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CROSS- REFERENCE TO RELATED APPLI CATIONS 5 This application is a
continuation-in-part of U S. application no. 09/119,666 filed July 21,
1998, which is incorporated hereinin its entirety to the extent not

i nconpatible herewith. ( BACKGROUND Contam nation of blood supplies with
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procedures may m ss 1A res which do not
darmage cel | ul ar bl ogg‘%?i%npol:r en‘%@cﬁﬁlgﬁﬁé?mwﬁ%ﬁ@m all infectious
viruses and ot her mcroorgani sns have not heretofore been avail abl e.
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di ssol vi I .renbranes surr.oundi ng.viruses such as H 'V, and do
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present Jgugegpnethods cannot be used because of damage to cell nenbranes. 2
9 NOV 20 00/ 04930 PCT/1JS99/ 16404 The use of photosensitizers,
conpounds whi ch absorb |ight of a defined wavelength and transfer the
absorbed energy to an energy acceptor, has been proposed for blood
c@nponent sterilization. For exangl KE@KH@NEh Pat ent application 196, 515
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10 hepatitis and other viruses and bacteria presents a serious health hazard for those who

must receive transfusions of whole blood or administration of various blood
components such as platelets, red cells, blood plasma, Factor VIII, plasminogen,
fibronectin, anti-thrombin III, cryoprecipitate, human plasma protein fraction,
albumin, immune serum globulin, prothrombin complex plasma growth hormones,
15 and other components isolated from blood. Blood screening procedures may miss
contaminants, and sterilization procedures which do not damage cellular blood
components but effectively 1nactivate all infectious viruses and other microorganisms

<, have not heretofore been available.

Solvent detergent methods of blood component decontamination work by
20 dissolving phospholipid membranes surrounding viruses such as HIV, and do not
damage protein components of blood; however, if blood cells are present, such

methods cannot be used because of damage to cell membranes.
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decont am nati on of blood products. The use of texaphyrins for DNA
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| ssued August 13, 1996 to Wagner. The use of porphyrins, hematoporphyrins,

and mer ochenrsmevadlyfremaanypfividesisrinisteredi tn@ patigenafterftbe decatiirobiationg i nf ect i ous
cont am nant s auc as Vvir Hsespgcfd Fr tozoa from body 25 tissues such as body
f10i ds i sPEACEEPESGAYST ynas a pedabieg eued 5 683 i ssued April 10, 1990 and
related U.S. Patent No. 5,304,113 issued April 19, 1994 to Sieber et al. The
mechani sm of action of such photosensitizers is described as involving

preferential  GbBdtiok RP. ERARI(1997)FTHeDekiRi éﬁd’@'&%logmﬁnt Srsdevtpleoped
viruses and sone virus-infected 29NOV2006 ~ WO 00/ 04930 PCTI US99/ 16404 cel | s.
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reactive gxyagen species such as singlet oxygen whi ch causes |ipi
per ol dat 2%Hg9ﬂ71&reﬁad§mamw SOE PhGIOSERRIAZTH ALERG PEqTRlens, qrgistqm t hey

attack cepf th'gqgg?l%?‘%ﬁmﬁgrtance in choosing photosensitizers for decontamination of blood
products. The use of texaphyrins for DNA photocleavage is described in U.S. Patent |
Nos. 5,607,924 issued March 4, 1997 and 5,714,328 issued February 3, 1998 to
Magda et al. The use of sapphyrins for viral deactivation is described in U.S. Patent
20 No. 5,041,078 issued August 20, 1991 to Matthews, et al. Inactivétion of extracellular
" enveloped viruses in blood and blood components by Phenthiazin-5-ium dyes plus
L light is described in U.S. Patent No. 5,545,516 issued August 13, 1996 to Wagner.
The use of porphyrins, hematoporphyrins, and merocyanine dyes as photosensitizing
agents for eradicating infectious contaminants such as viruses and protozoa from body
25 tissues such as body fluids is disclosed in U.S. Patent 4,915,683 issued April 10, 1990
and related U.S. Patent No. 5,304,113 issued April 19, 1994 to Sieber et al. The
mechanism of action of such photosensitizers is described as involving preferential

binding to domains in lipid bilayers, e.g. on enveloped viruses and some virus-infected

~o



desirabl e conponents of fluids to be decontam nated, such as red bl gogiNQy %006
cells, and tweodosodngl et oxygen al so attacks desired protei pcgRIPHNIGALS O
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i ssued Novenber 1, 1994 to Chapnan et al. al so addresses this Erobl em of
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toxicity, do have sone toxicity e.g. to red blood cells. This patent fails
to blood components. U.S. Patent 5,654,443 issued August 5, 1997 to Wollowitz et al.

teaches new psoralen compositions used for photodecontamination of blood. U.S.
Patent 5,709,991 issued January 20, 1998 to Lin et al. teaches the use of psoralen for
photodecontamination of platelet preparations and removal of psoralen afterward. U.S.
20 Patent 5,120,649 issued June 9, 1992 and related U.S. Patent 5,232,844 issued August
3, 1993 to Horowitz, et al., also disclose the need for the use of “quenchers” in
combination with photosensitizers which attack lipid membranes, and U.S. Patent
5,360,734 issued November 1, 1994 to Chapman et al. also addresses this problem of

prevention of damage to other blood components.

25 Photosensitizers which attack nucleic acids are known to the art. U.S. Patent
5,342,752 issued August 30, 1994 to Platz et al. discloses the use of compounds based
on acridine dyes to reduce parasitic contamination in blood matter comprising red

blood cells, platelets, and blood plasma protein fractions. These materials, although of



di scl ose an apparatus for decontam nating bl ood on a flowthrough ba§ KOV 2008

U S. Patent wdloonde’98, 238 to Goodrich, Jr., et al., discl o§?§mg%%e of
qui nol one 'and qui nol one compounds for inactivation of vira acteri al
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nucl eic acids. Photoalteration of nucleic acid in the presence of riboflavin
i s di scussempobndsTindgnacaivapon ef vighl andiae®yial cPtionomatssi ti zed i nactivati on of
ri bonucleic acids in the presence of riboflavin," Biochinca et Biophysica
Acta 103: 360-363; and Speck, WT. et al. (1976), "Further Cbservations on
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(1977), "Studi %spo?l@?tﬁt? Iﬁrlllt eractions between DNA and Fl avins,"” OBi ochi ni ca
et Bi ophyissued Septembstr &6 200862 relaséd U Fatem No, 4683 £BI igstied HugusBHA St r and
Breaks in ggn'nﬁl i.an Cells Exposed to Light in the Presence of Ri boflavin
and Trypt 6% P delspyt ocheni stry and Phot obi ol ogy 29: 299- 303 descri bes the
use of riboflavin and 10 tryptophan to induce breaks in DNA of mammali an
cells after exposure to visible fluorescent |light or near-ultraviol et

light. The art RebslBHR(B3-dilRthylN@sebisf isvallexikt )t bedtriported @ hitdgr
ri boflavin or try&t’yhan was omtted fromthe nmedium DNA strand breaks

uon' Oexposu¢leic asi hatodlterataerdof nugeic agid in Sropresence of Fibeflaein 19 diseussati.
(1979), 'Productioon o ks, n Single-. and Doubl e- St randed. For of
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inT {Plugg g /egtgﬂlbg%),31Fur(h?e98)b)ser\féﬁbﬁ§dinﬂﬂ1ie PhofoxidatidNGYZN0A in\he DRSEERHT
Riboflavin,” Biochimica et Biophysica Acta 435:39-44. Binding of lumiflavin

15 (7,8,10-trimethylisoalloxazine) to DNA is discussed in Kuratomi, K., et al. (1977),
“Studies on the Interactions between DNA and Flavins,” Biochimica et Biophysica
Acta 476:207-217. Hoffmann, M.E,, et al. (1979), “DNA Strand Breaks in
Mammalian Cells Exposed to Light in the Presence of Riboflavin and Tryptophan,”
Photochemistry and Photobiology 29:299-303 describes the use of riboflavin and

20 tryptophan to induce breaks in DNA of mammalian cells after exposure to visible
fluorescent light or near-ultraviolet light. The article states that these effects did not
occur if either riboflavin or tryptophan was omitted from the medium. DNA strand
breaks upon exposure to proflavine and light are reported in Piette, J. et al. (1979),
“Production of Breaks in Single- and Double-Stranded Forms of Bacteriophage

25 ®X174 DNA by Proflavine and Light Treatment,” Photochemistry and Photobiology

30:369-378, and alteration of guanine residues during proflavine-mediated

photosensitization of DNA is discussed in Piette, J., et al. (1981), “Alteration of
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flavin or pteron derivatives proceeds. R| boflavin is exenplified in this
di sclosure as having the ability to degrade nucleic acids. Korycka-Dahl,
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Components and Nucl eotide 15 Coenzynes," Phot ochemi stry and Phot obi ol ogy

39: 713- 716nvdvmga:r0élxqmmr@f§mgiet oXjgen dyiveich ugleié agid aftack by flawiwmior and ot her
phot osensi ti zers.. However stion is de. tglgt Sg‘é’ phot osensi ti zers

be used 1 GRETABBHVEMESAPESFIST 4 15 gmpliticdipd uFgps having the
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irradiation of fluid in a relatively narrow, arcuate ga Pat ent
5,(536, 238 Havn Towpdes-Stete Quenchets,’T Brchynioptet Bacbpliysb:arActeﬁﬂeﬁdBr@m also a

filtration di u Both patents recommen pho itizers,
benzopor pfﬁ‘%‘ﬁeﬂg}ﬁt 9%1?'(‘?/8’9’%‘?1 PRCKS0F %Pﬁ%éfFFﬂ)’] |“i“§P Y mi%NiA seagsian by |
publicati er rel ‘ i to the
D5 ext ont RfEFnE Bk 1 BT (OB DB R e LBERAGR .0
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i nactivate at |east sone of the mcroorganisns and white cells which may be
preséft  Coenzymes,” Photochemistry and Photobiology 39:713-716 further explores the

mechanism of action of riboflavin and other photosensitizers. However, no suggestion

is made that such photosensitizers be used for decontamination of medical fluids.

Apparatuses for decontamination of blood have been described in U.S. Patent
No. 5,290,221 issued March 1, 1994 to Wolfe, Jr., et al. and U.S. Patent No. 5,536,238
20 issued July 16, 1996 to Bischof. U.S. Patent No. 5,290,221 discloses the irradiation of
fluid in a relatively narrow, arcuate gap. U.S. Patent 5,536,238 discloses devices
utilizing optical fibers extending into a filtration medium. Both patents recommend as

photosensitizers benzoporphryin derivatives which have an affinity for cell walls.

All publications referred to herein are hereby incorporated by reference to the

25 extent not inconsistent herewith.
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thergin or thereon. Such fluids nmay al songpfi@yn one or nore corrponqrgmv 2006
selected fromthe group consisting of protern, e.g. biologically active
protein such as d\/[ethwsaqndmpparap:scs e:rerprohldeﬁtﬁzraf&inhlgmﬂhxd@n@thdruﬂa"t&ﬁal to
wi t hout destroyi n? t he bi ol Oglft? activity of such conmponents. The net hods
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m croorgani sms are inactivateéd. mechani sm ese

phot osensi t ithempeuniy praveiat bloa:ﬂeandrhlmdmmgﬁnueﬁﬁswitao@ydesﬁbymg&he biblugital
nucleic acids, so as to prevent replication of the nuclelic acid. As used
herein, the acH¥ity of sach FompPoentyf T e Fedhogds cgmpriser’ means total ly or
partlally prevepty n Is fro replicating, either by killing
the m croorgan{gsm g‘? i&[q}#;}ragm{ gegf%%?ésr erlﬁg W?ﬁ QY rg%?ftaspto repr oduce.
M croor gani sns i ncl lkRAeIen@ss yldemazérer pbekbakasitnzey mxr acel | ul ar),

bacteri a, baCter'Omnéwﬂbal%leﬁogﬁﬁﬁQ%%EtﬁgrP@a( }d €s, and protozoa.

Exenpl ary viruses include acquired inmunodefi.ciency (H virus, hepatitis
A, B and C viruses, RIS HIRET SitBnthsl vrids, veS|cuIar stomatitis
virus, herpes sinplex viruses, e.g. types I and II hunan T-1ynphotropic

retroviruses V- 1d e u VQVvirus,
t ransf usi on- tr;(r?gm tt’é’c?g( i gr@%r 35‘51% ?e?ir:% %%F ?msrf é‘ﬁ? cdteﬁ’é"rs known to
the art. Bacteri ophdges2qHeiarse télﬂlphot@eniltmﬁ’r TwhewrrbyT,at 6 29NOV2006

WO 00/ 04930 PCT/ USIW debiiddsdrecratl ahe RaetBbigahpshydeP. aeruginosa, S,

aureus, - S. epidernis, L. Jsmonocyrogenes,

One mechanism by which these photosensitizers may inactivate
microorganisms is by interfering with aucleic acids, so as to prevent replication of the

nucleic acid.

As used herein, the term “inactivation of a microorganism” means totally or
partially preventing the microorganism from replicating, either by killing the

microorganism or otherwise interfering with its ability to reproduce.

Microorganisms include viruses (both extracellular and intracellular), bacteria,
bacteriophages, fungi, blood-transmitted paras'ites, and protozoa. Exemplary ﬁmses
include acquired immunodeficiency (HIV) virus, hepatitis A, B and C viruses, sinbis
virus, cytomegalovirus, vesicular stomatitis virus, herpes simplex'vjrusés, e.g.typesl
and II, human T-lymphotropic rewoviruses, HTL V-III, lymphadenopathy virus
LAV/_IDAV, parvovirus, ransfusion-transmined (TT) virus, Epstein-Barr virus, and

others known to the art. Bacteriophages include ®X174, ®6, A, R17, T,, and T;.
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e.g. factor 15 VIII, Von WIllebrand factor, factor |IX, factor X, factor X,
Hageman factor, prothrorrbln anti-thrombin |11, fibronectin, plasm nogen,
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I nvention whi ch’ cou bene romt reatnen

i nvention hawesmﬂrpdrmeetalhtﬁtﬂ plidtondiatisad Hx@mpmrcbﬁmhahatenﬂls)a&t whold ch are
soneti mes contani nated during connection, |eading to peritoneal infections.
The t@rm ‘biead and amvepys mmsenommaxmgmleg@rallyfafc@&@ prajeias dauvedfiom a
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biologically active protein useful in the treatment of medical disorders, e.g. factor
15 VIII, Von Willebrand factor, factor IX, factor X, factor XI, Hageman factor,

prothrombin, anti-thrombin III, fibronectin, plasminogen, plasma protein fraction,
immune serum globulin, modified immune globulin, albumin, plasma growth
hormone, somatomedin, plasminogen streptokinase complex, ceruloplasmin,
transferrin, haptoglobin, antitrypsin and prekallikrein may be treated by the

20 decontamination methods of this invention. Other fluids which could benefit from the

treatment of this invention are peritoneal solutions used for peritoneal dialysis which

are sometimes contaminated during connection, leading to peritoneal infections.

The term “biologically active” means capable of effecting a change in a living
organism or component thereof. “Biologically active” with respect to “biologically
25 active protein” as referred to herein does not refer to proteins which are part of the

microorganisms being inactivated. Similarly, “non-toxic” with respect to the



mean non-toxic to the nicroorgani snms being inactivated. "Substantial? 9NOV 2006
destruction"w@bowodse! 00i cal activity neans at |east as nuch gg.i}aségu&%“on as
i s caused by porphyrin and porphyrin derivatives, met abol i £&

precursors _which _are knowmn to have a 5 damagi ng effect on biol ogically
active prheIORENSHAZETE Br9ags IgW Rf RAASXISHY thyakmenssand ogli)@ﬁm@mrga,ls,'aggldg@mti ally

non-t oxi c' ) t QX1 . LR, borphyrd deriwvatives,,,

met abol i ténsegg?ijgﬁpéro g?:clsjtrostg’)ésnSE it L%?ngﬁ%ﬁgﬁ%x&\g ’?%Bvﬁﬁgg'odé@s&r}%’la;l ggsttp{gﬁ_oh Tﬂg term
" bl ood pr eisgicalofctivatgtmbaisait fedshad AER dBdtARH of A9 RtdalisQIt P paiphyrih Rgg apeut i ¢
protein conpositions containing proteins derived from bl cod as“defined 10

above. Fl porphytiordesivatings,methbeliteskid/prcunsors ywhioh eferigostthierhaviean t hose

derived f bl | so. be t ted hy th t hod f this i tion.

Decor an HEPPERETISD08 PIOBITLY hyTou e 41 heF 16 oA DUBMOL S TBalhe 1 | zer s
4 end i} o . : Ciall

dost roy ¢ paHEY 858 AAR, RGERAET ABRndIELd URlc BT OIBHONM, SoiRRRAR" ' 21 1Y

M cr oor gadesviativedSmetibiolilds dndgirediirsets it bte/kiowPfor bl 1&dRRRant s as
possible is retained, although in certain instances, when the nethods are

optim zed, sone |oss of biological activity, e.g., denaturization of
protein corrponfgts, myst ke bal anced .aq}%i nst effective decontam nation of
the fluid So IBRERS plogh@redimyoariied hegininsludss ploodsonspiugnisgindal

activity ful . bL] e r. nat ural , pur . their

bi ol ogi ca%hcéé%eelu\k}?%rg%l%86%%8#1’%?4 g‘%“ﬁ%ﬁﬂ%rpgatef% CE”E%% Erggf Eﬁt%,ﬁgp I%gﬂ%%t royed. "
The ghot ogBévsd, tFlZnﬁIsScMQBHifg BiBlolgitafly 284 f1bio@éiné Bk iEn Wbk RIBAVES ER/] L1 Zers
known to the art to be useful for ihactivating mcroorganisns. A

"Qhot osenblaodzeay alse bededaterbbly de methodoopithimictvedtionh absor bs radi ati on of one
or- nore defined wavel engths and subsequently utilizes the absorbed energy
to carry out a chem cal process. 25 Exanples of such photosensitizers

i ncl ude por phygi e ch n r thyl ene bl ue,
acri dine, tol upﬁg‘?n“eté‘?‘_w{‘gdv“. Rl of Fqﬁg{/‘}v_ﬁ‘gﬁmgé{%@ %‘{’do%cgg‘is SIS tigeRoy 2006
phenot hi aghdéndienyadlyVifiSed pROIGBENSEzer btV VR 88 nofiilibsRANasly dBéroy the
ant hr oqui nones. Phot osensitizers of this invention may include conpounds
whi ch pr ebmlegitalactiyityadoflbid components other than microorganisms. As much
15 biological activity of these components as possible is retained, although in certain
instances, when the methods are optimized, some loss of biological activity, e.g.,
denaturization of protein components, must be balanced against effective
decontamination of the fluid. So long as fluid components retain sufficient biological

activity to be useful for their intended or natural purposes, their biological activities

20 are not considered to be “substantially destroyed.”

The photosensitizers useful in this invention include any photosensitizers
known to the art to be useful for inactivating microorganisms. A ‘“‘photosensitizer” is
defined as any compound which absorbs radiation of one or more defined wavelengths
and subsequently utilizes the absorbed energy to carry out a chemical process.

25 Examples of such photosensitizers include porphyrins, psoralens, dyes such as neutral

red, methylene blue, acridine, toluidines, flavine (acriflavine hydrochloride) and



to nucleic acids, thus focusing their photodynam c effect upon 2 9 NOV 2006
m crf oor gani s Vi nuses. W € or ,no e anying cells

d_. h littl ff
.or protei ns.pr%lﬁieﬂfaz"b%g?%‘éazthv\gf:‘fozué'l‘r’%‘t"%queu"éqlgﬁesu§8?ﬁnc$'%%2hﬂ%§}%%n§g\9 FBn, such
as those USiFlﬂt&sEﬂﬂﬁE&rs@fXEBﬂanﬁF@ﬂﬁ’a‘?%cfﬁﬁEQ@&?ﬁgﬁds Wrsdh @;et?éur@ﬁﬁﬁgy #sBrb

endogenous photosensitizers. The term’ "endogen means rally found in
a human or ramelkicatidndyus Bdusing thar photodaizhniic effesyupdremicrobizanisenstdy or
because of ingestion as an essential foodstuff (e.g. vitamns) or formation
of netabol i tvé@senwitblitde o saritest HRoONACG@MPEXYing Cels of prateins. @%Ugenous

hot it .e_all ' _as_7,8-dimethyl -1 0-r.ibit
Soal | oxari HECITFRUTFIFER 159 Gyl 1 s TOYFRARHHAR S0P LTS SIaHES™ 7,5

et ol ar ] ! P : , st ) = ¥ ! !
cdont ne. i SuBFdafr Fed AR Mpse SYEBre K3 SRR AN O SN BHEL B T it &I NE
flavine norendsdeasts Ugebidibuadllyy foulbin Aimien 8r RReSHARAChodyl Rtheeisa

"al | oxazi ne" incl udes i soal | oxazi nes. Endogenously- based derivative
phot osensi t iressttsofisyathedss by therwodiycer beqausel of ingestiamad oy essentdalifoodsraffSe.gf

d hot i tize i h | ack | oy 1-5) al kyl
Pl 0gen SubdNRTURR S leAmatan phBetRRoNe) 136r BYRroGHT SR Ui, (NAIFEOtRIhy o0
d whi ch th L. d_, substant i al -t Oxi Cii by ot f.o W
andogenous. SHR-pouhEReloSBFitEfts Ik pTiAlats ek s Z G mER e oo hen
phot 0Sensi t {&aN Sy A% fe oﬂiggﬁé% 'w-ﬂn%hgliébrau Q%ir?ﬁé SMhﬁPHvin?%B-C

phot oproduct's after photoradi dtidn, no renova urification step is
requi red af dithetigRilokasing dhumithroane), iséal Rxagide pidedinetdigadiedrided(flastde adenine

returned to a patient's body or adm nistered to a patient in need of its
therapeut i cdilsotide BF A alpxarineamsnuclpoidaiiiosknave s laging: o 2 8 NOV
2006 mononucleotide (FMN] and riboflavine-5-phosphate). The

term “alloxazine” includes isoalloxazines. Endogenously-

based derivative photosensitizers include synthetically

'derived analogs and homologs of endogenous

‘ photosensitizers which may have or lack lower (1-5) alkyl

or halogen substituents of the photosensitizers from which
they are derived, and which preserve the function and
substantial ron-toxicity thereof. When endogenous
photosensitizeérs are used, particularly when such
photosensitizers are not inherently toxic or do not yield
toxic photoproducts after photoradiation, no removal or
purification step is required after decontamination, and
treated product can be directly returned to a patient'’s
body or administered to a patient in need of its
therapgu;ic effect. Preferred endogenous photosensitizers

are:
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| soal | oxazi ne-adeni ne dinucleotide 10 2 9 NOV 2006 CH2OP032 HOCH 2 H{iHY-2006
HOCH CH2 H3C NNO ~ .1 .H3CN: NH O Al'l axazine nononucleotide It 2 9
NOv 2006 12 TH'S PAGE IS | NTENTI ONALLY BLANK 29NOV2006 The nethod of this
i nvention requires mxing the photosensiti ggq (P ?he material to be
decontam nated. M xing nay be done by sinpl y ég i nd the photosensitizer or
a solution containing the photosensitizer to a fluid to be decontam nated.
I n one enbodinent, the material to be dB@@@HM nated to which

phot osensi ti zer has been added is flowed pgst a photoradiation source, and
the flow of the material generally providéds sufficient turbul ence to
distribute the photosensitizer throughb‘@ GHhe fluid to be decontani nat ed.

