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METHODS AND DEVICES FOR THE REDUCTION OF SMALL
ORGANIC COMPOUNDS FROM BLOOD PRODUCTS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is a continuation application of copending applications
Serial Number 08/779,830 and 08/779,885, filed January 6, 1997, which are

incorporated by reference in their entirety.

TECHNICAL FIELD

The present invention relates to methods and devices for the reduction of

small organic compounds from blood products.

BACKGROUND ART

An extensive body of research exists regarding the removal of substances
from blood products. The bulk of this research is directed at white cell reduction.
See, e.g., M.N. Boomgaard et al., Transfusion 34:311 (1994); F. Bertolini et al.,
Vox Sang 62:82 (1992); and A.M. Joustra-Dijkhuis et al., Vox Sang 67:22 (1994).
Filtration of platelets is the most common method used in white cell reduction of
platelet concentrates. See, e.g., M. Bock et al., Transfusion 31:333 (1991)
(Sepacell PL-5A, Asahi, Tokyo, Japan); J.D. Sweeney et al., Transfusion 35:131
(1995) (Leukotrap PL, Miles Inc., Covina, CA); and M. van Marwijk er al.,
Transfusion 30:34 (1990) (Cellselect, NPBI, Emmer-Compascuum, The
Netherlands; Immugard Ig-500, Terumo, Tokyo, Japan). These current filtration
mechanisms, however are not amenable for the removal of relatively low
molecular weight compounds including for example psoralens, photoaddition
products and other compounds commonly used in treating biological fluids.

The process of adsorption has been used to isolate selective blood
components onto phospholipid polymers. For example, several copolymers with
various electrical charges have been evaluated for their interactions with blood

components, including platelet adhesion and protein adsorption. K. Ishihara et al.
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J. Biomed. Mat. Res. 28:1347 (1994). Such polymers, however, are not designed
for the adsorption of low molecular weight compounds.
Various dialysis means are able to remove low molecular weight

compounds from plasma and whole blood. For example, dialysis can successfully

- remove low molecular weight toxins and pharmaceutical compounds. Thus,

dialysis might be used to remove, for example, psoralens and psoralen
photoproducts from blood products. Unfortunately, current dialysis procedures
involve very complicated and expensive devices. As such, the use of dialysis
machines would not be practical for the decontamination of a large volume of
blood products.

The use of polystyrene divinylbenzene, silica gel, and acrylester polymers
for the adsorption of methylene blue has previously been described. For example
PCT Publication No. WO 91/03933 describes batch studies with free adsorbent
resin (e.g., Amberlites (Rohm and Haas (Frankfurt, Germany) and Bio Beads

2

(Bio-Rad Laboratories (Munich, Germany)). Without very careful removal of the
adsorbent resins after exposure to the blood product, however, these methods
create the risk of transfusion of the resin particles.

In addition, devices and processes for the removal of leukocytes and viral
inactivation agents (e.g., psoralens, hypericin, and dyes such as methylene blue,
toluidine blue, and crystal violet) have also been disclosed. Specifically, PCT
Publication No. WO 95/18665 describes a filter comprising a laid textile web
which includes a mechanically stable polymeric substrate. The web itself
comprises interlocked textile fibers forming a matrix with spaces and fibrillated
particles disposed within the spaces. However, this device causes a significant
decrease in the Factor XI activity.

Simpler, safer and more economical means for reducing the concentration
of small organic compounds in a biological fluid while substantially maintaining

the biological activity of the purified fluid are therefore needed.

DISCLOSURE OF THE INVENTION
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The present invention contemplates a device for reducing the
concentration of small organic compounds in a blood product while substantially
maintaining a desired biological activity of the blood product, the device
comprising highly porous adsorbent particles, and wherein the adsorbent paiticles
are immobilized by an inert matrix. In one embodiment the inert matrix may be a
fiber network or a sintered medium.

