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BACKGROUND
Contamination of blood supplies with infectious microorganisms such as HIV,
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 inactivate 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.



wavel ength and transfer the absorbed energy to an energy acceptor, has been
proposed for blood conponent sterilization. For exanple, European Patent
applicatio publ i shed Cctober 8, 1986, suggests the use of
nonaendogeﬁgégggﬁéfosensitizers such 5 as porphyrins, psofal’BRE/1%%4ri di ne,

tol uidines, flavine (acriflavine hydrochl oride), phenothjazine derivatives,
and dyes suchlB&Ufek PRAOSCEINZER dCGraRMde M) glsorky gl fddefadi ti ves.
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I nactivation of extracellular envel oped viruses in blood and bl ood

conponenbgrasyoveddrriaay ifhid administored tpkpatient ajier thesdagen@minattbn n U, S.

Pat ent No. 5,545,516 i.ssued éwgus%.lB, 1996 to Wagner. The use of

por phyr i FOCeqs FﬁﬂgFﬂﬁVPi dagyietfif-ocyani ne dyes as phot osensiti zi ng
agents for eradicating infectious contam nants such as viruses and protozoa
frombody 25 tissues such as body fluids is disclosed in U S. Patent

4,915, 683 i ss@eddiyir, iR.P16t allO907),&8fTte DelsphethdDSelRGahantof NSelechy804, 113

issued April 19, 1994 to Sieber et al. The nechanismof action of such
phot osenEhetpagtivatedsDags dpr BrealigatiqnidPlopd &roguctser BregsL! the FHBIeg to domai ns
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of the issues of importance 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. Inactivéﬁon of extracellular
enveloped viruses in blood and blood components by Phenthiazin-5-ium dyes plus
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
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2 WD 00/ 04930 PCT/ US99/ 16404 cells. Photoexcitation of menbrane-bound agent
nol ecul es | eads to the formati on of reactive oxygen species such as

singl et oxygen which causes |ipid peroxidation. A problemwth the use of
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5,418,130 to Platz, et al. disclose the K use of substituted psaral ens for
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phot odecont am natiron of blood. U S. Patent 5,709,991 issued January 20,

19980t 0 lhislogicaly actieapdoesng. hBhatsmactivapiooredivenal it bagroal blimasont ami nat i on of
pl atel et preparations and renoval of psoral en aft d U Pat ent
5, 120, 64Fonayeanty gﬁ]@ggga_?oggggte REUANAT & eﬁf%ca‘iﬂéﬁiﬁ?ﬁﬁt??@?h@kgg?ssued
puoust  SsoutdMay 941808 Faec € %r?lg.s. Phaf ShELIRPRaID ARG 08, 1938 use of

"quencher onbi"natrT on hot osensiti Zzers ich attack 1ipid

menbr anese Gudiridh Jr., Ra. eéttal. 4nd36Q, Padni Nousd1He9emdRatd, et A08#kclose GBrapman et
al . also addresses this problemof prevention of damage to ot her bl ood

conponentuse of Sutmititated peyplens EorsinggiiveHonof iRl andchastesiahblagd coptankRh to t he

art 15 U S'ThFéaltaggrt patent also teaches the necessity of controlling free radical damage to other

* 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 prcpérations 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



5,342,752 issued August 30, 1994 to Platz et al. discloses the use of
conpounds based on acridine dyes to reduce parasitic contam nation in

bl ood mat t gf %&5@5& sing red blood cells, platelets, and bl ood pl asma
protein fractions. These materials, although of 3 WD 00/ 0488HUS>/16404
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August 4, 1987 to Edel son. R boflavin (7,8-dinmethyl-10-ribityl
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103: 360- 368¢d Sapteibec kO, MI8D. andatlaadd. U S1876€nt NOF68BEB Gssed vaigusts on t he
Phot ooxi dation_of DNA in the Presence of Riboflavin," Biochimca et

Bi ophysi dd3AL §dak887.39- 44. Binding of lumiflavin 15
(7,8,10-trinethylisoalloxazine) to DNA is discussed in Kuratom, K, et al.
(1977), "Studies on the Interactions between DNA and Fl avins,"” Biochimca

et Bi ophysi caRi¥slavid {68-WrhethI-10hktifyironlloddzme) has bédn repdfd®)o attdoA St r and
Breaks in Manmmalian Cells Exposed to Light in the Presence of Riboflavin
and10rr y pmygpleimacids. Ailutea tesatian einusitic #tid i Blearessice 9f pboflans igdsersseds t he

052, 1 SRILLSH, 209, PR oRhan o, dUEs B g kb AL el
light. The.htd 6f GbSALES HibHimidies BispHyRaSA &th d 09360- 193¢ dhd Shed, tgr .
riboflavin or tryptophan was omtted fromthe nedium DNA strand
et al. (1976), “Further Observations on the Photooxidation of DNA in the Presence of
Riboflavin,” Biochimica et Biophysica Acta 435:39-44. Binding of lumiflavin 4
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
oceur 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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"Mechani snms and Products of Photosensitized Degradation.of Nucleic Acids
and Rel ated Model Conpounds," Israel J. Chem 5 23:420-429, discusses the
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phot osensif g Tsipht-3tar)iiches ¢ Mioakintiad étCBliogByMA@@ 61f0:209d334 Appar at uses
for decontam nation of blood have been described in U S. Patent No.
5, 290, 221 dissinses|thek petiveloxyEen 4pecies/ ik met digectly iavolypd imPNAJSSssiPmbENt No.

2230, 238 2B i Y5 HEY 1. (19608, YONR 8RR e ChiRed BB nd UtndviBRY: 221
Light is Enhanced by Naturally Occurring Nucleic Acid Components and Nucleotide

. 15 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 ih 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.

w



fluid in a relatively narrow, arcuate gap. U. S. Patent 5,536,238 discloses
devices utilizing optical fibers extending into a filtration nmedium Both

patents rec s photosensitizers benzoporphryin deri i.ves which
have an affgﬁﬁﬁ@g?gr cell walls. Al publications referred‘?&hﬁgygﬁﬁ are
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herewi th. 5 WD 00/ 04930 PCTI US99/ 16WMMARIKMARY Met hods and appar at uses are
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some of the miCroorgani an e ce nmay be presen erein or

t her eon. pieeivafel d4l1€kSt §6ie Bf B HRAIREAhiANSafd wWhRE ReBOWRRKERAS b6 Blegedted 5
fromthe group consisting of protein, e.g. biologically active protein such -

as a théhexpmwaritbengent Sieh flbidsauhyaalsb bdrvainl aneres merasnmponents kelactedest r oyi ng
the biolqgical activity.of such.co nents. The. net hods c rise: (a)

T xihg antoE HCPYR ARG G P TaIRI e 1Ol BC R BT RIS HRABLBIRs L zer or
endogeno - ba: I i { Lok - W : L 6l: b)

exposi ng%gp%iqgogg{’ Sl‘fl%%dor adklH gé)(lﬁ gﬁfﬁgﬁeﬁ%?‘éﬁ‘m %estglg }J\gatyg%%%égﬁﬂot osensi -

tizer; whetielyofducheagiponen®. Thetnehsdsciongirsani sms are inactivated. One
mechani sm by whi ch these photo sensitizers may inactivate m croorgani sns
is by interfering with nucleic acids, so as to prevent replication of the

nucl ei ¢ acid. (A5 A iged Norelin, iNe SELILINACH FALEOD Qlond 1L £h0RL gaNi S
a Mg the

means totally par Iy "preven m Croor gani sm from replicating,

ei ther by killing bﬁ@ldﬁ@bﬁdﬁg@%ﬁ@@ﬂ%%ti@;Flﬁft&!e%@itiizé‘ﬁ@[tﬁ@ﬁé figigu th its
ability to reproduce. roorgani sns i nclude viruses (both extracell ul ar
and intracellular), bacteria, bacteriophages, fungi, blood-transmtted

arasites, an r ot ozoa. ary viryses 20.include. acquired :
P odert o1 ol Chois e o GrtholomdaRon S iciehetq foebathe phggsensi-

tizer; whereby at least some of the microorganisms are inactivated.

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

nucleic acid.

15 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 parasites, and protozoa. Exemplary viruses
20 include acquired immunodeficiency (HIV) virus, hepatitis A, B and C viruses, sinbis
virus, cytomegalovirus, vesicular stomatitis virus, herpes simplex viruses, e.g. types |
and II, human T-lymphotropic retroviruses, HTLV-III, lymphadenopathy virus
LAV/IDAV, parvovirus, transfusion-transmitted (TT) virus, Epstein-Barr virus, and
others known to the art. Bacteriophages include X174, ®6, A, R17, T,, and T,.
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virus, cytomegal ovirus, vesicular stomatitis virus, herpes sinplex viruses,
e.g. types | and Il, human T-1ynphotropic retroviruses, HTLV-I11,

| ynphadenopat hy virus LAV/ I DAV, parvovirus, transfusion-transmtted (TT)
virus, Epst®O0f084Bf virus, and ~ others known to the art. BEETEISPYPHeges

i nclude (DX174, 06, ~., Rl7, T4, and T,. 6 WD 00/04930 PCT/ US99/ 16404

Exenpl ar yeRaghiary) Badidtfd HeR1dR.P. 2RFLGHAASE. aieu ST BpidernRs, BpheRscvogents,
Cc

nonocyt ogenes, ‘E. coli, K pneunonia and S. marcescens. |nactivation of
whi t e bl abccadielKl. spreeyionén atebd.r adoreesedmen suppr essi on of i nune or
aut oi nmmune response is desired, e.g., in processes involving transfusion of
tred 5 cells, platelets or plasna when donor white bl ood cells may be

present. Nateﬁhgétﬁza%h%*f H6od eeggt@t ngémbmgggﬁ%@&egsmnsom@l i on

include any naterial's which are adequately pernea photoradiation to
provi de sgf fuitsingitind tegpdnsetidesitedey g., wi prdkedseairiviolrdng aansfasionif edd can be
suspended or dissolved in fluids which have such perneability to

phot 6r adi ellspplateista applasme fwhancdongawbite Rlapdgeds Wy ke BsHItood and aqueous
conpositions containing biologically active proteins derived from blood or
bl ood constituents. Packed red cells, platelets and plasma (fresh or fresh

frozen plasm)n@fi,fXeHIRh 2 tréalf&hbf R8s bf e EntidindRidebhoN,

therapeutic proteln conposi'tions contalning protelns derived from bl ood,
such as fidiegialsoohichiard adeqohelyogirarhbly taphoweadiatodreiorprosie shffiomert hight
treatnment of nedical disorders, e ,g. factor 15 VII|, Von WI| ebrand
factor, fteachievexirai m@chyation, ﬂwﬁltﬁg& oRp beiguspandrd prdiseplved gy Buids &%&h

anti-thronbin 111, fibranectyj .asm . 8 ion:

i mune sgfﬁvﬁ\saF%Bﬁﬁ‘?% llﬁ?ﬁ? fhgﬁr?oc{rlﬁﬁrzoﬁlér%%%gﬂﬁ%nﬁa 6182%1%1295 gTJa‘éﬁn@Egr owt h
hor gne, 51888 LATRGhdbus RbASEERES Borthin@iH Kikiogamfly Gefiié froteias etieg fasi n,
transferrin, haptoglobin, antitrypsin and prekallikrelin nay be treated by
the 20 deblond ambhadiconstiteeitsd Packedirhd selis; plateletsrand lasera (fresh @s fsgh ch coul d

penef it fLom tpqgafraqg);ag? tg&%ﬁ%ﬂ@% o% ?L{C?l blood. cn(;[nlst?trclegtrs.e 1R %Ei(liitti%g,eﬁllerasp%lltlljé hons used

for peritBaea
protein compositions containing proteins derived from blood, such as fluids containing

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
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the biological activity of fluid conponents other than m croorgani sns.
much015 tibovegFbads eantamingybiofogidadiy actonpotent sthasthaoskossl derived fretrai ned,

al t hough .in certain  instapnces, when the nethods are optim zed, sone |oss
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be bal anced agai nst effective decontam nation of the fluid. So | ong as
fluid conponents retain sufficient biological activity to be useful for
their intendedaonnaiinitidn ipdthods s thi Hethtidi Kifgesddgeaditd phdtbRasiti@erdr € not

considered to be "substantially destroyed. "
and endogenously-based photosensitizer derivatives do not substantially destroy the
biological activity of fluid 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



The photosensitizers useful in this invention include any photosensitizers
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i soal | oxa?it#eins) PHETIMEHPRH ?m}@ﬁb@%ﬂnﬁ@étbwmd%@ lﬂﬁvefzifrof@f@quﬁﬁu&bi n,
7, 8-. di net hyl al | i l.um - i fie- 2RKNa,:djynucl eot i de
(flavine 51&%%%%193(%{06%%'11%%# :g}(igap{ %ﬁa)ztnegﬁ?@x%gﬁﬁéﬂﬁgﬁx ﬁgg quoé ilde (al so
known as {doaNd:0eine(RibeE¢inG 01,8 do-thimviflylisodoxiabiak |(Rirhiflavim) phesphat e)
vitamn Ks, vitamn L, their 15 netabolites and precursors, and

napt ht hoqdimeshyls}loxexie (ameshesme ) agoatloxdzeneasde niteedinucigelids dlavinesadeaiieng
i ne" i.ncl udes

ol anar mlecularaenl il ons, e Lermaslexasb g ashudes |
S ettt sy ang sppamal, ndhgeneun pini | or
phot 13s ens ietabotisesfand predursdts t dndynapththoquinones, naphthalenes, naphthols and their
derivatives having planar molecular conformations. 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
20 are derived, and which preserve the function and substantial non-toxicity thereof.
When endogenous photosensitizers 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

25 therapeutic effect. Preferred endogenous photosensitizers are:



20 are derived, and which preserve the function and substanti al
non-toxicity thereof Wen endogenous photosensitizers are used,
particul arlyowhessuch photosensitizers are not inherentl j c _or do not
yield toxic Bhotoproducts after photoradiation, no rennva%cggé%WPﬁFication
step is required after decontam nation, and treated product can be
directly returned to acpaforent’'s body or administered to a patient in need
of its 25 therapeutic ¢ffect. Preferred endogenous photosensitizers are: 9-
WO 00/ 04930. PCT/US&%# 6404 CH20H HOCH | H HOCH H3C N N,,rO HOCH X N
H3C NCH2 0 H3C N I O 7, 8-di nmet hyl al | oxazine NH H3C N
7,8-dimethyl-10-ribityl isoalloxazine CH3 Nﬂi H3C N N,, ., r N (gol H3C XN -
~NHM I'N ON H €|:H1 0-tri met hyl i soal | 0¥&%1
Z NH
HOCH HaC N
o)

CHz
HSCKIN /N\?O 7.8-dimethylalloxazine
z NH
HaC N |
o |
7,8-dimethyl-10-ribity! isoalloxazine
cHy
HsC N /N\?O
Z NH
HaC N
o

7,8;1 O-trimethylisoalloxazine

(I)H (I')H
CHz 0—P—0—P—0—CH; o
HOCltH ! I H }
l O O
HOCH i H
| OH OH
HOCH
CH,
HsCIIN /N\?O
HaC N NP

Isoalloxazine-adenine dinucleotide

10




Il 1 CH OIl-0I1l-O0CH2 O HOCHOOHHCHHOCHH | OHOHd HOCH CH2 H3C
N NO H3C N~ NH O |Isoall oxazi ne-adeni ne di nucl eotide 10 WO 00/ 04930

PCTI US99/ 16404, (bPOP032 1 HOCH HOCH HOCH CH2  1-13C XN N *"~ O 1-13C N
~ NH O AllOxazi ne nononucleotide Oi t | CH3 C H3 C H3 LGV Y% ocH

cH3
CH,0P0,°

HOCH

HOCH

HOC.IZH

CH,
H3C N /N\?O
-z NH
HiC N
O
Alloxazine mononucleotide

0
SC I
CH,CH—C CH,CH,CH,CH CH;,
o 3

VITAMIN KA1
CHs
0 |
O‘ (CH,CH=CCH,),— H
CHs
o

VITAMIN K2

11



03 VITAMNKL CH3 0 1 L'II(CHCHCCH2)fl _H *CH3 0 VITAMN K2 11 WO
00/ 04930 PCTI US99/ 16404 0 CH3 CH3 CH3 ~CH2CH=C- (CH2CH2CH2CH)3-CH3 0
VITAM N KL @8lgoesH CH3 NH2 VITAM N K5 O SCH2CH2000H  GEChRo, ¢4 TAM N
K-S(I1)  NH2

O
CHj;
° P
CH,CH—C—(CH,CH,CH,CH);—CHj,
o) _

VITAMIN K1 OXIDE

OH
. CHs
-
NH,
VITAMIN K5
o)
‘O SCH,CH,COOH
CH,
o)
VITAMIN K-S(I)
NH,
OO -
NH,

VITAMIN K6
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a solution containing the photosensitizer to a fluid to be decontam nated.
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the flow of the material genera Qvi des sufficient turbulence to
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The method of this invention requires mixing the photosensitizer with the
material to be decontaminated. Mixing may be done by simply adding the
photosensitizer or a solution containing the photosensitizer to a fluid to be
decontaminated. In one embodiment, the material to be decontaminated to which

5 photosensitizer has been added is flowed past a photoradiation source, and the flow of
the material generally provides sufficient turbulence to distribute the photosensitizer
throughout the fluid to be decontaminated. In another embodiment, the fluid and
photosensitizer are placed in a photopermeable container and irradiated in batch mode,
preferably while agitating the container to fully distribute the photosensitizer and

10 expose all the fluid to the radiation.