I n anot her enbodi nent, the fluid and phot sensitizer are placed in a

phot oper neabl e contai ner and irradi at ed tch node, preferably while
agitating the container to fully distri gq'?he phot osensiti zer and expose
all the fluid to the radiation: The am)unté)H phot osensitizer to be m xed
with the fluid will be an amount

HsC

Alloxazine mononucleaotide
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sufficient to adequately inactivate microorgani sms therein, but |esg $Kn)(8
toxic (to 13 29NOV2006 WD 00/ 04930 PCT/ US99/ 16404 humans or ot her mammal s)
or insoluble anount. As taught herein, optimal concentrations for desired
phot osensitizers may be readily determ ned2by those skilled in the art

wi t hout undue experinentation. Preferably the photosensitizer is used in a
concentration of at |least about | Mup to the solubility of the

phot osensitizer in the 5 fluid, and preferably about 10 /LM For
7,8-dinmethyl-10-ribityl isoalloxazine a concentration range between about 1
M and about 160 Mis preferrsis prcEefSbINTERDDONALOY MLAN®K f| ui d contai ning
t he photosensitizer is exposed to photoradiation of the appropriate

wavel ength to activate the photosensitizer, using an amount of 10
photoradi ati on sufficient to activate the photosensitizer as described
above, but less than that which would cause non-specific damage to the

bi ol ogi cal conponents or substantially interfere with biological activity
of other proteins present in the fluid. The wavel ength used will depend on
t he photosensitizer selected, as is knowmn to the art or readily

det erm nabl e wi t hout undue experinentation follow ng the teachings 15
hereof. Preferably the light source is a fluorescent or |um nescent source
providing I|ight of about 300 nmto about 700 nm and nore preferably about
340 run to about 650 nm of radiation. Wavel engths in the ultraviolet to
visible range are useful in this invention. The |light source or sources may
provide light in the visible range, light in the ultraviolet range, or
preferably a m xture of light in the visible and ultraviolet 20 ranges, nore
preferably about half in the visible and half in the ultraviol et spectrum

al t hough other ratios could be used. One benefit of a mxture of light is
that the C visible spectrum does not damage pl atel ets but reduces the anpunt
of the nore harnful ultraviolet radiation required. The activated

phot osensitizer is capable of inactivating the m croorgani sns 25 present,
such as by interfering to prevent their replication. Specificity of action
of the



phot osensitizer is conferred by the close proximty of the phot osengiQtNqungg
to the nucleic acid of the mcroorganismand this may result from binding
of the photosensitizer to 14 2 9 NOV 2006 WD 00104930 PCT/1JS99/ 16404 t he
nucl eic acid. "Nucleic acid’ jncludes rjbonucleic acid (RNA) and

deoxyr i bonucl ei Eheamrethaqdonzhis iovprgtorpiequisescmiing therphorrsgnsiizenyyiththedi ng to
cell nenbranes, or, by ot her. mec i.sns. _The photosensitizer y al so be
targeted t'B2¢R ltorrli’%g%w&{m“g%i]%’gn?H?g&c\?gﬁgbyBWB%\ﬁqzdirfﬁE@ coupling to
an ant i bodyhorebitizePbya SolRtisRLBhlaifing M B2t Ahhili Qo bBe

m cr oor gag?hs?m eThe fl ui%l cont ai ni né P?le phlggac%gllésrllsi tizer r‘rayo be flowed into a
phot oper neiehbsatantinated) Mg oné embodiragntiatheanateridigo be deromanmimtedo'whiehers to a

cl osed or open space, .which may be made of rigid or flexible material
e.g., may Hhetesensigzer hasdseearadded iyAowed pasig phoradianenisasirca ad the floweoft op

o e oReDlIs & oL £ S BN B B B g ©
xeml i1y o RBRORTRNE 8 be Bl UEMALNRNALY LAtedeld UL Mgl Yot e

Col l ectio ags, such as ose use rima ectral . pheresis
systens ghofssefisitiabOiratptidedsin d ptotopefa¥shlOestaiaeLshd Rradiazed in batclrridepr
enbodi ment  invol ving batch-wi se treatnent of the fluid. 15 The term

" phot oper peefisrably weulesagitatingethe comtiainef ta fully disutimite dre photaspaqiizerind
transparent to photoradi atjon qof .the proper wavel ength for activating the
phot osensickpogs all the fwd to|tBeridizeRyh system the container has a depth
(dimension neasured in the direction of the radiation fromthe

phot or adi ati on source) sufficient to allow photoradiation to adequately
penetrate the tﬁ?s\ﬁﬁ &f?h%@&feﬁﬁﬁzmetb@%ﬁﬂéd hthShe BQidWHIPES bR amALNAI |

di stances fromthe |1 ght soufce and ensure 1 nactivation of mcroorgani sns
in the fl suffidientte adeqoatehninactieate micdorgahiemgttherenh, riem $4se thama tdxéc (tdi rect i on
of fluid flow) sufficient to ensure a sufficient exposure tine of the fluid
to the photoradiation. The materials for making such containers, depths and
| engt hs of containers may be easily determ ned by those skilled in the art
wi t hout undue

13



25 experinentation follow ng the teachings hereof, and together w t@QtNiw 2006

flow rate ofyp folgdbsd t hrough the container, the intensity of
phot or adi at ion and the absorptivities of the fI ui d corrponePH'}%SQ‘)’""“M

pl asma, platelets,, red blo cel I? 1W| | | det &’éé 15 29NOV2006 WO
00/ 04930 BEMSSISFheTToR £ STl AMQHEE £ A BfEIn OPHMAbx posed t o

phot or adi é%tnb atfoRs fdr §% thm@s ﬁs@ﬁze{ 5 ?ﬁa&%’gc eﬁaﬂggg@%iﬁ% ‘byhBEe™ {kﬁwde d

anount of at Ion IS OUt Fnano

enbodi nerih thenm I tHo@t baﬂadwexzpes;mdnmﬁinrremﬁeferhbl@ the phétobenshizet isedfe@dn bS 5
placed in a photoperneable contai ner which is agitated and exposed to
phot or adi%@nreratiogrofat deaskabavt ivdYlaipt torthe selbilibitaf e ghateseositizat i thhie

m cr org ns., Th ai.ner ferably a bl ood bag made
of 17 anapid e reresBls  PRAC [EAS F it graie tyid GrE 'ﬁdF?aé XAgNfBans | S

ref er abl HARHERS 0
(F:)ont ai ner"‘)élnﬁe po grrgdfé(;{r)@cwlegﬁ?go gréﬁgﬁ@&% ?gomta ner ag| %%tte%ag to mx
t he phot abeusia yuker with the fluid and to adequately expose all the fluid

to the photoradiation to ensure inactivation of m croorgani smns.
Phot osensiti zer may be added to or flowed into the photoperneabl e contai ner

separately fr e.flujd.being,treated. or be, added to t.he fluid prior
toppl aci né t hgjﬁefﬂ] gaopﬁquﬂgt@gmoé?%g?mzlcws o85thig q‘r%‘ﬁ?g‘a HBP&}@nm 'Ito i zer
i s added ' f tdgzer and
anticoag&?grd?)%gtéé&ggﬁkg%goég @#? é(}ﬁ‘déb}?g%gngg ur?a a so é added to the

fluge to pietoradibeop swifrient W@ actiatd theiphtitoseABitizecdedestibed dbove, Buthesscer s
i nclude antioxidants or other agents to prevent damage to desired fluid

co onenttkanothat whnqlnpmuld Gapee n@n-epe@iﬁcr damageaz therbiglbgicakeampopemitsors  and are
mplifie enin t. n r osi.ne, pt oph

cor bat subsantiatygntefere ith biblogial E¥Relty OF wpst PERsinapresetiin e Aittine,

Mer Capt ORfARY A/ bt G Lt e N (50 lotos hREA IR AR, o HTnoRitto ey ST N

serine, nmethionin ucose manni to tro gl'ycerb m Xt ures

t her eof . aﬁfbr&eadilgedﬁte@ﬂmab&omlmmmna@e eicbemdsntaﬁaﬂafdl&mgg heoleachifigd | y active

oI O%Se b hereof. Preferably the light source is a fluorescent or luminescent source providing
light of about 300 nm to about 700 nm, and more preferably about 340 nm to about
650 nm of radiation. Wavelengths in the ultraviolet to visible range are useful in this
invention. The light source or sources may provide light in the visible range, light in
the ultraviolet range, or preferably a mixture of light in the visible and ultraviolet

20 ranges, more preferably about half in the visible and half in the ulﬁaviolet spectrum,
although other ratios could be used. One benefit of a mixture of light is that the
L visible spectrum does not damage platelets but reduces the amount of the more

harmful ultraviolet radiation required.

The activated photosensitizer is capable of inactivating the microorganisms
25 present, such as by interfering to prevent their replication. Specificity of action of the
photosensitizer is conferred by the close proximity of the photosensitizer to the nucleic

acid of the microorganism and this may result from binding of the photosensitizer to

14



bl ood or bl ood constituents and al so containing endogenous phot osengigtNo¥exgs
16 29NOV20064,,\WReP3h 04930 PCT/ US99/ 16404 endogenousl y-based derivative

phot osensi ti zer, of photoproduct thereof nade by the nethod JfUEMHM 1. The
fluid may al so contain inactivated mcroorganisnms. In addition to

decont ami ke neeleisfacitholNudeisagid finpludes somuglend agjd RDBY angk oduct s and
bi ol ogi cal,l ti t.el t hi hod i s. ful f {. ti th
(1 ui ds  SeREPTRAiGIT arid DRHe & nOMEE PhOGHISRiFTS DY PRURAOHIE Wiksling or
iy Db el > ol
ani mal s Sﬂgﬁ)'g@x%n\é@%ﬁl?y PfHeFHechbﬁikr‘ﬁ?.sTh?}phé)‘tosg{smfgglgs'oa Sb@FEQg%tPlgj {A e e

method is 0 use or treating peritoneal or entera 1 ons. This
i nvent i onnfiksmratibmde belirvddnivaedityr cdvakatly Beusliig Re@Santibodpagiteiferably a

m croor gani sns whi ch nay be present thereon conprising applying to such

surf &ces sperifip mmtqnaiﬂmdwdéfftpém mieroorgamistioxi ¢ anount of an endogenous
phot osensiti zer or endogenously-based photosensitizer derivative and
exposi ng the surface to photoradiation sufficient to activate the

hot itizers i : '
phot osensi ti zemye Hifd SUhthifisg %ﬁ%@oé’én&ﬁ% rr?aé}cjﬁé AGFed b aa;ﬁ'xdgo driflehb]

veget abl e or ani mal carcass, surface or es of cut or r cesseg f oods.

Parti cul atentahiee forinadidtion. &hegeat fMeonteint? rofeys ita tlosed &dopdh spase,vehidh t he
photosensitizer with the material and continuing to mx while irradiating to
expose fmegtbemafdeebsgidopiiribleauatanilons., May baa bager bayomntroughaltimay y be a
food preparation surface,such as a counter . top,or, storage shelf, qr may be
= Surf aceOBEISoR S APHY LS LR GGy deL e PPOiREs Sibolh SRy EReraY AkA Rt ht b or
hot jpub, gf nﬁafiﬁ%"t A fB??ﬂ!o“ﬁ{h:Bu {)Hﬁ?id thefeiddHU Lhitie Ha@%gbn%§§é gce may be
the surface o Iving animal or®plant, or may be a wound surface. The
pZot osensexémplifynoye dmbediflenedf ihe iAvertiohablgtvigarar fl@v-tbioaghagsteni.er or a

sal ution containing other treatnment additives, by spraying, dipping, w ping
on, or byColleption hegsnsudbrasnithoseousedevith the Trima™dhBpastrabY apdapberesis systorss  and
BNer Y Of og [3Bh LafSiafiri R e B Sded Bied SRRl Mokher nboiieny 4t o™ ned

involving batch-wise treatment of the fluid.

15 The term “photopermeable” means the material of the container is adequately
transparent to photoradiation of the proper wavelength for activating the
photosensitizer. In the flow-through system, the container has a depth (dimension
measured in the direction of the radiation from the photoradiation source) sufficient to
allow photoradiation to adequately penetrate the container to contact photosensitizer

20 molecules at all distances from the light source and ensure inactivation of
<-_ microorganisms in the fluid to be decontaminated, and a length (dimension in the
direction of fluid flow) sufficient to ensure a sufficient exposure time of the fluid to
the photoradiation. The materials for making such containers, depths and lengths of
containers may be easily determined by those skilled in the art without undue

25 experimentation following the teachings hereof, and together with the flow rate of

fluid through the container, the intensity of the photoradiation and the absorptivities

of the fluid components, e.g., plasma, platelets, red blood cells, will determine the

15



29NOV2006 art wi thout undue experinentation depending on the |evel 28N0V 2005
cont am nat | ™0 @rd9vhe nmateri al being treated. | n decontam na¢f/oReivsdsens of
this invention, the photoradiation source may be connected to the

phot oper ' : j : | irght ' ueh S as
alight c alrglir\lrgl&E)Hr}lt~l?=t ermgg{efgpﬁ)u%ée isc ‘°§r evérnagalatgogét}g)gr7f%ghg§th?ﬁg@I I ght
bet ween t fibitgdssaixamde;} hprefemedameuntfafradibgoh lisibetwean dbomr ig/dnfer t ant |y,
prevents substantial heating of the fluid within the container. Direct
exposure 1#PJHae" .| i ght source may raise tenperatures as nuch as 10 to 15 C,
especially when the anount of fluid exposed to the light is small, which
can cause denaturization of blood conponents. Use of the. 10 |ight guide

keeps any heatipngotiferlegttodiien: iabaWinglbatch-wlberiBiad (HEuR ©be ichéle the

use of tenperature sensors and cooling nmechani sns where necessary to keep
the & enpplaeddiinea pledtoperrerabéer edntainer whichvs aditated iand dxposet @b photoradidtéonf | ui d
are damaged. _Preferably, the tenperature is kept between about OC and about
45C, nor efor gitane pufficiens & fhstardisditnactivagdhapoigrog@mismadThest preferably

about 22C. Jf5 Thi s, i nvent.ion al ov']de a systemfor treating a fluid to
nact | vat EoRepisabl e eiaei s PErTerBl S OB L ahad B BRTPRIHER oing: 2 9 Nov
2006 () seni AR pISHRPAAS HHG Qtiixi’%fnleh'ﬁéjis?}@féﬂbl RARIEA QLS atTHex azi ne
phot osensiti zer “or gnﬁlggenousl-iey-ggase al | oxazi ne pﬁot osensitilzer

deri vat i vphotssensitizenimal beradded ngtheon et invpoly deiredott liquid fissm awditHezavi ng a

phot oper neabl e surface sufficient to allow exposure of the fluid therein
to alf anpenntaiper ggitatest wamix thephotnsersitzes with thealdvidaaddo adequately 65possi t i zer ;

(b) at le e .phat or.adi at,i on _source for .providi.n sufficient

binot or ad 1 PEag e A PGP Relodp ghsiFe s Raron of MR P aount sel ect ed

t Y
Photosensitizer may be added to or flowed into the photopermeable container

separately from the fluid being treated or may be added to the fluid prior to placing the

fluid in the container. In one embodiment, photosensitizer is added to anticoagulant

15 and the mixture of photosensitizer and anticoagulant are added to the fluid.

Enhancers may also be added to the fluid to make the process more efficient
and selective. Such enhancers include antioxidants or other agents to prevent damage
to desired fluid components or to improve the rate of inactivation of microorganisms

and are exemplified by adenine, histidine, cysteine, tyrosine, tryptophan, ascorbate, N-

~

20 acetyl-L-cysteine, propyl gallate, glutathione, mercaptopropionylglycine,
dithiothreotol, nicotinamide, BHT, BHA, lysine, serine, methionine, glucose,

mannitol, trolox, glycerol, and mixtures thereof.

This invention also comprises fluids comprising biologically active protein,

blood or blood constituents and also containing endogenous photosensitizer,

16



activate the photosensitizer whereby mcroorganisns present are ZQNOV 2006
subst anti al Iwo o¢/n@sd | vat ed. The. photoradi ati on source nmay b?c@nﬁ%ﬂa&ﬁ of
visible radiation or ultraviolet radiation or both. Preferably both visible

and ul tr aéﬂ&gﬁﬁoﬁﬁgjb%%d)ﬂearf\’fa’ﬁmPPﬂgfoggﬁiti&ﬂdod' pﬁgfoﬁr&fu%i E{e?é)dtyr{x%]é;eﬁb the

phot or adi at | IS abou ravi ol et an vi si bl'e al ot her

ratios comkthodefussich 1.TMhe fluid Alagdist dodraih indetivited Aficidotgavdmd.et and visible
spectra may be supplied concurrently or sequentially, with the visible
portion preferably being supplied first. The photoradi ation source may be a

inple | .consi,st of .multi | diating.at differi
el angt ns.  TRGNGTDRLdRcapPrinsten HoghalRHied. BuiE spamang lend | vori ng from

about | t - ahg : : [ raviol ef .and

vi si bl e |‘?}8ﬁ%°tug ?ﬂétsbf)@?éa*%l@%%ﬁ‘é‘#@?f‘?e"as’vﬁ?‘%h“ﬁ@ @ﬁ%ggﬁnﬁa%‘uhgé’?ﬁﬁrgﬁ‘é%e whi ch
| oses it sincladbdy fliidsoviabh ardmeargifbl golrshifenbf RImanspranddafsuc¥PRate e, such
as 7,8-dinethyl-10-ribityl-isoalloxazine. Any means for adding the

phot osensfiit,zuices,omilkebraths, douns dnd theblket The methed isalso useful fortréatiggt he 1 ui d
in the photoperpgeabl e container known to the art may be used, such neans
typi cal | WW&%HQE‘W%‘W YHAMSs, ports, reservoirs, valves, and the |iKke.
Preferably, the systemincludes neans such as punps or adjustable valves for
controlling the flow of the photosensitizer into the fluid to be

decont ani nat edr'1e ifveaitionialsd ifolndedinetiolds foraatig sGdides Qb idtivhteef f ecti ve
| evel s as descri bed above. I n one 19 29NOV2006 WO 00/ 04930 PCT/ U599/ 16404

enbodi mermicregrganisgrsshichanay ke piesend thdreen coraprging eprlyingdntsutiesurfaces a bl ood

2iodh o PSR qu-El5esRe, T or PPN Tan PP ERRNE PRGBS AR Shough. S | <

phot osendErs2idust- BafEpRRSecn L T RER AL Eond Bpositithe MR Mo, 172 pro-m xed
aqueous Sfhotdraéiatiof. s@fficieiit toakavate thesplusta@asibigér €The shefabé Y. be a food
surface such as a fruit, vegetable or animal carcass, surface or surfaces of cut or
processed foods. Particulate materials such as ground meats may be treated by mixing
15 the photosensitizer with the material and continuing to mix while irradiating to expose

fresh surfaces to photoradiation.

The surface may alternatively be a food preparation surface such as a counter
top or storage shelf, or may be a surface of a bathing or washing vessel such as a
kitchen sink, bathtub or hot tub, or a swimming pool or the like. In addition, the

(o surface may be the surface of a living animal or plant, or may be a wound surface.

The photosensitizer may be applied in a suitable carrier such as water or a
solution containing other treatment additives, by spraying, dipping, wiping on, or by
other means known to the art. The amount of photosensitizer and energy of

photoradiation required for treatment will be readily determined by one of skill in the
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The phot operneabl e container for the flowthrough system may be a 2 9 NOV 2006
transparent cuvette nmade of polycarbonate, glass, quartz, polystyrene,
polyvinyl chloride, polyolefin, or other transparent material. The cuvette
may be enclosed in a 10 radi ati on chanber having mrrored walls. A

phot or adi at i amn vathoanseduserperiaenatiot depemdidg phaholexd! af ¢cantarnination aad the
reflective surface may be placed adjacent to the cuvette to increase the
anmount of phBRETRHPENEITFASnt acting the fluid within the cuvette. The
system preferably includes a punp for adjusting the flowrate of the fluid
to desired levels to ensure substantial decontam nation as described above.
The 15 cuvette h coftghiRatiGPa s Vi e o) I’n%#g;’b
sufficient to exggxsdgc fluid the%ﬁ?%ﬁgﬁ%?%ﬂedﬁf t%h@“orgg?g??gﬁﬁ%g ef'f ect
substanti al chmented o iz platopérareable.contiter for dHeclidd by rhémnsofadighe gulespelced
apart fromthe |ight source_a sufficient distance that heating of the fluid
in the &uvetse? Hakichapnelpurdiher ontig tubeghhich pravieatssertterng of thslighs betwegn the

h b l.i, gh i de. | n. h
PRI e S T L e e S
bl ood bag, : \ : | [ (; :calNO.
S, 053, 857, o aE e LA P Ll Sopge A ke

i ncl ude col feffperatiredag nech delcwi ISEAC hepediaily Gdleh €ed araouixagfluid edposad tdre
SpectraTM system or TrimaTM apheresis system of Cobe ‘Laboratories, Inc. are
especi al | y sthetight is. snstbehick 5an aaise depaturizatomofitdoodeompenenss. gUseef the-

Sﬁ/ff riﬁﬁdahﬁﬁéﬁj%:/i ks o Sgﬁrf&st%aﬁ%héﬁsﬁg%énﬁ%‘e’%é@ s o v
00/ 04930 PCT. 4 i LiyZer s
7, 8- di met hyl é’%’g‘??g?ﬁ?&ern&%g% ﬁ%gg‘glzﬁg’%%ﬂ‘g é%&g‘{‘:’%?%¥%h§’? pecessary 19 ke By i n

powder form tefi}Rrdtae Below@mpertatiteslatavhich ABaked proaiCinafel flagd hrdtdachagadler
phot oradi ati on until substantially all the fluid has been exposed to the

phot or adi at i Preferabdly; thentamperityre i$ keptibegveemyaboat HTE pad kbeusdt At martie powder ed
hot osensitizer, 5 contained therein, The fluid to be decontamn may t hen
Be added ![hlrnggfgaﬁattluienglﬁg}%u; 4 Iabq,la{:qum?%u:l, and most pre?eraﬁy abou?ﬁfé&. y

15 This invention also provides a system for treating a fluid to inactivate

microorganisms which may be present therein comprising:
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Decont am nati on systens as descri bed above nmay be desi gned as st andZ N8} 006
units or may be easily incorporated into existing apparatuses known to the
art for separating or treating blood being withdrawn from or adm nistered

to a patient. Kay 10 exaaptént&ier Hoqi-ikand isla.gdagpariat H88Sahncl ude t he
COBB SpectraTM or TRI NA(r a herse5|lsjt y.st.ens vaila bl. rom Cobe

Laboratories, Inc., Lakewoo%g {03 auélﬁpglh Esdgéé??‘b?a in US.
Pat ent 5, 653,887 and U. Sen®eg¢Ia¢U$bY Wéﬁzéal&mcamm@dph%psenbéti@er1997

(PCT Publication No. WO §8f1430H)e OfsaQH)%oh%QQh%trOIHe‘?.ﬁg LQGipp8§ Weth as the
apheresis systens of other manufacturers. The decontam nation system 15 may

be inserted just domstré’éﬂ?%fm?%s'pcﬁ h3erg & & tPEeﬂ"?ﬂg}%mﬁu’F it a
patient or donor, just pufbicient nserdllew eipolswae pfodhet fluid a patient,

or at any point bef ore eg %grt eaq@rag&oug@_ %f Eblh%(%grgggg %Hents The

phot osensiti zer is added nponent s a I coagul ant in a
preferred embodi ment, anﬂuﬁéﬁa%%mé tq rarcetdl"attleor‘ihfﬁo@héégsaﬁﬂléh%@nes are
pl aced downstream from col |l ection points for 20 pI atelets, for plasma and

for red bl ood gg& The usg of three separ% | ood deco tam I’latlé)
systems is prefBfred to ptraceehtodt PALCAG éa5I188d58858ﬁt R 2t PHH 1 st em
upst ream of the bl ood seplafémmntvasmor@ﬁlalu@ph@peshs §¥ygidmmbesaide t he

lower flowrates in the sgpesfté&r C&ETEP"I:%%% h&e%n@thV‘@egééé‘é&rtSase of
irradiation. In other enbodi nents, decontam nation systens of this

i nvention may be used t o2PFbYRER B RhAKOSEES) tdgereWhETSRK stored bl ood
products. Wen red bl oodmi€tbdsSrgdei gnscinRisent ble tubsdaheiadlyreated, as

will be appreciated by #{lggg,\;%g ed in the art, to conpensate for
absorption of light by t ) 2006 WD 00/ 04930 PCT/ U599/ 16404 cell s,

the fluid my beyd é]%dr?&ﬁ%ﬁxad%ﬁ%ﬁf‘& rgS’y Bk Qgﬁrscg%‘? élgéxﬁlé ¢afiiatidf g@h‘lt‘?ﬂnél@f I onger

periods, agitated onger periods’ or to photoradiation in

shal | over radiatioaior®oeh. OPre€srabllyi orh tvisitile ned aiaviylet eadiation avetprovideérand! ood
conponents. The endogenous photosensitizers and endogenousl y-based

derivati vengrqﬂrsfmldmshq phetoradigtion isabauthal fulvrayioletand hadfivisiblep pkheyghst i ng
bl ood Corm?ﬂer ratios could be used. The photoradiation in both the ultraviolet and visible

spectra may be supplied concurrently or sequentially, with the visible portion
preferably being supplied first. The photoradiation source may be a simple lamp or
may consist of mulfiplé lamps radiating at differing wavelengths. The photoradiation
source should be capable of delivering from about 1 to at least about 120 J/em?®. The
use of mixed ultraviolet and visible light is especially preferred when the
photosensitizer is one which loses its capacity to absorb visible light after a period of

exposure, such as 7,3-dimethyl-10-ribityl-isoalloxazine.