Immobilization of adsorbent particles in an inert matrix for reducing the
concentration of small organic compounds in blood products has several benefits
and advantages over existing systems. One advantage is the reduction in leakage
of loose adsorbent particles into blood products which in turn produces a safer
blood product. Another advantage is the enhanced ability of the adsorbent
particles to adsorb small organic compounds due in part to the elimination of
clumping problems associated with non-immobilized particles when used with
blood products, for example, materials comprising red blood cells. A further
advantage is the reduction in problems associated with handling loose adsorbent
particles; thereby, simplifying manufacturing. A surprising benefit of using
adsorbent particles immobilized by an inert matrix is the reduction in damage to
stored membrane containing blood products, for example platelets, red blood
cells, and white blood cells.

In one embodiment, the adsorbent particles have a surface area greater
than about 750 m*/g. In another embodiment, the adsorbent particles may have a
surface area greater than about 1000 m%g.

In one embodiment the device is a flow device wherein the adsorbent
particles are less than about 200 pm in diameter and greater than 10 pm in
diameter. In an alternative embodiment the device is a batch device wherein the
adsorbent particles are less than about 1200 pm in diameter and greater than 300
pm in diameter.

The present invention contemplates that the adsorbent particles comprise
polyaromatic compounds or activated carbon. In one embodiment, the
polyaromatic compounds are included in hypercrosslinked, polystyrene

divinylbenzene copolymer networks. In one embodiment, the activated carbon
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may be derived from a natural source. In another embodiment, the activated
carbon may be derived from a synthetic source, resulting from treating highly
sulfonated polystyrene beads with a high temperature activation process.

Further contemplated is a device which reduces the concentration of
acridines, acridine derivatives, methylene blue or thiols in a blood product. Also
contemplated is a device which reduces the concentration of psoralens, psoralen
derivatives, including, for example 4’~(4-amino-2-oxa)butyl-4,5’ 8-trimethyl
psoralen, isopsoralens or aminopsoralens. The blood product may be selected
from the group consisting of platelets, red blood cells or plasma.

As an additional component, the invention contemplates that the device
further comprises a blood bag.

The present invention contemplates a method for reducing the
concentration of cyclic compounds in a blood product while substantially
maintaining a desired biological activity of the blood product, the device
comprising the steps of: a) contacting the blood product with the devices of the
present invention and b) removing the blood product from contact with the
devices of the present invention. In one embodiment the inert matrix may be a
fiber network or a sintered medium.

In one embodiment, the adsorbent particles have a surface area greater
than about 750 m*/g. In another embodiment, the adsorbent particles may have a
surface area greater than about 1000 m%/g.

In one embodiment the device is a flow device wherein the adsorbent
particles are less than about 200 pum in diameter and greater than 10 pm in
diameter. In an alternative embodiment the device is a batch device wherein the
adsorbent particles are less than about 1200 um in diameter and greater than 300
um in diameter.

The present invention contemplates that the adsorbent particles comprise
polyaromatic compounds or activated carbon. In one embodiment the
polyaromatic compounds are included in hypercrosslinked, polystyrene
divinylbenzene copolymer networks. In one embodiment, the activated carbon

may be derived from a natural source. In another embodiment, the activated
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carbon may be derived from a synthetic source resulting from treating highly
sulfonated polystyrene beads with a high temperature activation process.

Further contemplated is a device which reduces the concentration of
acridines, acridine derivatives, methylene blue or thiols in a blood product. Also
contemplated is a device which reduces the concentration of psoralens, psoralen
derivatives, including, for example 4’-(4-amino-2-oxa)butyl-4,5’ ,8-trimethyl
psoralen, isopsoralens or aminopsoralens. The blood product may be selected
from the group consisting of platelets, red blood cells or plasma.

As an additional component, the invention contemplates that the device
further comprises a blood bag.

The present invention also contemplates a method of inactivating
pathogens in solution, wherein the method comprises: a) providing, in any order:
1) a cyclic compound, ii) a solution suspected of being contaminated with the
pathogens, and iii) fiberized resin; b) treating the solution with the cyclic
compound so as to create a treated solution product wherein the pathogens are
inactivated; and c) contacting the treated solution product with the fiberized resin,
the improvement comprising a device for reducing the concentration of small
organic compounds in a blood product while substantially maintaining a desired
biological activity of the blood product, the device comprising highly porous
adsorbent particles, and wherein the adsorbent particles are immobilized by an
inert matrix.