The amount of photosensitizer to be mixed with the fluid will be an amount

sufficient to adequately inactivate microorganisms therein, but less than a toxic (to

13



preferably while agitating the container to fully distribute the
phot osensitizer and 10 expose all the fluid to the radiation. The anpunt of

phot osensi tyggbofs3e be m xed with the fluid will be an amoupt, . sufficient to

adequately 1 nactivate mcroorgani sns therein, but less than a toxic (to 13
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fluid, and preferably about 10 /.zM For 7,8-dinmethyl-10-ribjtyl
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to activabscehfiriohednpe deslddnZdout VM En@BbAITNE0L N is %Q:féﬁ‘é&, RFHela8ly ONn
sufficient to activate the photosensitizer as described above, but |ess

t han t hatbevtil®huMoul d cause non-specific danage to the biol ogical
conmponents or substantially interfere with biological activity of other
proteins present in the fluid. The wavel ength used will depend on the

phot osensi t i zgfe $i6l LCIRMniMASHE §g{§f;a9émitrzfar Lsf@(lpoeé& toPhot&adali¥n Qfm%r m nabl e

wi t hout undue experinentation ow ng the teachings 15 hereof Preferably
t he | i ghhpmopriate wseterigthur &sivetetth® phodtosmsnzazesnisirpoan @gogit@di di ng | i ght of
about 300 nmto about 700 nm .and nore preferably about 340 nmto about

650t0hm oPhetasrdiatiansuifigiory temgtivate the phatosensitizer a5 dascrlbedabove) utdessge are
the. vi oi B8 P8 AP Caon Bceb B SOTEE LS TtguoEER BB G"a it ur o
Pl o Py o I P ot her
ratios cdheovayelengthdisedvallisieperfd on thie photasknsitizeraselecteghts isknolvattottine
art or readily determinable without undue experimentation following the teachings
15 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

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
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vi si bl e spectrum does not danage platel ets but reduces the anmount of the
nore harnful ultraviolet radiation required. The activated photosensitizer
is capable of inactivating the m croorga nisns 25 present, such as b
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phot osensitizer is conferred by the close proximty of the photosensitizer
to the nudtaucleicaid BNutlbe atidTinolugenibonuhadc a¢id{RMNY) anssul t from bi ndi ng
of the photosensitizer to 14 WO 00/ 04930 PCT/ US99/ 16404 . t he nuc’ ei ¢ acid.
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space, which nay be nade of rigid or flexible nmaterial, e.g., my be a bag

or box or tro K L 4 & hRRYEl
openi ngs at bg% %‘é\l scte;meéué;lgg t}?réagﬁggseggltngﬁgﬂagge tglra teggii?[r?ga?ﬂ%dﬁel | ow fe or

f 1 ow t hr osifaifér fot wirstifther. €The teAnCuustainer heserbeea closed ot opaxspapt,iwhicione
enbodi ment of the invention involving a flowthrough system Collection

bags, suchanbe nageofuigad onflexibiermaterizhgev mpebe p BRE or hpvd onPREERs[tdNAK st ens

of Cobe Labaqratories, lnc., have bheen used to_ ex |, fy ano [ odi nent
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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 1n 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, €.g., plasma, platelets, red blood cells, will determine the

15
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cells, will determ ne the 15 WD 00/ 04930 PCT/US99/16404 anount of tinme the-
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agi tati nd’%ﬁ’é%ﬁ‘?émie%blﬁrc8f“§i |1§/prgfe§ﬁl§p(élqu1?<§{)€%g ‘E‘)’?ﬂ%OFBﬁﬁpﬁg@ﬁQFti zer may be
added to j i b Qi c ai ner
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m cr oorgani sns. Photosensitizer may, be added to or flowed into the
photlBper reeaktieeragiagdie migydhaphetesspsiizenivithdhe fluidpngddp rgdequately sypese may be

added to fd Ui rior to.placin he fluid in the container. In one
enbodi rrenatn{]t%ﬁ c‘)ltl((h)goen§ip?’f)tzoégdllgég%k?d%éh{eoln%ﬁf‘%ygggé)trfjIn};{ﬁrtoorgl%“sansd the m xture
of photosensitizer and anticoagul ant are added to the fluid. Enhancers nmay
al so be added to the fluid to nake the process nore efficient and

sel ective. Sudhotashasitzerananbe adideddntor emgdnnt® the photepermepdia eontangr event
damage 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,
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to desired fluid conponents or to inprove the rate of inactivation of

m croorgani sns and are exenplified by adenine, histidine, cysteine,
tyrosine, tryptophan, ascorbate, N 20 acetyl-L-cysteine, propyl gallate,
gl ut at hi one}‘yoﬁo(?foé%?ﬁt opr opi onyl gl yci ne, dithiothreotol, ni cd’tCiTﬂéPr?’ 04 BHT,
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i xt ur es entlegarotsiyHiased demyativerphafosensiiozgsr raghwtenrare- taerapk madapy the

bi ol ogi cal | ctive protein,. bloqd or blood copnstituents .and al so
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endogenousl| y- based derivative photosensitizer, or photoproduct thereof nade
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for treating surfaces to inactivate m croorgani snms which may be present

t her eon @eripmesi oxgpaagpesal pgjutionssuch surfaces 10 an inactivation-effective,
non-t oxi ¢ anount of an endogenous photosensitizer or endogenously-based
phot osensitizer derivative and exposing the surface to photoradiation

f f . . . .- 1 1 . .
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of cut omjcRiREaRSAswWhtsay Baptdsent thérRofBbMIptsIng apyblingifo grcaynfagssat s may
be treated by m xing 15 the photosensitizer with the material and

coni® nui g inactiveionderfieetive, naditexic agorot efdroenslogeneustphoteseagitigertas
phot or adi aai on. Tlheq su fﬁcte maé alternati ve(l1 be.a food fgr eparation surface
such as &MEBRATOUPY-1%6F° BrO'SE TP atE’ SHLi e 8P ﬁﬁ@osb%g CSUHPSE® of a bat hing
or washi ogoiesdiglion YeficRSt & activate the photosensitizer. The surface may 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

20 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

17



ki tchen sink, bathtub or hot tub, or a swinmng pool or the like. In
addition, the 20 surface nay be the surface of a living animal or plant, or
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anlnactlvEf neff ctlsz1 non-t oxi ¢..ano to said.fluid or

other atsh SR G bRy e skt SR WBlonthay bt REFsFhliRerey Shading

mat e al adﬁldgérﬁﬂfa%@ﬂl&noeff&ﬂb@% ﬂom%&ﬁ{tlo%t%lmkgrt@@alaeﬂulé%othlefl some
cases, using Vi tamn K5 inacti Vatl on occurs in anmbient I|i g ht or in the

dark as fmatetiel Rieferaisiggbhitinot hbesiaxdyhe fluiboreaher mitenalis iredibeidriiong r ed
bl ood cells are preferred for treatnment by vitamn K5.in the 10 absence of

a photorafabaweowa%tf‘@&onﬂﬁ@n@oemdlnrfézyleaqaéﬁs UYRE ViGPER Eodinagitirtige
bl ood or Rl stlﬁ%?d]erﬂ O\ghi/a}ﬁl&elaa&gassffahﬁemsaég&{ﬁltﬁw&h 1&%%@“ ons and

sterile ontam nati on systens o S 1 nvention,

phot or adlfatxid@rctommmg réthylobé celtvapgedfeded ﬁorttmtrpbmtbypatmau{@mmat a| ner for
the fluid by neans of a |ight guide such 15 as a |ight channel or fiber
opt 1€ t ub?@swmecﬂf ammﬁd@n@@ steperl] hﬁd<§)¢orﬂn@md| rgm alsaCoplesyrtages susB@sce and

t he cont for.the re i a event stantia
heat | ng. dioeher prPRSalctaty st pRERE BT & 4sae Sl ednel BT VSR it
source MRYckflese tenperatures as nmuch as 10 to 15 C, especially when the
anount of flui'd exposed to the light is small, which can cause

denaturi zation of bl ood conponents. Use of the
In decontamination systems of this invention, the photoradiation source may be

connected to the photopermeable container for the fluid by means of a light guide such

15 as a light channel or fiber optic tube which prevents scattering of the light between the
source and the container for the fluid, and more importantly, prevents substantial
heating of the fluid within the container. Direct exposure to the light source may raise
temperatures as much as 10 to 15 ° C, especially when the amount of fluid exposed to
the light is small, which can cause denaturization of blood components. Use of the

20 light guide keeps any heating to less than about 2 ° C. The method may also include
the use of temperature sensors and cooling mechanisms where necessary to keep the
temperature below temperatures at which desired proteins in the fluid are damaged.
Preferably, the temperature is kept between about 0°C and about 45°C, more

preferably between about 4°C and about 37°C, and most preferably about 22°C.

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

microorganisms which may be present therein comprising:
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20 light guide keeps any heating to |l ess than about 2 C. The nethod may
al so include the use of tenperature sensors and cool ing nmechani sns where
necessary t he tenperature bel ow tenperatures at which desired

pr ot ei ns inalKﬁﬁgP%id are damaged. Preferably, the tenper§FﬁF§%V?“%ept
bet ween about OC and about 45C, nore preferably between about 4C and about
37C, and nost (pr ef acablajnesisomprising saiduigigng apppdaginons rhelespryiactes a

systemfor treatin flui 0 ipnactivat. i croorgani sns whi ch.nmay be
present therein cog‘_ﬁ?‘ig@ﬂ'@s_ Y- §S‘\£ﬁ?§’(§9s§ﬁ§§6er Y g§g{sﬂ§is4(f5’41talf1%r)cbeén%gnt ai ner
conprising said fl H%\ﬂg?%ﬁsj\gﬁtgii?@g%@dﬁ@,%d%ﬁ@@ﬁﬁé%b&%eaﬁfe surface

endogenousl y- based er derivative, said container being

equi pped wi t h i nputuffiesns to alivy eapésage of thhdluspreneald en soobacef suf fi ci ent
to all ow exposure of the fluid therein to an anmpunt of 5 photoradiation
sufffcient to actipheteradmiigmrabaepitoacygste thephoipsenglizer; one phot or adi ati on
source for providing sufficient photoradiation to the fluid in said

contai ner of a type and anpunt selected to activate the photosensitizer

wher eby ni cr ogkganhs|@kst e phbioradittichfirentor prdvidingnadidivatpdorddiatlbe
phot or adi ati on 'source may be a source of visible radiation or ultraviolet

radi ati on or bot h. thhefferidin saith obitaines pHa yrereddumaouay seleeted taaktaieon ar e
provi ded, and m)rei} preferably the photoradi ation i s about half Y traviol et
and hal f visible aerRhegesengtiRe: WheiehpRICQQTEGNSESRIEFNt §HSUBRBPEHRdi at i on
in both the ultravial g%, {@@d visible spectra may be supplied concurrently
or sequentially, wWth The visi bl e portion 15 preferably being supplied
first. The photoradiation source may be a sinple |lanp or may consist of
multiple lanps radiating at differing wavel engths. The photoradiation
sout@e shoul d The phajpandiatien seisrs mayibsg Souenn efbouibleradigtion of BlEVIQdglout 120

\F]J/r gpg'r r Zg'g%ﬁgar? Pﬁéotm )f’?gfeyalbtlyr ggtihO\Jiglgle%rr]l u\ﬂrg\i/igie?ra{d.igpc}n grg p(raos\Hgé:cl, %kcli y

. more preferably the photoradiation is about half ultraviolet and half visible although

other ratios could be used. The photoradiation in both the ultraviolet and visible

spectra may be supplied concurrently or sequentially, with the visible portion

15 preferably being supplied first. The photoradiation source may be a simple lamp or:
may consist of multiple 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

20 exposure, such as 7,8-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 typically including flow conduits, ports, reservoirs, valves, and the like.
Preferably, the system includes means such as pumps or adjustable valves for

25 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
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phot osensitizer is one which loses its capacity to absorb visible Iight
after a period of 20 exposure, such as

7, 8- di met hyd,ploQ04dspi t I -i soal | oxazi ne. Any neans for addin
phot osensi t‘l ger/ to the fluid to be decontam nated and forgg{r@g?%ﬁ“{“h

fluid in the photoperneabl e container _kpown.to the art may be used, such
means tysn@amrper}tnehqsa?qaalnfzrrowr@esﬁ@j&f.l&hsf,ple sa%%a,gugéggeﬁéd?@)@wﬂaa ESiSand t he

like. P a i g jHMst abl e )
vl ves f STgh" Hok endofendis RSO SIIEE S TRR RS haS IR nifer®EI e T 01 €
be deconpandfiat eslusion idpleferably kepniventroaighOds iBkyloWa t6 O 410 tb eeevaht ef f ecti ve
| evel s as descri bed above. In one 19 WO 00/ 04930 PCT/ US99/ 16404 :

enbodi nmedetachnentoxfdhe pugaz anoipty. Hraderrbly the phetosansitisydgafdat toftbefiuidatoa bl ood

K G L

I's knowngggibhe art, to prevent detachment of the sugar noiety. Preferably
t he photosensitizer is added to the fluid to 5 be decontami nated in a
pre-m xed aqueous solution, e.g., in water or storage buffer solution. The
phot oper neabl e container for the flowthr oug}rllr system may be a transparent

cm/et tg made &R BBPIPRSTIHGRM eontynerder the i Fhropgh y¥isiPan® PHdl yvi nyl
. . | ! b
cno osea e hidie BAIOLAGLLBORREIHES, ARLE! bBlvere, BRYSERE T2, B8 on

enhancer chlagitie gsol fole it candhgheingpadharhhetial OTHeaivette hefy Rcéici@ed i face may
be pl aced adjacent to the cuvette to increase the anount of photoradiation
contOact i ragliatinm ¢hambgr BpYiRE miresed walset t4 phytesadigtsareenhsnedrasughbiyai ncl udes a

f dij i .he fl t f.th fluid,.,to.desi d | t
P ey for setthd b fiadinto sQied 8" S8k e Daton Bl Pt Brentioghg e 0 e

length, conidiDat@ehabithdaihBend SOOI Bat HeEGHINR14ORe ASH Lidieie tO expose

fluid therein to sufficient photoradiation to effeect substanti al

decont antunadtico T hielsgstens prefethldy ipeledasraghimgp ttheadjustatg theifbve pae efithapart from .
the ligh ource, a,sufficient )

g }luisd to desired Feve{s to ensure substantial decontamination as described above. The

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.

20 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

20




di stance that heating of the fluid in the cuvette does not occur, and |ight
is transmtted fromthe |ight source to the cuvette by neans of a |ight
gui de. 20 In another enbodinent the fluid is placed in a photoperneabl e
cont ai ner sWPY4¥0, bl ood bag, e.g. used with the apheresﬂ’T§§@’€HW
described in U S. Patent No. 5,653,887, and agitated while exposing to
phot or adiphotesensisaen, arferabhgd Sidieetiak | 0uniyEisoalaxarangs 1naddedde thalbédher ei n.

Col | i b used | h i i
of Cobe. LG ShesPirasrde (TR Bag BAMTYGL &b E spdle BRI APPSR a5,
known to émﬂb‘?or%ﬂfatioﬁ udltil ffbsERSaNY RRthd Muidhas bE& &fosdd &3fhe BBtorddigtibag i s

equi pped th at least one port”for adding fluid thereto. I n one enbodi nent
the 20 WItGRAGVMAPOhPEEE WSGBel firéPackapdrbvihehs powdened ppoekersitidey

7,8-dinmethyl -10-ribityl-isoalloxazine, i.s added to the flujd- fiJled bag in
powdér f cromfaingfbthgeaini 4he flapd i breergopiymunaly E@b’tg‘%‘bf"’ea%‘;ﬂ t&ﬁﬁ“tggttéﬂ under
phot oradi ation.until substantially all the fluid has been exposed to the
photoradiaa?lplro rﬂal{QBj)’{T'ernati vely, the bag may be prepackaged with the
powder ed photosensitizer 5 contained therein. The fluid to be
decont am nated may then be added through the appropriate port.

Decont ani nat i dPecontaneimstiars sykans ahdadcabslabayayndyebaldesignedds siandtadent- al one

units or may be easily.incorporated into. existing apparatuses own to the
art for _%%é’?é’ﬂ%yﬁ‘@e ?ﬁ%‘lﬁ’r‘%%ﬁ ﬂ@teéll‘BE’oexbséV’lggaﬂRP‘_faﬁ‘g‘Fé OVRS rarg i ni stered
to a patli%pgraﬁiﬁggg i’%ﬁﬁi r'oa,begﬁg\pnmr%ﬂ-é@m} hagiARPRHab YSRBehGoyde the

COBE Spec ) a esi s systens, avallable from Cobe

Labqpat oréxampld,Rach bloakdevimating @eparatusdshiaclude per @OBESpedeatf obERIMA®U. S.
Patent 5,653,887 and U S. Serial No. 08/924,519 filed Septenber 5, 1997
(PCT Publ dpharasisrsyRismswey @ ible1 Bom) Colte labpeatongso fng or3key/0odn€O, opthene| | as

th h i t.ens.,of, . f act - e At | 15
my be | rARRPTAR SO S e S U e SO b | S From
a pati entgeRmBQ®1997 YBETRRIbHCatich NOSWIO H9M 1965 ) fubelrutbries) k. @

patient, or at any point before
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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or after separation of blood constituents. The photosensitizer is added to
bl ood conponents along with anticoagulant in a preferred enbodi nent, and
separate i {JAfl@spon sources and cuvettes are placed downst from
col l ection points ?or 20 platelets, for plasna and for red%Eﬁg%a’H%?ﬂs. The
use of three separate bl ood decontam nation systens is preferred to

pl acenentceds, hedluidmayhedBingd owesas A ghss cneygatsthradiatipe 40 18P8%¥ he bl ood
! i . . .
separat| Oan*eé%g,gare%tai)efd @P;cﬁ%g%&fr asso%%s%g@egﬁng&%ré Stiod { ‘é}ﬁi&p&k@ﬂ rates In

t he separ onen stalTows “gre ase of i1rradiatron. In other

enbodi mendonitaifas @0 tanduittth@n&aesiaeytorafse WithSothevisiobd @smpBiere used to
process 25 previously collected and stored bl ood products. Wen red bl ood

cells are present in the fluid being treated, as will be appreciated by
those skilled i,n the art, to conpensate, for abso ion of. light by the 21
VD 00/ 04930 PAHASSSSETEHS PHOISRPE {oFLAT] TIAPEHRg DGR 2 B posed {0

i gher _eNoeEssibork BRIk @Relet cArPRORed iR BF-BStin@GlobBLBthobALn! ONOEr
peri ods or presented to photoradiation in al 'owe contalrners or conduits

t han neceksahtiniifdtionssystenishasotdibis inlthe demmgiminetids sysidin divetisge hotesn.
phot osensi ti zers and endogenousl y-based derivative 5 photosensitizers
di scl osed Hexamplc dif %@oagwsmb%ssn%meﬁ ARG eRfagsROEdYpatfederivative

decont arm Gt 00 8Y 8% PRy ikElibn % bOuINSIRCANLANINRLA NS st em di scl osed

her ei n. anp ogenous photosensiti zers

endogenoukyritaisiad) SePhteat N¥s 5, 0LIS 81536123885 990221 kg 519B6EIBS. on can be
used in the decontam nation systens described in U S. Patent Nos.
5,290, 221, 5,536, 238, 5,290,221 and 5,536,238. 10 Platelet additive

sol ytions co isin ndogenous phot osensitizers and endogenousl y-based
der :Ilélat ive p_rr:g{l%tgt?ﬁgﬁkﬁpﬁ%g@uﬂgn R e TSI RO B Oé??BS‘H?% ?8€d ~ herein.
Pl at el et e%gggérLo‘ﬁ@fﬁﬂsh'& uexr;@atm;pmt&senmfer%; dERYibBE abiSR L QlsolhbFdRYr Pose
and include”thosé disclosed in U S. Patent Nos. 5,908, 742; 5,482, 828;
5, 569, 57 %erdn2 Béatale6ad bt 881 ddds land/nTp4bOad dthy sucded fbathed mirpastctinidi ve
sol utions may contain i )
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. The photosensitizer
20 may be present in such solutions at any desired concentration from about 1 M to the
solubility of the photosensitizer in the solution, and preferably between about 10 uM
and about 100 M, 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, | mM sodium phosphate 14 uM 7,8-
dimethyl-10-ribityl-isoalloxazine and preferably also 6 mM ascorbate.



