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METHODS FOR INACTIVATING BACTERIA IN BLOOD PREPARATIONS WITH 8-
METHOXYPSORALEN

The present application is a continuation-in-part of
application Ser. No. 07/844,790 filed March 2, 1992.

FIELD OF THE INVENTION
The invention generally relates to the inactivation

of contaminants in material intended for in vivo use, and
in particular the inactivation of microorganisms in blood

preparations.

BACKGROUND

Whole blood collected from volunteer donors for
transfusion recipients is typically separated into its
components: red blood cells, platelets, and plasma. Each
of these fractions are individually stored and used to
treat a multiplicity of specific conditions and disease
states. For example, the red blood cell component is
used to treat anemia; the concentrated platelet component
is used to control bleeding; and the plasma component is
used frequently as a source of Clotting Factor VIII for
the treatment of hemophilia.

Ideally, all blood cell preparations should be from
freshly drawn blood and then immediately transfused to
the recipient. However, the logistics of operating a
blood donor center preclude this possibility in the vast
majority of cases. Transfusions are needed day and night
and it is difficult, if not impossible, to arrange for
donor recruiting at unusual hours. Consequently, modern
blood donor centers must use stored blood products.

In the United States, blood storage procedures are
subject to regulation by the government. The maximum
storage periods for the blood components collected in
these systems are specifically prescribed. For example,
whole blood components collected in an "open" (i.e. non-
sterile) system must, under governmental rules, be
transfused within twenty-four hours and in most cases
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within six Eo eight hours. By contrast, when whole blood
components are collected in a "closed" (i.e. sterile)
system the.red blood cells can be stored up to forty-two
days (depending upon the type of anticoagulant and
storage medium used) and plasma may be frozen and stored
for even longer periods.

Murphy and Gardner, New Eng.J.Med. 280:1094 (1969),
demonstrated that platelets stored as platelet-rich
plasma (PRP) at 22°C possessed a better in vivo half-life
than those stored at 4°C. Thus, more acceptable platelet
concentrates could be transfused after storage at room
temperature. Until recently, the rules allowed for
platelet concentrate storage at room temperature for up
to seven days (depending upon the type of storage
container). However, it was recognized that the
incidence of bacterial growth and subsequent transfusion
reactions in the recipient increased to unacceptable
levels with a seven day old platelet concentrate.
Platelet concentrates may now be stored for no more than
five days.

Blood bags used for platelet concentrate preparation
are in themselves sterile, as are the connected satellite
bags. One might believe, therefore, that it is a
relatively simple matter to keep the blood preparation
sterile during the manipulations needed to concentrate
the platelets. However, bacteria can be introduced by at
least two different means. First, if the donor is
experiencing a mild bacteremia, the blood will be
contaminated, regardless of the collection or storage
method. Adequate donor histories and physicals will
decrease but not eliminate this problem. See B.J.
Grossman et al., Transfusion 31:500 (1991). A second,
more pervasive source of contamination is the
venepuncture. Even when "sterile" methods of skin
preparation are employed, it is extremely difficult to
sterilize the crypts around the sweat glands and hair

follicles. During venepuncture, this contaminated skin
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is often cut out in a small "“core" by a sharp needle.
This core can serve to "seed" the blood bag with bacteria
that may grow and become a risk to the recipient.

Indeed, many patients requiring platelet
transfusions lack host-defense mechanisms for normal
clearing and destruction of bacteria because of either
chemotherapy or basic hematologic disease. The growth of
even seemingly innocuous organisms in stored platelets
cah, upon transfusion, result in recipient reaction and
death. See e.g. B.A. Myhre JAMA 244:1333 (1980). J.M.
Heal et al. Transfusion 27:2 (1987).