Any means for adding the photosensitizer to the fluid to be decontaminated and
for placing the fluid in the photopermeable container known to the art may be used,
such means typicaliy including flow conduits, ports, reservoirs, w{alves, and the like.
Preferably, the system includes means such as pumps or adjustable valves for

_ controlling the flow of the photosensitizer into the fluid to be decontaminated so that

its concentration may be controlled at effective levels as described above. In one

19



decont ami nation systens as well as in the decontani nation system di 99 K3egms
her ei n. Forw(ﬁé(?&%oe, t he endogenous photosensitizers and endogenousl! y-based
derivative 'photosensitizers of this invention can be used iR¢T{y$a9/16404
decontam nation systens described in U S Patent Nos. 5,290,221, 5,536, 238,
5, 290, 22 lcmbedisendehRBBensinzer|is maked with diet anticogghlant feed to apod apheresis

endogenou hot sensd'd)ti zers ,and endo?en sl.él- bas%d derivative
anagle

S .
phot osenssfytSF r §OLEI4PEERQYSRIPIOSEBYLZEL BUaIYES NAUERE TAGAE MPletssatlg| et
additive ot t ' r d
el ude. (haes R A b R kR PRl B 0 VE EPBE A 0, 570,
5, 236, 716detachiiht bl the sugdr tmodsP, D3ferablycthe phatosksitizeatds ndded sofhytfiuid® My
contain 15 physiol ogical saline_ solution, buffer, preferably sodium
phosphat be dge@ntsmisated i apserariked agrepusiFalgtionghe s InuwateR oo stafagabufferodi um
gl uconat e, l'l;he pH of such solutions is preferably between about 7.0 and
7.4. Thes®'¥WNtions are useful as carriers for pl atel et concentrates to
al l ow mai ntenance of cell quality and netabolism during storage, reduce
pl asma content and extend storage life. The photosensitizer 20 may be
present in sucthessHotdpermsable cantaimke $or the floantdadtiglasysemfmaybaout 1 Mto the

solubility of the photosensitizer in the solution, and preferably between
about 10 transparanb@bEite Toie! pedycarhanates glaps.\guapra ol Yty rane, ROV er r ed

mbodi | I ddi ti | ut i '
Gasor | beciasbe poR ol & oBie pnifusledirinl, AR uBPHY riA B ARIPEEE o um

: t BleT i | j hl oride, 1
acejgt e, @At RithB H’a‘%/ar%gsgﬁ‘x'rm%ﬁl]g U%g@]ﬁtg{atdﬁ&n@ﬂhﬁ?ﬂgaeﬁicH%ﬁ do“ €

nmM sodi um phosphate 14 M | - -1 soal I oxazi ne an

pr ef er ablsgcadsphdioraiatonaobadesor refdstive GifacdiRal Be plérad ddjadenbadPtht6404 BRI EF
CRIPTION OF THE FIGJURES Figure 1 depicts the riboflavin absorbance
spect r umcuRpige faingreaspthetasneunt of paptaradiaiions contapiing dhe Spidhnedimthe henat ocri t

b d and dicted f d. bl ood _cel | icted f telets. 5
i our o 3 BBt Lo Shetdambsy IebRbadime T By oigabf o ath oEHR Congui ant
Acid Gt "tRi@ tdBdifedSevdl§ i insat sitsRftiall@@ofidhiiflatidr s d¥skhibed abbks TR cat es

percent o
15 cuvette has a length, coordinated with the flow rate therethrough, sufficient to expose

fluid therein to sufficient photoradiation to effect substantial decontamination thereof.

Also preferably the cuvette is spaced apart from the light source a sufficient
distance that heating of the fluid in the cuvette does not occur, and light is transmitted

from the light source to the cuvette by means of a light guide.

(‘d In another embodiment the fluid is placed in a photopermeable container such
as a blood bag, e.g. used with the apheresis system described in U.S. Patent No.
5,653,887, and agitated while exposing to photoradiation. Suitable bags include
collection bags as described herein. Collection bags used in the Spectra™ system or
Trima™ apheresis system of Cobe Laboratories, Inc. are especially suitable. Shaker

25 tables are known to the art, e.g. as described in U.S. Patent 4,880,788. The bag is

equipped with at least one port for adding fluid thereto. In one embodiment the
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initial riboflavin remaining at 373 nm The dotted line with squareSZQNUVZ(](]s

I ndi cat es peweebbsoz@f initial riboflavin remaining at 447 n%Tﬂngifgoﬂ
depicts the transm ssion profile of various plastic cuvettes as a

f ti : t ' ' ¢ 2 F | i tte.
The.dot 1 4P fEHEH FAR, Profek BBl dintth P 10 SREGR B, MAGEI bl Gl hec
line (--)fille@pagsepbwdaer forth. "ThPBAg/SiNrEplacddPS a GHMEE tfdle MtPadifeeLhes ed

line indicates a 3.2 mm polycarbonate (PC) cuvette. Figure depicts the
| i ght f1 urheteradiatean untilAnbpantishy alh theoflyidhes been etpdsedto the Pphowmradiatiore. t he

flux requi,red to deliver one joule/cn? to.a sanple i he cuvette. Figure 6
dep ct s 2 URBAEDR A Bre Moyl aRark rork 1D P EE WA H BhRBATSHEET at | on

devi aeof ofitamel MBI, OThe fufHobedelBRbfimard dhagafaNbeMdiA iR ATRETO! Y of
this invention. Figure 8 depicts inactivation o acterra in pFate et

prepar at i apgropfiategori.t anin 20 K5 as the photosensitizer as a function of

energy of irradiation. 23 29NOV2006 WD 00/ 04930 PCT/ US99/ 16404 Figure 9
depicts inactivation of bacteria as a function of platelet preparation and

fi i ation, ' 0% pl at el..et d 10% tel et additi
ol Ut} on (90: D5OHAT SRS RARES TP CASAVG AR PO RSB SANG-BISNO)
Fi 10 . g - .  anl q
b:ag'ltj re(rai a u@ﬁ%&rghgﬁﬁgfagl Fnox?%%lﬁ%sgtl%tg)aegfsglg 5%&’? X‘t:aoncseh?raﬁgﬂhg{%gurg ﬂ shows

t he i nact separating erksatiniglslobl bpdg vatidphwi floyP6r Admitiisiered 86 a patiédtNFor on  of
concentration of photosensitizer at an energy of irradiation of 20J/cn®
usi nP hal exampleasich boodnhandlng appasatuses 1n¢lgg¢ therC @BESpeetra N oasTRIMALi vat i on

e L e I
concent r aflonsn Qs ddiBAbES HE 3. Patdnt 3538139 98T SO eHAINS 108142519 filed
September 5, 1997 (PCT Publication No. WO 99/11305) of Cobe Laboratories, Inc.
as well as the apheresis systems of other manufacturers. The decontamination system
15 may be inserted just downstream of the point where blood is withdrawn from a patient
or donor, just prior to insertion of blood product into a patient, or at any point before
or after separation of blood constituents. The photosensitizer is added to blood
components along with anticoagulant in a preferred embodiment, and separate
irradiation sources and cuvettes are placed downstream from collection points for
20 platelets, for plasma and for red blood cells. The use of three separate blood
decontamination systems is preferred to placement of a single blood decontamination
( , system upstream of the blood separation vessel of an apheresis system because the
lower flow rates in the separate component lines allows greater ease of irradiation. In
other embodiments, decontamination systems of this invention may be used to process

25 previously collected and stored blood products.

When red blood cells are present in the fluid being treated, as will be

appreciated by those skilled in the art, to compensate for 'absorption of light by the
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Figure 14 shows inactivation of S. aureus and ZX174 at varying enerQiQaN[]\bjogs
i rradiation weioeg4s3050: 50 mi xture of ultraviolet and visibl gdrisib;esds
Figure 15 shows inactivation of S. epidermdis and HSV-11 at varying

i i rradiat] ' 50: 50 mi. xt £ ul i.0l et and vi si bl
Tont: 5 g8ls BE T e BP e i SR les B BB 2t o e
i rradi at edhepfody Apyaftd P RIngkr b@l"}/&!s%r pres@hited td phS@IRAkESH in\RGlIbWRaE! On results

for vaccinia viras in various fluids 20 using ultraviolet |i1ght alone or
50: 50 vi sidohtairmersl outoncdwitschat ndcespaty fiz 41s@ withNike20lo6d coingunentd8 conpar es

I nactivation results with and without sensitizer of vaccinia virus at
varying irradiation times. Figure 19 conpares inactivation of extracellular

H V-1 at 5 and [ &k Wl dj ation_ energies.

Fi gure- 20 conpdreeragefi EAPEREIS AR arindb Bhld Iy AR ofiRe °C00 ot
phot 0§ ensighio#REngiigery Aistldied héreafliat O e 8NEPEH-ESistif BlbE coinpoReRar es

I nactivation of intracellular HV-1 at 5 and 50M of~ photosensitizer and
varyi ng i rdeechtanircati oansystgissas wedl asgn pReldesuntapeinatien syssem disojosed Hazeishows

i nactivation of HSV-I1 at varying irradiation |evels using platel et

concent r af®r gxempleaths @tdoamrpﬂlpéch%nsW%mdaewaeapuﬁlw@aﬁﬂcg@@\atwaddi tive

solution wth asce Fi qure 0 an.enmbodi pent _of this invention
using a b%8gosﬁlés@)tl%egrg%gm'g} n%nttl%rgg’%nls% ‘Y\/Segé? F]}ber?ercggﬁgnang%w f)‘f%?’Bgensi tizer
and a shalggscri@lig U.9. RaieheiNgs. tSimofdui ¢, 5aaiahe, 5 290091 RgqtsosFeier adi ation
froma light source. DETAI LED DESCRI PTi ON The decont am nation method of this
I nvention using endogenous photosensitizers and endogenousl y-based

derivative photosensiti.zers is exenplified herein using .
7,8- dPnet hyl - | Blatelst pgditive spluienscamiRnsiRg erslogenous photosensitizers and

endogenously-based derivative photosensitizers as described above are also provided
herein. Platelet additive solutions known to the art may be used for this .purpose and
include those disclosed in U.S. Patent Nos. 5,908,742; 5,482,828; 5,569,579;
5,236,716; 5,089,146; and 5,459,030. Such platelet additive solutions may contain

15 physiological saline solution, buffer, preferably sodium phosphate, and other
components including magnesium chloride and sodium gluconate. The pH of such
solutions is preferably between about 7.0 and 7.4. These solutions are useful as
carriers for platelet concentrates to allow maintenance of cell quality and metabolism
during storage, reduce plasma content and extend storage life. Tﬁe photosensitizer

20 may be present in such solutions at any desired concentration from about 1 1M to the
solubility of the photosensitizer in the solution, and preferably between about 10 uM
and about 100 1M, more preferably about 10 uM. In a preferred embodiment, the
platelet additive solution also comprises enhancers as described above. A preferred
platelet additive solution comprises sodium acetate, sodium chloride, sodium

25 gluconate, 1.5 mM magnesium chloride, 1 mM sodium phosphate 14 uM 7,8-
dimethyl-10-ribityl-isoalloxazine and preferably also 6 mM ascorbate.
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phot osensitizer, however, any alloxazi ne photosensitizer my be use’z’ob NGV 2005

i's capabl e obobebego activated by photoradiation to cause i nggliiéaidg Of
m croorgani sms. The phot osensitizer nmust be one which does not destroy

desired conponents of th i ' ' d also preferably
whi ch does not break domﬁ@ﬁasﬁggﬁ}?ﬂémﬁmﬁgﬁ&ﬁu on into products
whi ch significapiy ] di:g&ttifh\é SESIAAflabpeeRbeim have signi ficant

toxicity. The wavel ength 23 29NOV2006 WO 00/ 04930 PCT/ US99/ 76404 at whi ch

t he photosensitizer is activated is determ ned as described herein, using

literature sources or direct nmeasurenent. Its solubility in the fluid to be
decont ani nat edFgure g depicthd rameiagan of ight ahserbance aad hematocrit @bsesvaskand

cont ani na Ny | Ler m gy bi, LI of photoradiation at the
activati néFe\%é‘%/tgq g%grt% ﬁ bﬁgocgg%gh%@g%g I%E(gfoglp&?tafe%/so be decont am nat ed nust
also be determ ned as taught herein. Appropriate tenperatures for the
reaction of the photosensitizer with its substrate are determ ned, as well
as the ranges Biguredmepatsplgtodénmnupasdicn oven tinrg efisbdflavamih anticoagilent, and
phot osensitizer concentration which will optim ze mcrobjal inactivation
and m ni nP£Y GHralg Dexiroge MY sphuitoa: r@ﬂeéﬁﬁﬂdmedyth gireles mshigriescpereent af ¢ he
fluid. 10. I 1-7 and. Figures 1-5.il,Jystyate.the determnation of

i or et | DR GRATRLR fommpinplSmpr Je ehtEt AL Bafboieas kAR et of
this inveptifal B RVEY EnANHHSN4ugqHh r enment s have been determ ned for

fl owthrough systens, apparatuses may be designed which provide the correct
flowrates, photoperneabilities, and |light intensities to cause

i nactivation of m croorganisnms 15 present_in the fluid, as is taught herein.
Thce fluid to bBIBYELHEERIRESRIsisHiotprofila of vasinys pdashs icuvettss as@d t hen
ir'rg

[ iate L.t h ufficient, apgunt. of phaotoradi ation to activat h

photiBsensrtbap of sHYelingtiy Thé TR ind teaRrenEs P ‘Biueary i e ke, 18k Bphed
line (-----) represents a 3.2 mm UV acrylic cuvette. The dashed line (——)
represents a 3.2 mm polystyrene (PS) cuvette, and the crossed line indicates a 3.2 mm

polycarbonate (PC) cuvette.

Figure 5 depicts the light flux required in mW per cm’ as a function of flow

15 rate, i.e. the flux required to deliver one joule/cm? to a sample in the cuvette.

Figure 6 depicts a blood separation apparatus incorporating the photoradiation

device of this invention.
Figure 7 depicts the decontamination assembly of this invention.

Figure 8 depicts inactivation of bacteria in platelet preparations using vitamin

20 K35 as the photosensitizer as a function of energy of irradiation.
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m croorganisns in the fluid are inactivated. The amount of phot oradip’QN@moos
reaching m gJARfede¥gi sns in the fluid is controlled by sel ecyi n
appropriate photorgsgi ation 20 source, an appropriate di stanciéé%)?59?ﬂg4°4

phot oradi ati on source fromthe fluid to be decontam nated, which may be

i ncreased t hr odgBEukenddepietsapagtivghion giibaseesna a5 2 Binclion 19é plaselet preperation on

directly to the containgr.for the.f! u n §,0Qrj at e ot operneabl e

mat eri al fa&d ﬁnﬁﬁgycgﬁ%%ﬁ%}onf’ 8?"‘??8 /‘T Illjjlﬂlglft Sa%dagg rpgﬁﬁ?eélaggg’élﬁtsﬁﬁ’tt’(?nal | ow full
penet r at i 0@0: 19§ ahl 8 0Phptae1aQi Akl O0%iaktifive RBIuERRAL@DTE)., Pphot oradi ation
enhancers such as one or nore 25 additional photoradiation sources,

preferably on the opposite side of the container fromthe first, or

reflectors to reflect light fr t he radi ation source back into the

cont ai ner, aperdﬁ‘I‘ﬁealtoeshqwhﬁég st quonagtiyation @f yirup, Bacteriaphass ard bagterian
appropri at ont ai.ner .l engt allo fficient tinme for inactivation of
m cro rgan&?ﬁémﬁr t@%ﬁ@@%%@ﬁ%(ﬁ%e\ﬁlﬁﬁperature nonitors and controllers
may al so be required to keep the fluid at optinal tenperature. Figure 6
depicts a decontam nation systemof this invention as part of an apparatus
for separati ng Figued IcshunenthnatisactiaatibnFiugue for7Herpes iSieplaketype [bviafs asa
preferred decontam nation system For_ batch systens, it is preferred to

pl ace t he fpnehion efcansenwation ahpheiessasitrs g an wnewysdradiationof 28Fcmi bags

whi ch are phot.operneabl,e or, at,.l east,.sufficiently photoperneable to allow
suffici ent‘gmazf ]&?Vfodetraé’egc alfﬁ‘él%?e léglﬁ‘t ents to activate the

phot osensitizer. Sufficient photosensitizer is added to each bag to provide
i nactivation, preferably to provide a photosensitizer concentration of at
Ieést about 10 Figired2dsHolwes inactivasionof S.apédernhidisat varyaed edncegtratiorsfafr abl y at
about | to_about 120 I/cnz for _a period of between about 6 and about 36

ni nui@s t PhetpserBtizst A fneTgies of Tasiatiahi al Iy all the fluid to radiation.
Preferably, a conbination of visible light and ultraviolet light is used
concurrently. The photosensitizer nay be added in powdered form The nethod

preferably usegiaAiRdqgemews inhttatich BEDX1ITARSBARNE Léiehtratifgs i Ng
endogenous al | oxazi ne

photosensitizer and energies of irradiation.

Figure 14 shows inactivation of S. aureus and ®X174 at varying energies of

irradiation using a 50:50 mixture of ultraviolet and visible light.

15 Figure 15 shows inactivation of S. epidermidis and HSV-II at varying energies

of irradiation using a 50:50 mixture of ultraviolet and visible light.

Figure 16 shows inactivation of HSV2 virus in blood bags agitated and

irradiated at varying energy levels.

Figure 17 compares inactivation results for vaccinia virus in various fluids

20 using ultraviolet light alone or 50:50 visible and ultraviolet light.
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phot osensi tizers which function by interfering with nucleic acid 29NOV 2006
replication. 7,8-dinmethyl-10-ribityl isoalloxazine is the preferred

phot osensitizer for use in this invention: The chem stry believed to occur
between. 7,8-dinmethyl-10-ribityl isoalloxazine and nucleic acids does not
proceed via singlet oxygen-dependent processes (i.e. Type Il nechanism,
but rather by di fegureddnimpares inasunmsionatesultsniieh agd xdtout Tamerider € ¢hMisNs) .
Cadet et al._  (1983) J. Chem, 23:420-429, clearly denonstrate the effects
of 7, 8- di metVHys 2f Yarying iMAdI3nasimesazi ne are due to non-singlet oxygen

oxi dation of guanosine residues. In addition, adenosine bases appear to be
sensitive to the effects of 7,8-dinethyl-10-ribityl isoall oxazine plus W

O i s 1o FRARE A0 coRldices RUBNANORRBRMARMAIEY o & PAd S YMor

i nsensitive to sinylet oxyden-dep processes.

i soal | oxazi pRofREGAfifer andivatyinpivadiegon andeiequantities of singlet oxygen
upon exposure to UV light, but rather exerts its 27 29NOv2006 WD 00/ 04930
PCT/ US99116404 effects through direct interactions with substrate (e.g.,

nucl ei ¢ aci ds) through electron transfer reactions Wth excited stafe
sensitizer speci EUrSZACoMBIRTSIBATtHaHAR Of intracgHulas H&;ﬁ 128 3 2pd ’ér ns

arises primggily freomsinqlel. .soyrces,. this nechanistic pathway for
the action 8#‘“#%’%5‘%@@%%9? ﬁgiﬂﬁé}ﬁl&} g%%ﬁeaxazi ne allows greater 5

selectivity in its action than is the case with conpounds such as psoral ens
whi ch possess significant Type Il chemi stry. Figure 6 shows-a bl ood '
appar at us devi ceFigude dpleetmpares inyctivarioh ot intpaeetblan BIMae at phatd d0aMaifi on
devices of this invention. Wwole blood is withdrawn from a

photosensitizer and varying irradiation energies, using p24 antigen levels.

Figure 22 shows inactivation of HSV-II at varying irradiation levels using
platelet concentrate and platelet concentrate in media containing platelet additive

" solution with ascorbate.