15 physi ol ogi cal saline solution, buffer, preferably sodi um phosphate, and
ot her conponents includi ng nagnesi um chl ori de and sodi um gl uconate. The pH
of such soluti Ons)fa is preferably between about 7.0 and 7.4.P§§1ﬁ$e Sﬁ| utions
are useful RO 00 ers for pl atel et concentrates to all ow dHdhce of
cell quality and netabolism during storage, reduce plasma content and
extend storage |ife. TheBRH PN OP Tty FFeUBESsent i n such

sol utions at ané_Pdesi red concen ration l1;rom about 1 uMto the solubility
of the phot osen8rie LePIFt thRBOQUAVIR pRIPIOADGE SBFLF % abl y bet ween about 10 , uM
and about 100 M nore preferably about 10 M In a preferred enbodi nent, the
pl atel et additive solution also conprises enhancers as described above. A
preferred pl atighet2 depitts iavenebitiohiodhightaipoitaase andhemm@acet abservesiodidum

chl oride, sodium 25 dgI uconate, 1.5 mM magnesium chloride, 1 nM sodium
phosphat epredicrg fpr sed bfioad calg, ang prgdasted faripdyglefsoxazi ne and preferably al so
6 nmM ascorbate. 22 WO 00/ 04930 PCT/ US99/ 16404 BRI EF DESCRI PTI ON OF THE

FI GURES Figure 1 depicts the riboflavin absorbance spectrum Figure 2

depi gts a cor rgbatel PheRéts bheldenpI RNy R Rish SRS Sdviid iPRFROYSamnd
predicted for red blood cells, and predicted for platelets. 5 Figure 3

depi ct's phciddtieatnpestdsedh GV esolutiane THe soliddineavitin circlesmtdicavesgpdreant of Aci d
Citrate Dextrose (ACD) solution. The %olid | i.ne with circles indicates

per cent oitial siboflayinemaming pind o dibgglotied 518 With sapRkes ABYIEYAS PFTRENtwi t h
squares indi cate r- - I Y A ri boflavin remaining at 447 nm
Figure 4 %%Bﬁhaﬁ gl%f)ﬂgwgﬁgﬁsam?é%%@hﬁp%’fi | e of various plastic cuvettes as a
10 function of wavelength. The solid Iine represent a 3.2 mmacrylic
cuvette. The dotted line (----- ) represents a 3.2 mm UV acrylic cuvette.
The dashed | i fgggre-4 demetp teseansmissin profile poyarsqusmeastic CRSFtiesAsdt t e, and t he

of Osiﬁed | rrllgticl)r{] g% \(J:v%;[/e gngqlh.ST%emid Iﬁ%&': ¥é:pz%er:s%gp g B% &x%cgcr?fi'c\:/ 81'[1\56%& The dotted
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 inthe 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 K5 as the photosensitizer as a function of energy of irradiation.
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Figure 5 depicts the light flux required in mMNper cn2 as a function of
flow 15 rate, i.e. the flux required to deliver one joule/cn2 to a sanple

i n-the cuveybfooldsgure 6 depicts a bl ood separation appar atPE?m's[éhzl rforating
t he photoradiation device of this invention. Figure 7 depicCts e

decont am nati gn assenbly of this invention. Figure 8 depicts inactivation
of bacteria i ¥PIEOLPICtHHBEHYAANHDAGETIAGS @i fhagHn ofxjakiet Feeparasion

e UsoortiAbaev el Mo B SR e TP SRR 6 R i P on o

pl at el et (poaPRERL BOV PRI RNGAHY005 additiddlbAtiion(30s30)ng 90% pl atel ets and 10%
pl atel et additive solution (90:10) and 30% platelets with 70% additive

solution (30:70). Figure 10 shows the effect on inactivation of virus,

bact eri ophage .and cteri 5..0f adding antipxidants to pl atelet :
concentrate. Ei‘%ﬁ?gaf O¥h eqf‘l"?éof‘ﬁ‘éaccl“i%té?qﬁﬁ“% aciFgep Fﬁég%g?tﬁ’ﬂ?ex type

1 v4 rusiog%dgipg%ggl%ligg&sgéipf}:]ﬁa%gwcgﬁgtirﬂg of photosensitizer at an energy of:

i rradiat traviolet and half visible Iight.
Figure 12 shows inactivation of S. epidermdis at varying concentrations of
10 photosensitizer and energies of irradiation. Figure 13 shows

i nactivation &8YreX! shawatheigagtyagior sHEEMOF dlsBasSERPIcp RedS BHEs 85 Zer and

ener gi es fherlon @UoAtdidihniol HhBiokduciiANa, LAGRLLY BE i florSyr AMegts and (DX

174 at varying energies o Frradrati’on using & m Xt Ure St

ul travi ohgingaadft Wiralidled ahd GAlf.visiblefightr € 15 shows inactivation of S.
epidermdis and HSV-11 at varying energies of irradiation using a 50:50

m xture of ultraviolet and visible Iight. Figure 16 shows inactivation of
V2 vir i n_bl ood. bags agit.at ed iyradjated at varying .ener | evel s.
HS us FPgure q2 sﬁgws 1Igact1vatleon c?fn .éj epzla{ermzda'is at var)?ing congenn%nons ofg y

10 photosensitizer and energies of irradiation.

Figure 13 shows inactivation of X174 at varying concentrations of

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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Figure 17 conpares inactivation results for vaccinia virus in various
fluids 20 using ultraviolet |ight alone or 50:50 visible and ultraviol et
light. 24 WO 00/ 04930 PCTI US99/ 16404 Figure 18 conpares inactivation

resul ts wi t WOMG* Rt hout sensitizer of vaccinia virus at FP&F{HSAYI6404
irradiation tines. Figure 19 conpares inactivation of extracellular H V-1
at 5 and 50M @figurph@tooseasdstinzaivadnd rasaity with dndredhattisemsiererogivescinid Fi gur e
20 conpares inactivation of intracellular HV-1 at 5 and 50 /..LM of

phot osensiimus 26 vayiee Feadjatieg tipesadi ati on energi es. Figure 21 conpares

i nactivation of intracellular HV-1 at 5 and 50 M of photosensitizer and
varying irradi ati on energies, using p24 antigen levels. Figure 22 shows

i nactivation @halHe\9ldonfaraah¥dtiatibh baekeddeNllak BMEL 5 atiSbAG 50 LM pifat el et
concentrate and platel et concentrate in nmedia containing platelet additive

sol ut i on phictdseastizerradearfingurali2rsdmengiean enbodi nent 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

froma |1 ht S9uie6q A, BETALLER DESCRLETLANL ThRTECa™ A0 aLper et hod of

this”invention ¥sing endogenous photosensitizers and endogenousl y-based

deri vat i WhoRiehffigisindivaeyifig igadix@diddekgied herein using
7,8-dinmethyl-10-ribityl isoalloxazine as the photosensitizer, however, any
phot osensitizer may be used which is capable of being activated by

phot oradi ation..to cause i.nactivation of mcr anisms, .Jh

phot osensi ti zg;r‘g‘ffﬁéﬁ WERGRE %?tbvﬁn%gg1““??8?“"&@%??%81 %ei?‘}%%P %E’Frﬁ%nent s of

the fl ui (A0 qgln' N €941 806h HesQeP N8l | dtichii&leigdoes not break

down as 3ﬁ@§§gﬂ?g%§qﬁﬁe p g%or%d?ﬁ?}on @ﬁfo p &%ﬁbtggwhich significantly

destroy desired conmponents or have significant toxicity. The wavel ength
Figure 22 shows inactivation of HSV-II at varying irradiation levels using

10 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 a light source.

15 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 isoalloxazine as the photosensitizer, however, any
photosensitizer may be used which is capable of being activated by photoradiation to
20 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 toxicity. The wavelength



22 5 WD 00/ 04930 PCTI US99/ 16404 at which the photosensitizer is activated
is determ ned as described herein, using literature sources or direct
measur enentwolgbs493@! Ubi ity in the fluid to be decontam nagesdseyiehdd @
conbination of carrier fluid and fluid to be contam nated is also so
determ ned. . The. ab

] ility of photoradi.ati.on at the .acti i vel ength to 5
penetrat & Y"ﬁé‘:hftpﬁiphoﬁoégrﬁ‘éuzc?g(’:so%c?lgﬁ%eﬂd? defermned g gsscﬁlgggtgf %%mﬁgag as taught
herein. [ RRRAPOELALS SRITRRE AleléRsmE HsN@IUERS hoRe AlidiB@ephot osensi tizer -
wWith its substrate are determned, as well as$ the ranges of tenperature,

phot or adida¢drmumimteihsi ihy @mbinatiomasfi carrierdhdd phd flosbieshea andamimeredent r at i on
which wil] optimze mcrobial inactivation and m.nimze danage to desired
pr ot ei ns alspgPsletEBIRGH. a?h%%{iﬁ’rfgfﬁi@tqrﬁélﬁﬂ%“ £ F@.Ct“i%m%?ﬁﬂ?eé’@%i% and
Figures 1-5 ill uyst ] nadt ' ' i to

devel op geﬁ%avtv? ﬂﬁr%@éﬁo %g?g)g a%nhagggé?j orhggs}fg{oegrﬁn%e?&ﬁflés@%n%g% %ﬁgnmce such

syst em r e@ipré SR ténpray@rdeRp tHeatadivnFdhd photbicawitizBr @uihits sapsitaetre
appar atuses may be desi gned which provide the correct flow rates,

phot oper dewbminedj aswelnd the ghges ofttempetaiugs, photeradistion miendityaandon of

m croorgani snms 15 gr esent.in the f| uti d, ﬁs IS it alflgﬂht her %{)Qﬂ in‘l;hgvftgoui dto
be deconCHFAtE &f PROWRTEPSHIZSF (I CRRB B ENS 7Y SPUEHE FUERCI! FEGTE S with a
suffici eGhd BRIz Af.mRBOtPE ANk QBink AndRE LéVahecdisorRhatiasRn Aitd zer to
react with mcroorganisSns in the fluid such that mcroorganisnms in the
flui ar Exanpbdsi MAtaad Figires aifoilinstraé thehdetemeoatain efrinfarseahipngequired to

m croorganisnms in the fluid is controlled by selecti.ng an appropriate

phot or adidgv¢lep adtpvsHyprsh despnigspnafen %)fsée‘Hiogf}HﬁHB’eB‘flo ‘he phot or adi ati on
source fromthe fluid to be decontam nated, which may be increased through
the use of light guides to carry the photoradiation directly to the

contai ner for gnge stidiéydtend feiRiRALs Hale bphotapeninealibreflowah@upghl for the
container for the fluid, an appropriate depth to allow full penetration of
t he phot @yaamatap@aramﬂe@mayebec&smieﬁe\rhlcmwaﬁeamﬁafwr@m flyherieer s such as one.

or mor e Zp AddLLLonMe ol REAThARLAS: RRULEE Rachl &R A%h¥rMghdlgnoPPosi te

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.

26



fromthe first, or reflectors to reflect light fromthe radiati on source
back into the container, appropriate flowrates for the fluid in the

cont ai ner a propriate container length to allow suffici jme for
i nactivati oﬂ%o %F‘n%gr oorgani sns present. 26 WO 00/ 04930 Pdlgggég?gl}%i{%

Tenperature nonitors and controllers may al so be required to keep the fluid
at  opti m¢mpenapae aanitors Fdyeanarobletiappy: #lso e aeureddnikear thenlWget em of this
invention as part of an arat us for, _separatij.ng_bl oo onpQ and
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al ong wéﬁpgﬁ%ré %%ﬂeﬁn%t?% i%zrgef)i nnb‘égs whi cf?a)a?e phot oglérmegbl e or at |east
suf fi ci eng ppeferpddt@patamiablien ystahl ow sufficient radiation to reach their
contents to activate the photosensitizer. Sufficient photosensitizer is
added to each bag to provide inactivation, preferably to provide a

phot @sensi ti z ongent ration : L8 ARAG 1S

agi jtgt ed whil ??rr A %PFG%S,’ ltpl‘F' &ef?%%c, &@%Ciﬁggpl%%%@%%%& Eottaglac for a
period of yhetWeeRedlRstr if bagdwalkauire ?ﬁotﬁbéﬁﬂeaslet& a® et uffixieasyr e of
substantially all the fluid to radiation. Preferably, a conbination of

vi si bl e | pightpanttablel tb milvivaduéficientglatiation ¢ edchk drestigansents (o acriyate the

phot osensitizer may be added jn powdered form 15 The nethod preferably
uses endoBRAIBIESHEEFE: 0%‘&%&‘1“? EE?‘@?eWSH@FUHiaﬁ]&ed EneRsGrg e pb‘l’]vdg%sensi tizers

whi ch function i ri i l.gl & Ac g L

7, 8-di net Wft-l Yad‘%r E&:f%{)ﬁstgg? ?%@Ea? ipﬁgfbls?sm%? B?‘é‘%@?‘?{égﬁgﬁgﬁg?éﬁg?‘ﬁ 1z0 er for
use jion t hj M iaA¥ R bais abheteahvetiticsitrayiabak) srefdatilp aoatsaut 1hetabesni 20 J/cm®
7,8-dinmethyl-10- ribityl isoalloxazine and nucleic acids does_not proceed
vi a si ngl for apeyigdrof depeertieabout 0 @ndpbewSoaBINUiesdo egiIe CKPONEEAfiNi sn), but
rather by direct sepsitjzer-substratg i-nteractions (. . : |.S{18) .
Cadet et %Hq’.sm(nfglé?s?ﬂjhe_ E’ﬁ@rﬁo,ra §52’20§E£§?§1& %3¢rpylnaé§>r{r§§§1hg§glgﬁﬁéen%ef fects
of 7, 8-di gRt.0diet 1hh ididedlcoheRRdtgX aehotssensltigertiRayBdladdetidh @owdered

form.

15 The method preferably uses endogenous photosensitizers, including
endogenous 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 chemistry believed to occur between 7,8-dimethyl-10-
ribityl isoalloxazine and nucleic acids does not proceed via singlet oxygen-dependent

20 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-dimethyl-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 isoalloxazine plus UV light. This is

25 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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oxygen oxi dation of guanosine residues. In addition, adenosi ne bases appear
to be sensitive to the effects of 7,8-dinethyl-10-ribityl isoall oxazine

plus W |igRogoldabs IS 25 i nportant since adenosine resi dueﬁcﬁs@w?&bﬁ“ vel y
insensitive to singlet oxygen- dependent processes. 7,8-dinethyl-1Oribityl

i soal | oxazj ne appears not to produce _|ar uantjties, qQf singlet oxygen
upon expdEises ‘E’EP digeghinterpgHons 31 Ubéﬁétgﬁ%'gi’t“é‘c 32:7a‘\7€§3(5@706‘88§g‘7“°“
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‘sensi ti zeells pet pRfeinShAcS privaardlgfiom giagkt day@gesduecesciblid meetnligpicot ei ns
arises primarily from singl et oxygen sources, this mechanistic pathway for
the acti matlnvawf/osﬂ@n gastomya -7, dimeshyly1 0-ribyl seadtoxapae allovinrepterat er 5
selectivity i.n its. action,than,is the case with ¢ ounds, such.as psoral ens
whi ch pé%%&%‘é‘%}“g‘ﬁ? UHORHP AR SIEC Fase R URpYn isdglP S BSURABHE YA ood

appar at u L GenaNdng Adhe em incorporating the photoradiation
devi ces ?ngeﬁf S%aneﬁt?o . Whole bBlood is withdrawn froma donor/patient 4

and is provided to an apheresis system or bl ood conponent separation 10

device 8 where_the blood is separated,int o@técpe vari ous copponent types and
at | east one F&BUrE RedeWBRJUCLIRAFFHENEC S FRICFSHOVEE™ FSATRFFIEE)F ce 8.

These bl g)g.gtr%gcﬂg@&pgwiéeswhfsh VeriSnP U410 BILJAAL (SHRRAGN HYm ye by anot her

or may u erapeutic treatnent an e returned to t

donor / patdogéi/patient B8 antiés provdtdae ap@pkertsis epacrator dlogtesimggornt Spandiohs
wi thdrawn fromthe 15 donor/patient 4 and directed through an
ext t&cor govisald widse e blopdus sepatrtethatathg|veogus peroperasit fpos@sd et least one

defining completely cl osed and steri system. The .-hl oo onponent
Separ at 6 (S0P P RGRr BRrLd TEoK b IRRY Th gt SR B e BPISSE 1T ows. from
the donoichRAbhemtt nthyt hEPHEBrovideErot SRsRaR: 83 bY URbASr & MaY luhdéfgo and into
rotating bl ood procCessing vessel 12. The bl ood within the bl ood processing
vessel 12hdrspegisdreatrecnt2@dibrtrotuvizad touke dormwipatempbnent types, and these
conponent types (platelets, plasm, red
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.



bl ood cells) are continually renoved fromthe bl ood processing vessel 12.