The reports assessing the extent of contamination in
platelets have differed in their methods, sample size,
and bacterial detection schemes. D.H. Buchholz, et al.,
Transfusion 13:268 (1973) reported an overall level of
platelet contamination of 2.4% when a large (>1000 bags)
sample was examined and extensive measures were taken for
bacterial culturing. While some units were heavily
contaminated after just 24 hours of storage, the
incidence as a whole varied according to the age of the
concentrate and increased with the widespread practice of
pooling individual units; over 30% of pools were
contaminated at 3 days. See also D.H. Buccholz, et al.,
New Eng. J. Med. 285:429 (1971). While other clinicians
suggest lower numbers, recent studies indicate that
septic platelet transfusions are significantly
underreported. See e.g. J. F. Morrow et al. JAMA 266:555
(1991) .

Pre-culturing platelets is not a solution to the
bacterial contamination problem. The culture assay takes
48 hours to detect growth. Holding platelet units for an
additional two days to await the results of the assay
would create, ironically, a smaller margin of safety.

See Table 2 in J. F. Morrow et al. JAMA 266:555 (1991).
While heavily contaminated units would be detected at the
outset, lightly contaminated units would be allowed to
grow for two days. Older and potentially more
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contaminated units would end up being transfused.

Washing the blood cells (e.g. with saline) or
filtering the bacteria are also not practical solutions.
These techniques are time consuming and inefficient, as
they can reduce the number of viable blood cells
available for transfusion. Most importantly, they
typically involve an "entry" into the storage system.
Once an entry is made in a previously closed system, the
system is considered "opened," and transfusion must occur
quickly, regardless of the manner in which the blood was
collected and processed in the first place.

Finally, antibiotics are not a reasonable solution.
Contamination occurs from a wide spectrum of organisms.
Antibiotics would be needed to cover this spectrum. Many
recipients are allergic to antibiotics. 1In addition,
there is an every increasing array of drug-resistant
strains of bacteria that would not be inactivated.

In sum, there is a need for a means of inactivating
bacteria from blood components prior to storage and
transfusion storage in a way that lends itself to use in
a closed system. This approach must be able to handle a
variety of organisms without harm to the blood product or

the transfusion recipient.

SUMMARY OF THE INVENTION

The present invention relates to methods for
treating contaminants in material intended for in vivo
use, and in particular blood and blood products for human
use. In accordance with the present invention, a nucleic
acid binding compound is selectively employed to treat
contamination by microorganisms. In one embodiment, the
present invention contemplates a method of inactivation
microorganisms in blood preparations prior to long term
storage and transfusion, comprising:

a) providing, in any order, i) 8-methoxypsoralen; 1ii)
means for activating 8-methoxypsoralen; iii) a blood
preparation in a synthetic media; b) adding 8-
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methoxypsoralen to the blood preparation at a final
concentration of approximately 30 ug/ml or less; and

c) activating 8-methoxypsoralen, so that the nucleic acid
binding compounds bind covalently to the nucleic acid of
a portion of the microorganisms.

The method of the present invention is particularly
useful where the microorganisms comprise single cell and
multicellular organisms, such as bacteria, fungi,
mycoplasma and protozoa. The present invention is
employed with success with platelets.

In a preferred embodiment, the activating means
comprises a photoactivation device capable of emitting a
given intensity of a spectrum of electromagnetic
radiation comprising wavelengths between 180 nm and 400
nm. Preferrably, the intensity is less than 20 mW/cm® and
the blood preparation is exposed to this intensity for
less than ten minutes. In one embodiment, the blood
preparation is exposed to this intensity for only
approximately five minutes.

It is not intended that the present invention be
limited to particular nucleic acid binding compounds. In
one embodiment, the present invention contemplates
photoreactive nucleic acid binding compounds selected
from the group comprising furocoumarins. In a preferred
embodiment, the furocoumarin is a psoralen, such as 8-
methoxypsoralen.

The present invention also contemplates compositions
having anti-microbial properties. In one embodiment, the
composition comprises 8-methoxypsoralen at a
concentration less than 30 ug/ml and material intended
for human in vivo use together in a synthetic media.
Preferrably, the concentration is approximately 5 ug/ml.