The present invention also contemplates a method of reducing the
concentration of cyclic compounds in solution, comprising: a) providing i) cyclic
compounds in solution at a concentration, the cyclic compounds selected from the
group consisting of monocyclic compounds, polycyclic compounds, and
heterocyclic compounds, and ii) fiberized resin; and b) contacting the cyclic
compounds with the fiberized resin, thereby reducing the concentration of the
cyclic compounds.

The present invention contemplates a blood bag, comprising: a) a
biocompatible housing; and b) resin immobilized in a fiber network, the

immobilized resin contained within the biocompatible housing.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 diagrammatically depicts a perspective view of one embodiment of
a fiber, indicating its inner core and outer sheath, that forms the fiber networks of
the fiberized resin.

FIG. 2 schematically represents a portion of one embodiment of the
fiberized resin of the present invention.

FIG. 3 diagrammatically represents a cross-sectional view of one
embodiment of fiberized resin in which the adsorbent beads are secured to fibers
that make up the fiberized resin.

FIG. 4 diagrammatically represents a cross-sectional view of one
embodiment of fiberized resin in which the adsorbent beads are immobilized
within the fibers of the fiberized resin and the heat seals that encompass samples
of fiberized resin.

FIG. 5 is a graph showing a comparison of adsorption kinetics for removal
of aminopsoralens from platelets with Dowex® XUS-43493 and Amberlite®
XAD-16 HP loose adsorbent beads and fiberized resin containing Amberlite®
XAD-16.

FIG. 6 is a graph showing a comparison of adsorption kinetics for removal
of aminopsoralens from platelets with fiberized resin containing Amberlite®
XAD-16 and fiberized resin with the two different loadings of activated charcoal.

FIG. 7 is a graph showing a comparison of the adsorption kinetics for
removal of aminopsoralens from platelets with p(HEMA )-coated and uncoated
Dowex” XUS-43493 beads.

FIG. 8 is a graph showing a comparison of the effect of pre-treatment
solution glycerol content on relative aminopsoralens adsorption capacity for
Amberlite® XAD-16 and Dowex” XUS-43493.

FIG. 9 is a graph showing a comparison of the effect of wetting solution
on 4’-(4-amino-2-oxa)butyl-4,5’ 8-trimethy! psoralen adsorption capacities for
dried adsorbent in 100% plasma for Amberlite® XAD-16 (bottom) and Dowex”

XUS-43493 (top); the samples that were not wet in an ethanol solution are labeled

6

SUBSTITUTE SHEET ( rule 26)



WO 98/30327 PCT/US98/00531

“No Tx”. Adsorbent capacities are reported as percentages relative to the capacity
of optimally wet adsorbent.
FIG. 10 is a graph showing a comparison of adsorption of aminopsoralens
over a 3-hour period from plasma using Amberlite® XAD-16 wet in several
5 different solutions.
FIG. 11 is a graph showing a comparison of the kinetics of adsorption of
methylene blue over a 2-hour period from plasma.
FIG. 12 depicts the chemical structures of acridine, acridine orange, 9-
amino acridine, and 5-[(3-carboxyethyl)amino]acridine.
10 FIG. 13 is a graph showing plots the data for adenine capacity (y-axis)
and 5-[(B-carboxyethyl)amino]acridine capacity (x-axis) for various resins.
FIGS. 14A and 14B is a graph showing a comparison of the adsorption
kinetics for removal of 5-[(B-carboxyethyl)amino]acridine with Dowex® XUS-
43493 and Purolite® MN-200 and Amberlite® XAD-16 HP.
15 FIG. 15 is a graph showing a comparison of the adsorption kinetics for
removal of 9-amino acridine and acridine orange with Dowex® XUS-43493.
FIG. 16 is an illustration of flow and batch conFIGurations for the
immobilized adsorption device (IAD).
FIG. 17 is a graph showing a comparison of the adsorption isotherms for
20 various Ambersorbs as compared to Purolite MN-200.
FIG. 18 is a graph showing a comparison of the levels of 5-[(B-
carboxyethyl)amino]acridine and GSH in the supernatant of 300 mL PRBC units