Bl ood conponents which are not being retained for collection or for
therapeutic treatnent (e.g., red blood cells, white blood cells, plasna)
are al so reWO\V&4*FPom the bl ood processing vessel 12 and PETHSA%HR4 t he
donor/patient 4 via the extracorporeal tubing 25 circuit 10. 28 WO

00/ 04930 PCT/ Ogeedtiotd4he Blredatomponerdit seharabbw delvico pmmfendblg epairaidddyy devi ce
i's preferably controlled by one, og}dggre conmput er processors included

t her ei n. OB OF HBE SOFPHICT PIPRCAY TR HIC thefelonpri ses a cassette assenmbly 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

needl e int er f ggerabspvRANMDIngORQA! PREdBHised adAtketd 2S@nitdy adsadhlnundstr and
bl ood inlet/blood conponent tubing subassenbly 60 provides the interface

bet ween ofsseng essesbdiebR(), 30 64n80,H00 300 ipersorsssitaththeresgdl. Blpod An

anti coagul ant' tubi ng.assenbl , _platelet collection tubin assenbly 80,

Pl asha. QSPRERATEHTR GG SReBtn P belidsde eic dacDe i eRa BEEREHE t ubi ng. 10
bl - [ i ted

assembl y Sclég?lzﬂgle\ﬁ?gtﬁgpgﬂssteﬂp'a it 84 S d e i So AL o dthehbainect ©

W th cas ass 14. The od renoval /return tubing asserbly 20

i ncl udes sabareedbl 6psideghey/ indéfack beevaariasetie dsdchesle Wi tahd dhabd
anti coagul ant tubing 26 connecting to anticoagul ant tubing assenbly 50
t hr ough @aessting vassskhd| fnapticy serng aseswih PO, plateleh eplipstionftylyng and

back | ded pl i | h hot - d .defir
et anoursrribiEBD: 1258 selecbum AE e B0 Rl S el lanlsfip bl ®
casggtte aes%%@drg b7 ohd VeH! bA1fubifRChuBEREmB I ISR oMo atrvamakid vt GRsHRY

tubi ng | oops 1 hterconnecting various Integral passageways. The integral
passagewaysnérie 14l so i nterconnected to the various tubing assenblies. 20
Specifically, cassette assenbly 14 interconnects with anticoagul ant tubing
26 of

The blood removal/return tubing assembly 20 includes a needle subassembly 30
interconnected therewith and anticoagulant tubing 26 connecting to anticoagulant

tubing assembly 50 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 integral 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



t he bl ood renoval /return tubing assenbly 20 and with anticoagul ant tubing
assenbly 50. The anticoagul ant tubing assenbly 50 includes a spike drip
chanber 52 ,,69npRS8§ abl e to anticoagul ant and photosensitiz 53 and
a sterilizing filter 56. During use, the anticoagul ant tugﬁﬁggg@ggﬁbly 50

suppl i es anticoagul ant m xed m%th 25 Bgﬁt%zensitizer to the bl ood renoved

f r om don6lotiing R CATRPTPIFAEOBIE Gy ARY g ONE lBYF GAR sk to the
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anti coagul anfs are known to the art, e.g. as disclosed in apter 3 of the

AABB Tec hvledihg Mo, ,CED OP20] CPDA -1 298 Bieparim cThie ng wAGDRsAelIGRIBagdCP2D,
CPDA-1 and heparin. These as well as cell storage solutions , AS-1, AS-3
and AS- 5solatiensa) AScloryad iabfl St dretaecomnasglensiil s gKlegen®issi ti zers and

endaogenousl| y- based derjvative photosensi.tizer escr.i.bed Jherein. ssette
nsanb! y PAAOSTEB R L CoR T R eP e AEEL Pt MICHTFer Bea: Aensush Pt ng o
the bl ood renoval /return tubing assenbly 20. Bl ood passes through pressure
sensors, and an inlet filter in cassette assenbly 14 and thence to bl ood
i nl et tubing G3ssettBasseehbilyll ¢tlsouhilndestd ingeradsweciion witbdiomtteatbval t h bl ood

processi ng vessel 12 to provide 10 whole hlqaod thereto for processing. To
return sEprarkedlestreaysbripmdubigsasseah Yg(aagg P"gﬁsa%&’f?tﬁ%’é’ HESEH

i nl et /bl ogd GO @%%w&ﬁﬁ%ﬁ&p@% ls'é'errﬁ\’tg?lflurathQBedc@(iJ) gq)%% ihRd nl¥igegs.cel |

(RBCO)/ pl asma outl et tubing, atel et outtet tubing and plasnma outTet tubing
i nt er conBessEAsMriting 62 iesipo temgnistiddiithbidl mocdsksingd/epsed dRss pruyidessel
12. The red 15 bl ood- cell (RBC)/plasma outlet tubing channels the

sepdr at ewholadblbbd dreretelfpr proReSINg| asma conponent t hrough cassette assenbly
14 to red blood cell collection tubing assenbly 70 through first
decont am nati on system 72. The platelet outlet tubing channels separated

platel ets throyghfrspatdi&l 1968 EBnokéhtd & MlstRl BbertBlly! 18C tHeMlobdIbi NY
assenbly 80 through second decontan nati on system 82. "The pl asma out | et
t ubi ng 2lettdoodtempepant attenlg pisasriny 60 furthph inchsdestreéblodertll y 14 to plasma -
col lectl ?IQBE:&J/giars]rgna 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 plaéma 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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assenbly 90 through third decontam nation system 92. After irradiation in
the decontam nation systens 72, 82 and 92, to activate the photosensitizer
and inacti v§}0e0 0r’r;_7,croorgani sns present, the bl ood conponents_are col| ected
in red bl ood C®%*3%col 1 ection bag 74, platelet collection HAJLEH 1640

pl asma col | ection bag 94. Vent bag 25 104 may be used to vent gases.within
the system 302w bigroets 3¢iardTalompyrrien 04 therdegapamngtagn ssemBIVsfHRY- al one

version of the decontam nati assenbl y o i i t | ged product
130 (whi RVl EPRY ared o8 (BBRER bsdisebithEsulse R o B8 For ca

bl ood) i scqpEeht &dst&%dbh@&a% iDESheted!th BRoiGRodkt e 18845hit h 1€adg fhroggHp 184
to decontamnation cuvette 164. Photosensitizer reservoir 166 is connected
5 to photmsemdB4 t@ deconmpuinatiomeuvied® 16duiPppodensitizer iregsmeoiplibpisicranecied | eads
i nto bl ood product, .Iine 1%6 Uf treamfrog{decont am gg’il onl cuvette 164.

- Decoft ani RAMOMSeNTZE PR B @eéluﬁmﬁfid‘ﬁ meubpune Jyeand lgpdsanipeAd ( 4y and

a |ength éﬁ%%i%éqln%cﬁ%q{p}sﬁearﬁ%#{l gsgﬁggﬂﬁ@%ﬁ@“éf’ﬁl@%é& tatinh&sn 190

conbi ned tenperature non are connected wt econt am nati on
cuvette 18defton6s ¥ pRdtobeiEndabRe duvene b demh@ll) drtba ldgfl () stlected to

Decont am nation cuvette 164 is connected via | %q%ht_ gui de 162 to
phot or adi etsirdecontantrati®n . Coolpizotystead] ¢ ¢anbiapd andeemperitite monitosd92

adj acent to (either touching or . space t from. decontam natiqgn cuvette
T s o | rrp et R MR Earath LR oh crRElin g RETr AR Sohfuct | n
t he ,guvet pr : A - f iati

decolgt am 1trlfgtd i (ﬁ& gﬂ{\?grﬂle 6%“{3393@?:(1)%@?#%3?ggaqg%%%gld& pr(()) L}I@![EB rgcci)lfltll%r::ti on
182. In opeiat16M, Abhondadiatichuethah86 163 is phaded hdjdcémto(ditheotbyshoguot | i ne

186 where it _is joined by photosensitizer from photosensitizer reservoir
166 f | owi yrgeed apart Gpm) deepntaminasgn syveicoktddansreassdhe prsUat Hunp 170 in

. o S 68 whi P | i e £
ate i ossGepbAR e SRS B4 e B8, BeBiaing Ay, foe T ow
sel ected 1@4883HE1 I39! PSR NRELRBmITALER CON R 6350l RBoktdMRAAted Blodd

15 product collection 182.

In operation, blood product 180-is conducted into blood product 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 1s

photoradiation enhancer 163 which may be an additional source of photoradiation or a
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Tenperature nonitor 192 neasures the tenperature of fluid in cuvette 164
and controls cooling system 190 which keeps the tenperature in the cuvette

within a rapggeofasired for optimal operation. The bl ood {
decont am nat i o?l cuvette 164 is irradiated by photoradiati %%9?}#%9#164&

phot or adi aj.i on sougce 0 condycted in |ight i de . The 25

phot oradira{]?%wessb‘ﬁ{aﬁ% ig?/aHBWﬁ&foé’ép]P%r%lﬂa%r?Br a’&%eﬁi?’g PPYHINE 1O%AK ar r ows

i ndicate - adi At d HQAN; il ' s Lpg in the’
bl ood pr odggglﬁgﬁl@#i@ d@?gﬁégarlgﬁﬁaﬁﬁgﬁr%%hﬁﬁ Frglr? @ﬁ)&%?ta g@lfg%ag%}cﬁegcent to
decont aniledtsharing oy ehd Blob84roduct phacdrial adiatettor 6¢niMrrostaminadedbiood may be an
addi tional source of photoradiation or a 31 WO 00/04930 PCTI US99/ 16404

ref | ect | \REOGUG £¥dRdecHpiamainatoR C yesis It s d deapntamisated thegrtriodagdingdi8t i ng

photbr adi oo Bnarsare oS s gt AR RL BB IPEunct “mat eri sl i

cuvette 164. Decontam nated bl ood product exits decontam nation cuvette
164 via decontam nated bl ood product Iine 188 5 and is collected at
decont am nat edn bheeohbpddent usmgl 7, & dimethyt B2ribityl soallemiodi fremSigrea ng

7,8-dinmethyl-10-ribityl isoall oxazine from Sig 1¢al Conpany as the
phot osen&%ﬁ%ﬁ,é%{@? s %EP&%‘OF?WHZEF(%‘ ﬁﬁ%?‘gﬁgﬁ\ﬁom% Mlle, NY.
conposed : i-eal nfy i s i ivering a
Focused 1 DS, N P pdsay OF ol Do B PSR FrabanigBE or 10
355- 380 niglivéring s fadused highisidatrewith ati setendityesfod)20@edblcenfih ieregioni dth t he
systemto achieve out &gts of 4,700 mMNcnR in the spectral region of
4001600 BPm380mmoflts alsedessiblerfe usetierchaigepblgHtltarnwithdhe sxften tof 320 nm

and | ower is neqliqi i uides of. _.varyin | sion 5. and 8
. are asueraBrendh e 7o b el dh e raRE S DO RO Brbolp el o
with a Zlhéj&&b@ﬁofsli)%}ﬁ%fﬂthe-rﬂégio% TR0 g An D1 id SeARMIePL gl Quidefbfect |y 15
pl aced, to adequately illumnate the face of the preferred decontam nation
cuvet te wvahiighdisensiansdpdarnd 8 uwvm) are aysdablowitabe sSpteot. (lerlightiexsipababl es
sets from Lnduat rial., Pl zilsdti cs, | ne. Fqr est .Cﬁove OR. :

light guide tip with a 21 degree’spread. The ¥ mm light guide is appropriate, correctly

15 placed, to adequately illuminate 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 penstaltic 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

32




The flowrate is variable and is determ ned by the anount of |ight energy
intended to be delivered to the sanple. The flowrate is controlled by
means of a 20 peristaltic punp fromthe Col e-Parner |nstrunment Conpany,
Vernon Hill é’V,O‘F"L".“”ﬁI ow rates and type of input stream may W”&%WW‘S‘? | ed
via a conputer processor as is known to the art. Figure 23 depicts an
enbodi menvhibd phdtomdiativarsoitme 260 isadtotatdd toiittadistenbe fed and photasansdizesinp| aced

i bl oqod b 284 i ith i nl t 282,.th h 5 which
Dot osendioe S Aeatar, the pre Suibs moxsdBRr Ak F1c I oA pha sl out
288. Shaker ; i I itate the b 284 to di I

phot osenl;a:%tditég?lhg%éqggji%%&gy@loggstb%?IUSSQ/616484 a\g/]mi | e pﬁot L?Zgi \z;'?i on

source 260 is activated to irradiate the fluid and photosensitizer in bag
284. Alternatively, the bag can be provi ded prepackaged to contain

phot osensi t i zdrhe madiodhef thisindention dpepetaequire igdee of snhansersaych #he net hods
of this invention, do not require the use . of enhancers,sugh a N chers”
or oxygen WERERY N CXYRERAAYFEHBIOWRTT tesq iy e S%%ﬁoa Gnénf %teh%porrgé:jeggs by
reduci ng gheq6xhethe OfteMUTOAGHELIEE BBl pRiteRL QingddinslBrEaishY of BSRnRlHgy or
enhanci ng tﬁee(lr gt eeg%epat hoggﬁ) |&n1accti \?api o%. Furt%zecr pr efg?r ed net hé’)d/s

usi ng north¢ eatk of pethdgeemausvaiont duethsr piefera<l mathodndsigenongbyicbased
derivative photosensitizers do not require renpval of photosensitjzers

from t he dndapenqusipdptqsprtibreasirnd erslogenisty-passd) desivVaiv S PRAICTSIEIZESS no

damage to_ ot her._bl ood _commonents.,. e tel.et I .ol ogi

active fiRPs IRy 588 ?f? aortr%sﬁpgtlga%ﬁfg@% fE'L]Q%Fésqab%gééggaﬁlggﬂﬁ%%si | e of
7, 8161 metdnply HPedr Rblddimaigs @abihex BloA @ oMpeasik . £ pldte fetietRlifBlolddcaliybi t |

i soal |l oxazine (98% purity) was obtained 15 from Sigma Chem cal Conpany. A

portion dictivhifveshapppestwemtserdm tted for analysis wusing a scanning LTV
spectrophot oneter. The range studi ed covered the region of 200

EXAMPLES

Example 1. Absorbance Profile of 7.8-dimethvyl-10-ribitvl isoalloxazine

A sample of 7,8-dimethyl-10-ribityl isoalloxazine (98% purity) was obtained
15 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 analysis, the sample was dissolved in distilled water. A sample

spectrum from this analysis is shown in Figure 1.

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

20 maxima and extinction coefficients for 7,8-dimethyl-10-ribityl isoalloxazine
Literature Amax (€) Measured Amax (€)
267 (32,359) 222 (30,965)
265 (33,159)
373(10,471) 373 (10,568)
25 447 (12,303) 445 (12,460)
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to 900 nm For analysis, the sanple was dissolved in distilled water. A
sanpl e spectrumfromthis analysis is shown in Figure 1. Results were
consi stent yy se reported in the literature for the a 20
maxi -na and‘!g?P%%??on coefficients for 7,8-dinethyl- | O-rP§ﬂ®$§%gﬁM
i soal |l oxazine Literature Amax (e). Measured Amax (c) 267 _(32,359) 222
(30, 965) 265APPRPIEYS Wagslgngthg forampdiauan areyd Beand 45 nmy Thezxypgjomas
(12, 466) 0 0 r i f or
ootk SN QARG Ll UBSRhAR A0 ARROAIRIR, NOURLED lddRal

irradiation are i'on coe served at

t hese abgetfihange MBEXsdmitiRr fUddlugdent to ensure adequate activation of the
sensitizer in solution. Exanple 2. Solubility of 7,8-dinethvl-210-ribitvl

i soalloxazine 5 Solubility in Isolyte S, pH 7.4 Media The maxi num

32{2?k€%5§30f|758[ n%hh | -1.0s 1l bi biga!loﬁ?ﬂ ne ﬂ{" solyte S nedia was

: xazine was m xed with
| solyte §o%§'lﬁ#:iﬂlso@%ﬁé(§ gﬁghgqg\@igforned. The m xture was agitated at room
t enper at rtex m xed to ensure conplete dissolution
of the suspentiadmmxirtimadolubAig) éfi 08adimethy8-10i ity VdoaliOxadihé frylsolyte S
i soal | oxazi ne was added until a solid suspension renmained despite
addi t i on&redipreedetsiringd as fliavsuspensi on was then centrifuged to renove

undi ssol ved material. The supernatant fromthis preparati on was renoved and
anal yzed using a spectrophotoneter. The absorbance val ues of the solution

were 15 det er migngichedtiyl 44 7ribity1asshl Bk Szinenwab hiRed Bathaxdlircs Lam £oefficients
that were determned previously, it was possible to estimte the

concent r aracgmtasd was borgredu rldteadixture was agitated at room temperature for one hour

10 and vortex mixed to ensure complete dissolution of the suspended material. Additional
7,8-dimethyl-10-nbityl 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 uM = 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 uM = 63 pg/mL
Concentration (447) = 160 pM = 60.3 ng/mL
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solution Concentration (373) = 110 M= 42 g/nmL Concentration (447) = 109 M
= 40.9 g/nmL 20 Solubility in ACD A Anticoagul ant The sane procedure

descri bed above was repeated using ACD-A Anticoagul ant. The val ues

obt ai ned froMPRESL neasurenents were as fol lows: Concentr BETHNYI(14%4) = 166
M= 63 g/nL Concentration (447) = 160 M= 60.3 g/nL 34 WO 00/ 04930

PCTI US99/ 1640%he Fileesattamed dhira these sfudzmindieate as ipderesmitredischbditaef upper
fimt of solubility of the conpound that may be expected. Exanple 3.

Phot odecB¢re8iRausd that maysyPRSCHGt - 10-ri bityl isoal | oxazine in Aqueous
Media 5 A solution of 7,8-dinethyl-10-ribityl isoalloxazine in Sigma ACD A
was prepared at a concentration of 63 g/nL. This preparation was taken up
into a gEgampld3.PRhdctoddebipasiasn ioh 7/88@inRahvl-vi-ribitW idoallokazipeice (365 nm
,.max with fiTters to renove Iight below 320 nm. The suspension was

irradi ated for spehguecusiMiedia/al s at which aliquots were renoved for

t [ | ysi f the 10 .di | 7, 8- di hyl -
3?%&?;?"?28%%5 R MR R T B A S U
I nterva r icgt [ J: : ; .

Phot odecgre g% Ftat?g#bg‘fser@{agf) ﬂ%? H% i 8 r |I%ﬁe§?]%in§gg\lla;£g§g§i em-lrﬁp)g%ssllzxposur e

to W Li gipetté 36 pnntd imthAgiath Sod UM Bghtlsbumei(a6s am Ame withofiltdratd i al , 373 nm

%of Initial, 447 nm 15 0 100 100 5 87.3 61.6 10 90.5 76.6
remove light below 320 nm). The suspension was irradiated for specific intervals at

which aliquots were removed for spectroscopic analysis. The absorbance of the
10 dissolved 7,8-dimethyl-10-ribityl isoalloxazine was monitored at 373 and 447 nm at -
each time interval. The results are depicted in Figure 3 and Table 1.