The present invention also contemplates using
nucleic acid binding compounds in combination with other
reagents. In particular, the present invention
contemplates adding mannitol to the synthetic media to
preserve platelet function.
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DESCRIPTION OF THE FIGURES

Figure 1 is a perspective view of one embodiment of
the device of the present invention.

Figure 2 is a cross-sectional view of the device
shown in Figure 1 along the lines of 2--2.

Figure 3 is a cross-sectional view of the device
shown in Figure 1 along the lines of 3--3.

Figure 4 is a cross-sectional view of the device
shown in Figure 1 along the lines of 4--4.

Figure 5 schematically shows the decontamination
approach of the present invention applied specifically to
blood products.

Figure 6 is a graph showing the photoaddition of 8-
methoxypsoralen to nucleic acid.

Figure 7 is a graph showing the degradation of 8-
methoxypsoralen (8-MOP) compared to that of 4'-
aminomethyl-4,5’,8-trimethylpsoralen (AMT), as measured
by HPLC.

Figure 8 is a graph showing the inactivation of gram
negative bacteria.

Figure 9 is a graph showing pH results following
treatment and platelet storage.

Figure 10 is a graph showing aggregation results
following treatment and platelet storage.

Figure 11 is a graph showing ATP results following

treatment and platelet storage.

DESCRIPTION OF THE INVENTION

The present invention relates to methods for
treating contaminants in material intended for in vivo
use, and in particular blood and blood products. In one
embodiment, the method of the present invention comprises
the treatment of platelet concentrates for contamination
by microorganisms.

As noted previously, whole blood is collected and
typically separated into red blood cells, platelets, and

plasma. Each of these fractions are individually stored
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under specific conditions prior to in vivo use. In many
cases, the extent of contamination is related to the
storage time because of growth. A process that
inactivated microorganisms at the time of blood
collection would be expected to prevent growth during
storage.

In one embodiment, the present invention
contemplates inactivating blood products after separation
but before storage. In this embodiment, a nucleic acid
binding compound is selectively employed to treat
contamination by microorganisms.

In one embodiment, the nucleic acid binding compound
is selected from the group comprising furocoumarins. In
a preferred embodiment, the furocoumarin is a psoralen
that is activated by a photoactivation device.

Psoralens are tricyclic compounds formed by the
linear fusion of a furan ring with a coumarin. Psoralens
can intercalate between the base pairs of double-stranded
nucleic acids, forming covalent adducts to pyrimidine
bases upon absorption of longwave ultraviolet light
(UVA). G. D. Cimino et al., Ann. Rev. Biochem. 54:1151
(1985). Hearst et al., Quart. Rev. Biophys. 17:1 (1984).
If there is a second pyrimidine adjacent to a psoralen-
pyvrimidine monoadduct and on the opposite strand,
absorption of a second photon can lead to formation of a
diadduct which functions as an interstrand crosslink.
S.T. Isaacs et al., Biochemistry 16:1058 (1977). S.T.
Isaacs et al., Trends in Photobiology (Plenum) pp. 279-
294 (1982). J. Tessman et al., Biochem. 24:1669 (1985).
Hearst et al., U.S. Patents Nos. 4,124,589, 4,169,204,
and 4,196,281, hereby incorporated by reference.

Psoralens have been shown to inactivate viruses in
some blood products. See H.J. Alter et al., The Lancet
(11:1446) (1988). L. Lin et al., Blood 74:517 (1989).
G.P. Wiesehahn et al., U.S. Patents Nos. 4,727,027 and
4,748,120, hereby incorporated by reference, describe the
use of a combination of 8-methoxypsoralen (8-MOP) and
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irradiation. They show that 300 ug/ml of 8-MOP together
with one hour or more of irradiation with ultraviolet
light can effectively inactivate viruses. However, these
treatment conditions cause harm to the blood product
because of energy transfer. Their approach is only
feasible if the damage to cells is specifically
suppressed by limiting the concentration of molecular
oxygen, a difficult and expensive process.