with continued or terminated exposure after 24 hours to a fiberized Pica G277
IAD (500 g/mz) over 4 weeks of storage at 4°C.
25 FIG. 19 is a graph showing the effect of enclosure material on 5-[(B-
carboxyethyl)amino]acridine in PRBC exposed to IADs.
FIG. 20 is a graph showing a comparision of percent hemolysis for the

non-immobilized and immobilized adsorbent particle Purolite MN-200.
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FIG. 21 is a graph showing a comparision of percent hemolysis for the
non-immobilized and immobilized adsorbent particle Pica G-277 activated
carbon.

FIG. 22 is a graph showing kinetics for removal 4’-(4-amino-2-oxa) butyl-

4,5°,8 trimethylpsoralen from platelet concentrates.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention provides for methods, materials and devices for
reducing the concentration of small organic compounds from a treated blood
product. The small organic compounds can include cyclic and acyclic
compounds. Exemplary compounds include pathogen inactivating compounds,
dyes and thiols. Devices are provided that comprise a three dimensional network
of adsorbent particles immobilized by an inert matrix. This immobilization
reduces the risk of leakage of loose adsorbent particles into the blood product.
Furthermore, immobilization of the adsorbent particles by an inert matrix
simplifies manufacturing by reducing problems associated with handling loose
adsorbent particles. Immobilization of the adsorbent particles also enhances the
ability of the adsorbent particles to adsorb small organic compounds in
compositions comprising red blood cells, and or platelets, and or plasma. Finally,
using adsorbent particles immobilized by an inert matrix reduces damage to
compositions comprising blood products containing cellular membranes, for

example platelets, red blood cells, and white blood cells.

DEFINITIONS

The term “acridine derivatives” refer to a chemical compound containing
the tricyclic structure of acridine (dibenzo[b,e]pyridine; 10-azanthracene). The
compounds have an affinity for (and can bind) to nucleic acids non-covalently
through intercalation. The term “aminoacridine” refers to those acridine

compounds with one or more nitrogen-containing functional groups. Examples of
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aminoacridines include 9-amino acridine and acridine orange {depicted in Figure
12).

The term “adsorbent particle” broadly refers to any natural or synthetic
material which is capable of interacting with molecules in a liquid thus allowing
the molecule to be removed from the liquid. Examples of naturally occurring
adsorbents include but are not limited to activated carbon, silica, diatomaceous
earth, and cellulose. Examples of synthetic adsorbents include but are not limited
to polystyrene, polyacrylics, and carbonaceous adsorbents. Adsorbent particles
are often porous, often possess high surface areas, and may be modified with a
variety of functional groups (e.g. ionic, hydrophobic, acidic, basic) which can
effect how the adsorbent interacts with molecules.

b IN19

The term “aromatic,” “aromatic compounds,” and the like refer broadly to
compounds with rings of atoms having delocalized electrons. The monocyclic
compound benzene (CsHp) is a common aromatic compound. However, electron
delocalization can occur over more than one adjacent ring (e.g., naphthalene (two
rings) and anthracene (three rings)). Different classes of aromatic compounds
include, but are not limited to, aromatic halides (aryl halides), aromatic
heterocyclic compounds, aromatic hydrocarbons (arenes), and aromatic nitro
compounds (aryl nitro compounds).

The term “biocompatible coating” refers broadly to the covering of a
surface (e.g., the surface of a polystyrene bead) with a hydrophilic polymer that
when in contact with a blood product does not result in an injurious, toxic, or
immunological response and renders the surface more biocompatible by
decreasing cell adhesion, protein adsorption or improves cell function. Suitable
coatings are biocompatible if they have minimal, if any, effect on the biological
material to be exposed to them. By “minimal” effect it is meant that no
significant difference is seen compared to the control. In preferred embodiments,
biocompatible coatings improve the surface hemocompatibility of polymeric
structures. For example, poly(2-hydroxyethyl methacrylate) (pHEMA) is
frequently used for the coating of materials used in medical devices (c. g., blood

filters).
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The term “biocompatible housing” refers broadly to filter housings,
containers, bags, vessels, receptacles, and the like that are suitable for containing a
biological material, such as whole blood, platelet concentrates and plasma.
Suitable containers are biocompatible if they have minimal, if any, effect on the
biological material to be contained therein. By “minimal” effect it is meant that
no significant difference is seen in blood product function compared to the control
as decribed herein, for red blood cells, platelets and plasma. Thus, blood products
may be stored in biocompatible housings prior to transfusion to a recipient. In a
preferred embodiments, a biocompatible housings are blood bags, including a
platelet storage container.