Table 1. Photodecomposition of 7,8-dimethyl-10-ribityl isoalloxazine
Upon Exposure to UV Light (365 nm) in Acid Solution

Irradiation Time % of Initial, 373 nm % of Initial, 447 nm
15 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
20 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 -m* electronic state transitions.
25 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
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15 100 70 The absorption profile for the solution at 373 nmindi cates that
no significant 20 deconposition of the reagent occurred over the entire

i rradiati onyRediashe The absorbance of light at this mavequg%ﬁﬁgg&&fsponds
to n-n* electronic transitions. The absence of a decrease’in elntensity
of this peak over tinme indicates that the ring structure of the nolecule

i s i nt actthedgpiimectpylokeal tpedzine backbent end thedformeties ef ¢ 8rdinmtetiyrialloxozine

absor bance of the | ecule at 447.rimi. gue tort-,t* electronic_state
Lransi ti i FesdtThBSSEhpRERST KORRICRI it BGFIregePRI R 1ok EIoR O s,
wavel engtflobhil Jpdhifadhen with @Y fhtOon times is indicative of subtle
alterations in tﬁ% resonance structure of the nolecule. This change is
nost likely due to the loss of ribose fromthe ring structure of 35 WD
00/ 04930 PCT/ US99/ 16404 the 7, 8-di net hyl isoall oxazi ne backbone and the
formation of 7 e-apparnhiackiof drepmprsitiaisofihe sigglstructpreebthemelgede a3 @

LSt ith Li ture.reponts on the behavior .of the. | ecul.e _upon
et at AP tetsyS PRt SRE Pt SRl b BaetindetSimiR SRRt ng
struct ur p@fing endiRIRC HsBrmli Scanf flRob@nke 60 ASclhIR iR BSIBHYAWRBHshED
psoral en based conpounds under simlar conditions. During irradiation, a

si gni fi calits b¢hayiersdahe makdculshis copsistend with thestskeondnge featisrepbtheviag  Thi s
behavi or ng t he n&l ecu(%\e; is contsi g{qglnt Wi th the resorhance.fgatures of the
ring st U HFeaXhBrPIeiadasey eI SHAPAOT §rEey PRI YFI &R gy in the
excited sh@bbule TRLeSHIRsictveQEgest ructive fashion. 10 Exanple 4. Flow
System Concept Evaluation Light Transm ssion Properties of Existing Spectra

Cuveédt e Ewamplesti hipvwSestenaCouegittBvalsawanposed of pol ycarbonate. The
light transmssio perties of this cuvette were neasured at 373 and 447
nm by pl ddghiglrapsmissigndirppertias phBxistinmspecaraCyetts UV spect r ophot onet er. The

val ues obtai n%e‘&fs%n@%p%?tr; Qlue?t\é\ﬁs 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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Wavel ength of Light % Transm ttance 373 nm 66% 447 nm 80% These results
are consistent with those reported in the literature for 20 pol ycarbonate
pl astics (see Fiqure 4). The literature values indicate a steep shoul der
for the tra‘ﬁ@ﬂ?’g‘g’i’%n of light through pol ycarbonates in t hBCFE§IEE48f 300
nm For the region above 350 nm the |light transmnission properties are
adequat ecivettetwiirs to agrpk itiiapilose, Ltherhit iFpessibie tuestiorsn ths IGit dlukat ed as a

Function of Flow Rates 25 In.grder f a flow syste ho be feasible, the
sanpl e niFSHITBBICHISAR HRECHRR pf dow r%%gﬁ% gh ey tfe?n@ P¥during its presence

i the begmBatlh of LIk HEORRSFtheSHERREB0 23 YOHOY0493Q RATASSRA 16404
cuvette were serve t pur pose, I's possible to estinate the
light fluKe n’éﬁﬂﬂhfr&fmﬂh gel$n thid rgtin ahhetudtewan deektdrinimadgfomitke cuvett e as
foll ows: The volune of solution present in the irradiation zone of the

cuvétte fallosang@qeat®myis. The transit time for a cell in this region of

the cuvette can be determ ne fr\prpthe fo | oW ng equation: T = Vol une of
Cuvette (ns) Flow Rate (m / mnute, the transit tine
(T) would be 0.00375 nin = 0.225 sEgndate (M#EBhergy to which a sanple is

exposed i s dependent on the flux according to 10 the foll ow ng equati on:
Energy (Kt 100whlepecnilnute, the teandidtimel(TL wd)ild bel0.683 73 msee.().2251400nds. f  we

assume that 1 Joule/cnR is required to activate the sensitizer adequately
and the transit time (T) is 0.22 seconds (i.e., flowrate of 100 ms/mn
through the 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 3.

These results indicate that, for a 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
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15 cuvette), then the required Flux during the sanple's transit through the
cuvette is 4,545 mNcnR. A graph depicting the relationship of the
required fl the light source to flow rates through vette is
provi ded inaéi({é])ir??;egba These results indicate that, for a flptg\?vﬁ)ssgégpg% to

operate properly, UV sources wth outputs in the regign of Watts/cnR are
r equi r ed.by20ersugingdho aiiBuanhGuenise Srpehehsosicddient Gag 9%9&%3%}@6}1 ntration
of platelets, 1 ! f - Cal.

eval uate rf‘%celoé&t%}e%%{m cjtsg S\Eﬂ%%ﬁgwﬁ%ﬁ%&%@%&eﬁ%?@ g%Z(eQE 611}1 ?5‘1 g%ﬁ{qutg?r{t)}%e and

the effegbarcefin®asp) relithicakMegobadiged Gsravaer. i Details bhtheektsiidal efactibght
penetration, several prelim narﬁ experiments were carried out using

cheni cal aadttheoreghadg utilized foresa prepargtor ATH asi tagght e Gecdena A Arapd dordf

| i ght intensi pnating froma source, .37 WO 00/04930.RPCT/ US99/.16404 b

measr i nd‘?‘hé{%@%m @?‘Fg“‘ékf HBB‘%i%ﬁPaQSE%%% faftsn! Rty g“é‘@{lesa d

chemi cal B%Jeﬂ@es”ﬁﬁ&hntml%g égggg)gﬁ% %j_gg?i oxal ate solution was utilized
[

in order ¥0 ‘heasure the  soufce int ty relative to that observed for
water. Details of the chem cal reaction and the nethods utilized for

sanpl e preparation are as _taught in Gordon, A.J. and Ford, 5 R A 8&972),
"The Chemi st' Saoyngsaefiine () pa#alosre frepsreb tha tespareria §UST guR'eod and

\Tg]; gr SP gg%é%é#%E%r&@gﬁ%d%ﬂ%%@ﬁl)atocﬁ%() vé\i/g?él(-ﬁ%r trgﬁglggk 635X Tk galnllaélés oxal at e

est materia product at varying red

cel | hema}gethdSlbaddd td 2 9RRAIESJebRa Blivdde Bhd MlacElas ehesiaridiAidn adehebly.hen
| oaded into a standard Spectra cuvette and placed in the irradiation

assébrbl y.SabfplSawptecsxpaegdefor ppodetdmhined pime- intares!sricamespondimgi tatles desired

correspondin o the desired  _ener dose level (1 J/ . _The npl es were

then r epﬁ?&%g%’a‘i‘ﬂfeﬁ?l‘@l gln'f{ﬁﬂ‘t)' he %?G%%Sr‘gF@ﬁL%‘f r _%“thaél%g%%?m\%gt ‘%ﬁt erm ned

by r eadi %nm%io%tmf G820k ad B&elifiBtd ﬁptréédiﬁgjmerabeor%a - PeRant hifield ne

solution at 510 nm as described In Gordon, AJ. and Ford, R A, supra.

Hi gher alisarlhEhphenaathroknaswauiiow a0 e aotiegpribat eém Gordpt, Ap&rmatifatrd,on i nto
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 After Exposure of Samples to 1 J/cm® 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 15.4
Hematocrit
RBC, 5.07% 0.20 0.26 8.3 10.8
Hematocrit
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15 the sanple.
J/cn2 W
for red cel]|

Absor bance W&fa

ARE®

The absor bance val ue observed for water
radl ation was used as the 100% Transnittance | evel.

after

were determned relative to this stan

Af ter

exposure to 1
val ues

Tabl e 2.
Exposure of Sanples to 1 J/cnR Uvi?‘{lga%’[“ 4

Aver age Values anrpcpnf the Mean of 6 Experipents. 20 04
Val ues Afe Rel gtjiave tg Wat @rogsarrpl es. #bsorbahce a dAver gpe
St andar dj|% g%{lj 510 nm Devi dti on Transmijttance Deviatfi on Water .40
0. 04 100}0 3062 40 0 10199 5 4 8 25 Hematocrit RBC- 3.7%1 M6
0. 38 60. ’ obepatiocri i KRBC, 5. 07%y0.¢920 0.{26 8.8710. 8- | Hemaygcrit 38 WO
00/ 04930} P %@%g{igazm RBC, 6.0%0.13 0.095.2 3.9 Henptocrit RBC| 10.2%
0.23 0.1 patocrit 5 BBC 16.3% 0125 0 11 10 414 6 Hepptgerit
RBC, 5 21. $9R&®O96%096 |3. 6 3.6 Henatocpif) RBC,| 80. 2%4. 01 p. 11 Q.63 4. 10
Hermmat ocr it Hematocrit

RBC, 21.8% 0.09 0.06 3.6 2.6

Hematocrit

RBC, 80.2% 0.01 0.11 0.3 4.4

10 Hematocrit

Using these values, it is possible to calculate the penetration depth of UV light
by using Beer’s Law (A =€ b C). '

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 0.3 3.7 1.11 0.218 .196
0.0525 03 6 1.8 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 0.3 21.8 6.54 1.444 22
0.0033 0.3 80.2 24.06 2.481 .10
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Using these values, it is possible to calculate the penetration depth of W
light by using Beer's Law (A = E b Q From Lanbert's Law, Absorbance = Log
(1 /Transmybagesseld |f we let the concentration (C) be e e

hemat ocrit of the %arrpl e, and since b = 0.3 cm(the path ?gﬁ}gts%9918%ﬂt he
Spectra cuvette), then it is pgssible to determne a . pseudo-extinction
coefficient fosingHee ¥ H?ﬁ%t%ta‘(‘E‘??S S?/SCBPS‘E?EP?}V& itméaszﬂ?éﬁlpgeatr‘? IFYE} for the
red cell =Y Ehe heppkgerit times the path )
| engt h. ﬁ%ggyeegﬁfléggrf%b%fcoe?ﬂogﬁ%% S%‘?ﬂé?ﬁ)e sg%p?esi is represented by the
slope of this line. 20 Table 3: Determ nation of Extinction Coefficient for
Red Cell Sanples. T B HCT B*HCT Absorbance |log (1/T) 0.995 0.3 1.3 0.39 :
0.002 . 0051 Therduoig the gxtinctipngogfi@ient germits cogaueBofbthe pgnatratpn . 71 25
0.097 0.3 10.2 .1.013 .33 ..0.104 0.3.16.3 4.89 0.983,.20 0.036 0.3

21. 8 6. sHstEnGEf UY 2t 15957 4e% Sigp S2%1?6%.°a§f§hiﬁm§5h%at?ﬁrb4 %o
PCTkUS9 %i‘s%gﬂnatigﬁl gk bR nuabi 8epARF MNGEhAS @R 084 o BRMBeidbt I1BS

possi ble to determ ne a pseudo-extinction coefficient for these sanples to
be 0. 0866duldBeaabsatbed wasrdetdreimed usieg therfodoeing euendn:perm t s cal cul ati on of
the penetration distance of W light i gt($ red cell sanples as a function
of the sanple hematocrit. For 5 t s & tymati on, the penetration depth of

the sanpje | ?d%ipgﬁggggéfzggfh{}%én@ﬂ | dtr?:__L Q\.@EB%I ‘é@%' Sintifle ABRAIRAH pras

determ ned usin oW ng equ
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.

Example 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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A =1 (90% Absorbance of Incident Light), E = 0.08661, C = Sanple
hematocrit, b = Path Length. 10 The val ues determ ned using actinonetry
were conpared to those which were calculated previously using estinates

t aken from D GP&Er ophotonetric nmeasurenents of 1ight ab§5§r8’a§ﬁ?fb6“?“n r ed
cell and platelet sanples. Figure 2 shows how absorbance and di stance from
t he | i ghtlOsmbitddsasdioxazing gsed; aud sanple Precessiag CepMBART WErepPamiaedipri t h

ob d I .. Th I indi f . I
nemnt ocr (09" FPAS e ELgF 5h ot B aoR reerEnt Rt Bom & SRR B 19 oo

conf i gur ak{aBisiPhn bPhrophREGRhiRtht WiRdGR ol indBhvatibhQ IV -$aMBloat t 0 a depth of
0.14 cm This represents a flow path width that is |ess than half the

wi dt h of cohpromisienplapedunationcuvette. Exanple 6. Effects of Virus
I nactivation Treatnment on Platelet In Vitro 20 Paraneters. Effects of
virus inactivation treatnment on platelet in vitro paraneters were

I d. Pl I ' : | 7 8- di : i bityl
soat | oxazi ne SR EORGERITSH: Rt (SRR Eab Aoy B o

wer e usegiis] HAilbRZnf Plafkledd ebrainell Yveh b @findardBptetra LR JledlRctibmevetde
extent of changes induced by the treatnent 25 conditions. Factors such as

ener gy | esed f@fthede¢ dnadjet. exposure, dose of 7, 8-di nethyl- 40 WO 00/ 04930
PCT/ US99/ 16404 10-ribityl isoalloxazine used, and sanpl e processing
conditions were examned for their inpact on platelet quality

t-treat ' | e
post-irea mn%taxﬁﬁﬂéﬁ%ﬁa}e%m} I;%I’tﬁfu%gﬂqé{ c@ﬁd%nH%ﬁ:CIh%_' Pl\e/tfc?éttvfc?lﬁg 3’?h@ﬂellet

appropriate treat ctivation of

conpr om sydsgreflspesdestt infauTc30 dsolyte Saipl ds MeGay duepdeédd: Riasrha)tdohemn.
different concentrations of 7,8-dinethyl- | 0- ribityl isoall oxazine.

Pl ai@l et ,d@imethek 1 f-ribityhiseelieraaing asﬁmnealfmsoemt@{l@no\ﬁawteéemmrs819 f or

these st up asma:media mixture. 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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Start ing sanples were centrifuged to concentrate the platelet pellet. The
pellet was resuspended in a 70:30 (Isolyte S, pH 7.4; MGw, Inc.

Medi a: Pl asn®y o§@dosd i ON. 10 7, 8-dimethyl -10-ribityl isoall 95%&%%6?0% t he
speci fied concentration, was present in the plasm:nmedia mxture he

pl at el et suspensi on was, thrqugh a UV irradiation chanber at
one of three specified 2@0?“2}? ?mﬁ C}I ow rates were directly correlated
to the energy level of %%bwecfwﬂ% Qlyres {Blshedi a ni xture which passes '
t hrough the irradiati on chanber. After flow ng through the irradiation
chanber, 15 sanples were stored in alcsdc) at2e pl asticized sanpler bag for
subsequent analysis. Following irradiationF in vitro nmeasurenents of

pl atel et functi on, |ncI udi ng hypotonic shock response (HSR), GWP-140

expr ession, pH, pcoz, eek nt, were eval uated
n drder to determine éyéf‘r“% ?Jrgﬁf Mﬂ%@g@ocol on cell
quallty. 20 Pl at el et quallty was nonitored as nction of irradiation

conditions (sensitizer concentration and flow rates/Energy |evels). The
platel et quality includes paranetéfs d&id2as HSR response, GWP- 140
activation, etc. The flow rates that aré&.studied can be related to the
Energy of exposure as follows: Transit Tine (T, sec) = Exposure Ti rre =
0.375 m's 257 FLGQY oféllrer &Wé?ﬁ&uﬁqr{m%éﬂt%% ofF78ﬂuEl: 24
(ms/mn) 0.375 ms = Volunme (ms) T (sec) = Energy
(Jaol es/ gibidyl 15021'1'1(1){)121(1;3 omt%e:stﬁbxlr’ry dnd smbx)hty dDOEatEd plaﬂﬂas was evaluated

Three energy levels and three concentration levels were evaluated as follows:

Energy Levels: 1,59 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 Functioh of

Flow Rate Through the Irradiation Chamber

Energy Delivered (J/cm?) Flow Rate (mls/min) Time to process 20 mls
(minutes)
1 16.90 1.18
25 2 .45 2.37
3 5.83 3.55
4 4.22 4.73
5 3.38 5.92

42



F, The effect of energy of UV exposure and concentration of
7,8-dinmethyl-10 10 ribityl isoalloxazine on the stability and viability of
treated pl I s evaluated. Three energy |evels and

concentr at ?\%ﬁoﬁé&s s were evaluated as follows: Energy Le gl}@%”i“%o‘@ J/ cnR
7, 8-di mef-hyl =10-ri bityl i soalloxazi-hre—Corcentrations—1—50—300—M*15 *
Level s of total en@rgy exposure wer e gegqerm ned by the flomqate of tjhe

Suspen3| A—th CUUh t+he——r+ragtatofr—echanber—+r—aceordance—wth—the
conversij;n chart of Table 4. | ** Sinc2.4tlhe nmedialis dilute&d%0: 30
(Medi a: Pyasmey—te_stock congentration of 7, 8= dffmetnyr-10- I‘IDI[yI

i soal | oxjpzi ne in n®dia alonelpri or t&.I4i xi ng witlh the pl Shh wa adj ust ed
approprigiely. This required|starti nglb%gncentratlons I'n l?@ ﬁte S of [|1. 43,
71 4, 2P and 143 Table 4| Energy osure levels as al®8Action off Fl ow
gThr pugh t he Ilrradl ation Chanber Eﬁ gy Del i ered (J/ﬁ:)1 FI ow Rcte
/ cc. . 201lm o a __ 9 37 3
5 83 3. 551ux4=a643@_wm1 5henee\5>lme —@lmndn;/ 04930 PCTI US99/ 16404 6 2. 82