Figure 23 shows an embodiment of this invention using a blood bag to contain
the fluid being treated and photosensitizer and a shaker table to agitate the fluid while

exposing to photoradiation from 2 light source.

DETAILED DESCRIPTION
The decontamination method of this invention using
endogenous photosensitizers and endogenously-based
derivative photosensitizers is exemplified herein using
7,8-dimethyl-10-ribityl isocalloxazine as the
photosensitizer, however, any alloxazine photosensitizer
may be used which is capable of being activated by
photoradiation to cause inactivation of microorganisms.
The photosensitizer must be one which does not destroy
desired components of the fluid being decontaminated, and
also preferably which does not break down as a result of
the photoradiation into products which significantly
destroy desired components or have significant tbxicity.
The wavelength

i~
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donor/patient 4 and is provided to an apheresis system or bl ood con'qo;glpw 2006
separation 1Wodmwi4ge 8 where the blood is separated into theMaidoghsios
conponent types and at | east one of these bl ood conponent types IS renoved

f h ' . : b | ded .f
Cubsequents HEAeh e phAFREP D, o RPRATE R L bR R i e

returned tigerahifte @6uveEd PAlIr&dtimehsutemenb eltPNABI1EPTHOMBGRA &EP&r at i on device 8,
blood is withdrawn fromthe 15 donor/patient 4 and directed through an

ext r acor péeeentamimdtedyorin & gombingtigndf earbeoBuid apddiuid 40 bgcemasvhatd®is def i ni ng
| et | d. | ] { The bl god .con t ti
T SRR HERD O Ban PR
onord pa - i into
ot at hg. BFikAte i Mo RUCEMERATLPOLER 511 BlelnlneH b LB Bl Co i ng

vessel 12 Aigpréghae dmperdfuredfd? tN@fdabtién bt thE PhEREBRMERE withPRSsutRfdteldnese
conponent types (platelets, plasma, red blood cells) are continually

renoved f determireedyhowellmssbe ssigag of tesypetatur2, piBitordiatmanpensing sndvhi ch are not
being retained for, collection or for t.hergpcﬁlgt,'c treatment . (e.g., red blood
cel I's, whAtEationgaRd BRetosensyizes fancepfration whi IRiZe FETRPIY) pRsdvation

processin - I : . Vv .

ot r acor pand Binihiz* saRe iR brbBite)as R BPES Aoy iy ftie
PCT/1¢S99/ ERARMPIEIEN AU Fig@Hes I b®ilhlse @ thodaren inhti 612 BBt ¢ Sifed _
preferably controlled by one or nore conputer processors included therein.
Ext r acor pdewsbp afliwighrough diecort@mamtion spstemaf thas setentorssenbl y 14 and a
nunber of tubing assenblies 20, 50, 60, 80, 90, 100 interconnected
therewith. Blood 5 renoval /return tubing assenbly 20 provides a single

el e, e SERsBShUP Sy AR Rk BN ARRIH! ARASREIY 11, e
bet ween cagsternt capparatiddls nalb@aski gl edoshiclpR\IEESTHR G oestw tates, AN
anticoagul ant 'tubing assenbly 50, platelet collection tubing assenbly 80,
pl asma cophetopeoncabilitiesy and hggbmyensmes toeghuist p@gtivation efohiczeengemsmabi ng
15 present in the fluid, as is taught herein. The fluid to be decontaminated is mixed with
photosensitizer and then irradiated with a sufficient amount of photoradiation to
activate the photosensitizer to react with microorganisms in the fluid such that
microorganisms in the fluid are inactivated. The amount of photoradiation reaching
microorganisms in the fluid is controlled by selecting an appropriate photoradiation
20 source, an appropriate distance of the photoradiation source from 'the fluid to be
decontaminated, which may be increased through the use of light guides to carry the
( photoradiation directly to the container for the fluid, an appropriate photopermeable
material for the container for the fluid, an appropriate depth to allow full penetration
of the photoradiation into the container, photoradiation enhancers such as one or more
25 additional photoradiation sources, preferably on the opposite side of the container
from the first, or reflectors to reflect light from the radiation source back into the

container, appropriate flow rates for the fluid in the container and an appropriate

container length to allow sufficient time for inactivation of microorganisms present.
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10 assenbly 70 and vent bag tubi ng subassenbly 100 are al so intercoh8&6Vaps
with cassette assenbly 14. The bl ood renoval /return tubi ng assenbly 20
includes a needl e subassenbly 30 interconnected therewith and anti coagul ant
tubi ng- 26 connecting to anticoagul ant tubing assenbly 50 through cassette
assenbly 14, 15 Cassette assenbly 14 includes front and back nol ded pl astic
pl at es t hat [ SF@CRGITE MRNgRIE anggenmetiers cnajedlsn be eequired amkedpathethsd et t € nember

havi ng i nt egr fluid assageways,. The cassette assenbly 14 further

i ncl udes a u‘%%lréeﬁ*peﬁm%ﬁargﬁyre é?‘FB‘ﬁHian CORBMBRBRYStermhe Ednimvertongs
various int 8fa ' A ssageways ace al so .
interconnecl?‘gg to the vgl\rg?gﬁge%ﬁ%fdn’g&lgg‘ggéw%??@?.%”%ng%y%'ﬁgdiﬁrf’@?ﬁ getalsiebet t e
assenbl y 14 preferaddéeitammationanbieapagul ant tubing 26 of the bl ood

renoval /return tubing assenbly 20 and Wi th anti coagul ant tubing assenbly

50. The anticoagul ant tubing assenbly 50 includes a spike drip chanber 52
connectable to ﬁpticoggulant and photosensitizer source 53 and a sterilizing

filter 56. SYSHMS it ISFBat5Ed fe plagpithegflvidde hbdecBu2minapd aleng
ti | apty o i 1.1, 2 it t bl qod f.
a0t 1C0a9u! 3k oot A S0 URANSE Ui etk loatldos LogRied o
N o A b i i LT

anti coagul ants ‘are known to the . art, e.qg. sclose apter

AABB Techniphatosbtsitiatr, Suifffiiendiphom3ensiPi3is addag e dhdhbad@RplovigeD, CP2D,
CPDA-1 and heparin. These as well -as cell storage solutions, AS-1, AS-3 and
AS-5, are amactivanpmtprefesabiyite pravidendgbgteseunsitizer chocansmtisn of atleastabdut 10

Sl 1ANY ST e e Stk e R Ol R Pty of Bt bkt 1ALBRRY of
t he bl ood : ' - B d h h

sensor s, ardl Setiod 8 e e 43t 388 Tt Boninpio AR ERpd UL "L ood
inl et tubi sgbsidhtial ! iDthe mhiattoteramhﬂenﬁﬁréf&aawcéab%ﬁe{ﬂetfc{s?die Wehtladd 00d

processing vessel 12 to provid
ultraviolet light is used concurrently. The photosensitizer may be added in powdered

form. The method preferably uses endogenous alloxazine
photosensitizers, including endogenous alloxazine
photosensitizers which function by interfering with
nucleic acid replication. 7,8-dimethyl-10-ribityl
isoalloxazine is the preferred photosensitizer for use in
this invention. The éhemistry believed to occur between
7,8-dimethyl-10-ribityl isocalloxazine and nucleic écids
does not proceed via singlet oxygen-dependent processes
(i.e. Type II mechanism), but rather by direct sensitizer-
substrate interactions (Type I mechanisms). Cadet et al.
(1983) J. Chem., 23:420-429, clearly demonstrate the
effects of 7,8—dimetﬁyl—10-ribityl isoalloxazine are due
to non-singlet oxygen oxidation of guanosine residues. In
addition, adenosine bases appear to be sensitive to the
effects of 7,8-dimethyl-10-ribityl isocalloxazine blus uv
light. This is important since adenosine residues are
relatively insensitive to singlet oxygen-dependent
processes. 7,8-dimethyl-10-ribityl isoalloxazine appears
not to produce large quantities of singlet oxygen upon
exposure .to UV light, but rather exerts its
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10 whol e bl ood thereto for processing. To return separated bl ood corfapk@iny
to cassette agﬁﬁm% 14, the blood inlet/blood conmponent tubing assenbly 60
further includes red blood cell (RBC)/plasna outlet tubi ng,P‘fﬂ TR0 out | et
tubi ng and plasma outlet tubing interconnected with corresponding outl et
ports on bfl‘ggﬁ throvghsliresy interasednswith Fuhstrated els, hicdeid acids) thfdpb)elqitmama

outl et tubing.channels t.he se raiegsd red bl ood cell rg(%?B(%/ | as conponent
t hr ough nggg@{ 5“&9887?8‘[’@‘ ?ﬁ:“?@s BFYaT ?&FFS-CSFIC& IBHImiNgEs ¢amagsdentl y
70 th ' ; 0h Ak : : . bi

t hrougRefid §rif plgﬁ&ﬂgtaﬁ%%h%lg%(ﬁhgmgigf oxggen Rhat& ais 9&%&{1 t[él | ng

channel s separated platelets thr assetté assenbly 14 to p Atel et

col | ect i opathwayngr tiesaetidn of BB-difetybh0sibityh isodbexarimerdllvais greatey st em 82. The
plasma outl et tubing 20 channels separated plasma through cassette assenbly
14 t & pl asslecttoty wcits agrianthands thgsasewith componndsugyiehiah psetratéss svhieni nat i on
system 92. After. irradiation in the decontam nation systens 72, 82 and 92,
to acti vaP%SSFFFeSlgﬂ’é{C&QéﬁgP‘f ﬁzﬁé}fﬂaﬂah nactivate mcroorgani sms present, the

bl ood conponents are collected in red blood cell collection bag 74,
pl atel et collection bags 84, and plasma collection bag 94. Vent bag 25 104

may be used t OFipaine 60:h908 ablbbd appdigtus detieenand 3phezONEMAAIS inddbp &iaYiRgHh30
PCT/ US99/ 16404 Figure 7 depicts a stand-al one version of the decontam nation
assenbl y photoradiatiomdeviceoef thi ipgentipnodibeletdooq ishviskdrawy finm pecent | y

col l ected, bl ood or hl ooad conponent o tored blo is connected to bl ood
 otuct | FRSTHR R A s RS IS GBS STET § Wlbed SerRRTERL eI Rat L o

164. 4Phot Rt L ! [ j .nput

[ neros. VIS8 SFGHE e BRIGAL tepkblisd o BN OrrpBn il R ¥R o I o'
12(6 upst r eftheéd BlvodeipEEnt Biped ik rebivaed GrolPthe deofe8. aThddabigyd cuvette 164
i s.a photoperneabl e cuvette of a depth (d) and a length (1) selected to

ensur e decompeminiamayrthetbe prenjded fir snbseqoentorsd biaaother br mappodengorae noni t or

192 are gonnect.ed with decant am nac{ai Otﬁ fciuvet/t e. 164 for controlling the
t enper at ulETAEUtIf Sreggment and begspppsdin e OPBRTRAISBE fe 164 is connected via
| i ght guide 162 to photoradiation

In the blood component separation device 8, blood is withdrawn from the

15 donor/patient 4 and directed through an extracorporeal tubing circuit 10 and a blood-
processing vessel 12, defining a completely closed and sterile system. The blood
component separation device 8 is connected to a pump (not shown). Blood flows from
the donor/patient 4 through the extracorporeal tubing circuit 10 and into rotating blood
processing vessel 12.  The blood within the blood processing vessel 12 is separated

20 into various blood component types, and these component types (platelets, plasma, red

< blood cells) are continually removed from the blood processing vessel 12. Blood

components which are not being retained for collection or for therapeutic treatment
(e.g., red blood cells, white blood cells, plasma) are also removed from the blood
processing vessel 12 and returned to the donor/patient 4 via the extracorporeal tubing -

25 circuit 10.



source 160. A photoradiation enhancer 163 is placed adjacent to (ei QFQENUV 2006

touchi ng or wehaaeR apart from decontam nation cuvette 164PE‘?[UIS§E?{6§(§Se t he
anount of photoradi ati on reaching the bl ood product in the cuvette.

Decont am nat ed_bl ood gr ogact line 188 | eads from decont ani nati on cuvette
164 to decont aAPFatyObihsRicadcompoRtat seRALEN deyce s preferabdp sentrolisd byl ood

pr oduct ;oﬁ%léerrP&%r&%H'fﬂF\)ﬁ&ﬂﬁ&&sggsgﬂau@é&)ﬂ%ﬁ line 186 where it is joined by

phot osen FOMIPhOtOSENar ti zer Feservoir 166 fl ow ng at a rate
controlled by photosensitizer input punp 170 in photosensitizer input line
68 which joins blood product |ine 186_ The flow rate in blood product |ine
186 i s cont r ol Exsckchbrpop€nl pubpg tiduit d 0 aomprees & kasse tel assermbing 14 @and a number
decontam natjon in eicogt agbn&]’;i gn 'iuv tte 164. Tepperature nonitor 192
measur es af{Bbing 15809 PU5 60,885 tereonsategitaerewithy dtleod cool i ng

system 19 L ch ture in. the cuvett thin a range

req u?r ed fg?’wa@rﬁf‘r'ﬁa%{)‘%g?%%‘ﬁ%%ﬁﬁ“ﬁf%ga‘“ﬁ %W[fg?e }nﬁer c@@’ﬁf‘ﬁ?ﬁ“ﬂ%t i on
cuvette Jeﬁi')ok/?aﬂiér{t Qcﬂnﬁtc%gsetkksﬁﬁ?%lgrlaghﬁ& bR df hRILRIMRAL neht @Bingour ce 160
conducted in [ight guide 162. The 25 photoradi ation source may coiprise two
or nore 3abaskmbig6d provides the imterfaderiditwatiecagsbitd agsamhbly 149and bloadt he end of

| i ght guide 162 propagating in the bl ood product inside transparent

decont aniPreggssRgvgsest 18- fenantisgpaelaniitubingrssemblyit platelat ealiestion tutdng i s

phot or adi at i hancer 163 whi ch. may be ddi {jonal ,,source of ..
phot or adiaéffi"gﬂy%’ Bﬁs@f C?@Rﬂ%%‘gmg\/%s%;’@%6e¢3élﬂoa§§5/°f®ﬁﬁﬂfmr WhMEt i ve
sur {@ce. & fed Al Adiatd hALd :
oot A e L oG R B e |
Eghancer assemdblglldni ng on the bl ood product material in cuvette 164.

cont am nat ed bl ood product exits decontam nation cuvette 164 via

decont am nat ed bl ood product line 188 5 and is collected at decontani nat ed
bl ood product collection 182 In one enbodi I psjn
> odi et nyl - Mge IR e Eina b eSrrahy S insten S neede sebaembia0 ¢ ne
hot osensj,t.i i Ul . q i ANy iLlle, NY.
Conposed TyFrABhectd i dhd el AR lghl kbt BE B Afing 1 bhe Al

tubing assembly S0 through cassette assembly 14.

15 Cassette assembly 14 includes front and back molded plastic plates that are hot-
welded together to define a rectangular cassette member having integral fluid
passageways. The cassette assembly 14 further includes a number of outwardly
extending tubing loops interconnecting various initegral passageways. The integral

passageways are also interconnected to the various tubing assemblies.

20 Specifically, cassette assembly 14 interconnects with anticoagulant tubing 26 of
the blood removal/return tubing assembly 20 and with anticoagulant tubing assembly
50. The anticoagulant tubing assembly 50 includes a spike drip chamber 52
connectable to anticoagulant and photosensitizer source 53 and a sterilizing filter 56.
During use, the anticoagulant tubing assembly 50 supplies anticoagulant mixed with

25 photosensitizer to the blood removed from donor/patient 4 to reduce or prevent any
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delivering a focused |ight beamw th an intensity of 6,200 nWcn? |q9tN05v20
regi on of 10v@b®me4880 nm It is also possible to use interchgppgeaflQ«dsi!ters
with-the systemto achieve outputs of 4,700 mWcnR in the spectral region
of 400-50 case out. Rkt i t he regi on of 320 nm
and | owerciptineniPe PR ER okt Y ooy iternlatRare e s ted 8 mm
are avai | gbleg Wstdisdiéded 1§)C§Ha9f3r 3Td18hé AN B @echiciiNMand Al gﬂ&hgaitﬁ% ig%w th a

21 degree spread The 8 l'ight guide is appropriate, correct | aced,
t o adequaheluding AGID- WatCél’ID,k@PIIacéPDfA i taadnmepdmr r"ébbsdesweﬂlaumd&ﬂtgtmg@ uvette

which is a standard cuvefte used on Spectra* di sposables sets from
| Adustri aﬁo UW‘&Stﬁ%SE éa“d Iftﬁ’ésﬁreéﬁo @Pa@?]e Wﬁ@ﬂ’fele@ﬁpg%ﬂfélsl s variable and

Campte. - HByRsEE AR Rbe oy hlss RE L LM dehe QP et YRR Pom

t he Col e-Parnmer Instrunment Conpany, Vernon Hills, IL. Flow rates and type
of input streamnmay be controlled via a conputer processor as is known to
the art. Fi gur@as2ttalagsentbly a4 alsohncludesHn imtertérineciion/eithibdood renvdviath fluid to
be decontamnated is placed in a blood ba 284 e ped with an inlet port
282, t hr dubing czfahmmﬁip ﬁmvayeq%mtmé@s as§e @qcﬁpazeeﬁ thsoughgergssuFom

flask 286 via po u haker o itate the
bag 284 cEmsCait, &b BREl BBein 2004 aéée@bb%zl% R RSBl B

phot or ad'Bfo'o@'?nl%PHib‘ﬁ?g 3@@5 4180 ?xﬁ&t‘cﬁﬁﬁ&ﬁ’e& Rith HIGsH ﬁ%@esﬁlﬂg viebdd ‘iZ%‘grovnde

phot osensitizer in bag 284. Alternatively, the bag cah be provided
preﬂ)ackag,eﬁoltedalmﬂlt}mrmo[fhlopmsmmgu| zer and the fluid is thereafter added to
the bag. The nethods of this invention do not require the use of enhancers
%ph as quenchers or oxygen scavengers, however these nay be used to
enhance the pr

damagi ng chem cf ¥ Sl@r g‘ﬁ@?lﬁgd%ﬁ%psa% Cﬁfﬁ%}ﬁ: g%“eﬁlyﬁggme\%lf’?‘g:] plr:8£ '?Ihgr
preferr eqnmmcdﬁﬁ&%nf‘ﬁiblﬁéaﬁ&mbly 60 further includes red blood cell
(RBC)/plasma outlet tubing, platelet outlet tubing and plasma outlet tubing
interconnected with corresponding outlet ports on blood processing vessel 12. The red
15 blood cell (RBC)/plasma outlet tubing channels the separated red blood cell
(RBC)/plasma component through cassette assembly 14 to red blood cell collection
tubing assembly 70 through first decontamination system 72. The platelet outlet tubing
channels separated platelets through cassette assembly 14 to platelet collection tubing
assembly 80 through second decontamination system 82. The pla;sma outlet tubing
20 channels separated plasma through cassette assembly 14 to plasma collection tubing
assembly 90 through third decontamination system 92. After irradiation in the
decontamination systems 72, 82 and 92, to activate the photosensitizer and inactivate
microorganisms present, the blood components are collected in red blood cell

collection bag 74, platelet collection bags 84, and plasma collection bag 94. Vent bag

25 104 may be used to vent gases within the system.
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endogenous al | oxazi ne photosensitizers and endogenously- based all oﬂa@zﬂﬂnggﬁ
derivative photos®asitizers do not require renmoval of phot gigislebigef s from
the fluid after photoradiation. Test results show little or no 3amage to

oLner 1 0od COPMAREN foits S ALS S REEITHS BB FAIdass bl Ve oS
7. 8- di net iywentiOn! Bloéd prodaerd J0aaEHIMan beaegehdy @bl1éct8d 1663 Bybrob8- i bi tyl

i soal | oxazi ne (98% puri tygp was obtained from él gnma Chem cal Conpany. A
portion oftomposergarstaredhpodliismonnected tr bland bysdust ling il 8§ vehish dends tgolh

spectrophot oneter. The range. studi ed vered the. region of 0O to 900 cm
For anal yBr@P 18todeepnia o QG M| EhGP SN 2 E ERNT 160 iShopnecte

spectd um | S.; b § | ' I | st ent
o th § oscd PEREREiERRINEDY At 168 AMBoddwih AR phomyS Pt i IMEASIERURNE " "
extincti opradwet fih€ 186 upstteam Frofr dicoRiahithatl d-duveite Ml64] Drrbhh@ghiiéh
Literature Amax (e) Measured Amax (e) 267 (32,359) 222 (30,965) 265

(33, 159) cavaste( 163, ¥ aphossmnedhisesyettefa depth G IndadbngthA1nGhectedd® 29NOV2006
WO 00/ 04930 PCT/ 11599/ 16404@pgr opri atei \6/avel engfhs for irradiation_are 373
and 445 nfisurpdeeontpmutatign. Coglng systeRd U spmduresywih teHRSR s BeHIRdE2 naxi ma

Is sufficient ~ |y atl .sensitizer in | uti on.
ot Aok BB o PEAB IR Rk b B L T,
in 1epl vyt @uidl. PEtohtédmivReion clibed Ped ebhstddblibilight @hidé. 1%20oBHotthdihGod | bi ty!

I soal | oxazine in Isolyte S .
source 160. A photoradiation enhancer 163 is placed adjacent to (either touching or

spaced apart from) decontamination cuvette 164 to increase the amount of

photoradiation reaching the blood product in the cuvette. Decontaminated blood

product line 188 leads from decontamination cuvette 164 to decontaminated blood

15 product collection 182.