The inactivation method of the present invention
provides a method of inactivating single cell and
multicellular organisms, and in particular, bacteria,
fungi, mycoplasma and protozoa. In contrast to previous
approaches, the method of the present invention does not
cause harm to the blood product. There is no significant
damage to cells and, therefore, no need to limit the
concentration of molecular oxygen.

The present invention contemplates using much lower
concentrations of nucleic acid binding compounds than
previously employed. For example, the present invention
contemplates using 8-MOP at concentrations of 30 ug/ml or
less. 1Indeed, a preferred concentration of 8-MOP for
bacterial decontamination in platelet concentrates is 3
ug/ml or less, i.e. a one hundred-fold lower
concentration than employed by G.P. Wiesehahn et al.
supra.

The present invention, furthermore, contemplates
using much lower doses of irradiation than previously
described. This is accomplished with lower intensity
irradiation sources, with wavelength cutoff filters (see
below), and/or shorter irradiation times. In a preferred
embodiment, the time of irradiation is variable and
controlled from 1 second to 99 minutes, in one second
increments.

In one embodiment, the device of the present
invention is mounted on an agitator, giving horizontal
unidirectional and sinusoidal motion of variable

frequency and amplitude. In another embodiment, heat
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from the lamps, ballasts and other sources is blocked
from the bags.

While it is not intended that the present invention
be limited by the theory of inactivation, the use of
lower compound concentrations and irradiation doses comes
from and understanding that, where the present invention
is applied to the decontamination of a single cell or
multicellular organism (as opposed to a virus), a lower
level of nucleic acid binding will achieve inactivation.
In addition, it is recognized that it is not essential
that inactivation be complete. That is to say, partial
inactivation will be adequate as long as the viable
portion is unable, within the storage period, to grow to
levels sufficient to cause disease.

To appreciate that, in any given case, an
inactivation method may or may not achieve complete
inactivation, it is useful to consider a specific
example. A bacterial culture is said to be sterilized if
an aliquot of the culture, when transferred to a fresh
culture plate and permitted to grow, is undetectable
after a certain time period. The time period and the
growth conditions (e.g. temperature) define an
"amplification factor". This amplification factor along
with the limitations of the detection method (e.g. visual
inspection of the culture plate for the appearance of a
bacterial colony) define the sensitivity of the
inactivation method. A minimal number of viable bacteria
must be applied to the plate for a signal to be
detectable. With the optimum detection method, this
minimal number is 1 bacterial cell. With a suboptimal
detection method, the minimal number of bacterial cells
applied so that a signal is observed may be much greater
than 1. The detection method determines a "threshold"
below which the method appears to be completely effective
(and above which the method is, in fact, only partially
effective).

This interplay between the amplification factor of
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an assay and the threshold that the detection method
defines, can be illustrated. For example, bacterial
cells can be applied to a plate; the detection method is
arbitarily chosen to be visual inspection. Assume the
growth conditions and time are such that an overall
amplification of 10 has occurred. The detectable signal
will be proportional to the number of bacterial cells
actually present after amplification. For calculation
purposes, the detection threshold is taken to be 10°
cells; if fewer than 10° cells are present after
amplification, no cell colonies are visually detectable
and the inactivation method will appear effective. Given
the amplification factor of 10° and a detection threshold
of 10° the sensitivity limit would be 100 bacterial
cells; if less than 100 viable bacterial cells were
present in the original aliquot of the bacterial culture
after the sterilization method is performed, the culture
would still appear to be sterilized.

Such a situation is common for bacterial growth
assays. The sensitivity of the assay is such that viable
bacterial cells are present but the assay is unable to
detect them. This may explain, at least in part, the
variability in results obtained by researchers attempted
to determine the extent of bacterial contamination of
blood products. See D.H. Buchholz, et al., Transfusion
13:268 (1973), wherein such variability is discussed.