7.10 7 2 2.1
alues or t%eatgd samp ]'les weZe compared to control groups. The control samples

included the following:
Untreated Sample in Plasma (Historical Control)
10 +Flow-UV-7,8-dimethyl-10-ribityl isoalloxazine
Procedure
A normal donor platelet apheresis product was obtained from an AABB
accredited blood banking facility. The sample was collected using standard Spectra
LRS procedures. All manipulations or procedures described below were performed
15 with standard laboratory safety procedures and methods. The unit number and blood
type were recorded. All samples were used within 24 hours of collection. 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

20 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-

25 10-ribityl isoalloxazine the stock solution was filtered through a 0.22 pM 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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9 1.88 10.65 5 10 1.69 11.84 Flux = 3640 MWcm ; chanber volune = 0.117
ms. Values for treated sanples were conpared to control groups. The

control sampbh®geedsfic! uded the follow ng: Untreated Sanple iPETﬂf?ﬁﬁ?o‘t
(Hi storical Control) 10 +Fl ow UV-7,8-dinethyl-10-ribityl isoalloxazine

Procedure A normal donor, pl atel et apheresjs product was obtained from an
AABB  ac SPBHINECA5F B34 ERKP AYOILLXPPTUS to light- Samtles Wake Riepared ae@rdiag ng
standard ongfty@ LRS procedures. Al manipul ations or procedures described’
bel ow were ‘perfornmed 15 with standard | aboratory safety procedures and

met hods. The unit nymer and2bi@pds type were recorded. Al sanples were
used within 24 hours of collection. Aseptic procedure was followed for all -
sanpl e transfers adf0pMcess? sgmpleeps. The sanple was transferred to a 500
m s PVC transfer pgﬁé@gd centrifuged at 5000 x g for five mnutes to pack
the platelets. Pla s thefPRfoved fromthe 20 platel et pellet using a

standard pl as 'Tqierﬂ'lﬁlé%t Bgllﬂﬁ »@JSQEéWre‘é:@s%efl@éﬂgqgmgPLaanaf.r{‘lE&iE%gixﬁ%eto théne pl asma

renoved fromthe 'ce ellet was then m xe a stoc o) I on of

| sol yt e Srigitd]l VolimdbGhestdrting sathpls. Theckmpld wiad eshnettetiedh dlowesprpifpar ed by
adding a pre-determ ned amount of 7,8-dinmethyl-10-ribityl isoalloxazine to
| sol yt e SCFPTHEA eRMANFRHEE celbhpndwhotesearitizen a ronwiney foymediggsaldi3 4M

Col ut1 on SeBETI} PEPESofRiELE A ed gy & Lheleind AEMARAAINERNELS) I

was16 hen aﬁi:lmdﬁy\ieqlhrw Wit aqusnR| PEXER delisRerdRti A and m¥adid MetOfléWed RIOYI de
final 7,8-dinmethyl-10-ribityl isoalloxazine concentrations of 1, 50, and
100 M r eypesta haldliya hplder mathor epraerad ival, otadisted by leghtsotnge - Thisr i bi t yl
i soal | oxaziéme .St 0}(1:k 43 VWO 00/ 04830 PCTI US99/ 16404 :

irradiation chamber was equipped with a temperature probe. After passing through the

cuvette, fluid was collected in a product bag.

The tubing set was initially primed 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-dimethyl-10-ribityl isoalloxazine+ 1 J/cm®
B. +7,8-dimethyl-10-ribity! isoalloxazine+ 9 J/cm®

Sample Run #2: 7,8-dimethyl-10-ribityl isoalloxazine= 100 pM
A. + 7,8-dimethyl-10-ribityl isoalloxazine+ 1 J/cm®

25 B. + 7,8-dimethyl-10-ribityl isoalloxazine+ 9 J/cm’

44



solutions, care was taken to avoid exposure to light. Sanples were prepared
according as follows: 1 M2 sanples 100 4M 2 sanples 5 50 M1 sanple The
pl atel et pellet was then resuspended in the plasnma:nedia m xture to the

ori ginal vo"@M%P t he starting sanple. The sanple was conf&EfHEd1%% 1 ow
apparatus conprising a container for cells and photosensitizer, a

cont ai nerSaimpleRui 43: sFi%ddimethyhil faibityddsasdloxarinecS8Mi a val ved lines to a

single line for m xe | |.s/ sensi.ti,zer.10,.and.nedi a equi pped with a punp.
M xed cel | s/ sensi t?zgrrfgrdd il'jlo' W%’lfﬁc’&u%’&azi”ﬂet&oa gcmcuvette held in a

hol der with a mirrored wall, irradiated by a |light source. This

i-rradi ati on chanber was equi pped with a tenperature probe. After passing’
t hrough tSagnple(Riei #¢: Cboirdl 8ampig| 7,8alirgthyl-H)-pibiglisbalbeazimérel pivbi ng set
was initially primed with Isolg/t,e S nmedia, Five mnutes prior to 15 the
starf of the test darpilevi¥y¥w 8dreethyhhy-ribityt Bealg@@zHet i vat ed. Tenperature
was nonitored during this interval and kept |ower than 32C in the
irradiation chanber. The flow rate for the sanple through the irradiation

chamber was d@&lﬁgaﬂx@%gimye ideRBfi6018y thedtun TalltRr 4nd Edra¥e @@ HeWhatiomdr ovi de

total irradiation enhergy levels of°1, 5 and 9 J/cm were utilized

accor di ngotiespdmliigtd toedtmgnt @stditivg (at, 1iAY: Each SampleseRuas i for a total of
7,8-dimethyl-10-ribityl isoall %&gzi ne Concentrati oci“l =1 elc\ﬂ A .

+7, 8- di et ieplicates. The prder s WhIODSREPISSNETE tFAtefWas delermanes Dassignmet 1 i bi ¢y

i soal | oxazine+. 9 J §m@l : 7,8-dimethyl-10-ribityl
i soal | ox&: F?\rglznglt&f{%]md%\r.n + ,eg-ggfgrr}éféﬁyl -10-ribityl isoalloxazinet | J/cm

25 B. + 7,8-dinethyl-10-ribityl isoalloxazine+ 9 J/cmi 44 WD 00/ 04930

PCT/ US99%4.6404 N
10 A sample volume of 20 mls 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 1rradiation

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 30001 Centnifuge;
Corning Blood Gas Analyzer; Becton-Dickinson FACSCALIBUR Flow Cytometer;
UV irradiation chamber; UV radiometer (UVX Radiometer, UVP, Inc.); EFOS
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Sanpl e Run #3: 7,8-dinethvl-10-ribityl isoalloxazine= 50 MA +
7,8-dinmethyl-10-ribityl isoalloxazinet 5 Jicm Sanple Run #4: Control
Sample, 7, 8uQ) diRksy! -1 0-ribityl isoalloxazine= 0 p.M 5 A

+Fl ow W—?,@d@et hyl -10-ribityl isoalloxazine All sanples W@re T Hekt i fied

by the r nunber S Le letter desi | i . t reat ment
conditio F??‘g?ﬁopgg%lﬁ:@ﬁsélwaél@é?q O\klggﬂr%h?]%?%rnﬁgf){ oﬁ a?y(ﬂ;!ft&g)zta?%pl i cates.
The orderter}lgegﬁﬁjrggroﬁr{mﬁowﬁe)t_reat ed was determ ned by assignment '
according to a random nunber generator. 10 A sanple volune of 20 ms per

run condition was collected for each sanple. These sanples were collected
into citrate plasticized sampling bags (53 ms taotal ,, vol ). and stored
for anal ysis. Fl‘é“st@ﬁﬁ%“rqhﬁe&ggt%f 9‘[“??39%Sa‘?‘ffﬂeé°5’r?ar%r f}}er‘%é#‘ﬁ[rgicf}ﬂdﬂ(%sanber
was noted_at _the s Py ele) : [o'R \Gh_ : bidAdeal al i quot
From eactt! spesdrter B e Bd eRfe BT e PRRALuSRep v i4RIb RS

Par agret ensird@tompatidoh o the Ghiteted eattol somple, wasHna@CoR] sipificapd at el et swirl,
HSR, and GWP- 140 anal ysis. The renmi ni ng portion of the sanple was placed

in an emiffereacesaledinpil by @l probatylityar )0 fom aparadaengysilsd, andest df st or
five days post- treatnent. On day 5, a second aliquot was renoved and

anal yzed P8YShe same in vitro parameters. 20 The fol | owi ng equi pment was
used: N kon Labophot m croscope; Serono-Baker System 9000 Herat ol ogy

Anal yzer; anal ytical balance; platelet incubator (+22 Celsius) and
rotator; | abofTataesultsdfom gesastdigs-werCetimmasiped g illoays: 3000i Centri f uge;

Com ng Bl ood Gas Anal yzer; Becton:D ckins FACS I.Ilt%t%g Fl ow. | toneter; WV
i rradiatilon cHeRBRTHZANGOPSAIBREPR I IR Hbtgé’t"grp, AN ORI TFUOEBEGS 45 WO
00/ 04930 PCTI Q | Wat 4! %& S HH3RPIAM Mkt BHARUERUt and
340991m bandpalsajgg%i[ ﬁ'?gr g?/fllﬂatrt\%&gt grgrﬁiéirra ur eal ﬁogea%fhfgprmcou le).

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 uM, 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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Results for each set of test variables were conpared for the defined
conditions of energy of exposure and concentration of
7,8-dinmethyl-10-ribityl isoalloxazine. 5 Direct conparison _to the untreated
control sanPP¥#3% rade and significant differences defi né’&%ﬂ?”"’“o“
probability p>0.05 froma paired, one-tailed, Student's st | ysis.
The resulresilfsradsn mﬁ@g@dsth&tohmawgéh@ﬁﬁmﬁozér@a%eﬁt@pp%@ns ?or the c‘ggnsi tizer

t f, 10 d b
O BEs06! thiseradat a8 o8 wipiset Wera s letipl PSRk LAbARISP 20" e
steadily 15@“]%5@21?1@%1% &fwﬁlti&ftm ligRES M6 PRC Eﬁb'a@nétﬁhi@ Seffecd oBthiPy day

3 of storage. Al in vitro paranmetersS followed the pattern observed
Wi t h sanpldditivelvhi2h any lse nedemasicdyi ahasgesphahpiomgearpeocaseigacdhdisionodt
whether or not the sanple 15 was exposed to W light. 3. At platel et
concént r 4h¢ e#18Pl6s- 5. 4E+05/ 4L, there was no drop in sanple pH after

ext ended storage at any sensitizer concentration studied up to 100 M 4. At
sensitizer concentrations up to 10 M platel et concentrati ons above

1. 5E+06/ ptxarapd HVMERwebmel $fEhkaAr SheRies oiERed Crlls N4 Fuattion opBlow es
were 20 conparable to control, untreated cells. These renmai ned conparable
to control |evelswﬁmﬂaﬂays of storage post treatment. These

d |
ahich el T pr aperiordevelsps R RRRneneaman nia g Sol Griafistn BRI oo
cells. {}%seé theiRe006 Q43301 RE Th UL GRS g FEd Ealsathﬁ&%hm Sgknidat by

varyi ng e Sstorage or treatnent conditions for the cel this w ndow can
be eypandeadhe Miiet pais eReéxcttivhfircample tHicRnekis iethuylight@athi icdud increzsal | oxazi ne
with or without UV Iight on sanple pH suggests a rretaboll .effect of this

addi ti ve dehivery ofelyVistosastibighsampiyhamaiogas [mordse eI GRS 2RREs si ng

condi ti ons of
everal pressure drop measurements were undertaken using openings of varying

dimensions. A pressure gauge was placed in line with a peristaltic 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 measurement 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:

20 810 Pressure Drop
AP = —
gd’w
_ 4u0
b = 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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dynes/cm’ for intervals of 1-10 minutes or levels of 5,000-7,000 dynes/cm? for
intervals of approximately 10 msec were sufficient to induce red cell hemolysis. Only
in the case of the highest sample hematocrit (61%) and highest flow rate (16.9) did
values exceed 1,000 dynes/cm®. This occurred only for openings of the narrowest

width (0.008 inches).

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.

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
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

of Figure 7 with the results shown in Table 6.
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Log Inactivation (cfu/mL)

KS in Media KS in Plasma
UV, 40 J/cm* 4.2 Logs 0.1 Logs
VIS, 40 J/cm? 4.2 Logs 0.1 Logs
Room Light 0 Logs 0 Logs

UV Light = 365 nm
VIS Light =419 nm

Pathogen = Listeria monocytogenes

Concentration of K5 = 300 pg/mL

Example 9.

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
P. aeruginosa 3.4 Logs - - - -
S. aureus 2.1 Logs - - + +
S. epidermidis 3.2 Logs - + - -
L. 3.5 Logs - - + +
monocytogenes
E. coli 3.1 Logs - - + -

UV Light = 365 nm, 40 Jiem®

+ = Growth detected after three days incubation

- = No Growth detected after three days incubation
Concentration of K5 = 300 pg/mL
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15 a ratio of 20:80 platelet concentrate:lsolyte S
and platelet additive solutions are

concentrates

referred to herein as in "nedia."

Pl gablee8 concentrate wi thout additive

solution is referred to herein as in "plasma.” Both were spiked with
Li st eri apmonocytogemgs.—Vitam T K 5 T ™ tne anmount of
300 ug/ L HEndigyh was tShewuremsposed apidarmidis\ji si bl el-or room | ifgePliin t he
cuvette appaamy 20 |of Figure 7 with the r esjubososytogendsn| Table 6. K9 WO
00/ 04930 PETUSH91 16404 Tabl & 6 Log fmactTvarion (cIu/mC) [ K5 1n_Nedijp K5
in Masmp UV,040 J/g¢nZ 4.43Logs 0.1 LdEs WVI|S, 4028 cn? 4|2 Lobs 0.1 Logs
30 3.6 2.7 2 2
60 3.2 2.5 1 1

15

20

Example 11.

To platelet concentrate as described in Example 8 and to 70:30 media as

described in Example 10 was added 10 M 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.

- 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/cm

radiation. Inactivation results are set forth in Table 9.
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Room Light 0 Logs O Logs 5 WV Light = 365 nm VIS Light = 419 nm Pat hogen =
Li steria nonocyt ogenes Concentration of K5 = 300 /cg/nL Exanple 9. 10

Medi a and plaseks descri bed above containing vitamn K5 I ked with
bacteria and irragg;éat ed or exposed to roomlight only (KS-PEE@P?%&?@%SMM

in Table 7, and growh eval uated after Ehree days of incubation.
| nactivation of g ' le | di ati on. Table

7 Media Pl asma S_pi ke Le\ﬁthbﬁrﬁ K5 - Kb Uogq:},gcti@ﬁfiuﬁ fefu/might Light Light

Li ght 15 P. aeruginesa—3—4—+ogs S—atretus—2—ttogs— + + S
epidermdis 3.2 LSgsureus - - L. 3.5 Logpl-7Logs + nonocytogenes 20 E. coli
3.1 Logs - - + - ' 40 p7cm- + = Gowm h detected after

t hree days i ncubath emidermidiio Growt h det pédeP8sfter three days i ncubation

Concentration of [Kb = 300 g/nL 50 WD 00 9% 30 PCT/ US99/ 16404 | Exanpl e 10.
5 P. aeruginosa .6 Logs

E. coli 4.1 Logs

Example 13.
To platelet concentrate as described in Example 8 was added 7,8-dimethyl-10-

ribityl isoalloxazine, alloxazine mononucleotide, or 7-8-dimethyl alloxazine, followed
10 by spiking with S. aureus or S. epidermidis, and irradiation at 80 J/em®. Inactivation

results are shown in Table 10.

Table 10
Log Inactivation (cfu/mL)
Staphylococcus Staphylococcus

aureus epidermidis
7,8-dimethyl-10-ribityl isoalloxazine, 10 1.9 Logs 4.1 Logs
uM

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

epidermidis ot 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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Medi a made using a platelet concentrate as described in Exanple 8 and
Isolyte S at aratio of Isolyte S:platelet concentrate of 70:30 and

"~ cont ai ni ng 300 /m_ vitamn K5 was spiked with several species of bacteria
and irradi al&P%%#38nergy level s of 30 and 5 60 J/cmi . | nactRGFA{OYIIYs a
function of energy of irradiation is set forth in Table 8 and Figure 8.
Tabl e 8 Emeisgypsll (ENell, Sdowe-daamdedi INK, erpelape|vilrus( jrlr@dmt,nomwra@dsm@)@tenes

ol at el ot QoligBht Tht SXRed gl e BRmpacs i heresDABGORENE as 15
descri beqnéaléﬁaﬂWa‘g at]:f'?le REGEA a1 OMRn 1¥1n}§crﬁix'e thyl-10-ribityl

irsoal | oxazi ne et concentrate a a were spiked with S.
aureus or S. epi dermdl s and irradiated at 80 J/en2 and 30 J/cnl - and

i nactivation nmeasured as above. Results are shown in Figure 9. Exanple 12.
20 To pl &xampknkentrate as descri bed in Exanple 8 cont ained in a standard

bl oo bag wasy added 2 7, 8-di IO Fibit all wder
for The bag t\ﬁ{g 'é)ﬁf)ﬁ%tg‘éﬁr?wet} Sd gﬂ%\n’y?l F‘?{ fjosxlgalcg(g?{ﬁfg 2;3 and
exposed {1padafrdie€ BY irrd Rt 6D, 8braa§t1wakh9n mml%tusn 81t e she®nfni n

Table 9. '51 WO 00/ 04930 PCTI US99/ 16404 Tabl e 9 Pat hogen Log | nactivation
(cfu/ L) Figured®.eus 1.7 Logs

Examplie 17.
The protocol of Example 15 was followed using ®X174, a single stranded DNA

10 bacteriophage, at varying concentrations of 7,8-dimethyl-10-nbityl-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

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-dimethyl-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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S. epidermdis 3.5 Logs 5 P. aeruginosa 3.6 Logs E. coli 4.1 Logs
Exanpl e 13. To platelet concentrate as described in Exanple 8 was added

7, 8-di met hylolBpadsh DI tyl isoal |l oxazine, alloxazine nononucl r
7- 8- di net hy aI | oxazine, followed 10 by spiking with S. atljrggﬁjgg%rw%

epi der mi , |rra|at|on at 80 J/ | nactiv qLe shown
R Tabl esnaben T FRPOSBA IO gD I E] BRIt M gy O s de

St aphy' ORARC YStier TSR D ﬂ&f)mtﬁé Sonferfls Qf@a%thmég d/é}e"tﬂamffeyrled'tég%uv% zi ne,
10 1.9 Logs 4.1 Logs al I'oxazi ne nononucl eotide, 10M 1.6 Logs 5.6 Logs
7- 8- d| netom:vlouaéﬂropsamlenemﬂﬂnozgﬂnlsrﬁs whigh ﬁa;@hd&@gﬁmaﬁedn’plthae s’lp4ke port pf at el et

concentrate of Exanpl.e 8 was added 10 _M 7, 8-di rrethyI-IO ribityl-
i soal | oxtgibae. Imaqtlefaa%rf‘éam AersBaWAAR Kernre .16e Doynviapd a&osrspadicasr 10 mv K

as 20 ! uenc her.” or {1 oxi dapt t re spi ked with HSV-2,
OX174, Smg évﬁ lggrtr%ﬂ%i lgeglrlt%)%sgo? bg-{gﬁ%t%l (r'iaﬂd?) ted’at 80 J/cnR. Results are
shown in Figure 10. Exanple 15. To platelet concentrates of Exanple 8 were
added varying concentrations of 7,8- dinmethyl-10-ribityl-isoall oxazine.

