﬁnﬁbutﬂ@k(EMQ nethod accordlng to clalns 1-43, wherein said
bi ol ogical material contains at |east one prion as a bi ol ogi cal

contam nant. 45. The net hod according to clainms 1-43, wherein said

bi ol ogi cal ter 5 cont t.le one virus as.a bi ol oqgj cal

cont ani nant3r6a Thlehne“g’ #\9? ﬁﬁcd)r i(F %F‘ﬁl&f fl'gg’c‘f'léfi’rﬁlg S er‘f Clive (el % at | east
one stablIhg@@thmﬁmﬁﬂﬂ@gktgﬂﬁald bi ol ogical material prior to sald step of
irradiating said biologicall material. 47. The nethod according to clains
2, 3, 5-46, wherein said at Ieast one 20 stabilizer is an antioxidant. 48.

;—P BT or A1 el ficar TR G atdliparl: b s s B RS es - 55 4.

The net hod g6ehi Hdut QoXR/MFRr2, 3, 5-47, wherein said at |east one
stabilizer reduces damage due to reactive oxygen species. 50. The net hod
according to clains 2, 3, 5-47, wherein said at |east one

32. The method according to claim 1, 2, 5-26, wherein said effective rate is

at least about 6.0 kGy/hour.

33. The method according to claims 1, 2, 5-26, wherein said effective rate is
10 at least about 18.0 kGy/hour.
34. The method according to claims 1, 2, 5-26, wherein said effective rate is

at least abouf 30.0 kGy/hour.

35.  The method according to claims 1-34, wherein said biological material is

maintained in a low oxygen atmosphere. .

15 36. The method according to claim 35, wherein said biological material is

maintained in an argon atmosphere.

37. The method according to claims 1, 4-36, wherein said residual solvent

content is reduced by lyophilization.

38. The method.according to claim 1, 4-37, wherein said residual solvent

20 content is less than about 10.0%.



stabilizer is selected fromthe group consisting of. ascorbic acid or a
salt or ester 5 thereof, glutathione;

6- hydr oxyw@ pb70278- t et r anet hyl chr oman- 2- car boxyl i ¢ aci d; upCT/Usai/@®3@r a salt
or ester thereof; methionine; histidine; Nacetyl cysteine; and m xtures
of two or nore of said stabilizers._?}. The net hod according to claimb50,

wherein said m xtures of two or nore” of said stabilizers is selected from
t he group nsi stin f. mxtures of ascorbi 10 acjid,.,or, a,salt or ester
her gor - arid ur  Hheadrod geallighic cBimas el R EBra e BN ascor by ¢
aci d, or a 3adeht RNegIMAlabblies.6f . and 6-hydroxy-2,5,7, 8-

t et ranet hyl chr oman- 2- car boxylic acid; m xtures of ascorbic acid, or a salt
or ester thereof, uric acid, or a salt or ester thereof, and

6- hydroxy-2, 5,7, 8- tetranethyl chroman-2-carboxyl.ic acid; and m xtures of
uric acid, ‘9 a ﬁ‘il ‘f’et&?Pgé‘S‘E"é&mg 1% C[?I;fBrleﬁf %n‘%‘e}{em said Tesitual solvent

6- hydr oxy- 2ot 81ELMLABLIYE 60 oman- 2- car boxylic acid. 52. The net hod
according to clainms 1-5 1, wherein said ionizing radiation is corpuscul ar
radi ati on or el ectromagnetic radiation or a mxture thereof. 53. The net hod
according tq claim52, wherein said,elect gnetic, radiatio is selected
fromthe gfdup cdsedPdgoesrdingde Gg\'/!;a\/les“,'gﬁi Beia saidderidvalsobieat 1ight, 20
U|ttraVi0'%%nkb9ﬂﬁe%}&%ﬁ¥mﬁ dpation, and gamma radiation. 54. The net hod
according to clairnms 1-51, erein said ionizing radiation is gamm

radi ation. 55. The nethod according to clains 1-51, wherein said ionizing
radiation is e-beamradiation. WO 01/70279 PCT/US01/ 09361 -56 56. The
met hod accd®di nglhegnethad aecording to glainse].rf-3%i wherein; spidyigsidualisabvesh i s
visible i L. ccording to clainms 1-5 1, wherein said

i oni zi ng rg%%%??%éagszmh %pgg?%ret light. 5 58. The method according to
clains 1-5 1, wherein said ionizing radiation is .

43. The method according to claims 1-42, wherein at least one sensitizer is
10 added to said biological material prior to said step of irradiating said biological

material.

44,  The method according to claims 1-43, wherein said biological material

contains at least one prion as a biological contaminant.

45.  The method according to claims 1-43, wherein said biological material
15 contains at least one virus as a biological contaminant.
46. The method according to claims 1 and 4, wherein at least one stabilizer

is added to said biological material prior to said step of irradiating said biological

material.

47. The method according to claims 2, 3, 5-46, wherein said at least one

20 stabilizer is an antioxidant.

48. The method according to claims 2, 3, 5-47, wherein said at least one

stabilizer is a free radical scavenger.



X-ray radi ation.
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49. The method according to claims 2, 3, 5-47, wherein said at least one

stabilizer reduces damage due to reactive oxygen species.

50. The method according to claims 2, 3, 5-47, wherein said at least one
stabilizer is selected from the group consisting of: ascorbic acid or a salt or ester
5 thereof; glutathione; 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid,
uric acid or a salt or ester thereof; methionine; histidine; N-acetyl cysteine; and

mixtures of two or more of said stabilizers.

S1. The method according to claim 50, wherein said mixtures of two or more
of said stabilizers is selected from the group consisting of: mixtures of ascorbic
10 acid, or a salt or ester thereof, and uric acid, or a salt or ester thereof, mixtures of
ascorbic acid, or a salt or ester thereof, and 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid; mixtures of ascorbic acid, or a salt or ester
thereof, uric acid, or a salt or ester thercof, and 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid; and mixtures of uric acid, or a salt or ester

15 thereof and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid.

52.  The method according to claims 1-51, wherein said ionizing radiation is

corpuscular radiation or electromagnetic radiation or a mixture thereof.

53.  The method according to claim 52, wherein said electromagnetic radiation
is selected from the group consisting of radio waves, visible and invisible light,

20 ulttraviolet light, x-ray radiation, and gamma radiation.

54.  The method according to claims 1-51, wherein said ionizing radiation is

gamma radiation.

55.  The method according to claims 1-51, wherein said ionizing radiation is

e-beam radiation.
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56. The method according to claims 1-51, wherein said ionizing radiation is
visible light.
57.  The method according to claims 1-51, wherein said ionizing radiation is
ultraviolet light.
58. The method according to claims 1-51, wherein said ionizing radiation is

x-ray radiation.