In operation, blood product 180 is conducted into blood pr;)duct line 186 where
it is joined by photosensitizer from photosensitizer reservoir 166 flowing at a rate
controlled by photosensitizer input pump 170 in photosensitizer input line 68 which
joins blood product line 186. The flow rate in blood product line 186 is controlled by

20 pump 184 to a rate selected to ensure decontamination in decontamination cuvette 164.
Temperature monitor 192 measures the temperature of fluid in cuvette 164 and controls

(\ cooling system 190 which keeps the temperature in the cuvette within a range required

for optimal operation. The blood product in decontamination cuvette 164 is irradiated
by photoradiation from photoradiation source 160 conducted in light guide 162. The

25 photoradiation source may comprise two or more actual lights. The arrows indicate
photoradiation from the end of light guide 162 propagating in the blood product inside
transparent decontamination cuvette 164. Adjacent to decontamination cuvette 164 is

photoradiation enhancer 163 which may be an additional source of photoradiation or a



media was determned as follows: 7,8-dinmethyl-10-ribityl isoall oxazinQeNDNamﬁ

m xed W th kMapdoydee3oS until a precipitate was fornmed. The nj,&,ggﬁlwﬁ
agitated at roomtenperature for one hour -,0 and vortex m xe {o ensure

(
conpl ete dissol utli oft h uspended er.i al . . Addi tional .
7, 8- di net Fﬁﬁﬂ%‘é f"l’rg?‘:teylﬂlges%%ﬁv(%gré’ﬂ ﬁ'ém\/\/agla&aag&hﬁ?fﬁrItlkgpglé’lt’flﬁ Q& ensi on
remai ned J&lespinkifatesthvanal 64 andiexe phiiondiatidh ﬁoﬁiﬁmaﬁﬂo%ﬁhéﬁééﬂ_
centrifuged to renove undissolved material. The supernatant fromthis
pr epar at i b3 shasingeamothe dblaod predust yatedialigi quyetie 4 pdc Dreopitamimat¢dbloodhe
absor bance val ues of the sol ution wer eterm ned at 447 nm and 1%53 nm

|

From t he BROOPeRESHecoRBmBREmR Eu‘f‘?’itﬁtlgﬁél? ecgptaninaicd blopdrrpdugd lipe was
bl i - TrTeC Prevhet:
Conont r TR SpYFEEE at BecSARRRREEAR oA OCIRRBRARE, 50 21100 v = 40,9

pg/mL 20 Solubility in ACD-A Anticoagul ant The sane procedure descri bed
above was repeated usi(gjg ACD- A Anticoagul ant. The val ues obtai ned from
t hese neasur enierine emebadiment asingwss-dibmetb@nkG-abityhisp@i®azine I86n Sigrma 63 gg/ nl

Concentratjon, (447) = 160 pM = 60.3.pg/m,. .34 2.9 0) WO 00104930
oo 06, Chomis e emPaRYAS (B PRPREEHSH ParAliebs 6u e EPB R ORI uppor
limt of [k . ] d. le 3.

Phot odecoﬁgg}él s}v(ﬁ)l??f(l)\?ﬁ%cgnﬁslo%gﬁrﬁgﬁﬁ%f pls%)rlstlv % 0a s&)%{aeg} 1rslecgf)(é?lormﬂgueous
Media 5 Adélﬁ)elc{h'FQrfo@ﬂiseEl teti bBabhwith laf inite ity Vdf 6, 30R M Wiaiinéhd regoinifa ACD- A
was prepared at a concentration of 63 g/nL. This preparation was taken up
i nt d0a gl 35%38@pnpetlt & alad possibledtoiuse interchegeable fdterd/withghd systam 6@ (365 nm

.max with filters to .repmove._].ight. bel ow 320 nn). The suspension. was
i i adi at eafhigye angputs of 4, ’é’rvéﬂ%g ip the spectra regirg))n of 400-500 tim. In both cases,

the output of light in the region of 320 nm and lower is negligible. Light guides of

varying dimensions (3, 5 and 8 mm) are available with this system. The light exits the

light guide tip with a 21 degree spread. The 8 mm light guide is appropriate, correctly
15 placed, to adequately iilluminate the face of the preferred decontamination cuvette

which is a standard cuvette used on Cobe Spectra® disposables sets from Industrial

Plastics, Inc., Forest Grove, OR.

The flow rate is variable and is determined by the amount of light energy
intended to be delivered to the sample. The flow rate is controlled by means of a
20 peristaltic pump from the Cole-Parmer Instrument Company, Vernon Hills, IL. Flow
( rates and type of input stream may be controlled via a computer processor as is known

to the art.

Figure 23 depicts an embodiment of this invention in which fluid to be
decontaminated is placed in a blood bag 284 equipped with an inlet port 282, through
25 which photosensitizer in powder form 284 is added from flask 286 via pour spout 288.

Shaker table 280 is activated to agitate the bag 284 to dissolve photosensitizer 290
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which aliquots were renopved for spectroscopic analysis. The absor bah3 80%£006
the 10 dissolved 7,8-dinethyl-10-ribityl isoalloxazine was nonitored at 373
and 447 nmat each tinme interval. The results are depicted in Figure 3 and
Table 1. Table 1. Photodeconposition of 7,8-dinethyl-10-ribityl

i soal | oxazi ne., Upon osure to Light (365 nm in Acigd Solution . .

| rradiat i on“.’%i" o‘?fPEéfaHPPisa}lf,cesz% if pRtogptsd tprlﬁmﬂla!e,thaﬂwcgmg pROtgsansifizEOM 5
87.3 61.6 5 : Deaniile tion foil or the solution
at 373 nm i 008 At o AlRrmbivkl, M0 Pean b RA BhecPiRicR b Brlafh alafbinter
occurred ovasd tHeeflgidtis Eieerédftardiddéd ohp8ss 0d. The absorbance of [ight at
this wavel ength corresponds to n-n* electronic transitions. The absence of

a decrease in the intgnsity .of .thi eak .over tine.indicates that the ring
structure of the nol egﬁ?em R a%ff fg'@sspi’tneveﬁtt&PBnagdn?Fr’éﬁcf“é{‘T%nt der
these condi tkensf emhenabser parteasf "qumnahsrsculos akyd4d agrvengeresio n-n*
el ectroni ¢ ghakéel! aRSkE Ry b@Sudhe U8 BASR kN 8RE0EbRpCE of the

nol ecul e at this wavelength with increasing  irradiation tines is indicative
of subtle aFEEH&LRgnERENSYRENt RbMERTSRAG dCUCELdf OFhRTORBLRTUl . Thi's
change i s naamabiikgl ¥heuestoytbe émisanding idhes@ateoBEt pathbg@nstructure of
35 2 9 NOV 2006 iV\DcOQ/ 04930 _RCT] U%Qg 16404 thgi 798-gi. nmet hgl _isoal | oxazi ne
backbone and"fR&¥BFHRET on” Of 9,%- ‘ﬁﬁﬁ AMESHEZPnES18E AOPERFE These
changes ar eepéngebpuat aiiokatinerphatesenspidrizersnanfieehdbgenousby-t he

mol ecul e upgRskAradh8kheind &by LYY d i G phJite 2R RE 8BE | 86kn9E deconposi tion
of the ring structure ofBLhe nol ecule i's in 5 stark conﬁas t 0 observations

wi th psoral BRIBATEITEBAYBLUNYE RAQEIS it LAerEoddrri bRE. TL1Bidi #5E%T r adi ati on,
a significaphotbradeactone ofestheremhiimllshdwn l1daklei on nasdabsegs viesl. Thi s

P?Ea\/i or of Jt}g, "Bl 564! EorhSos sl SteN) . i idthhe s eSRNBACE S EaLHLER Pf the-
’ active five days post-treatment.

EXAMPLES
-Example 1. Absorbance Proﬁ}e of 7.8-dimethvi-10-ribitvl isoalloxazine

A sample of 7,8-dimethyl-10-ribityl isoalloxazine (98% purity) was obtained
from Sigma Chemical Company. A portion of this sample was submitted for analysis
using a scanning UV spectrophotometer. The range studied covered the region of 200
to 900 nm. For anaiysis, the sample was dissolved in distill;gi water. A sample

spectrum from this analysis is shown in Figure 1.

Results were consistent with those reported in the literature for the absorbance

maxima and extinction coefficients for 7,8-dimethyl-10-ribityl isoalloxazine

Literature Amax () Measured Amax (£)
267 (32,359) 222 (30,963)
265 (33,159)
373 (10,471) 373 (10,568)
447 (12,303) ' 445 (12,466)
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structure and provides a neans for the dissipation of energy in thezé@)quggs
state ol eqyy & dibhod NON-destructive fashion. 10 Exanple 4. Fl ow System
Concept Eval uation Light Transm ssion Properties of Existi nﬁc-gb'é%?f' Wcouvette
The existing Spectra cuvette is conposed of polycarbonate. The |ight

transni ssi on phepFepripeswarelengiths farveadiator pee 8andreld nm. The extidcuotiy nm by

pl acing the ~cuvette in.t light path of .a UV _spectrophotoneter. The val ues
bbt af nad SHEFRSEYE pbSya ahfhesd BRorBiict P PermiRsiont S giie Srbdears nm oo

447 nm 809l hE8S of BWehsSiti2éCinGonsigi ent with those reported in the
literature for 20 pol ycarbonate plastics (see Figure 4). The literature

val ues indicate a steep shoulder for the transm ssion of |ight through
pol ycarbonates in the region_of 300 rim For the region above 350 nm the
Zn Selubility of 2.8 dimedwin1tribitylisaalioxazingp| i cati on. Li ght Fl ux
Requir enmeft,s, - &ii on of Flow Rates 25 In order for a flow
syst e reasrpre, —the-sanpreftust be provided with an adequate flux of
light during i SRR 8olubi : ihfadiRe 36 2 9
Ny 2008 v G HESRRIA LI DA S AR 01ribi)R iRnBRaAe HPR6! 1S ose,
then it imegiay®shdeeerironedas follosvsthe | i ght flux requirenents as a function
of flow rates through the cuvette as follows: The vol une of solution present
in the irradiation zone of the cuvette is ca. 0.375 ms. The transit tine

R EE PR SN

precipitate was formed. The mixture was agitated at room temperature for one hour

C 0 and vortex mixed to ensure complete dissolution of the suspended material. Additional
7,8-dimethyl- 10-ribityl isoalloxazine was added until a solid suspension remained
despite additional vortex mixing. This suspension was then centrifuged to remove
undissolved material. The supernatant from this preparation was removed and
analyzed using a spectrophotometer. The absorbance values of the solution were

15 determined at 447 nm and 373 nm. From the extinction coefficients that were
determined previously, it was possible to estimate the concentration of the saturated

solution

Concentration (373) =110 uM =42 pg/mL
Concentration (447) = 109 uyM = 40.9 pg/mL

20 Solubility in ACD-A Anticoagulant

The same procedure described above was repeated using ACD-A Anticoagulant.
The values obtained from these measurements were as follows:
Concentration (373) = 166 pM = 63 pg/mL
Concentration (447) = 160 pM = 60.3 pg/mL



At 100 m's per mnute, the transit tine (T) would be 0.00375 mn = ng 2006
seconds. Theoe#esnsyy to which a sanple is exposed is depende%mggbﬁm flux
according to 10 the follow ng equation: Energy (E, Joules/c ux (th.
mMNcnZ * Time 4T, sume,.that 1 Jo |redto
activate the s nsYa't:i“%Se%b%&‘Sg%&%f't?S%ﬁfB&Fﬁé“dﬁﬁé%%t Pp‘?‘?r#ﬂ“{t?}r%f’fé“%&‘ seconds
(i.e., fltggvcbgq&)guﬁ)aﬂgaq%gpym cfefrough the 15 cuvette), then the required
Fl ux during the sanple's tranS|t t hrough the cuvette is 4,545 nWcnZ A
graph depicting the relationship of the required flux fromthe |ight source
to flow rates through the cuvette S row ded in Fi gure 5. These results

i hdi cate leg 3y Fhotodes of 8dime dheibityl isgallexaginedn with
outputs in the regig E&ﬁ(cnz are reqU| red 20 Fi gure 2 shows how
absor bance shoul d va('ﬂ’y—wrﬁ—wncentrat ion of platelets. Exanple 5.

Absog bance of B@@tuabﬁw7@hirﬁethtlnlmh@ﬁyt lgeateseahﬂat@stgttﬁa QAN wa@ Whi ch WV
| i ght can penetrate a red cell sanple "~ and the effects of sanple thickness
and hematpyepared ena towceasmaton o663 lugghl. Fhrsepreperation was eakenaip ipteed ghissar y

experinments were carrjed out u3| nﬁ_vchem cal actinonetry,  a 25 nmet hod for
det er ni nlmaetf%@dalé‘f‘t’ﬁﬂ inthe path efra PVglght senres 6365nma WHQ filtkegsia source 37

Co whi oh TaBese NERCPIGH 8L FhE sushern s PRSI el nienids 300 uai oo,
a ferri oxatlahel.a%@we@@raeévéa fdrisp&Srokebpié SilysiQ ﬁﬁ@&bgro?béxt&e of%ﬁ%r?e

intensity relative to that observed for water Details of the chem cal
reat@i on dlsa;ndi/ddhk&mhmbdryst-lOtmlbnt)desbaﬂoxazmmhmpnmqnadat B@B aadd43dsint aught i n
Gordon, A J. and Ford, 5 R A _(1972), "The Chem st's Conpani on: A Handbook
of( Pract ieagh tl%‘étef‘@c@h%ﬁé‘é‘ts aﬁdeméteéﬁeﬁe@se 3@DétTr$bW1ey & Sons), pp.
362 368. Sanpl ep test materi al

(wat er or bl ood abg? E’ﬂat&ieco Bﬁ'iﬁgtlitgwl Qf(aﬂnﬁoncent ration
nﬂ Ea f,lg?;t Jﬂf‘ ?1

of 0.15 M These sanpPg® XPOS“ret 5 nm) in Acid Solution

15

~n

25

Irradiation Time

% of Initial, 373 nm

% of Initial, 447 nm

0

100

100

5

87.3

61.6

10

90.5

76.6

15

100

70

The absorption profile for the solution at 373 nm indicates that no significant

decomposition of the reagent occurred over the entire irradiation period. The

absorbance of light at this wavelength corresponds to n-n* electronic transitions. The

absence of a decrease in the intensity of this peak over time indicates that the ring

structure of the molecule is intact despite prolonged irradiation under these conditions.

The absorbance of the molecule at 447 nm is due to t-1t* electronic state transitions.

The decrease in the absorbance of the molecule at this wavelength with increasing

irradiation times is indicative of subtle alterations in the resonance structure of the

molecule. This change is most likely due to the loss of ribose from the ring structure of

35




were then | oaded into a standard Spectra cuvette and placed in the 29N0V 2006
i rradi ati onywgsgpaabdy. 10 Sanpl es were exposed for pre-deterg'&?ﬁggﬁém

i nterval s corresponding to the desired energy dose |evel ( C k. The
sanpl es were then renpved and the anount of conversion of Fe" to Fe" was
det er ni nethe By8-diseethylgisealloxapmetisakanesndithe forpmtioarafi7cs-dimethykalloxozine

1, 10- phenant hral i sol,ution at 510 nm described in rdon, .A . J. and
Ford, " R 188dlhy Ahest HBRE R sPRE VAR LSRR MRRS e G DB ALY | f gh
penet rat i glebite upba iﬁggiagamig,m%}@_bsor bance val ue observed for water
after exposure to 1 J/cn2 UV radiation was used as the 100% Transm ttance
l.evel . Al values for red cell sanples were determned relative to this
standard. Tabl e 2. Absorbance Readi ngs After Exposure of Samples to 1 J/en?
UVA Light. AThemppaesss lagkiofdecompesitien of thearingsrucremftheparolepsinis in 20 %

Transm ttance Val yes Are | cul at ed | ati ve to Water Sanpl es. \bsor bance
T Ay nRENRATES sbksustiors T Bipralen eyt et BROF S et TG coRbRaR on
Wat er 2. B ik : ' . ' BC,
3 70k 1 a8 g teedgtich, 4 sErticdn #foreséphdd of Ingihotechi pin SOl GBheGbschved
Hemat ocr i ThiSBel2AMNMAGAE mANe2 110 1s0dhsiotenEWitHSHe rdsohbriceRBaturés &PthOrihg 0. 09 5. 2
3.9 Hematocrit RBC, 10.2%0.23 0.19.9.7 7.9 Hematocrit 5 RBC, 16.3% 0. 25
0. 11 10. stmcwre and provides a means for the dissipation of energy in the excited state

molecule in a non-destructive fashion.

10 Example 4. Flow System Concept Evaluation

s Light Transmission Properties of Existing Spectra Cuvette

The existing Spectra cuvette is composed of polycarbonate. The light
transmission properties of this cuvette were measured at 373 and 447 nm by placing the
cuvette in the light path of a UV spectrophotometer. The values obtained were as

15 follows:
Wavelength of Light % Transmittance
373 nm 66%
447 nm 80%

These results are consistent with those reported in the literature for
20 polycarbonate plastics (see Figure 4). The literature values indicate a steep shoulder
for the transmission of light through polycarbonates in the region of 300 nm. For the
region above 350 nm, the light transmission properties are adequate for this

application.

Light Flux Requirements Calculated as a Function of Flow Rates
25 In order for a flow system to be feasible, the sample must be provided with an

adequate flux of light during its presence in the beam path. If the proposed Spectra
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Hematocrit RBC, 21.8%0.09 0.06 3.6 2.6 Hematocrit RBC, 80.2%O. 012@“@‘/2@063

4.4 10 Hemay@®blhesh/si ng these values, it is possible to calP Jl%B (ﬂt'
penetrat|on depth of UV light by using Beer's Law (A =E b 8‘1

Lanbert's_Law, Absaorbance,= Lo 1 nsm ttance t he

concent r afFEHE(ETeHR SEGE P'St%'ﬁqu é’é?r@t'ﬁ)??ﬁsiﬁ%fo %ﬁ’i’é”%%\ﬁﬁvﬁcht since b =
0.3 cm (tRguieinteRH Ruktioh la%n%aﬁﬁkgmugwgq ec)we&@s@fdﬂowss possible to
determ ne a pseudo-extinction coefficien or the sanp es (e') by plotting
t he absorTPhneelun ufsolfiton ptdsentnaaﬂmmiathmaﬁpbmsof/éuesusxettchs dar 03astmlef the
hematocrit tines the path th. The xtinction coefficient for the

sanpl es i §h¢ BRRYL AT gyeell %EF Egaon,ef ‘Sﬁl"%"qqerf@n be determumeghfremahe

Det e;m nalt 11?;'&/1 %ﬁﬂl’ ction Coeffici ent for Red Cell Sanmple T B HCT B*HCT
Absof bance 3F e 0.995 0.3 1.3 0.39 0.002 .0051 0.606 0.3 3.7 1.11

0.218 . 196 0.0525 0.3 6 1.8 172800t 2T 0eR97mR)3 10.2 3.06 1.013 .33
0.104 0.3 16.3 4.89 0.983 .20 O. B4 1.444 .22 0.0033 0.3
80.2 24.06 2.481 .10 39 2 9 NOV 20 BY8H83b PcT/ Us99/ 16404 Usi ng t he

val ues obtai ned as descri bed above, it was OSSI ble to determne a
t 100 mls per minute, the transit time (T) would be 0.00375 min = 0.225 seconds.

The energy to which a sample is exposed is dependent on the flux according to

10 the following equation:

( Energy (E, Joules/cm®) = Flux (¢. mW/cm?) * Time (T, sec.
1000
If we assume that 1 Joule/cm’ is required to activate the sensitizer adequately
and the transit time (T) is 0.22 seconds (i.e., flow rate of 100 mls/min through the
15 cuvette), then the required Flux during the sample’s transit through the cuvette is 4,545
mW/cm®. A graph depicting the relationship of the required flux from the light source

to flow rates through the cuvette is provided in Figure 5.

These results indicate that, for 2 flow system to operate properly, UV sources

with outputs in the region of Watts/cm® are required.
20 Figure 2 shows how absorbance should vary with concentration of platelets.

Example 5. Absorbance of Red Blood Cells.

In order to evaluate the extent to which UV light can penetrate a red cell sample
and the effects of sample thickness and hematocrit on the extent of light penetration,
several preliminary experiments were carried out using chemical actinometry, a

25 method for determining the actual amount of light intensity emanating from a source

37



pseudo-extinction coefficient for these sanples to be 0.08661. The \Zagnmjjg
t he exti nctivadogidaedof i Ci ent permts cal cul ati on of the penet F@}/Hggb ¢ st ance
of W light into red cell sanples as a functlon of the sanp RMALOCT it .

F 5 thj ' i h whi ch 90% f
The i noi dERmeRTe taanilty el SReh feubin %agsam RS S BT | owi g
equat i on: [ ARHC Fét thesk oY% ’%béﬂ{cgﬁl%.%sﬁﬁn#ﬂ 12!:’(‘.1 gg&)d’er fo m me quqg gl C =

Sanpl e herrat ocrit, b = Pat Lengt e val ues vermned: usi ng

acti nonet scmrmneensnyrpaamb toothtihetsse rwaddi foh waest e Detailscoff it €BerafcaVidadsiby Usi ng
estimates taken from UV Spectrophotonetric neasurenents of |ight absorbance
in red cefnd @ﬁmqsh@d@tétzeééﬁma@@le Preparation arp andaugbivinaGotsiopanch anddom.st ance

f th d Dl ted with
Cboncves B Ibe T bR b e A ekt RO bR, TR oo
ih the reﬁﬂc{’l@ef@fen%@éy ((Jb\tu? gﬁ%égp&ssdysﬁé)puggjg_mg‘ne preferred configuration of

0
this invention, to ge nto t sanple to a depth of 0.14 cm This
represents a f1 ow path width that is less than half the width of the current
Spectra cuvette. Exanple 6. Effects of Virus Inactivation Treatnent on
Platel et |n ViJamplepof pen Hibaxakate werepreparsd inithatest malerialwateronbleed nent on

| at el et t I ted. Plat t
roated vPorier s o T e Pory®) Rt Getnasn st Fhs Bhnb Rk o 1 v
light. VaglQufed rbamaa o RRABELESe MBI RVERES nd@plaed i e gn&fn ngJ; %%sﬁegﬁ)tly.

€
function 1 n or (’J‘gt erm ne t%g extent o anges |1 nauce

t r egpment saﬁplegmré e)qmed E&qirefdétéiﬁﬁﬂibdaﬁ:me Meegnald eotedspondibly td tHEdesh¥posur e,
dose of 7,8-dimethyl- 40 29NOV2006 WD 00/ 04930 PCr/U899/1 404 10-ribityl

al | oxagriengy d@s@deVdrﬁb Jé‘f&’ﬁﬁ}l &hp samplss iwege dendiemoyad and the ameurnitredd f or
LQ: hr t :)rrpgo%tver%?orP ofalr-'c to Fequ%Jlalstd%tdp O?&edtbryexaetage ng the |a?gsoriaztxrisceforfct)hn;, %ers]tI artic eUdy are
in a 1,10-phenanthroline solution at 510 nm as described in Gordon, A.J. and Ford,
R.A., supra. Higher absorbance values are indicative of greater light penetration into
15 the sample. The absorbance value observed for water after exposure to 1 J/cm? UV
radiation was used as the 100% Transmittance level. All values for red cell samples

were determined relative to this standard.

Table 2. Absorbance Readings Afier Exposure of Samples to 1 J/om? UVA Light.
All Average Values Represent the Mean of 6 Experiments.

20 % Transmittance Values Are Calculated Relative to Water Samples.
( Absorbance at Average Standard % Standard
\' 510 nm Deviation Transmittance Deviation
Water 2.40 0.04 100 0.0
RBC, 1.3% 2.40 0.10 99.5 4.8
25 Hematocrit
RBC, 3.7% 1.46 0.38 60.6 154
Hematocrit
RBC, 5.07% 0.20 0.26 8.3 10.8
Hematocrit
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establish an appropriate treatnent w ndow for inactivation of H V-1 P Zb;q
conprom si ngvPhdda@set function. 5 Sanples were prepared vmt C_H}F%?] Ef/# er Q
concentrations of 7,8-dinmethyl-10- ribityl isoalloxazine. §4%bt ai ned
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Ener gy of ex re,as foJlo ransit Tinme (T, sec) = Exposure Tine 0. 375
ms 25 &':‘"’Er égﬂb&é“ooéb 00/ 04930 PCTNS99116404 F, = Fl ow Rate
(r('rs/m'n) 0375 ms = Cuvette Volune (ms) T(sec)=22

From Lambert’s Law,

Absorbance = Log (1/Transmittance)

15 If we let the concentration (C) be equal to the hematocrit of the sample, and since b =
0.3 cm (the path length of the Spectra cuvette), then it is possible to determine a
pseudo-extinction coefficient for the samples (€’) by plotting the absorbance values for
the red cell samples versus the product of the hematocrit times the path length. The
extinction coefficient for the samples is represented by the slope of this line.