The term * biological fluids” include human or non-human whole blood,
plasma, platelets, red blood cells, leukocytes, serum, lymph, saliva, milk, urine, or
products derived from or containing any of the above, alone or in mixture, with or
without a chemical additive solution. Preferably, the fluid is blood or a blood
product with or without a chemical additive solution, more preferably plasma,
platelets and red blood cells, most preferably apheresis plasma and red blood
cells.

The term “blood bag” refers to a blood product container.

The term “blood product” refers to the fluid and/or associated cellular
elements and the like (such as erythrocytes, leukocytes, platelets, etc.) that pass
through the body's circulatory system; blood products include, but are not limited
to, blood cells, platelet mixtures, serum, and plasma. The term “platelet mixture”
refers to one type of blood product wherein the cellular element is primarily or
only platelets. A platelet concentrate (PC) is one type of platelet mixture where
the platelets are associated with a smaller than normal portion of plasma. In blood
products synthetic media may make up that volume normally occupied by plasma;
for example, a platelet concentrate may entail platelets suspended in 35%
plasma/65% synthetic media. Frequently, the synthetic media comprises
phosphate.

The term “blood separation means” refers broadly to a device, machine, or

the like that is able to separate blood into blood products (e.g., platelets and
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plasma). An apheresis system is one type of blood separation means. Apheresis
systems generally comprise a blood separation device, an intricate network of
tubing and filters, collection bags, an anticoagulant, and a computerized means of
controlling all of the components.

The term “crosslinked” refers broadly to linear molecules that are attached
to each other to form a two- or three-dimensional network. For example,
divinylbenzene (DVB) serves as the crosslinking agent in the formation of
styrene-divinylbenzene copolymers. The term also encompasses
“hypercrosslinking” in which hypercrosslinked networks are produced by
crosslinking linear polystyrene chains either in solution or in a swollen state with
bifunctional agents. A variety of bifunctional agents can be used for cross-linking
(for example, see Davankov and Tsyurupa, Reactive Polymers 13:24-42 (1990);
Tsyurupa et al., Reactive Polymers 25:69-78 (1995).

The term “cyclic compounds” refers to compounds having one (i.e., a
monocyclic compounds) or more than one (i.e., polycyclic compounds) ring of
atoms. The term is not limited to compounds with rings containing a particular
number of atoms. While most cyclic compounds contain rings with five or six
atoms, rings with other numbers of atoms (e.g., three or four atoms) are also
contemplated by the present invention. The identity of the atoms in the rings is
not limited, though the atoms are usually predominantly carbon atoms. Generally
speaking, the rings of polycyclic compounds are adjacent to one another;
however, the term “polycyclic” compound includes those compounds containing
multiple rings that are not adjacent to each other.

The term “dye” refers broadly to compounds that impart color. Dyes
generally comprise chromophore and auxochrome groups attached to one or more
cyclic compounds. The color is due to the chromophore, while the dying
affinities are due to the auxochrome. Dyes have been grouped into many
categories, including the azin dyes (e.g., neutral red, safranin, and azocarmine B);
the azo dyes; the azocarmine dyes; the dephenymethane dyes, the fluorescein

dyes, the ketonimine dyes, the rosanilin dyes, and the triphenylmethane dyes. It is
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contemplated that the methods and devices of the present invention may be
practiced in conjunction with any dye that is a cyclic compound.