These soEmamples2iver e spi ked with herpes sinplex 52 WO 00/ 04930

PCT/USSO/ 16404 wirus type L1 (HSVCL1). & doubl e styanded DI, sgye! ope
30:70 platelet concentrate:Isolyte S, was added 20 M 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. Compartsons 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

uM 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.
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80 J/cm . The experiment was replicated three tines. In all three trials
conplete inactivation was achi eved. Results are shown in Figure 11.

Exanpl e 16. rotocol of Exanple 15 was foll owed usin . i derm di s
i nst ead of V—\é\};m??:’gat energies of irradiation of 40, 80 ang’ciiﬂfggﬂﬁé‘?fz.

I nactivation results are shown in Figure 12. Exanple 17. The protocol of
Exanpl e Example 244 | owed using cX174, ~a single stranded DNA 10

bact eri ophage -%lf}gei%géq Re9 féﬁé‘%?etdd%& dé)gamnples of glateflet conceptrate

7, 8-di net hyl - -I'soalT'oxazi ne an irradiation.

I nacti VaHE%bE@%UEk&m [e€8.SH W0 i/M bF 3 8cdimkth IEDOElH‘Bitﬁ‘l 1zs8auomzﬂabam4: et
concentrates of Exanple 8 was added 10 4M 7, 8 di met hyl -10-

ribityl - added todkazamples Thbs eratesd of Bxampledd Wasfolm%gn@ﬂnmmlhnd

irradi ated var rgi.es of irr xture of
vi sidl e é"r?&ﬁﬁlf“f SZ’\? Fqg'i”ﬁ&% glL}]erPo{EﬁePF/%PFgWr%afLﬁsf%yeg 0y 1 g‘chﬁﬂ’ai “Figure
14. Exar jer ot ocol of Exanple 18 was fol |l owed using S.

epi der m ¥€Ct;021dteﬁrl% as the mcroorganisns. A 50:50 m xture of
ultraviolet and visi bI e light was supplied by 20 DYMAX |ight source.

I nactivation results are shown in Figure 15. Exanple 20. To platelet
concentrml_ﬁarrple 8 was added 10 /-cM 7, 8-dinmethyl-10-ribityl -

SR o e phOpRIPSLE GOLT of 53k T A A e LY eBREIpRLS vere
and 53 V\Qu%fgﬂ%%ﬁe RGE bEPRL 3&4%41 prodiakien, qtﬁm@w@rs%iurtweaghbma RAgegi es

of irradiati sing 50:50 visible:ultraviolet [light. After receiving 40
J/cr®2, tRé. contents of each bag were transferred to a new bag

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-ribityl-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
20 1.5 5 2.5 40 33
3 10 2.5 80 1.5
No Detectable
Virus
4.5 15 2.3 120 1.5
No Detectable
Virus
6 20 1.8
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to avoid errors due to mcroorgani snms which may have remained in the spike
port of the bag. Inactivation results are shown in Figure 16. Downvvard

arrows indi Ga4geredpnactivation to the level it was possibleg, &gt (2.5
log titre). Exanple 21. To platelet concentrate of Exanple platel et
concent rate T SO yteSat— 3¢ 70 ptatetet—concentratiesut ytﬁas

added 20 M 7,%8-di et hyl 300-ri bftyl - libsoal | pxazi ne. Thgse were spi ked{with
vacci ni g virus, a double stranfled DNA 10 ehvelope virys, and exposed|to 60
J/cnR vi SI bl &1 ght or #Pxed (50:50) visible and ultraviolet |ight ysi ng a

DYMAX 20 41 ight sourge for|30 mnutes.| The limt qf - detection was 1.5
| ogs. | ar'rl atlnn results arelshowin Figure 17 Conparisons were ¢one
usi ng ng phoggsens ti zefzo phot psensitizer |n Isolyte $ nmedia al one,

pl at el etts—+A—set-y+e—Sredia—platelets—i-h—tsebyte—Slredia—usiRg—8 t hoxy

psoral en instead of 7,8 15 dinethyl-10-ribityl-isoall oxazine, and pl at el et
concentrate in Isolyte nedia (30:70). Exanple 22. Sanples of platelet
concentrate in Isolyte S nedia 30:70, with and without 10 M

7, 8sdi met hyl -1t Grill bbiréadilyl Gt 6oy hesdekiBeS i the drtwhhththyY #36@gHing Vi rus and
|rrad| ated at 60 J/cn2 with 50:50 visible:UV light for varying periods of
ti me andieseriptizichasieendor pepasasiddupyaned oaky aolat 3 RuBbgrichagges Byanpl e

23. To ) tel et gong ntrate _as describ rrple8vvere added
Shi or 30 Mre w e BB e EPRORE srome e s BRAT o T e RekE  spi ked wi € h
HV 1. ﬂ#ﬁit&ﬁn&h%e@@ﬁﬁlt thesd heWi&sld mwgé"’ﬂsédnpf':e'f&'df)@/ photSRABiSSs Wi &
irradiated wth 50:50 25 visible: UV I1ght af varying energi es using an EFCS
| i ght sylstéh nidleictacidedridothereby et it faome regfimating) ardgoore pi&ferdbdy WWOs©0/ 04930
PCTI us99/ 1}6404 Exanpl e 24
ch are not tox1c 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 photosensitizers may be readily devised without undue

experimentation by those skilled in the art following the teachings hereof.
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H V-infected ACH 2 cells were added to sanples of platelet concentrate
described in Exanple 8. 5 or 50 ~zM of

7,8-dinmethyl -10-ribityl-isoall oxazine were added to the sanples. The
protocol of VBRYMPL 23 was followed, and inactivation 5 reé’E]I?’t‘@”é‘r“é""shovm
in Figure 20. The -presence of H 'V was assayed by its cytopathic effect on
test celCEAIMGnpl e 25. The protocol of Exanple 24 was fol |l owed and the
presence of H 'V assayed by quantifying the |evel of P24 antigen
production. Inactivation results are showin Figure 10 21. Exanple 26. To

sanpl es pf pl atglifbd eFQBhEAlRI@% ﬁh@&wdt@ﬁﬂcﬂoar%ﬁmm Whi2hane bedi a
contai ning 30% platel et concentrate and 70% PASI1I TM nedi a were added 6 mM

ascor bat e andprédenn Metei8; shidnfiutd/¢ontdningwineyor nigre abmpragrits ecleGadioasthger e
spiked with 15 HSV-11. Inactivation resyjts are show in.Figuyre 22 and Table
11. Table 1EWP%0E1§%W%UPW,@$F&%9“§E¥°9€ CRRSHHER S, Sa(‘fﬁ“ﬁﬂ‘t"ﬁs) (UV+VI S)
PC. |¥Edla (UV+\(/)I£HS%14$8@ virus titre J/cn2 log virus titre J/cn2 0 0 5.6 0O

) 3

5.6> 20 1.5 & .3 310 2.580 1.5 No Detectable Virus 4.5 15 2.3
120 1.5 No Detectable Virus 6 20 1.8

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

photosensitizer to said fluid;

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

10 photosensitizer, whereby said microorganisms are inactivated.

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

animals.

3. The method of claim 1 wherein said photosensitizer is an endogenous
15 photosensitizer selected from the group consisting of endogenous alloxazines, K

vitamins and vitamin L.

4. The method of claim 1 wherein said photosensitizer is an endogenous
photosensitizer selected from the group consisting of 7,8-dimethyl-10-ribity]
isoalloxazine, 7,8-dimethylalloxazine, 7,8,10-trimethylisoalloxazine, alloxazine

20 mononucleotide, isoalloxazine-adenosine dinucleotide, vitamin KI, vitamin Kl
oxide, vitamin K2, vitamin K5, vitamin K6, vitamin K7, vitamin K-S(II), and

vitamin L.
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55 WD 00/ 04930 PCTI US99/16404 9 30 1.6 12 40 24 80 36 120 5 1t wll be
readily understood by those skilled in the art that the foregoing

descri ptionyhasodesen for purposes of illustration only andpthatoa. gnber of
changes may be nade wi thout departing fromthe scope of tﬁ Invention. For

o of or abty. photoRRRERIL e (AR BB OB HITG et & T PRRS CHaREN) keep i1

fromreplicatjipfliox@pgienore preferably those 10 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

decont anm natl,IQn of fluid u5| n phot osensi ti zers ma[)éﬁbe rg dily devised

wi t hout @nduel heesgEiodiRtflaim b 5 1 $8< BUGIORT AR ITATE Se'egier R IRFFTRYP ¢ he
teachings heregt; lﬁg owa@%9%%@%nﬁg{#:&%?(d%ﬁéQj%m%%hP{%xg{ace‘huW hod for

treating a flui o I'nactivd e present

t hesei n, sai dy/jhlsys.d contai ni ng one or nore conponents selected fromthe
group consisting of protein, blood, and bl ood constituents, said nethod 5
conprising: (a) adding an inactivation-effective, substantially non-toxic

amount of an..endogeno ensiti.zes or_endogeno sI based derivative
phot osenél ti Zer WSglé)gi gs qD ltwgfrt?}n %a)%‘éggfrﬁar%aﬁés ar tf)énst ep (a) to
phot oradi ati on sufficient to activate the 10 phot osen5| tizer, whereby said

m croorgani sns are inactivated.
: The method of claim 1 wherein said microorganisms are selected from the group

consisting of HIV viruses, hepatitis viruses, sindbis virus, cytomegalovirus,
vesicular stomatitis virus, herpes simplex viruses, vaccinia virus, human T-
10 lymphotropic retroviruses, HTLV-III, lymphadenopahy virus LAV/IDAV,
parvovirus, transfusion-transmitted (TT) virus, Epstein-Barr virus,
bacteriophages X174, &6, A, R17, T,, T,, P. aeruginosa, S. aureus, S.

epidermidis, L. monocytogenes, E. coli, K. pneumoniae and S. marcescens.

9. The method of claim 1 wherein said photoradiation is light in the visible

15 spectrum.

10.  The method of claim 1 wherein said photoradiation is light in the ultraviolet

spectrum.

11.  The method of claim 1 wherein said photoradiation comprises light in both the

visible and ultraviolet spectrum.

20 12.  The method of claim | wherein about half of said photoradiation is in the

ultraviolet spectrum and about half is in the visible spectrum.
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2. The nethod of claim1 wherein said photosensitizer is a

photo-activatabl e com pound, whose photolytic products (if any) are of |ow
or no toxicj ?/0099 humans or animals. 3. The nmethod of claiml wherein said
phot osensi t I'2el an endogenous 15 photosensitizer sel ect ¢ TOM At group
con5|st|n of _endogenous al |l oxazines, K vitamns and vitamn L. 4. The

met hod ofl3¢l ailhe M of dlaum | Wherein 53igrxPPFiRg stepSURRCTGRIRRIETS flowing the

phot osensi ti Zﬁal dsceolrgﬁ%lﬁlln% Sg[d;éﬂqttgs%ggﬁlgée&ppa%{)g%&% ?ggﬁgtpfadlanon at a rate and

7, 8- di net hyl oxaz

7,8,10-trimet Baﬁth%@@bde@wéhﬁ@e pehdtAXidA o ehe?PhdTBraamGh eRlougE the ﬂu1d and
I soal | oxazi ne- adenosi ne di nucleotide, vitamn K, vitamn Kl oxi de,

vitam n K2, virtaatvatidixf the taoioergddisms. tanin K7, vitamn K-S(I11), and
vitamn L. 57 WD 00/ 04930 PCT/US99/ 16404 5. The met hod of claim 1 wherein
sai d photosensitizer is 7,8-dinethyl-10-ribityl isoalloxazine. 6. The

met hod ofy4 C'a'rggge%ﬁ a?r?'lq"ux[ﬁi) IR NS S ARG O L he group

conS|st|ng of eria eri ophage I ntrac and extracel | ul ar

5 viruses. pr HotesemBitretirod codtaingt frandperedt o sid ghotorddenionadtidssxposing
bacteria. 8. The method of claim 1 wherein said mcroorganisms are selected

from the groupeiddlondiostaidghetbradiaion r uses, hepatitis viruses, sindbis
virus, cytonegal ovirus, vesicular stomatitis virus, herpes si npl ex
viruses, vaccinia virus, human T 10 |ynphotropic retroviruses, HILV-I11,

Iynphade pah snltted (TT)
Vi rus, Eggt ei Xhégﬁéﬁ%{l—%&%\lﬁgeﬁl?& H%n%&%‘%%ﬁ%in@?dﬁﬁ@ R17, T4, T2,

P. aerugi nosaph&oraiitioms, S. epidermdis, L. nonocytogenes, .coI| K.
pneunoni ae and S. narcescens.

10 16.  The method of claim 1 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

17.  The method of claim 1 wherein said fluid comprises blood constituents.
18.  The method of claim 1 wherein said fluid comprises whole blood.
15 19.  The method of claim 1 wherein said fluid comprises a separated blood product.

20.  The method of claim 1 wherein said fluid comprises platelets separated from

whole blood.

21.  The method of claim 1 wherein said fluid comprises red blood cells separated

from whole blood.
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9. The nethod of claimI| wherein said photoradiation is light in the
visible 15 spectrum 10. The nethod of claim 1l wherein said photoradiation

is light inwlh@oedabraviolet spectrum 11. The nmethod of clpgirﬂ]sgg/yggﬁrei n
sai d photoradiation conprises light in both the visible and ultraviol et

spectru 20 .12. The thod of .claim.l ~wherein.about half of .said
hot or actt 1 orf Bttty iabiedl S0l Pum Rt frandrd B, 1 ¢ he
vi si bl e spectygéle bisbdNO 00/ 04930 PCT/ US99/ 16404 13. The nethod of claim1

wherein said exposing step further conprises flowng the fluid containing
sai d photosensitizer past a source of photoradiation at a rate and depth

selected.to sure_penetration of the photoradiation through the fluid and
"nacti vedi-on HIE MALORIGE Fi%mglaw#lgw saac Bare cRraPriAgD ROGT SeRaoA I%”f‘ur t her

conprising c L R said fluid and photosensitizer in a container
t ransparent &gﬂcgg?:lj&%ihot oradi ati on and exposing said fluid to said

phot oradi ati on. 15. The nmethod of claim 14 conprising agitating said

contai ner during photoradiation. 10 16. The nethod of claim 1 conprising
pl aéi ng ¥ki d THeunethiod cd ctromt laivherein saath § pak comaprises agh¢rdppHistwpteeh at i on,

addi ng sai d phot osa%nsi tizer to said fluid in powder form agitating said
cont ai ner and°8%858519y sai d container to said photoradiation 17. The nethod
of claiml wherein said fluid conprises blood constituents. 18. The net hod
of claim1l wherein said fluid conprises whole blood. 15 19. The net hod of
cl ai m 1 2fher dihe methdd folf glaimclowperesesidflsepansdiada bicdogicgicdetote. pro’dh  The

et od, Ol S ST A Gt hh SRS\ bl 2 PEL AL Sl o™
[X, factor X, factor XI, Hageman factor, prothrombin, anti-thrombin III,
10 fibronectin, plasminogen, plasma protein fraction, peritoneal dialysis solutions,
immune serum globulin, modified immune globulin, albumin, plasma growth
hormone, somatomedin, plasminogen streptokinase complex, ceruloplasmin,

transferrin, haptoglobin, antitrypsin and prekallikrein.

26.  The method of claim 1 wherein said photosensitizer is added to anticoagulant

15 and said anticoagulant 1s added to said fluid.

27. A method of claim 1 wherein an enhancer is added to said fluid prior to

exposing said fluid to photoradiation.

28. A method of claim 27 wherein said enhancer is selected from the group
consisting of 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.
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21. The nethod of claiml wherein said fluid conprises red blood cells
separated from whole bl ood. 59 WO 00/ 04930 PCT/ US99/ 16404 22. The net hod
of claim1l w@er(egi N said fluid conprises serum separated from whol e bl ood.
23. The met ROPY8#°1 ai m 1 wherein said fluid conprises pl asid/"S&H4iY: ed

from whol e bl ood, 24. The nethod. of claim 1 wherein sajd fluid conprises
a therap&lt i CAW%F%‘?FPT FSHPE & fyid fo inpstivaie MIGROOTESHISHS Y‘fﬁ’ébrﬂl@' Yherein said

fluid contai i i -lggtt : :0f.ein selected fromthe group
consi sting of :re%éltgltﬂ%rrg%l ﬁﬂi Lli%n q\{ﬁeﬁ& d factor, factor |[|X, factor X,
factor Xl, Hageman factor, prothronmbin, anti-thronbin 111, 10 fibronectin,

pl asm nogen, plasnma protein fraction, peritoneal dialysis solutions,

i mune ser um(@) obuiddmg aroia¢tieadionraffestive suistantially abpuexia amsiuas adaryr owt h

hor nrone, somat omedi n, pl asm, nogen.streptoki nase.c | ex,..cerul opl asm n,
transferrin, hapt C?QE‘EBE%RUS%PYO?’F%%CHO i WER‘QW%E&&#”‘?@YG The met hod of
claigm | wherein s?ﬁtcﬁgggi%@ﬂgisggdzfﬁﬁd;i s added to anticoagulant 15 and said
anticoagul ant is ed to said fluird. 27. A nethod of claim1 wherein an

enhancer is added to said fluid prior to exposing said fluid to

phot oradi ati on. 28. A method of claim?27 wherein said. enhancer is_selected
fromthe group) coxepsingsee Bridafstapre) torphatergdistion sylicesni do agtiMabsihge

han, bate, N 20 |- L i ne | ,
ol Ut at b one, mor canebebaay PORTE ae< ARt SrBTr B B o mam ge, mrr

BHA, |ysine, serine, nethionine, glucose, mannitol, trolox, glycerol, and
m xtures thereof. 60
30. The method of claim 29 wherein said fluid is a food product.