20 Table 3: Determination of Extinction Coefficient for Red Cell Samples.

T B HCT B*HCT Absorbance log (1/T) €

( 0.995 0.3 1.3 0.39 0.002 0051
0.606 03 3.7 1.11 0.218 .196

0.0525 0.3 6 18 1.280 71

25 0.097 0.3 10.2 3.06 1.013 33

0.104 0.3 16.3 4.89 0.983 20

0.036 03 21.8 6.54 1.444 22

0.0033 03 | 802 24.06 2.481 .10
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F, 5 Energy (Joules/cnm) = Flux ((b, mMWcnR) * T (sec) 1000 E_* O-ZWV%(]B
The effect Qfo&R&agy of UV exposure and concentration of 7,8-dimet h%l)l -10- 10
ribityl i soalq oxazine on the stability and viability of tre%‘f%sgﬁp blets

was eval uated, Three energPP/ | evel s and three concentration |evels were
eval uat ed as Pemgdhivalughgbigined @g describedmbaves atcyyps possilge dp AeteRPINe - ri bi t y|

I soal | oxsgéura§_eggpg&m &Ze(tg'lgigﬁé F.oéﬂ?f?sg’sa‘%gfeé ‘?B@*{)r@%d Level s of total energy

exposur e wer ermn oWt 0 suspensi on through the

i rradi ati on chanber in accordance with the conversion chart of Table 4. **
Since the nedia is diluted 70:30 (Medi a: Plasma) the stock concentration of

7, 8- di met hyl Thévaludfanthe exbnéticoxeneifiiaentpermaits aalabtienpfithe péretratisnng Wi t h
t he plasna was j usted appropriately. This required starting .

concent r aistagge of W Lghtypto tgd s f?@@few ajuncting ofrthe samplg heragiperiy Forner gy

ExpQsur e,l. | f radi-at | o anber
PSS S, o A A e By TS oot b
(M nut esywould BatiBrbkd WasldetemBndduging the Bllowdd éqldiond 4.22 4.73 5 3.38
5.92 11 42 29NOV2006 WD 00/ 04930 PCT/ US99/ 16404
A=ebC
A =1 (90% Absorbance of Incident Light), € =0.08661, C = Sample hematocrit, b =

Path Length.

10 The values determined using actinometry were compared to those which were
calculated previously using estimates taken from UV Spectrophotometric

measurements of light absorbance in red cell and platelet samples.

Figure 2 shows how absorbance and distance from the light source varies for red
blood cells, comparing predicted with observed values. These results indicate that, for
15 . samples at hematocrits in the region of 80%, it is possible, using the preferred
configuration of this invention, to get light into the sample to a depth of 0.14 cm. This
represents a flow path width that is less than half the width of the current Spectra

cuvette.

(\ xample 6. Effects of Virus Inactivation Treatment on Platelet In Vitro

20 Parameters.

Effects of virus inactivation treatment on platelet in vitro parameters were
evaluated. Platelet preparations were treated with 7,8-dimethyl-10-ribityl isoalloxazine
in combination with UV light. Various in vitro parameters were used as monitors of
platelet function in order to determine the extent of changes induced by the treatment

25 conditions. Factors such as energy level of UV light exposure, dose of 7,8-dimethyl-
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6 2.82 7.10 7 2.41 8.29 8 2.11 9.47 9 1.88 10.65 5 10 1.69 11.8429|-wa200—5
3640 MV cm iy,.¢ hasil volume = 0.117 ms. Values for treated sarrgl es were
conpared to control groups. The control sanples included t Re™P W’éeﬂ‘ng:

Unt r eat ed Sagpl e in Plasma (Historical Control) 10 .

+FI ow Uv-¥0-BbHy hispal pxagane wisd; gnd sample PEICSSSIRG Consiigrnsdtere eaaminadeior donor
| at el et ' : ' . dit ed, bl ood
Panki ng raBrirpge o bRRE Uit B0 HeRffcny, YRRl FORTHSRED G bED s

pr ocedur egtabfish am@'gm@radté frastnint MiRdoRd eorasactbatioh BEHTVEl Qyhver e per f or med
15 with standard | aboratory safety procedures and nmethods. The unit nunber

and bl ooccomypmisiog@latela ferationAl | sanpl es were used within 24 hours of
collection. Aseptic procedure was followed for all sanple transfers and
processi ng steps. The sanple was transferred to a 500 ms PVC transfer pack

and gentrifug of | ' ; | Sq. Pl asma
was Shen remoueiies Wer plesdidfich ek BT Rech et B R RS0 T eee.
The pl asrbivassdatlorhsiad. Poitefets sHisihed!fiOm a BAn@dra SpBctt£NRY 41BN Whe cel |
pellet was then m xed with a stock solution of Isolyte S, pH 7.4; MGw,

| nc. Thi sused dokthesd studies. of nedi a was prepared by adding a pre-deternined
anount of 7,8-dinethyl-10-ribityl isoalloxazine to Isolyte S to provide
final concentrations of 1.43, 71.4, and 143 AM Fol |l owi ng addition of

7, 8- di net hyl ?‘jl;k o]l i.soal i ne i vvaﬁfi red
through a 0.2 ggegraﬁéalx% Y‘)Iefeecfae.n h%?géd &%&g{%ggoétgtﬂ{fe Oﬁ?{\;\:&ép leeth meﬁg’yggvi th
aut ol ogougagdieagsPentied tn 19030 ﬁ(l%'lyt):_g, gH P4{ McGawg Thél Médit®lasma) solution.
7,8-dimethyl -10-ribityl isoalloxazine concentrations of 1, 50, and 100 M
respéct i vA8yimBthyl+1§-pbyasealloxaziot at the spe@fidd nendentration, Gvasippesent in the
i soal | ' Kk
' S04 Oxapﬂsr}r?a:%e%?a mllln%ture. The platelet suspension was then passed through a UV
irradiation chamber at one of three specified flow rates. The flow rates were directly
correlated to the energy level of exposure for the cells/media mixture which passes
through the irradiation chamber. After flowing through the irradiation chamber,

15 samples were stored in a citrate plasticized sampler bag for subsequent analysis.

Following irradiation, in vitro measurements of platelet function, including
hypotonic shock response (HSR), GMP-140 expression, pH, pCO,, pO,, platelet swirl,
and cell count, were evaluated in order to determine the effects of the treatment

protocol on cell quality.

20 Platelet quality was monitored as a function of irradiation conditions (sensitizer
concentration and flow rates/Energy levels). The platelet quality includes parameters
such as HSR response, GMP-140 activation, etc. The flow rates that are studied can be
related to the Energy of exposure as follows:

Transit Time (T, sec) = Exposure Time = 0.375 mls
25 (F/60)
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29NOV2006 WO 00/ 04930 PCT/ US99/ 16404 sol utions, care was taken to gNgv 2006
exposure towd gddsozoSanpl es were prepared according as foII ,US;M%

sanpl-es 100 M 2 sanples 5 50 4MI sarrpl e The pl atel et peI

resuspended in the plas o the ori gi nal volune of the
starting sanple. The sa % fI ow apparatus conprising a
contai ner for cells and% FY‘F 0“5" fhiner for nedia, said

cont ai ners being connected via vaI ved lines to a single line for m xed
cells/sensitizer 10 and nedi a equi-ppéb(setX+H2a punp. M xed- cells/sensitizer
and nmedia were flowed into a cuvette held ig a holder with a mrrored wall,
itradiated by a |ight source. Thi s |rrad| ati on chanmber was equi pped with a
tenpgrature probe. After e Uy et fluid was col |l ected
in a?pr oduct bag. The °Eﬁ%a€88fé?’ Wi ! | solyte S nedi a.
FFfve mnutes prior to 15 the start of the test 18 QT’pIe flow, the Iight
source was activated. Tenperature was nonitored during this interval and
kept lower than 32C in the irradi at e tb&@Ber. The flow rate for the sanple
through the irradiation chanber was det eFm ned by the chart of Table 4.

Fl ow rates which provide total irradi ation energy levels of 1, 5 and 9

J/icm were uti he fall tin thi X Sanmpl e
Run #1: 7, 8- d.’lrb&%‘:?%g‘ie%? 8§/Wé st a3 e ilibh & £ Fiime thP’flﬂﬁ

+7, §o di mﬂlﬁ%@'l 13%91165(5%1&6/& ttﬁ%@é&ﬁfgﬁzﬁfdrkﬁablhtgléﬁ%at&} lﬁ?el@tsq’!'ﬁ"évlamatédo ribityl
|soalloxa2| et 9 J/cnk Sanple Rin #2 l0-rib

i soal | ox dtireeener@y levelsrand thieeGoncentttioh 1éviels wbrethalua@@hi ﬁod&wvsne+ | J/cm 25
B. + 7,8-dinethyl-10-ribityl isoalloxazine+ 9 J/ cnB_ 44,6 29NOvV2006

( Energy Levels: 1,5,9 J/em-
7,8-dimethyl-10-ribityl isoalloxazine
Concentrations: 1,50, 100 uM**
15 * Levels of total energy exposure were determined by the flow rate of the suspension

through the irradiation chamber in accordance with the conversion chart of Table 4.
** Since the media is diluted 70:30 (Media:Plasma) the stock concentration of 7,8-
dimethyl-10-ribityl isoalloxazine in media alone prior to mixing with the plasma was
adjusted appropriately. This required starting concentrations in Isolyte S of 1.43, 71.4,
20 and 143 uM.
Table 4. Energy Exposure Levels as a Functioﬁ of

Flow Rate Through the Irradiation Chamber

(" Energy Delivered (J/cm?) Flow Rate (mls/min) Time to process 20 mlgsj_
(minutes)
1 16.90 1.18
25 2 8.45 2.37
3 5.83 3.55
4 422 4.73
5 3.38 5.92
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WD 00/ 04930 PCT/ US99/ 16404 Sarrpl e Run #3: 7, 8-dinet hyI

10-ri

bityl

/Cmy 2006

i soal | oxazi R&5oeAe A + 7,8-dinethyl-10-ribityl isoall oxa{;¢_§§+ 5

Sampl e Run #4: Control Sarrple 7, 8- di et hyI 10-ribityl isoa i oM 5
A +Fl owrtv—F-8—ei-rethyt—10—+ U.Ty! -Seat-axazr-reAH—Ssarples—were
identifi¢d by the wun nunber and sanpl&8petter degi gnat|0n7 100rrespongling to
treat nenfTtomdrtTom (1. &, TA[. Each—sanpte—set—wg 2
replicatg¢s. The order in which sanpl es2.¢kre treated was deB@Pmi ned by

assi gnnefitt according to a rapdom numTr gener at of]. 10 A-Sanpl e Vol of 20
ms per Hlun condi t ®on was col | ected fot-lbach sanplle. Thes& anpl es re
coIIecte into citrate plasti |zed sarrﬂg%ng bags (53 ms t t vol ung) and
stored ff{r_analysi d The 'rprm ature o he sanple and t het%9% adi ati o
chander '* not ed 24 the star , and end of each“r An infitial

a{ | quot i._:.::_:-:.:.:_.:.._:_:-_-_.:_.__._.: ...,-~___«__:_...___:_:-_________._:‘-_:_~_____._ __________ ,i S.

Par anet efdux Ur36éﬁaanFI§l
HSR, and

an end- ﬂpeséé?ﬁ trﬁ?tgfiéla@tp]
days postclhd&PthE%Bilow

for the sane I1n vitro

ar anet ers.

€ Sa

i ghambes yobend = @dudtmlspH, pCa2, po2, pI atel et swirl,
The renai ni

s pl aced in

t f
o e DS 38hb | SRt o b O SPBB R o 1 v

.day 5, a second aliquot was renoved and anal yzed
20 The foll owi ng equi pnent was used:

Hemat ol ogy Anal yzer;

Ni kon Labophot m cUnteapd Sdwmp

anal ytic
| abbt at o
Bl ood Ga

i rradiat

29 200

odt put a

15

20

25

lerig PRRIRI(HiSys AT

al bal ance; platelet i1ncubator (+22 Celsius) and rotator;
ry refrigerfloy-YV4,8dlimiethy]-104vibityl isoalBer@ineCent ri f uge; Coni ng
Anal yzer; Becton-D cki nson FACSCALI BUR Fl ow Cytometer w
er; WV radioneter (UVX Radi oneter, Inc.); EFOCS 45

0 VONRLIA0 RETIRA AR SR DS B A28, et

nd 340 run
accredited blood bankmg facility. The sample was collected using standard Spectra

LRS procedures. All manipulations or procedures described below were performed
with standard laboratory safety procedures and methods. The unit number and blood
type were recorded. All samples were used within 24 hours of callection. Aseptic

procedure was followed for all sample transfers and processing steps.

The sample was transferred to a 500 mls PVC transfer pack and centrifuged at
5000 x g for five minutes to pack the platelets. Plasma was then removed from the
platelet pellet using a standard plasma press. The plasma was retained for further use.
The plasma removed from the cell pellet was then mixed with a stock solution of
Isolyte S, pH 7.4; McGaw, Inc. This stock solution of media was prepared by adding a
pre-determined amount of 7,8-dimethyl-10-ribityl isoalloxazine to Isolyte S to provide
final concentrations of 1.43, 71.4, and 143 uM. Following addition of 7,8-dimethyl-
10-ribityl isoalloxazine the stock solution was filtered through a 0.22 uM sterile filter.
The stock solution was then mixed with autologous plasma in a 70:30 (v:v) ratio to
provide final 7,8-dimethyl-10-ribityl isoalloxazine concentrations of 1, 50, and 100 uM

respectively. During preparation of the 7,8-dimethyl-10-ribityl isoalloxazine stock
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tenperature probe (thernocouple). Results for each set of test vari@blmy 2006

were conpar g dofdhesphe defined conditions of energy of expgguie 3N,
concentration of 7,8-dinethyl-10-ribityl isoalloxazine. 5

Direct conparison to the untreated control, sargwe was nmade and significant

di f f er encOIURHIE; FAEE WAS takes 1919xpid axposysstp bght (amplep Wereprepared acaprding

Student's Tfoiigag_ analysis. The results fromthese studies were summari zed
. At

as )= . .
as foll ows: sensitizer concentrations in excess of 10 M and pl atel et

concentrations 10 M 25%9}@ 1. 5E+06/ L, there was-a drop in sanple pH
by day 2. The pH declined steadily beyond day 2 of storage reaching
unaccept abl e | evel 40046M5) b sekmple8 of storage. Al other in vitro
paraneters followed the pattern observed with sanple pH 2. This decrease
in sanpl e pH occur Pd#Megar dl 68mPIsf whet her or not the sanple 15 was

d UV i 1.53- I I i f 5. 4E+Q5/L, th
no drop 1n sanpieee el Pesth FenRPaRE Lk iy were g Bdkant rat on
studi ed updifalNQfurlye ofthéstapﬁh§ 3enplel IThRsafIE 6L CohtRRY t‘d%ﬁl@w]a%pMaan at el et

concentrations above 1.5E+0674L, and WVA l'evels up to 10 cn®,; "neasur ed

pl at el et qonoprésing esonmirer f@etls apdipldtbsEnstizennt cootainerrfor erddé] sarl | s. These
remai ned conparable to control levels after five aor npre days of storage
post - t r ecROBEMHRETS PEIBCOnNgetpd ¥iagvlysddines &q asingle line igrgnixed cells/sensitiasr ovi ded a
cl eqr, Wi ndow i whi ch,cel.l properf.ie re naintained.at |evels conparable
Co° dhe r edrinedp elivea Shlie BURBMitEr I/ GorBas P Peto e fioned PULE 1o

al so indi £iagh aNo1d& WitDS nliR6redl IR aliated 5374 NBRE soupaidi Thigns for the
cells th@kgmgr}%dlo?v caanOIbe expandggr. The’o gglravetgd@)gf pgcts o?&d his

7,(8- di metifglialtion chimbygt was sqppeaixaith acenpératne protieh AufterlPpastinghhrongh sieepl e pH
suggests a nmetabaolic effect of this additive which may be noderated by
changes iq¥vene fhidMmaseodlectsd e peadugt ®agndi ti ons of

The tubing set was initially pimed with Isolyte S media. Five minutes prior to
15 the start of the test sample flow, the light source was activated. Temperature was

monitored during this interval and kept lower than 32°C in the irradiation chamber.

The flow rate for the sample through the irradiation chamber was determined by
the chart of Table 4. Flow rates which provide total irradiation energy levels of 1, 5

and 9 J/cm® were utilized according to the following testing matrix:

20 Sample Run #1: 7,8-dimethyl-10-ribityl isoalloxazine Concentration =1 pM
A. +7 8-dimethy!-10-ribityl isoalloxazine+ 1 J/cm®
B. +7,8-dimethyl-10-ribityl isoalloxazine+ 9 J/cm®

Sample Run #2: 7,8-dimethyl-10-ribityl isoalloxazine= 100 uM

. A. + 7,8-dimethyl-10-ribityl isoalloxazine+ 1 J/em®
25 B. + 7,8-dimethyl-10-ribityl isoalloxazine+ 9 J/cm®
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5 the sanples. Exanple 7. Measurenents of Shear Stresses on Red Cel Qg NBY 3006
Function of whlogiuesiat e and Sanple Hematocrit The low | evels (glf #g doly 9Nt
penetration |nto red cell sanples at high herratocrlts rai sed ¥ #d to

under st a e as re S, throu ow openings 10 in
t he Iigh[gdaﬂéﬁq dtt .ﬁdf)rne@gﬂ%(lerlgﬁ%gﬂ&gxa.zwe% ht path shoul d
I ncrease C deli ver)& q-f7'8'\énq1% 18to- Hbﬂg’l g?gwx 8-iRemetach 2| ts. In order to

re drop

confirmthis approach, *sever I press rreasurerrent s were undertaken
usi ng openings of varying dinensions. A pressure gauge was placed in line
with a peristaltic both upstream and downstream fromthe narrowed

pu

openi ngs SWRIE & 6 Gputral SAMples Tiorimeby )16 riity] jeasdlonazines0giV ho

openi ngs at control,l fl rates. Differences i t he pressure readi ngs at
bgt Igcations per "%&éﬁwgwé'g%'%aﬁ]éﬁéﬁ?l%gfls%ﬂ8"%‘%%Eure drop acr ogs t he

openi ng. Using this value and the di nensions of the opening, it was
possible to determ ne the shear stress experienced by the red cells as they

passed througil sangpleaiveesiigntified bythe gur Manbelandshmglelattat désrignaaen 8plQ
Pressure Drop AP gd3 { 4pQ r gwd2 Shear Stress For bl ood, Vi scosity =

0.0 12 5/c9meaneﬁmgo@rqr¢9tmerztsccgldttlgr Gva-1 BA). drrech sampls setwas ros forg tetatiobw Rat e

;C[PI Ellsggﬁfgwdﬁ?t?s ET he orra%p 1Sn \% 1ch san?pqgsn {Nré% tlrenateccmvas4 Jetgr?nl\ggg %())/gssxgmgt?t/ 04930

according to 2 random number generator.

. 10 A sample volume of 20 mlis per run condition was collected for each sample.
\ These samples were collected into citrate plasticized sampling bags (53 mls total
volume) and stored for analysis. The temperature of the sample and the irradiation

chamber was noted at the start, mid-point, and end of each run.

An initial aliquot from each preparation was removed post-treatment for
15 analysis. Parameters for analysis included cell count, pH, pCO,, pO,, platelet swirl,
HSR, and GMP-140 analysis. The remaining portion of the sample was placed in an
end-over-end platelet agitator in a +22 incubator and stored for five days post-
treatment. On day 5, a second aliquot was removed and analyzed for the same in vitro

parameters.

20 The following equipment was used: Nikon Labophot microscope; Serono-Baker
System 9000 Hematology Analyzer; analytical balance; platelet incubator (+22
Celsius) and rotator; laboratory refrigerator (+4 Celsius); Mistral 3000i Centrifuge;
Coming Blood Gas Analyzer; Becton-Dickinson FACSCALIBUR Flow Cytometer;
UV irradiation chamber; UV radiometer (UVX Radiometer, UVP, Inc.); EFOS
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Results for each set of test variables were compared for the defined conditions
of energy of exposure and concentration of 7,8-dimethyl-10-ribityl isoalloxazine.
5 Direct comparison to the untreated control sample was made and significant
differences defined by a probability p>0.05 from a paired, one-tailed, Student’s T-Test

analysis.

The results from these studies were summarized as follows:
1. At sensitizer concentrations in excess of 10 uM and platelet concentrations
- 10 above 1.5E+06/uL, there was a drop in sample pH by day 2. The pH declined
steadily beyond day 2 of storage reaching unacceptable levels (<6.5) by day 3 of
storage. All other in vitro parameters followed the pattern observed with sample

pH.

2. This decrease in sample pH occurred regardless of whether or not the sample

15 was exposed to UV light.

3. At platelet concentrations of 5.4E+05/uL, there was no drop in sample pH after

extended storage at any sensitizer concentration studied up to 100 pM.

( 4, At sensitizer concentrations up to 10 pM, platelet concentrations above
1.5E+06/uL, and UVA levels up to 10 J/cm’, measured platelet properties were
20 comparable to control, untreated cells. These remained comparable to control

levels after five or more days of storage post-treatment.