The term “fiberized resin” generally refers to immobilization of adsorbent
material, including for example, resins, in, on or entrapped to a fiber network. In
one embodiment, the fiber network is comprised of polymer fibers. In another
embodiment, the fibers consist of a polymer core (e.g., polyethylene
terephthalates [PET]) with a high melting point surrounded by a polymer sheath
(e.g., nylon or modified PET) with a relatively low melting temperature.
Fiberized resin may be produced by heating the fiber network, under conditions
that do not adversely affect the adsorbent capacity of the resin to a significant
degree. Where the resin comprises beads, heating is performed such that the
adsorbent beads become attached to the outer polymer sheath to create “fiberized
beads”. By producing fiberized resin containing a known amount of adsorbent
beads per defined area, samples of fiberized resin for use in the removal of cyclic
compounds (e.g., psoralens, and, in particular, aminopsoralens) and other products
can be obtained by cutting a defined area of the fiberized resin, rather than
weighing the adsorbent beads.

The term “filter” refers broadly to devices, materials, and the like that are
able to allow certain components to a mixture to pass through while retaining
other components. For example, a filter may comprise a mesh with pores sized to
allow a blood product (e.g., plasma) to pass through, while retaining other
components such as resin particles. The term “filter” is not limited to the means
by which certain components are retained.

The term “flow adapter” refers to a device that is capable of controlling
the flow of a particular substance like a blood product. The flow adapter may
perform additional functions, such as preventing the passage of pieces of
adsorbent resin material.

The term “heterocyclic compounds” refers broadly to cyclic compounds
wherein one or more of the rings contains more than one type of atom. In general,

carbon represents the predominant atom, while the other atoms include, for
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example, nitrogen, sulfur, and oxygen. Examples of heterocyclic compounds
include furan, pyrrole, thiophene, and pyridine.

The phrase “high temperature activation process” refers to a high
temperature process that typically results in changes in surface area, porosity and
surface chemistry of the treated material due to pyrolysis and/or oxidation of the
starting material.

The term “immobilization adsorption device (IAD)” refers to immobilized
adsorbent material in, on or entrapped to an inert matrix. Where the inert matrix
is a fiber network the term IAD can be used interchangeably with the term
fiberized resin.

The term “inert matrix” refers to any synthetic or naturally occurring fiber
or polymeric material which can be used to immobilize adsorbent particles
without substantially effecting the desired biological activity of the blood product.
The matrix may contribute to the reduction in concentration of small organic
compounds although typically it does not contribute substantially to the
adsorption or removal process. In addition, the inert matrix may interact with
cellular or protein components resulting in cell removal (e.g. leukodepletion) or
removal of protein or other molecules.

The term “in-line column” refers to a container, usually cylindrically
shaped, having an input end and an output end and containing a substance
disposed therein to reduce the concentration of small organic compounds from a
blood product.

The term “isolating” refers to separating a substance out of a mixture
containing more than one component. For example, platelets may be separated
from whole blood. The product that is isolated does not necessarily refer to the
complete separation of that product from other components.

The term “macropores” generally means that the diameter of the pores is
greater than about 500 A. The term micropores refers to pores with diameters less
than about 20 A. The term mesopores refers to pores with diameters greater than

about 20 A. and less than about 500 A
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The term “macroporous” is used to describe a porous structure having a
substantial number of pores with diameters greater than about 500 A.

The term “macroreticular” is a relative term that means that the structure
has a high physical porosity (i.e., a large number of pores are present) a porous
adsorbent structure possessing both macropores and micropores.

<<

The term “mesh enclosure,” “mesh pouch” and the like refer to an
enclosure, pouch, bag or the like manufactured to contain multiple pores. For
example, the present invention contemplates a pouch, containing the immobilized
adsorbent particle, with pores of a size that allow a blood product to contact the
immobilized adsorbent particle, but retain the immobilized adsorbent particle
within the pouch.

The term “partition” refers to any type of device or element that can
separate or divide a whole into sections or parts. For example, the present
invention contemplates the use of a partition to divide a blood bag, adapted to
contain a blood product, into two parts. The blood product occupies one part of
the bag prior to and during treatment, while the adsorbent resin occupies the other
part. In one embodiment, after treatment of the blood product, the partition is
removed (e.g., the integrity of the partition is altered), thereby allowing the treated
blood product to come in contact with the adsorbent resin. The partition may
either be positioned in the bag's interior or on its exterior. When used with the
term “partition,” the term “removed” means that the isolation of the two parts of
the blood bag no longer exists; it does not necessarily mean that the partition is no
longer associated with the bag in some way.