31. The method of claim 29 wherein said fluid is a drink meant for human or animal

10 consumption.
32.  The method of claim 29 wherein said fluid is a peritoneal solution.

33. A fluid comprising biologically active protein, blood or blood constituents, and

photosensitizer or photoproduct thereof, made by the method of claim 1.

34. A blood product comprising a photosensitizer or photoproduct thereof, made by

15 the method of claim 1.
35. A fluid comprising biologically active protein, blood or blood constituents,
photosensitizer or photoproduct thereof, and enhancer, made by the method of

claim 1.

36. A system for treating a fluid to inactivate microorganisms which may be present

20 therein comprnsing:
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WO 00/ 04930 PCTI US99/ 16404 29. A method for treating a fluid to inactivate
m cr oor gani sns whi ch nay be present therein, said nmethod conprising: (a)

addi ng an iRaehhiasi on-effective substantially non-toxic ageg;&g”g]fwﬁn
endogenous phot osensitizer or endogenously-based derivative

phot osensitizer to said fluid; (b) exposing the fluid of step (a) to
phot oradi ation sufficient to activate the photosensitizer, whereby said

m croor gani sng, ar g I aaghd v o . ThE; &4 SsBh £i.n-sai d '
fluidis afodl p%odéﬁgat%.‘érsd%;’fﬁhs‘e&%é‘t‘%gg’dor%tdg?’g?’%foﬁg RePoibothStiBr B o2 ¢ o
drink meant for hwadogeanouslyiomed dddvatonphopisemsitize3Zsaid bentamehodngf cl ai m 29

wherein said fluid is a peritoneal solution. 33. A fluid_conprising
bi ol ogi cal | y act i wauipped &iith inpriopeansy ansl baydng a pheiopgeneable ce

photosensitizer or ot Qproduct t hereq de ..by met hod claim1. 34.
A b%ood product c6 W%rﬁ_ﬁ%ago‘ﬁﬁéf)?)%uéﬁgf_{hlegﬁwgg?%%‘ﬁg?g&agb%& 8{ hereof, made
by 15 the method Qbtdrhdhiidn sufBeienftol dchiveieGREPROBEIHeR Ogi cal Iy active
protein, blood or blood constituents, photosensitizer or photoproduct

t hereof, and enhancer, nmade by the nethod of claiml1l. 36. A systemfor

treating a fluid to_inactivate m croorganisns ich . be present. 20
therein comprPsi ng! 16@?%%}%33360@ TEREY/PIRY H‘g(%’;}EéCE Oé‘?rﬁglra“o“

compr i si ng sai d { gt 40 17 8:i8RARAENGYS RS AREAAbII SR to activate the

endogenousl y- base ivative photosensitizer, sald container being
equi pped wi th i npyhotBerkstizea whehebyi mEreorghwtmp pedventdre isactivaed. 5 suf fi ci ent
to all ow exposure of the fluid therein to an anount of

10 37.  The system of claim 36 wherein said photoradiation source provides light in the

visible spectrum.

38.  The system of claim 36 wherein said photoradiation source provides light in the

ultraviolet spectrum.

39.  The system of claim 36 wherein said at least one photoradiation source provides

15 light in both the visible and ultraviolet spectrum.
40. The system of claim 36 also comprising a photoradiation enhancer.

41.  The system of claim 40 wherein said photoradiation enhancer comprises a

reflective surface.

42.  The system of claim 36 comprising a light guide for conducting photoradiation

20 from said photoradiation source to said photopermeable container.

43.  The system of claim 36 also comprising a temperature monitor.



phot oradi ati on sufficient to activate the photosensitizer; (b) at |east one
phot oradi ati on source for providing sufficient photoradiation to the fluid
in said con&, i@%r gf a type and anount selected to activate the

phot osensi t 1'2er % Her eby m croorgani sms present are inacti vatetSYH%7. The

system of claim 36 wherein said photoradiati on_source provi dgs light in the
vi si bl e épect Fhersystgn of glaim 36t alsn eamprsanginsansyines fiving srid fhHdinPa8tati on

source provides oléf[sg}@ltc&n?a't he wultraviolet spectrum 39. The systemof claim

36 wherein saf'tf 128t B phot oradi ati on source provides 15 light in

both the visible and ultraviolet spectrum 40. The system of claim 36 al so
conpri sing a photoradiati on enhancer. 41. The system of claim40 wherein
sai d pho#fr adlh¢ systere off alairer3 Gcospedserssing meefd fortagitatingsdid flaid msaidrhe
system of claim 36 conprising a |ight guide for conducting photoradiation
20 from sai d Y¥¥8fadi ati on source to sai d photoperneabl e container. 43.
The system of claim 36 also conprising a tenperature nonitor. 62 WD

00/ 04930 PCT/ US99/ 16404 44. The system of claim 36 al so conprising neans
for sfl owsg sAndpphrand fonsepaddithg whidle fooddh Klood adbmponerdScompesiay steem of
claim 36 al so conprising neans for agitating said fluid in said container.
5 46. An appasyatems of eleirsdpar at i ng whol e bl ood into bl ood conponents
conprising the systemof claim36. 47. A systemfor inactivation of

m croorganisns in a fluid containing such mcroorgani snms conprising: (a)

means fop; addyngs@m ff ieftiviGoPEPRioRaRBmE M IRAP LSRR LSRASI L1 zer

microorganisms comprising:

(a) means for adding an effective amount of an endogenous photosensitizer

10 or endogenously-based derivative photosensitizer to said fluid,;

(b)  aphotopermeable 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 photosensitizer at a selected flow

15 rate;

(¢)  means for producing said selected flow rate of said fluid through said

container; and

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

20 photosensitizer.
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10 or endogenously-based derivative photosensitizer to said fluid; (b) a
phot oper neabl e container for said fluid in fluid communication with said

means for ageiggs3hot osensitizer having a depth and | engt hp%?}lﬁ%ﬁgm to
al | ow exposure of the fluid of step (a) therein to an anmount” o

photoradi,gtion suffigcient .to activate th hot osensi tizer, at sel ect ed
Plow  15%Fat o peshimieeying o il Ll B eopiet b B Ml reSii o
fluid throughyadif cofprbamigner; and (d) at |east one photoradiation source
for providing sufficient photoradiation to the fluid in said container of
a type and anount selected to activate the 20 photosensitizer. 63 WO

00/ 04930 PCTI US99/ 16404 48, A. syst(?m%g:'rlg{reati ng a fluid to inactivate
mi cr oor gani sn&) whi RNMFASENSEIZSF BSRAdere 'n conmprising: (a) a

phot osensitizer in powdered form (b) a photoperneabl e container for
containing said fluid and photosensitizer; 5 (c) neans for agitating said
container; (d)b)at 4 pesbpéieablroiontaskirabl shtsiaHCRid AtidumeiHdtdgnsitizdri ci ent
photoradi ation to the ?I uid in said container of a type and anount
selected to activate the photosensitizer whereby m croorgani sns are

inacsti vated. 49. The s tstemtotf cl aCLm 48 wherein said photoperneabl e
container is & trarﬁgfbrh%/(gﬁ?gl PPEPEETIEBEy. 50. . The system of clai m 48
wherein said neans for agitating said container conprise a shaker table.
51. The system of cl aim48 wherein said photoperneabl e contai ner contains

sai d phot osefi t i #deasppn®photorasiadionisonresffospiodtidihgsufficient photoradiation
to the fluid in said container of a type and amount selected to activate the

photosensitizer whereby microorganisms are inactivated.

49.  The system of claim 48 wherein said photopermeable container is a transparent

10 plastic bag.

50. The system of claim 48 wherein said means for agitating said container

comprise a shaker table.

51.  The system of claim 48 wherein said photopermeable container contains said

photosensitizer prior to addition of said fluid.
15 52. A method of inactivating microorganisms on a surface comprising:
(a)  applying to said surface an inactivation-effective amount of an

endogenous photosensitizer or endogenously-based derivative

photosensitizer; and
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15 52. A nethod of inactivating mcroorgani sns on a surface conprising:
(a) applying to said surface an inactivation-effective anmount of an
endogenous @hotosensitizer or endogenousl y-based derivative |

phot osensi t V2&P0493hd 64 WO 00/ 04930 PCTI US99/ 16404 (b) exBEEVAY/1€44d
surface to photoradiation sufficient to activate the photosensitizer. 53.
The net hod of(bkl aiekp&ingwaid shacsdp phetpradigieon sufficieabip asliveiede 54. The
met hod of claim52 wherein said surface is the surface of an ani nal
carcass. 5 55. TRRBOWBYRSIDf claim 52 wherein said surface is a

f ood- preparation surface. 56. The nethod of claim52 wherein said surface
irs a surface of a bathing or washing vessel. 57. The nmethod of claim52
wher ei n $ai d Terrhethed iof chirabi2fweloaeinfsamisuafaicend a SdddrsurfaB8. The net hod of
claim52 wherein said surface is a wound surface. 10 59. The nethod of

cl aim 52 wherein said endogenous photosensitizer is selected fromthe
group copsi st S : j i | d. vi ) . 60.
The metriad oftterar e 5? SRERG v Ear GRS Ree S HeS IR bk, o
group consisting of 7,8-dinethyl- 10-ribityl isoalloxazine,

7, 8-di net hyl al | oxazi ne, 7,8,10-trimethylisoall oxazine, alloxazine
mondnucl ot i dhe metbad lofxanni@ Wieraidsausiuntacd ina tdasepriegaration senfdas. Kl |
vitamn K oxide, vitamn K2, vitamn K5, vitamn K6, vitamn K7, vitamn
K-S(Il), and vitamn L. 61. The nethod of claim52 wherein said

phot ose [ | | retdy =1 LDl I ' 00/ 04930
PCTI US99/ 164?)[3-[e H@m@qﬁg@%@rﬁgd@k 1%(1{[ %ﬁl?&rl]%%fac\sn%(rag}l%]fgétgl&{ﬁ%ug?%oérégani sne are
sel ect ed frorvdshing vessel.

57. The method of claim 52 wherein said surface is a surface of an animal skin.

58. The method of claim 52 wherein said surface is a wound surface.

10 59.  The method of claim 52 wherein said endogenous photosensitizer is selected

from the group consisting of endogenous alloxazines, K vitamins and vitamin L.

60. The method of claim 52 wherein said photosensitizer is selected from the group
consisting of 7,8-dimethyl-10-ribityl isoalloxazine, 7,8-dimethylalloxazine,
7,8,10-trimethylisoalloxazine, alloxazine mononucleotide, isoalloxazine-

15 adenosine dinucleotide, vitamin Kl, vitamin Kl oxide, vitamin K2, vitamin K5,

vitamin K6, vitamin K7, vitamin K-S(II), and vitamin L.

61. The method of claim 52 wherein said photosensitizer is 7,8-dimethyl-10-ribityl

1soalloxazine.
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group consi sting of bacteria, bacteriophages, and viruses. 63. A nethod for
treating a fluid to inactivate m croorgani sns which may be present

therein, saiwg fdgdbfd al so containing a conponent selected fromifeg gppup 5
consi sting of protein, blood, and bl ood constituents, wthout es%royi ng

| nacti vakfon. B B AT SR P P PO RS e e d 1o

substanti al | yooi3¢bhdidiify SftddtdHaC bRWUHHagES an®dirudde Method of claim 63
performed in anbient indoor light. 10°65. tThe nethod of claim63 performed

in the dark. 66. The nethod of claim63 also conprising adding to said

fluid an_enhancer 7. The nethod of c¢laim63 wherein said enhancer is an -
ant i oxi d&ht . Sanethodieriatinge Huid i inagtivate grsrgergansmsHihichyagyebe

i OF 001 gan SR Gk RY 8 T ASS Do LEPI ol S IBY SR oot 2t

therewith, sdi conprising: coati surtace

I nagt i vat i on-@nkREhf b€ prdiéin; blesH CanddTBetorRtiniéhtsaWithol®ddstrogipsthant i al |y

i nactivate said m croorgani sns. 69. An aqueous pfat el et additive solution
conpri si ng arbielvgingé acigtypdicuok epmponenty said miethodedniprsmg ddding eup

consi sting of. endo%enozﬁ al | oxazi nes, K vitam nsn\}gnd Vi tf@ngn L. 66 WO
00/ 04930 PCTI'BRGD/AIBATACCHYS: DPRE ORI 4B CLUFHTIVG Lot i & ¢l ai m 69
conprising: RRBSiaRiNY Gakivat s418 nittddtMkmand buffer. 71. The platel et
additive solution of ‘claim®69 also conprising magnesiumchloride. 5 72.
The platelet additive solution of claim69 additionally conprising sodium

gluconate., 73. The platelet additive solution of claim®69 wherein said
phot oserf4-t i e methgdodm 63 performed in ambient indoor light.

10 65.  The method of claim 63 performed in the dark.
66. The method of claim 63 also comprising adding to said fluid an enhancer.
67.  The method of claim 63 wherein said enhancer is an antioxidant.
68. A method for treating a surface to inactivate microorganisms which may be
present thereon or which may come in contact therewith, said method
15 comprising: coating said surface with an inactivation-effective, non-toxic
amount of vitamin K5 to substantially inactivate said microorganisms.
69.  An aqueous platelet additive solution comprising an endogenous photosensitizer

selected from the group consisting of endogenous alloxazines, K vitamins and

vitamin L.

66



at a concentration between about 1 Mand its maxi numsolubility. 74. The

pl atel et additive solution of claim73 wherein the concentration of said

10 phot osen‘gliotoiw%g3 is about 10M 75. The platelet additive solution of

cl aim 69 having ?)H of between about 7.0 and about 7.4. fgfm‘fﬂgé“ﬁq“atel et

addi tive_solution of clajm69 wherein . sa d photosensitizer is 7, 8-

di met hyl Z0t0- r 115 plpiclqt @dditivg,eqlitiqn of £imAY cAMPISING 6| ot additi ve sol ution of

claim69 conprising: sodiumchloride; sodium acetate; sodium gluconate;

67 WO 00/ 04930 PCTI US99/ 16404 nagnesi um chl ori de; sodi um phosphate; and

7, 8-di et hyl - 10- r ighytiplogisQaklimxstutiveh; aadd having a pH between about 7.0

and about 7.4. 5 78. The platelet additive solution of claim®69 also

conprising an enhancer selected fromthe group consisting of adenine,

hi stidi ne, cysteine,.tyrosine, tryptophan, ascorbate, N acetyl-L-cysteine,

propyl gallate, gl ‘hi one, nmercapt opropi onyl gl yci ne, dithiothreotol,

ni coti nam de, BHT, BHA, |ysine, serine, nethionine, glucose, mannitol,

trolox, glycerol, and m xtures thereof. 10 79. A nmethod for treating a

fluid to7i.nacThesslatelendditgesbin®nwiictdimniyalbec@npsseng magnesisimghleraded net hod

conprising: (a) adding an inactivation-effective amount of a

phot osensitizer to said fluid; (b) exposing the fluid of step (a) to a

im n)a(l%'tj Ir S a‘?%duq"ﬁea}\)/lla elle%tadgﬂlq/evslc) ultitcj)lneof lcﬁa%rr]lt69 %&El&%’ll}ﬁ gdxgpmlﬁé Qg sns are
gluconate.

73. The plz;telet additive solution of claim 69 wherein said photosensitizer is present

at a concentration between about 1 uM and its maximum solubility.

74.  The platelet additive solution of claim 73 wherein the concentration of said

10 photosensitizer is about 10 M.
75.  The platelet additive solution of claim 69 having a pH of between about 7.0 and
about 7.4.
76.  The platelet additive solution of claim 69 wherein said photosensitizer is 7,8-
dimethyl-10-ribityl isoalloxazine.
15 77.  The platelet additive solution of claim 69 comprising:
sodium chloride;

sodium acetate;

sodium gluconate;
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15 80. The nethod of claim79 wherein said m xture of light is 50:50
ultraviolet:visible. 81. The nethod of claim79 wherein said

phot osensi t\,&%kndeSo @ NON-toxi c endogenous photosensiti zer
endogenousl y- based derivative phot osensitizer. 68 WO 00/045%{1]599“6404

PCT/ US99/ 16404 82. A ne r treating a fluid to inactivate white bl ood
celI's which nmay bénqﬁpé@ghf Pﬂg 'ein, conmprising: (a) adding an

i nactivation-effective, substantially non-toxic anount of an endogenous
phot osensiti zer or endogenousl y-based derivative 5 photosensitizer to said
fluid; (b) exposi sgdtuhephésphdtcoindstep (a) to photoradiation sufficient to
activate the photosensitizer, whereby said white blood cells are

i nactivated. 83. The nmethod of claim 82 wherein said f|UId conpri ses bl ood

or a bl ood Corrponieig”dlmgt%yl 10-ribityl isoalloxazine,

and having a pH between about 7.0 and about 7.4.

5 78.  The platelet additive solution of claim 69 also comprising an enhancer selected
from the group consisting of adenine, histidine, cysteine, tyrosine, tryptophan,
ascorbate, N-acetyl-L-cysteine, propyl gallate, glutathione,
mercaptopropionylglycine, dithiothreotol, nicotinamide, BHT, BHA, lysine,

serine, methionine, glucose, mannitol, trolox, glycerol, and mixtures thereof.

10 79. A method for treating a fluid to inactive microorganisms which may be present

therein, said method comprising:
(a)  adding an inactivation-effective amount of a photosensitizer to said fluid;

(b)  exposing the fluid of step (a) to a mixture of ultraviolet and visible light

whereby said microorganisms are inactivated.

15 80.  The method of claim 79 wherein said mixture of light is 50:50

ultraviolet:visible.

81. The method of claim 79 wherein said photosensitizer is a non-toxic endogenous

photosensitizer or endogenously-based derivative photosensitizer.
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82. A method for treating a fluid to inactivate white blood cells which may be
present therein, comprising:
(a)  adding an inactivation-effective, substantially non-toxic amount of an
endogenous photosensitizer or endogenously-based derivative

photosensitizer to said fluid;

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

photosensitizer, whereby said white blood cells are inactivated.

83.  The method of claim 82 wherein said fluid comprises blood or a blood

component.
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