. These studies on platelet function post-treatment provided a clear window in

which cell properties were maintained at levels comparable to untreated cells. The
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of 1, 000- &hi9GAndély Res be ERpided MiRrobaevedEffdctd Me-dithepyR1 0l s of
5,000-7,000 dynes/cnR for intervals of approximately 16 nsec were

suf fi ci entsopoxamdng wither wighaut LRé hrght/esi sampda ipyl suggesthe metaleolof efférs ofithghest

sanpl e hemat.ocrit, .(61% .and hi t flow rat 16. 9) did 5 .val ues. .excegd
000" dyneQF BV vhich e S e derdlea i el o HgeBlor PR RSP E SREGHONEr h
(0.0@8 ingheshpiMal ues for the |ight penetration depth using the proposed
conf i gur aﬁ%on}rllpnds?cate that delivery in sufficient UV energy to drive virus
| hactivation processes is achievable even for sanples with high
hematocrits. 10 Results from shear stress analysis on red cell sanples

subj ect edExamfpled. i Miiasure of S 8358S ¢ sHs Asea om0

reduced and high flﬁ\évtggﬁgga%allg ematgcrit

The low levels of UV light penetration into red cell samples at high hematocrits

raised the need to understand the effects of passing red cells through narrow openings

10 in the light path. Reduction in sample thickness in the light path should increase
delivery of UV dose at high sample hematocnits. In order to confirm this approach,
several pressure drop measurements were undertaken using openings of varying
dimensions. A pressure gauge was placed in line with a penstaltic pump both
upstream and downstream from the narrowed openings. Whole blood of varying

15 hematocrits was passed through the openings at controlled flow rates. Differences in
the pressure readings at both locations permitted direct measufcment of the pressure
drop across the opening. Using this value and the dimensions of the opening, it was
possible to determine the shear stress experienced by the red cells as they passed

through the narrowed cell using the following equation:

20 8ulQ Pressure Drop
gd’w
_ ApQ
fw ™ gwd’® Shear Stress

For blood,
1 = Viscosity = 0.0125/(1-Hematocrit)
25 g = gravitational constant = 981
- Q = Flow Rate = mls/sec

1, w, d = Dimensions of opening in cm
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Spi ke Level K5 + K5 - K5 + K5 - (cfu/m) Light Light Li ght Li ght 152F§N[]V2005

aerugi nosa 3ydode@o- - - - S. aureus 2.1 Logs - - S 3
Logs - + - - L. 3.5 Logs - - + + nonocytogenes 20 E coI| ‘gE‘{ﬂféSJ}]&M

W Light = 365 eg;%s%/xgé%r{xﬁmg 1%%9te%§ Qs sﬁéééo Shrebdls 67 1970%2 PU@“bat'O”

= No Grovvth det aft ree days 1ncu atlon ncentration ¢ - 300

g/ m. 50 Mﬁlew%emewalw 0490 3inkied bURARIsISFARDEX 000 dendsdemMpsiti @ made
using a platel et concentrate as described in Exanple 8 and Isolyte S at a
ratio of Intasvsis@fgppratimately L0 msen e @chﬁfclenotc@@dumed@nﬂéxemqhygslszot)nly/ m_

vitam n K5 was t seeal spe. eriya and ted at
ener gy | HOdPE B %ﬁﬁgﬁ% ma oﬁ‘é‘iﬂg 'Hﬁh éeséﬂpﬁ’n'@f? @ nergy of
irradiati tahaig | R aur eus
s oni derranpefetd %oq“?y“@z/ﬁi’n%‘%n%‘nggﬁﬁog Y fr Bpsnlfich ¢ e G694, 550
3:6 2.7 2wilth60.08082néhes).1 1 Exanple 11. To platelet concentrate as
described in Exanple 8 and to 70: 30 nedia as
Values for the light penetration depth using the proposed configuration indicate
that delivery in sufficient UV energy to'drive virus inactivation processes is achievable

even for samples with high hematocrits.

10 Results from shear stress analysis on red cell samples subjected to flow indicate
that flow path dimensions may be significantly reduced and high flow rates maintained

without risking red cell hemolysis.

Example 8.

A platelet concentrate was mixed with the platelet additive solution Isolyte S at
15 a ratio of 20:80 platelet concentrate:Isolyte S. Mixtures of platelet concentrates and
platelet additive solutions are referred to herein as in “media.” Platelet concentrate
without additive solution is referred to herein as in “plasma.” Both were spiked with
Listeria monocytogenes. Vitamin K5 was then added to each in the amount of 300

ug/mL B. Each was then exposed to UV, visible or room light in the cuvette apparatus

PraanN
!
e

of Figure 7 with the results shown in Table 6.
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15 described in Exanple 10 was added 10 pM of 7,8-dinethyl-10-ribi tQIQ NGV 2006
| soal | oxazi neg ooy pl atel et concentrate and nedia were spi gg.g g@nyg

aureus or S. epidermdis, and irradiated at 80 J/cm and 3 /)J and

i nactivation neasured as above. Resul z}s{)lkage( shown in Figure 9. Exanple 12.

20 To plasnma concentrate as descri bed anple 8 contained in a standard
bl ood bag-was added 25 pM7 8-dinethyl-10-ribityl jsoalloxazine in wder

form Thq bag was spiked with bacteria m tion (@Al agi t at ed Jand
exposed tfjo 120 J/cnR radiati aww&m%wx_mu Tabl e
9. 51 2 9 NOV 2006 WD 00/049B0 PCK3isHEdin404 Tabl e QKthr}qggﬁaLog

| nact i vatrrom—tcfurmt)y—S—aurgos—i—7togs—S—eptdernras—3-—5—+togs

aerugi nogdV%, 40 Ieg¥ E. coli WU.1 Logd.2 Eogsnpl e 13] To pl améllexgsconcentrate
as descrifbedT1n _EX e 8 Was| added 7, 8- di metnyt=r0- 1T ortyl—Tsoartoxgzi ne,

at | oxazi rhé’lﬁaﬁ@ﬂmazggtide, or| 7- 8- di Aet8Es al | oxazine, fol-ldwegd 10 by

spi king ureus or S. feprderm and 1rradiation 80 J7cnt.
| nact i vat iF |1é ts are shown in T @L@gﬁo Tabl ¢ 10 log (ﬂltﬁ%&st ivatio

(cfu/nmL) Staphyl ococcus Staphyl ococcus aureus epidermdis
7, 8- 8li metUuwlight©36sidmi t yl i soall oxazine, 10 1.9 Logs 4.1 Logs M
VIS Light=419 nm .

Pathogen = Listeria monocytogenes

Concentration of KS = 300 ug/mL

( Example 9.
10 Media and plasma as described above containing vitamin K5 were spiked with
bacteria and irradiated or exposed to room light only (K5-light) as shown in Table 7,
and growth evaluated after three days of incubation. Inactivation of some species was

seen in the absence of irradiation.

Table 7
Media Plasma
Spike Level K5 + KS - K5 + KS -
(cfu/mL) Light Light "Light Light
15 P. aeruginosa 3.4 Logs - - - -
( S. aureus 2.1 Logs - - + +
S. epidermidis 3.2 Logs - + - -
L. 3.5 Logs - - + +
monocytogenes
20 E. coli 3.1 Logs - - + -

UV Light =365 nm, 40 J/cm®

+ = Growth detected after three days incubation

- = No Growth detected after three days incubation
Concentration of K5 = 300 pug/mL
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15 al | oxazi ne nmononucl eotide, 10 M 1.6 Logs 5.6 Logs 7-8-dinmethyl 29N0QY 006
al I oxazi ne, wa'odndbsd Logs 2.9 Logs Exanple 14. To platel et ;coRGENfciAL € ©
Exanpl e 8 was added 10M 7, 8-dinmethyl -10-ribityl- isoalloxazine. Allquots
cont ai ne%%agid.i ve, 10 mM ascorbate or 10 nMI1Cl as a 20 "quencher" or
antioxid . ol utions were spiked with HSV-2, 4X174, S. epidermdis or
S. aureus and Medadhadedsiag agflatélet a@nceRgatel dsilesdribedin Brampld8 and Bokfe

Exanpl e 15. To platel et concentrates of Exar’ryl e 8 were added varying
concent r &% honratgfofAsglyteStplatelat copceptratern ft 30:3¢ ansheantadninigridO Aimdevitamhiot | ons
wer e spi wi t h..her Si ex 52 2006, . Q. 00/ 04930 PCTI USQ9/16404
VErus Ly s spusGR TR <2VATRl fHEetS of BhEas RATIRAPG Bens e Vel of dARA 1 on
vas gone @f /o0 Mdclvation 48 a TR e 1iRRURAGA Rief RifFin TdIRS8 ahd Al
three trials conplete I1nactivation was - achieved. Results are shown In
Frgure 1IFigufe@nple 16. 5 The protocol of Exanple 15 was foll owed using S.
epidermdis instead of HSV Il at energies of irradiation of 40, 80 and 120
J/cnR2. Inactivation results are shownTeble &i gure 12. Exanple 17. The
protocol of Exanple 15 was followed using cbX174, a single stranded DNA 1.0
bact eri oghage, at varying concentrfajil ons of, . .
7, 8- di metlhy| HB8T8Y bi t I -SSG‘éTq“éxazi ePeamidisgr i es fof irradi af 647
| nact i vatli on(¥/eB) t s hre shown in|Figure 13. Hx#appeytageneyo| pl at el et
concentrdgtes of Exampl[e 8 added 10V 7, 8- dijmet hyl - O-
ri bilpyl -ilsoal | 8azi nel Thede® were Spi ked®wi th |S. auldus or ) X174-and

irradi at ¢d at 5 varying ﬂfrgi eq of 1/2; adi at|i on vm'ih a 50f 50 myxturdg of
vi si bl e 4nd w3 avi ol br Lig ldact ion rlesults®are shown :Z Eigyre 14.
32

( 60 2.5 1 1

Example 11.

To platelet concentrate as described in Example § and to 70:30 media as
15 described in Example 10 was added 10 uM of 7,8-dimethyl-10-ribityl isoalloxazine.
The platelet concentrate and media were spiked with S. aureus or S. epidermidis, and
irradiated at 80 J/cm® and 30 J/cm’ and inactivation measured as above. Results are

shown in Figure 9.

Example 12.

20 To plasma concentrate as described in Example 8 contained in a standard blood
bag was added 25 uM 7,8-dimethyl-10-ribityl isoalloxazine in powder form. The bag
was spiked with bacteria as shown in Table 9, agitated and exposed to 120 J/em®

radiation. Inactivation results are set forth in Table 9.
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Exanpl e 19. The protocol of Exanple 18 was foll owed using S. epi der i gNGy
HSV-11 as weoodss3oo0r gani sms. A 50: 50 mixture of ultraviolg ]95&“\“0%' bl e
l'ight was supplied by 20 DYMAX light source. Inactivation resu s are shown
in Figure 15. Exanple 20. To platel ea. g,lgg)centrate of Exanple 8 was added 10M
7, 8- di net hyl - | O- rj--tH—soat+exazrtne—r—powdered—+orm—Iests with and
vmthout added asclor bat e V\E:i!shooemnduct ed. ]J.Bguﬁhcmatidne(dfeﬂﬁchl utions were

pl aced i n a SpectraTtv—biood—tagand—537T29NOV2006— W00/ 04939
PCT/ US99/ 16404 sHa%awreusd exposed to vatl Mihfogmer gi es of -irradi ation using
50: 50 visible:ultfr VI ofq[eet [1Tght. After [receiving 40 J/cn¥, e contents of
each bag were tra BAidS a new bag |Be’ #P8%d errors due toa

crpoorgani sns vvh|1_C,h may. have renai ned ig%}le spi ke port of tlhe bag.
Ina ivation resul 1;'_{%2%”%\/\/11 in Figure 15:-°Bwnward arrows ijndicate 5

i nactivation to thf : ?-vel it was possi bl g ig ggtect (2.5 log tlitre).

Exanpl e 21. To pllaE concentrate in
Isolyte S at 30:70 pl atel et concentrate: | sol yte S, was added 20 /cM

7, 8-di mﬂél - |lOléI bityl- isoall oxazine. These were spiked with vaccinia
virus, a randed DNA 10 envel ope virus, and exposed to 60 J/cni-
V|S|bIeI|ght bl ) i sifug a
DYMAX 2000 Uv PiRidRe g t?&ggﬂ'ﬁcgg“?tg as %ﬁg%ﬁgq Wléj#yﬁgﬁagwbnﬂe?gﬁ%‘%\nt%s 1.5
| ogs. | nabitylbaldsxaziarey bllexazine rﬁdstmuubmoﬁd@,wra 8-7d1m€myn>anbﬁ9me \fell¢wedlone
usi ng no_photosensitizer, photosensitizer in |solyte medi a al one,

pl atlel et dyispiking vhithtse agrams @ &, epideridiss and nradiatiqn a 3@ Heni’ alnastivaticd net hoxy
psoral en i n tead of 7, alf?i*iqgém hyl -10-ribityl-isoall oxazi ne, and pl atel et
concent r 515 tFﬁrel i (30:70). Exanple 22. Sanples of platelet
concentrate in Isol yte S nmedia 30: 70p,pd §& @nd wi thout 10 , uM

7, 8-dinme and
Log Inactivation (cfu/mL)
Staphylacoccus Staphylococcus
. ‘ aureus epidermidis

7,8-dimethyl-10-ribityl isoalloxazine, 10 1.9 Logs 4.1 Logs
M

15 alloxazine mononucleotide, 10 M 1.6 Logs 5.6 Logs
7-8-dimethyl alloxazine, 7.M 1.6 Logs 2.9 Logs

Example 14.

To platelet concentrate of Example 8 was added 10 uM 7,8-dimethyl-10-ribityl-
isoalloxazine. Aliquots contained no additive, 10 mM ascorbate or 10 mM Kl as a
20 “quencher” or antioxidant. The solutions were spiked with HSV-2, ®X174, S.

epidermidis or S. aureus and irradiated at 80 J/cm?. Results are shown in Figure 10.

Example 15,

To platelet concentrates of Example 8 were added varying concentrations of 7,8-

dimethyl-10-ribityl-isoalloxazine. These solutions were spiked with herpes simplex
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irradiated at 60 J/cn2 with 50:50 visible:UW light for varying periQ@a\lwfzggs

time and 20woewdsoseat i on results conpared as shown in Fi gurgﬁ:.,l,g ”nlﬁmrrpl e
23. To sanples of platelet concentrate as described in Exa § wer e added

5jzM or I | | gxaz Ies spi. ked
i - v IS e TR ZRDTY dobfle bigatl e ol Q688 ViR (FRARGRE i Gl o
i rradi at egh Perah meéﬁpamhswm pepwaﬂewnee Bineda 1y b O RI4N SompRie9 an EFCS
| ight system Inactivation results are showin Figure 19. 9 NOV 2006

WO 00/ 0498€ctiaTion JB8schened. Resnps erezhowhlivFigiredied ACH-2 cel | s were added
to sanples of platelet concentrate described in Exanple 8. 5 or 50M of
7,8-dinmethyl-10-ribityl-isoalloxazine were added to the sanples. The

pr ot ocol apg.e 23 was followed, and inactivation 5 results are shown in
Figure 2 sence of HV was assayed by its cytopathic effect on test

cells. EX&WD' Thébprolatel bf Bkesple 0§ wax folldveePdsingsS. dpoddranasimteadidfe$vesence
of HIV assayed by 10guantl fying the I evel of P24 antigen production.

| nact i vatll erenesgies of imadiagonnf #0, $0 and E20 Wom2 1Inagsivatsnaegdts aToshawmies of
pl at el et l:conce trate as described in Exanple 8 and nedia containing 30%
pl at el et dBHEerttrate and 70% PASI |1 TM nedi a were added 6 MM ascorbate and
14 j.4M 7,8-dinmethyl -10-ribityl -isoal.l oxazine. Sanples were spiked with is
HSV-11. Inactivation results are showin Figure 22 and Table 11. Table | |
Ti me EnergpamBie’7.Energy 90:10 PC: Media (M nutes) (UW+VIS) PC Medi a
(UV+VI'S) Tog virus titre

The protocol of Example 15 was followed using ®X174, a single stranded DNA

( 10 bacteriophage, at varying concentrations of 7,8-dimethyl-10-ribityl-isoalloxazine and

energies of irradiation. Inactivation results are shown in Figure 13.

Example 18.
To platelet concentrates of Example 8 was added 10 uM 7,8-dimethyl-10-

ribityl-isoalloxazine. These were spiked with S. aureus or X174 and irradiated at
15 varying energies of irradiation with a 50:50 mixture of visible and ultraviolet light.

Inactivation results are shown in Figure 14.

Example 19.
The protocol of Example 18 was followed using S. epidermidis and HSV-II as

L the microorganisms. A 50:50 mixture of ultraviolet and visible light was supplied by
20 DYMAX light source. Inactivation results are shown in Figure 15.

Example 20.
To platelet concentrate of Example 8 was added 10 uM 7,8-dimethy1-10-ribityl-

isoalloxazine in powdered form. Tests with and without added ascorbate were

conducted. 150 ml of the test solutions were placed in a Spectra™ blood bag and
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J/icnm2 log virus titre J/ecn2 0 0 5.6 05.6 1.55 2.540 3.3. 310 Z-ZEQWZUBES
No Detect ablwoodbdoss 4.5 15 2.3 120 1.5 No Detectable Virysy osfhads 8 OO
29NOV2006 9 30 1.6 12 40 24 80 36 120 It will be readily understood by

t hose skill | t t 10 i cription. has been for

pur pose. et 4 pAeBed e viry e Srdfaile Vi3 RBoN Ba R G Bt R el
W thout defar hiffed rddeping 36 JWEﬁlecﬁonieﬂ& of dW¢B Bag Abre TahsBXATRS smee,tﬁhgr
al | oxazi ne” photosensitizers than those nmentioned may be used, preferably

al | oxazi rte avpidetroye dy¢ to maeroorganismsovhich meyrhavlegemamed dn shedspikepettyf keep it
fromrepl 'bcgti ng, and.rmreB]E)ref ehably hose gn ch are not toxjc and do not

have t oxi'%€€ Br&al@SHFRATHIFSRISAe SHOWRA M FigdRe 1 eqllonnvese agomsdndicate t o t hose

d ib ' ' f t . t f
Gocont arinaiialibf1d (e 1EORSE bE botne ] sl GMBRARS B L0 be readi 1y
devi sed w t hout undue

Example 21.

To platelet concentrate of Example 8 and platelet concentrate in Isolyte S at
30:70 platelet concentrate:Isolyte S, was added 20 1M 7,8-dimethyl-10-ribityl-
isoalloxazine. These were spiked with vaccinia virus, a double stranded DNA

10 envelope virus, and exposed to 60 J/cm’ visible light or mixed (50:50) visible and

ultraviolet light using a DYMAX 2000 UV light source for 30 minutes. The limit of
detection was 1.5 logs. Inactivation results are show in Figure 17. Comparisons were
done using no photosensitizer, photosensitizer in Isolyte S media alone, platelets in
Isolyte S media, platelets in Isolyte S media using 8-methoxy psoralen instead of 7,8-

15 dimethyl-10-ribityl-isoalloxazine, and platelet concentrate in Isolyte media (30:70).

Example 22.
Samples of platelet concentrate in Isolyte S media 30:70, with and without 10

1M 7,8-dimethyl-10-ribityl-isoalloxazine were spiked with vaccinia virus and
irradiated at 60 J/cm? with 50:50 visible:UV light for varying periods of time and

20 inactivation results compared as shown in Figure 18.

Example 23.

To samples of platelet concentrate as described in Example 8 were added 5 uM
or 50 uM 7,8-dimethyl-10-ribityl-isoalloxazine. Samples were spiked with HIV 1.
Using the cuvette flow cell shown in Figure 7, samples were irradiated with 50:50
25 visible:UV light at varying energies using an EFOS light system. Inactivation results

are show in Figure 19.

54



experimentation by those skilled in the art followi ng the teachi ngQQNOV 2006
t hereof . Fomwd éuoapser poses of this specification it wll be pgrRadoli¥sos
understood that the word "conprising"” neans "including but not Timted to",

and that Eﬁ%#rzq' “conprises” has a corresponding neaning. 56 2 9 NOV 2006
57 THE I NENG THE | NVENTI ON ARE AS FOLLOAG: 1. A nethod for

treating a fl HIV-infedtedAGCH @ 1B were hddéd v Haniplesvdtl pliteled ¢ ofeenpt@s ent
therein, said fluid containing one or nore conponents selected fromthe
group c@asaribeing ExampleBeisrnr 1) uMdof ‘Aidlimetydt 18 orytilisnaloxazisaivdre net hod
conprising;, 10 (a) addi ng.an inactiyvation-effectjye substantial ly

mone 1 oxi adsrbia e segtss gguRBio! of Bkimbiers vinoliBuerctiy art wion
endogenoyshys Bas PERAS0. FRE PYAEREMTPY 958 38dalbd B i bfhid | ui d; |
15 (b) ex%ggglsng ?ﬁ)ﬂ| ui%%of step ?a? to O%Eot or ad%g}l%oﬁ&é%%?’ﬁ%?@ﬁ{ to

act i vat e effeet gphwebsedlssi ti zer, whereby said nicroorgani sns are inactivated.
2. The nethod of claim1 wherein said 20 photosensitizer is a

phot o- acti vat abl e conpound, whose photolytic products (if any) are of |ow

or noto '%it humans or aninmals. 3. The nmethod of claiml or claim?2
wherein i hot osensiti zer is an endogenous all oxazi ne

The protocol of Example 24 was followed and the presence of HIV assayed by
quantifying the level of P24 antigen production. Inactivation results are show in Figure

10 2].

Example 26.

To samples of platelet concentrate as described in Example 8 and media
containing 30% platelet concentrate and 70% PASIII™ media were added 6 mM
ascorbate and 14 uM 7,8-dimethyl-10-nbityl-isoalloxazine. Samples were spiked with
15 HSV-II. Inactivation results are show in Figure 22 and Table 11.