The term “photoproduct” refers to products that result from the
photochemical reaction that a psoralen undergoes upon exposure to ultraviolet
radiation.

The term “polyaromatic compounds” refers to polymeric compounds
containing aromatic groups in the backbone, such as polyethylene terphalate, or as
pendant groups, such as polystyrene, or both.

The term “polystyrene network” refers broadly to polymers containing

styrene (CeHsCH=CH,) monomers; the polymers may be linear, consisting of a
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single covalent alkane chain with phenyl substituents, or cross-linked, generally
with m- or p-phenylene residues or other bifunctional or hyper crosslinked
structure, to form a two-dimensional polymer backbone.

The term “psoralen removal means” refers to a substance or device that is
able to remove greater than about 70% of the psoralen from, e.g., a blood product;
preferably, greater than about 90% preferable; most preferably greater than about
99%. A psoralen removal means may also remove other components of the blood
product, such as psoralen photoproducts.

The phrase “reducing the concentration” refers to the removal of some
portion of the aromatic compounds from the aqueous sotution. While reduction in
concentration is preferably on the order of greater than about 70%, more
preferably on the order of about 90%, and most preferably on the order of about
99%.

The phrase “removing substantially all of said portion of a small organic
compound (e.g. a psoralen, psoralen derivative, isopsoralen, acridine, acridine
derivative, or dye) free in solution” refers preferably to the removal of more than
about 80% of the compound free in solution, more preferably to the removal of
more than about 85%, even more preferably of more than about 90%, and most
preferably to the removal of more than about 99%.

The term “resin” refers to a solid support (such as particles or beads etc.)
capable of interacting and attaching to various small organic compounds,
including psoralens, in a solution or fluid (e.g., a blood product), thereby
decreasing the concentration of those elements in solution. The removal process
is not limited to any particular mechanism. For example, a psoralen may be
removed by hydrophobic or ionic interaction (i.c., affinity interaction). The term
“adsorbent resin” refers broadly to both natural organic substances and synthetic
substances and to mixtures thereof,

The term “shaker device” refers to any type of device capable of
thoroughly mixing a blood product like a platelet concentrate. The device may

have a timing mechanism to allow mixing to be restricted to a particular duration.
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The term “sintered medium” refers to a structure which is formed by
applying heat and pressure to a porous plastic, including for example a powdered
thermoplastic polymer. Porous plastics can be prepared by mixing powders of
relatively low melting polymers and heating them so the plastic particles partially
fuse but still allow a path for fluids to penetrate the porous mass. Sintered
adsorbent media can be prepared similarly by incorporating carbon or other high
or non-melting adsorbent particle with that of the low melting powder and
heating. Methods of producing porous plastic materials are described in U.S.
Patent Nos. 3,975,481, 4,110,391, 4,460,530, 4,880,843 and 4,925,880,
incorporated by reference herein. The process causes fusing of the powder
particles resulting in the formation of a porous solid structure. 1he sintered
medium can be formed into a variety of shapes by placing the polymeric powder
in a forming tool during the sintering process. Adsorbent particles can be
introduced into the sintered medium by mixing adsorbent particles with the
powdered thermoplastic polymer before subjecting to the sintering process.

The term “stabilizing agent” refers to a compound or composition capable
of optimizing the adsorption capacity of certain resins. Generally speaking,
acceptable stabilizing agents should be soluble in water and ethanol (or other
wetting agents), nonvolatile relative to water and ethanol, and safe for transfusion
in small amounts. Examples of stabilizing agents include, but are not limited to,
glycerol and low molecular weight PEGs. A “wetting agent” is distinguishable
from a “stabilizing agent” in that the former is believed to reopen adsorbent pores
of those resins that are not hyper-crosslinked (i.e., non-macronet resins). Wetting
agents generally will not prevent pores from collapsing under drying conditions,
whereas stabilizing agents will. A general discussion of wetting and wetting
agents is set forth in U.S. Patent No. 5,501,795 to Pall et al., hereby incorporated
by reference.