Table 11
Time Energy 30:70 Energy 90:10 PC:Media
(Minutes) (UV+VIS) PC:Media (UV+VIS) log virus titre
J/em? log virus titre J/em?
0 0 5.6 0 5.6
L 1.5 5 2.5 40 33
3 10 2.5 80 1.5
No Detectable
Virus
4.5 15 23 120 1.5
No Detectable
Virus
6 20 1.8
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phot osensiti zer selected fromthe group consisting of 7,8- 7 9 NOV 2006
dinmethyl-10-ribityl isoall oxazine, 7,8-dinethylall oxazine,
7,8,10-trinethylisoal |l oxazi ne, all oxazine nononucl eoti de and

i soal | oxazi ne- adenosi ne di nucl eotide. 30 4. The nethod of any one of cl ains

1 to 3 whefein ,said photgéﬁnsitizer iﬁ 7, 8-dynethyl -10-r}i bityl

i soal | oxazine §5 5. 1The hod ofl_any é%e oflclains 1. tqg 4 il d
m croorganfsms gy e sqgl ectedgf rom tthe group copsisting ZQWKNQOOG 58 of
bacteri a, = } Lul nd__extracel] i 6.
The nmethodjof any ongd of clggims 1|to S wheréih 5 said nijcroorgani sns afe
bacteria. F—Fhe—retHod—of—any—one—of—elaire—l—to0—6—wherdin—sai-d

m croorganfsns-3y e sdl ectefzdrom ffthe group copsisting off H'V viruses,
hepatiti s viroses,—sTmdbrs—viTUus, 10 Ccytonegaroviruss—vesteutar—stonmatti s
virus, herpes sinplex viruses, vaccinia virus, human T-I|ynphotropic

retroviruses, HTLV-IIl, |ynphadenopahy virus LAV/IDAV, parvovirus,
transfusion-transmtted (TT) virus, Epstein- Barr virus, bacteriophages
cDX174, 06, X, R17, T&f w2llpoesrgadigyendersgoogubyuthose epiddedi ths, L.
mNOoCyt 0geneghe det GRllt, the BBSWIBANGCIBHE, for BH HRICERBr BorThe method of
any one of claims 1 to 7 wherein salg photoradiation_is light in the
Vi sibl e speéT+{Hﬂse2@f illustration only and that a number of changes
may be made without departing from the scope of the
invention. For example, other alloxazine photosensitizers
than those mentioned may be used, preferably alloxazine
photosensitizers which bind to nucleic acid and thereby
keep it from replicating, and more preferably those which
are not toxic and do not have toxic breakdown products.
In addition, equivalent structures to those described
herein for constructing a flow-through system for
- decontamination of fluids using alloxazine
photosensitizers may be readily devised without undue
experimentation by those skilled in the art following the
teachings thereof.
For -the purposes of this‘specification it will be
clearly understood that the word “comprisipg” means
*including but not limited to”, and that the word

“comprises” has a corresponding meaning.
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9. The method of any one of claims 1 to 7 wherein said photoradi at i2&N0Vs0
light in the ultraviolet spectrum 10. The nethod of any one of clains 1 to
9 wherein 25 said photoradiation conprises light in both the visible and
ultraviolet spectrum 11. The nethod of amy ane of clains 1 to 10 wherein
about half of said photoradiation is in the ultraviolet 30 spectrum and

about “half 1S ifip! REaYlS! BERIRPRC!FAE" plvmritly DAY RO RBYGONe Of claims 1

to 11 wherein said eXxposing step fur conpri ses 1l ow ng Fhe fluid
contai ning said photosensitizer past a source of 35 photoradlatlon at a rate
and depth selected to ensure penetration of t he photoradiation through the

fluid and inactivation r.oor a 006 .59  13. The
net hod of any gne of clagﬁﬁ gxﬁ épg EO%ﬁPﬁgKNS EBAT T HRRG said
fluid and phot péeneprganising ‘ahlrm)nn@yriee nrestsyatbetreto, saaddphdubdbdadi ati on

and exposi ng éoﬁ@h@nih&'gné°o§£%6&é*¥%ﬁ53ﬁgﬁﬂé(y%le%%edngoHEEﬁng9$u§lajn1
13 conprising agitatin sal conIal duri ng %Botora i at'i on.

met hod of any GRBSOFEERd| fE BrPbeyD: BWﬁ?l§Fﬁb PRE; @n§5FHuFPEFd ?%ﬁ%
cont ai ner transpahedt comprsaimgphot oradi ati on, addi ng sai d photosensitizer
to said fluid in powder form agitating said container and exposing said

container to said photoradiation. 15 16, The net hod of any one of clains 1
to 15 wher¥l n- (a) adding an inactivation-effective,

substantially non-toxic amount of an endogenous alloxazine
photosensitizer or endogenously-based alloxazine

derivative photosensitizer to said fluid;

15 (b) exposing the fluid of step (a) to
photoradiation sufficient to activate the photosensitizer,

whereby said microorganisms are inactivated.

2. The method of claim 1 wherein said
20 photosensitizer is a photo-activatable compound, whose
photolytic products (if any) are of low or no toxicity to

humans or animals.

3. The method of claim 1 or claim 2 wherein said

25 photosensitizer is an endogenous alloxazine
photosensitizer selected from the group consisting of 7, 8-
dimethyl-10-ribityl isocalloxazine, 7,8-dimethylalloxazine,
7,8,10-trimethylisoalloxazine, alloxazine mononucleotide

and isoalloxazine-adenosine dinucleotide.

30
4, The method of any one of claims 1 to 3 wherein
said photosensitizer is 7,8-dimethyl-10-ribityl
isoalloxazine.

35 5. The ﬁethod of any one of claims 1 to 4 wherein

said microorganisms are selected from the group consisting



said fluid conprises blood constituents. 17. The nethod of any one ng 'fﬂl‘@ﬂ
1 to 16 wherein 20 said fluid conprises whole blood. 18. The nethod o @B
one of clains 1 to 17 wherein said fluid conprises a separated bl ood
product. 25 19. The nethod of any one of g}aai_ms 1 to 18 wherein said fluid
conprises platelets separated from whol e ood. 20. The nethod of any one
of clains 1 to 18 wherein _said fluid conprises red blood cells separated

fromwhol e 30°bI BRTLCDR: HAS HRFARERAFLSanFPInénbFace it k24 3% 18 wherein
said fluid comisssekbriam separsgised from whol e bl ood. 35 22. The net hod of
any one of clainms 1 to 18 wherein said fluid conprises plasna separated
fromwhole blood. 2 9 NOV 2006 60 23. The nethod of any one of clainms 1 to
15 wherein safd fluid cOMpraidedy afhanypore efprbrihs Eomposivhenein 24, The
met hod of &y 9483 GhiE&tddrFank Ine breab@dc22riawherein said fluid contains a
bi ol ogi cal | y-active protein selected fromthe group consisting of: factor
VII'l, Von WIlebrand factor, factor 1 X, factor X factor Xl, Hageman
factor, prothrénbin, antThe mehheidn dfl lanyf icmeonéctlaims pl asori hogereipl asma

protein fraction;gnefdtoagaln dindl LileS sk e3RkLH! EPHS, tﬁén@&r@ugew{ei@tgw in,
nodi fied i mune | obu) i n,” al bum n,, plasnma growt h horppne, 'somat onedi n,

pl asni nogen st?%pr\ki‘fﬂan‘ég%nﬁe@ﬁt%rsuF’éﬁ]ué§ﬁi nS1indbLHs¥EFY$ n, hapt ogl obi n,
antitrypsirn aneypsedgdlokingig). vhsi2nlathe tepbbodi of viuys origedesl ains 1 to
24 wherein simplex viruses, vaccinia virus, human T-lymphotropic
retroviruses, HTLV-III, lymphadenopahy virus LAV/IDAV,
parvovirus, transfusion-transmitted (TT) virus, Epstein-
Barr virus, bacteriophages ®X174, ®6, A, R17, T,, Ta, P.
15 aeruginosa, S. aureus, S. epidermidis, L. monocytogenes,

E. coli, K. pneumoniae and S. marcescens.

8. The method of any one of claims 1 to 7 wherein
said photoradiation is light in the visible spectrum.

20
9. The method of any one of claims 1 to 7 wherein

said photoradiation is light in the ultraviolet spectrum.

10. The method of any one of claims 1 to 9 wherein
25 said photoradiation comprises light in both the visible

and ultraviolet spectrum.

11. The method of any one of claims 1 to 10 wherein
about half of said photoradiation is in the ultraviolet

30 spectrum and about half is in the visible spectrum.

12. The method of any one of claims 1 to 11 wherein
said exposing step further comprises flowing the fluid
containing said photosensitizer past a source of

35 photoradiation at a rate and depth selected to ensure
penetration of the photoradiation through the fluid and

inactivation of the microorganisms.



sai d photosensitizer is added to anticoagul ant and said anticoagul Z@Nd\@ﬂﬂﬁ
added to said fluid. 26. A nethod of any one of clainms 1 to 25 wheréi'n a

20 enhancer is added to said fluid prior to exposing said fluid to
photoradi ation. 27. A nethod of claim 26 pherein said enhancer is selected
fromthe group consisting of adenine, histrdine, 25 cystein, tyrosine,
trypt ophan, ascorbate, N-acetyl-L cystein, propyl gallate, glutathione,

mer capt opr opi onyl gl yci ne, dithiothreotol, nicotinamd, BHT, BRA, |ysine,
serine, nethiohdne, gl ucTise mewenrd tafl ,anyt oaleoxf glytmsol, tani2 nfudt tHeas

t hereof. 30 28 i i 3y T Uis i i . {1 CILO ani sms
whi ch may be p?%@ﬁ?éﬁgréﬁ%gls@i %%ocfl clgrrtsgldspﬁg%%%gilgg%%{jl%%an
i nactivati on- efPRERINRr SYARIRHIGH I8P it PhicgoaRBLAELOR axrnaifiche

endogenous 52 9sM¥ POP6a 6d sPldisastddiaeionr, al | oxazi ne

endogenousl| y-based derivative photosensitizer to said fluid; (b) exposing
the fluid of step (a) to 5 photoradiation sufficient to activate the

phot osensiti zet4. wher efihsaiermd rrdorqgjaims 38 apeprhathg vagetat P8y SEhied

net hod of cl ai g,28; W&t el 53 bHdedhd i@ onf 00d product. 10 30. The nethod
of claim 28 wherein said fluid'is a

10 15. The method of any one of claims 1 to 12
comprising placing said fluid in a container transparent
to said photoradiation, adding said photosensitizer to
said fluid in powder form, agitating said container and
exposing said container to said photoradiation.

15
16. The method of any one of claims 1 to 15 wherein

said fluid comprises blood constituents.

17. The method of any one of claims 1 to 16 wherein
20 said fluid comprises whole blood.

18. The method of any one of claims 1 to 17>wherein

said fluid comprises a separated blood product.

25 19. The method of any one of claims 1 to 18 wherein

said fluid comprises platelets separated from whole blood.

20. The method of any one of claims 1 to 18 wherein
said fluid comprises red blood cells separated from whole
30 blood.

21. The method of any one of claims 1 to 18 wherein

said fluid comprises serum separated from whole blood.

35 22, The method of any one of claims 1 to 18 wherein

said fluid comprises plasma separated from whole blood.



drink neant for human or animal consunption. 31. The nethod of clai 3NV 2006
wherein said fluid is a 15 peritoneal solution. 32. A fluid conprising
biologically active protein, blood or blood constituents, and

phot osensiti zer or photoproduct thereotf, ggade by the nethod of any one of
20 clainms 1 to 27. 33. A bl ood product nade by the nethod of any one of

claims 119 225300 25 | il bl o i CORPLLZLAG b1 0l ok pldc gt ve

protein, blood or bIood cons uents hot 6sensiti Zer t Oproduct
t her eof , and e%&ﬁc@‘nfﬁﬁ%“ﬁﬁ/l%eﬁeWﬂ%@wtléwr@ﬁ%l@fc@nm%tlloﬁo 27. 30
35. A systemfor treating a fluid to inactivate microorganisnms which may be

present therein, conprisi nt ai ner | si ng, sai d ui d an
endogenous al Ig§<aZ| ne ph@?%s“éétgotqafg B é’r?&oﬁgngij?r’i}s %SSt%aJs% |kazi ne
derivati ve Sphovheessn t $zed , flgHid] condtizisner el ogiegll ppeck ivwe Iprotmin neans,

and having a @Pé@@@én%et}ﬁé”gf% sséfnfsllf‘slt%ﬂg 58 al four ox eRjpthe 2 9
NOV 2006 62 fluid therein to an armount__ of gﬁéotoradlatlon sufficient to

activate the plbtbeRFRR{ RGO pagtqredt Eoho¥ or EF 0T oft sdlpte™or 5
provi di ng sufffacest, pbodciashksin,omritd {the ohbihdITD, Sfdisrowedt i ner of a

type and amoun, s&l 66568t AL V%&%éé}% QL OSENSLLL ZESn I E M ysis

m Ccr oor ganl sns presen are I nNacC vat
10 solutions, immune serum globulin, modified immune

globulin, albumin, plasma growth hormone, somatomedin,
plasminogen streptokinase complex, ceruloplasmin,

transferrin, haptoglobin, antitrypsin and prekallikrein.

15 25. The method of any one of claims 1 to 24 wherein
said photosensitizer is added to anticoagulant and said

anticoagulant is added to said fluid.

26. A method of any one of claims 1 to 25 wherein an
20 enhancer is added to said fluid prior to exposing said
fluid to photoradiation.

27. A method of claim 26 wherein said enhancer is
selected from the group consisting of adenine, histidine,
25 cystein, tyrosine, tryptophan, ascorbate, N-acetyl-L-
cystein, propyl gallate, glutathione,
mercaptopropionylglycine, dithiothreotol, nicotinamid,
BHT, BHA, lysine, serine, methionine, glucose, mannitol,

trolox, glycerol, and mixtures thereof.

30
28. A method for treating a fluid to inactivate
microorganisms which may be present therein, said method
comprising:

35 . (a) adding an inactivation-effective

substantially non-toxic amount of an alloxazine endogenous



10 36. The sys
light in the v
phot or adi ati on
system of any
phot or adi ati on
spectrum 39.

B

tem of claim35 wherein said photoradiation source pngwq?gm

I sible spectrum 37. The system of claim 35 wherein sai

source provides light in the ultraviolet spectrum 38. The

one of clainms 35 to 37 wher said at |east one

in
source provides light in %& both the visible and ul traviol et

The system of any o of clains 35 to 3 | so _conprising a
phot or adi at i onP ﬂﬁ%%ﬁ%??t?%?ﬁ-.r'é¥§?§ﬁﬁﬁﬁﬂ 5Pd898PﬁP§gyaﬂ%?%¢n sai d
denhwative comptrossuss it izfd act isaddsfilthade. 41. The system of
any one of clainms 35 to 40 conprising a light guide for conducting

phot or adi ati on

phot oradi ati on 30 from sai d phot oradi ati on _squrce to sai d phot operneabl e

contai ner. 42.

35 to 42 al so

container. 5 4
means for agit
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35

The systefPbf HRPHNI dthec|fdivig 35 £6°B1(a) s¥° conprising a
t enper at ur & nMophbd B6radba LOMNOVRNNG c fisht 43 abtevayet eHeOphatysonei ©f z&d ,ai s

0 I SL.n for flowng said flLuid into and out of
ﬁe éysf’/% %ﬁg%‘soaonrggaonnles \(,)gf a%leailrr%gc %V?ge(i
ating said fluid in said container. 45. An apparatus for

be bl ood iH%® method of claim 28 wherein said fluid is a
food product.

30. The method of claim 28 wherein said fluid is a

drink meant for human or animal consumption.

31. The method of claim 28 wherein said fluid is a

peritoneal solution.

32. A fluid comprising biologically active protein,
blood or blood constituents, and photosensitizer or
photoproduct thereof, made by the method of any one of
claims 1 to 27.

33. A blood product made by the method of ahy one of
claims 1 to 22 and 25 to 27.

34. A fluid comprising biologically active protein,
blood or blood constituents, photosensitizer or
photoproduct thereof, and enhancer, made by the method of

any one of claims 1 to 27.

35. A system for treating a fluid to inactivate

microorganisms which may be present therein comprising:

(a) a container comprising said fluid and an
endogenous alloxazine photosensitizer or endogenously-
based alloxazine derivative photosensitizer, said
container being equipped with input means, and having a

photopermeable surface sufficient to allow exposure of the

sai d

3 also conprising



10 bl ood conponents conprising the system of any one of clains 35tzgnm;m$
46. A systemfor inactivation of nmicroorganisns in a fluid containing suc
mi croorgani sms conprising: 15 (a) nmeans for adding an effective anount of an
endogenous al | oxazi ne phot osensitizer or %gdggenously- based al | oxazi ne
derivative photosensitizer to said fluid; 20 (b) a photoperneabl e contai ner

for said fluid_,in,fluid communi cation Wt apd ans, for agdgdi n.

phot osensi t i zef TRATI HESRSHEpth Hh A 1Bt ﬁ’fg ﬁ@k?éggfﬁtl%?l%#gﬁfp’g?tﬁ &%f the
fluid of step dafivaeecthe tRhetpsenminitzest; phot oradi ation sufficient to
activate the 25 photosensitizer at a selected flowrate; (c) neans for
produci ng said selected flowrate of said fluid_through said container; and

30 (d) at |east one phot 8Phdi3t ilirto S PRGEOTBALIF UPMGS X FE F¥nt
phot or adi atd onptovidiend | s fif i ciesati phateniasgiineionf ta typef i aimwHdidsel ect ed

to activate NEonphPORCeOpidl Afle it thohSYSIEMLLQM LT eAling & flan d 1O

i nactivate mcroorgani sng Wi may be present therern conprising: 2 9 NOV
2006 64 (a) BhRCEPEOFRhBLESH|ThaEehisHEOsgansEmns zeresent pweler ed form
(b) a phot oper ppabt evsesdai ner for containing 5 said fluid and
phot osensitizer; (c) neans for agitating said container;
10 36. The system of claim 35 wherein said
photoradiation source provides light in the visible

spectrumnm.

37. The system of claim 35 wherein said
15 photoradiation source provides light in the ultraviolet

spectrum.

38. The system of any one of claims 35 to 37 wherein
said at least one photoradiation source provides light in
20 both the visible and ultraviolet spectrum.

39. The system of any one of claims 35 to 38 also

comprising a photoradiation enhancer.

25 40. The system of claim 39 wherein said

photoradiation enhancer comprises a reflective surface.

41 . The system of any one of claims 35 to 40
comprising a light guide for conducting photoradiation
30 from said photoradiation source to said photopermeable

container.

42. The system of any one of claims 35 to 41 also
comprising a temperature monitor.
35



(d) at |east one photoradiation source for 10 providing sufficient 29NUVZMB
photoradiation to the fluid in said container of a type and anount sel ected
to activate the photosensitizer whereby m croorgani sns are inactivated.

48. The system of claim 47 wherein said 1%3phot operneabl e container is a
transparent plastic bag. 49. The systemof claim47 or claim48 wherein

said neans fopsagitatinghgakgseont & Nel 3ﬁﬂpr & ' e of @Bl 0 50.
The system of gr?ﬁ@one of g‘cl al glss' % 9y ec%]fl%lsal?{laig%ottgpgrgnéé ﬁ

cont ai ner cont &CHBTLSLHI BﬁBPﬁséﬂgl }QW%n%nﬁ%ﬁdtﬁ?%ﬁﬂh%ﬂthaB# eafdofi uid. 25
51. A net hod ofsaiidaebntatineg.n croorgani sns on a surface conprising: (a)
applying to said surface an inactivation- effective anount of an

endogenous- al | oxazi ne 30 photosensitizer or endogenously-based all oxazine

derivative photdsensitiz@he GHatED)obxqusiane K ¢lainFadé te BRoedradi ation

sufficient to %%bﬂb&nbhﬁeahgt 06eNsd i taeing Fn i 1@ Mot kadgof claim 51
wherein said surface is a food surface. 2 9 Nov 2006 65 53. The nethod of

clai m51 where??¢418Surface is the surface of an animal carcass. 5 54.
The nmet hod of claim51 wherein said surface is a

45, An apparatus for separating whole blood into
10 blood components comprising the system of any one of
claims 35 to 44.

46. A system for inactivation of microorganisms in a

fluid containing such microorganisms comprising:

15
(a) means for adding an effective amount of an
endogenous alloxazine photosensitizer or endogenously-
based alloxazine derivative photosensitizer to said fluid;
20 (b) a photopermeable container for said fluid

in fluid communication with said means for adding
photosensitizer having a depth and length selected to
allow exposure of the fluid of step (a) therein to an
amount of photoradiation sufficient to activate the

25 photosensitizer at a selected flow rate;

(c) means for producing said selected flow rate

of said fluid through said container; and

30 (d) at least one photoradiation source for
providing sufficient photoradiation to the fluid in said
container of a type and amount selected to activate the

photosensitizer.

35 47. A system for treating a fluid to inactivate

microorganisms which may be present therein comprising:



food; preparation surface. 55. The nethod of claim51 wherein said s@rgfN¥e)iss
a surface of a bathing or washing vessel. 10 56. The nethod of claimb51
wherein said surface is a surface of an animal skin. 57. Th nethod of claim
51 wherein said surface is a 15 wound sugiface. 58. The nethod of any one of
claims 51 to 57 wherein said photosensitizer is selected fromthe group
consisting of 7, 8-dinet ) - 10 rdridetholi$08 1 08208 pHothdhsitizer in

di mret hyl al | oxazi ne, 7,8, 10-trinethyli soal | oxazi ne, éf oxazl ne

mononucl eot | d&OYEEEF ox¥Ft ine- adenosi ne  di nucl eotide. 59. The nethod of any
one of clains 51 to 58 wherein 25 said photosensitizer is
7,8-dinmethyl-10-ribityl ,jisoall | 1 A 0 of treating.a fluid to
inactivate white bl ood &Be)l I ?\%%%ﬁlp%%??gglsrggg%{& #erfe?xh,c% aclor%pr% si ng:
(a) addi ngSan s$#Etfleid aandkighatdsgasitigpstantially non-toxi ¢ amount of an
endogenous al | oxazi ne photosensitizer or endogenously-based all oxazi ne 35
derivative photosensitizgr to said fluid;, 29NOV2008. 66 ({? exposi ng the
fluid of step (a) to phttlor 3RS FPTsGPAFRFEAT FRLATINER H'9 e

phot osensitizer, whereby said white blood cells are inactivated.
(d) at least one photoradiation source for
10 providing sufficient photoradiation to the fluid in said
container of a type and amount selected to activate the

photosensitizer whereby microorganisms are inactivated.

48 . The system of claim 47 wherein said

15 photopermeable container is a transparent plastic bag.

49. The system of claim 47 or claim 48 wherein said

means for agitating said container comprise a shaker

table.

20
50. The system of any one of claims 47 to 49 wherein
said photopermeable container contains said ‘
photosensitizer prior to addition of said fluid.

25 51. A method of inactivating microorganisms on a

surface comprising:

(a) applying to said surface an inactivation-
effective amount of an endogenous-alloxazine
30 photosensitizer or endogenously-based alloxazine

derivative photosensitizer; and

(b) exposing said surface to photoradiation
sufficient to activate the photosensitizer.
35
52. The method of claim 51 wherein said surface is a
food surface.



5 61, The nethod of claim60 wherein said fluid conprises blood or 74 N)Voggh
conponent. 62. Methods or systens for treating a fluid to inactivate

m croorgani snms or white blood cells, fluids 10 nade by the nethod or
apparatus conprising the system substantgglly as herei nbefore described
with reference to the exanples and/or draw ngs. 63. Methods of inactivating
m croorgani sns on a 15 surface, substantially as herei nbefore described

with reference_to the exanples and/or drawi ngs. 20 25
53. The method of claim 51 wherein said surface is

the surface of an animal carcass.

5 54. The method of claim 51 wherein said surface is a

food-preparation surface.

55. . The method of claim 51 wherein said surface is a
surface of a bathing or washing vessel.

10
56. The method of claim 51 wherein said surface is a

surface of an animal skin.

57. Th method of claim 51 wherein said surface is a
15 wound surface. \
58. The method of any one of claims 51 to 57 wherein
said photosensitizer is selected from the group consisting
of 7,8-dimethyl-10-ribityl isocalloxazine, 7,8-
20 dimethylalloxazine, 7,8,10-trimethyliscalloxazine,
alloxazine mononucleotide, isocalloxazine-adenosine

dinucleotide.

59. The method of any one of claims 51 to 58 wherein
25 said photosensitizer is 7,8-dimethyl-10-ribityl

isocalloxazine.

60 . A method for treating a fluid to inactivate
white blood cells which may be present therein,

30 comprising:

(a) adding an inactivation-effective,
substantially non-toxic amount of an endogenous alloxazine
photosensitizer or endogenously-based alloxazine

35 derivative photosensitizer to said fluid;
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(b) exposing the fluid of step (a) to
photoradiation sufficient to activate the photosensitizer,
whereby said white blood cells are inactivated.

61. The method of claim 60 wherein said fluid

comprises blood or a blood component.

62. Methods or systems for treating a fluid to
inactivate microorganisms or white blood cells, fluids
made by the method or apparatus comprising the system,
substantially as hereinbefore described with reference to

the examples and/or drawings.

63. Methods of inactivating microorganisms on a
surface, substantially as hereinbefore described with

reference to the examples and/or drawings.