The phrase “substantially maintaining a desired biological activity of the
blood product” refers to substantially maintaining properties of a blood product
which are believed to be indicative of the potential performance of the product in

a therapeutic setting. For example, where red blood cells are concerned, in vivo
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activity is not destroyed or significantly lowered if ATP levels, extracellular
potassium leakage, % hemolysis are substantially maintained in red blood cells
treated by the methods described herein as compared to untreated samples. For
example, the change in ATP level between the treated red blood cell and the
untreated red blood cells can be less than about 10%. The change in hemolysis
between the treated red blood cells and the untreated red blood cells following
storage can be less than about 1%, prefereably less than about 0.8%. The change
in extracellular potassium leakage between the treated red blood cells and the
untreated red blood cells can be less than about 15%. In the case of plasma, in
vivo activity is not destroyed or significantly lowered if the level of clotting
factors, such as Factors I, II, V, VII, X, XI, or the change in PT and PTT time are
substantially maintained in plasma when treated by the methods described herein
as compared to untreated samples. For example, the change in level of clotting
factors, such as Factors I, II, V, VII, X, XI between the treated plasma and the
untreated plasma can be less than about 20%; prefereably less than about 10%.
The change in PT and PTT time for the treated plasma compared to the untreated
plasma can be, for example, less than about 3 seconds and greater than 1 second;
preferably 1.5 seconds. Where platelets are concerned, in vivo activity is not
destroyed or significantly lowered if, for example, platelet yield, pH, aggregation
response, shape change, GMP-140, morphology or hypotonic shock response are
substantially maintained in red blood cells treated by the methods described
herein as compared to untreated samples. It is further contemplated that the
phrase substantially maintained for each of the properties associated with a
described blood products may also includes values acceptable to those of ordinary
skill in the art as described in the literature, including for example in Klein H.G. ,
ed. Standards for Blood Banks and Transfusion Services, 17t Ed., Bethesda, MD:
American Association of Blood Banks, 1996, incorporated by reference herein.

The term “thiazine dyes” includes dyes that contain a sulfur atom in one or
more rings. The most common thiazine dye is methylene blue [3,7-

Bis(dimethylamino)-phenothiazin-5-ium chloride). Other thiazine dyes include,
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but are not limited to, azure A, azure C and thionine, as descrined e.g. in U.S.
Patent No. 5,571,666 to Schinazi.

The term “xanthene dyes” refers to dyes that are derivatives of the
compound xanthene. The xanthene dyes may be placed into one of three major
categories: i) fluorenes or amino xanthenes, ii) the rhodols or
aminohydroxyxanthenes, and iii) the fluorones or hydroxyxantheses. Examples of
xanthene dyes contemplated for use with the present invention include rose bengal
and eosin Y; these dyes may be commercially obtained from a number of sources
(e.g., Sigma Chemical Co., St. Louis, MI), and as described e.g. in U.S. Patent
No. 5,571,666 to Schinazi, hereby incorporated by reference.

Adsorbent Particles

Provided are adsorbent particles which are useful in a device for reducing
the concentration of small organic compounds in a blood product while
substantially maintaining a desired biological activity of the blood product.

The adsorbent particles can be of any regular or irregular shape that lends
itself to incorporation into the inert matrix but are preferably roughly spherical.
When the IAD is used with a flow device, the particles are greater than about 10
um in diameter;preferably, the particles are between about 10 um and about 200
um in diameter; more preferably, the particles are between about 10 um and about
100 pm in diameter; most preferably, the particles are between about 10 um and
about 50 pm in diameter. When the IAD is used with a batch device, the particles
are greater than about 300 pm in diameter and less than about 1200 pm in
diameter; preferably, the particles are between about 300 um and about 1200 pm
in diameter.

A high surface area is characteristic of the particles. Preferably, the
particles have a surface area between about 750 m?/g and about 3000 m?/ g. More
preferably, the particles have a surface area between about 1000 m%g and about
3000 m*/