It should be noted that, in many countries,
contamination of blood products by cellular organisms 1is
more pervasive and, therefore, more serious than viral
contamination. For example, in South America, the most
important blood-borne organism is T. cruzi, which is the
etiologic agent of Chagas disease. Approximately 16-18
million people are infected in the Americas (including
11% of the population of Chile). It is contemplated that
the decontamination method of the present invention is
well-suited for inactivation of this protozoa.

The present invention contemplates devices and
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methods for photoactivation and specifically, for
activation of photoreactive nucleic acid binding
compounds. The present invention contemplates devices
having an inexpensive source of electromagnetic radiation
that is integrated into a unit. 1In general, the present
invention contemplates a photoactivation device for
treating photoreactive compounds, comprising: a) means
for providing appropriate wavelengths of electromagnetic
radiation to cause activation of at least one
photoreactive compound; b) means for supporting a
plurality of blood products in a fixed relationship with
the radiation providing means during activation; and c)
means for maintaining the temperature of the blood
products within a desired temperature range during
activation. The present invention also contemplates
methods, comprising: a) supporting a plurality of blood
product containers, contailning one or more photoreactive
compounds, in a fixed relationonship with a fluorescent
source of electromagnetic radiation; b) irradiating the
plurality of blood products simultaneously with said
electromagnetic radiation to cause activation of at least
one photoreactive compound; and c¢) maintaining the
temperature of the blood products within a desired
temperature range during activation.

The major features of one embodiment of the device
of the present invention involve: A) an inexpensive
source of ultraviolet radiation in a fixed relationship
with the means for supporting the sample vessels, B)
rapid photoactivation, C) large sample processing, D)
temperature control of the irradiated samples, and E)
inherent safety.

A. Electromagnetic Radiation Source

A preferred photoactivation device of the present
invention has an inexpensive source of ultraviolet
radiation in a fixed relationship with the means for
supporting the sample vessels. Ultraviolet radiation is

a form of energy that occupies a portion of the
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electromagnetic radiation spectrum (the electromagnetic
radiation spectrum ranges from cosmic rays to radio
waves). Ultraviolet radiation can come from many natural
and artificial sources. Depending on the source of
ultraviolet radiation, it may be accompanied by other
(non-ultraviolet) types of electromagnetic radiation
(e.g. visible light).

Particular types of ultraviolet radiation are herein
described in terms of wavelength. Wavelength is Herein
described in terms of nanometers ("nm"; 107° meters). For
purposes herein, ultraviolet radiation extends from
approximately 180 nm to 400 nm. When a radiation source,
by virtue of filters or other means, does not allow
radiation below a particular wavelength (e.g. 320 nm), it
is said to have a low end "cutoff" at that wavelength
(e.g. "a wavelength cutoff at 300 nanometers").
Similarly, when a radiation source allows only radiation
below a particular wavelength (e.g. 360 nm), it is said
to have a high end "cutoff" at that wavelength (e.g. "a
wavelength cutoff at 360 nanometers").

For any photochemical reaction it is desired to
eliminate or least minimize any deleterious side
reactions. Some of these side reactions can be caused by
the excitation of endogenous chromophores that may be
present during the photochemical activation procedure.

In a system where only nucleic acid and psoralen are
present, the endogenous chromophores are the nucleic acid
bases themselves. Restricting the activation process to
wavelengths greater than 320 nm minimizes direct nucleic
acid damage since there is very little absorption by
nucleic acids above 313 nm.

In blood products, the nucleic acid is typically
present together with additional biological chromophores.
If the biological fluid is just protein, the 320 nm
cutoff will be adequate for minimizing side reactions
(aromatic amino acids do not absorb above 320 nm). If
the biological fluid includes cells and/or cellular
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constituents, there will be many other chromophores,
including hemes and flavins.

Hemes are abundant in blood products where they
arise from the lysis of red cells. Flavins, like hemes,
are required for metabolic respiration. Both of these
endogenous chromophores will cause damage to cells if
excited by photoirradiation.

Hemes have three principle absorption bands: two are
in the red region of the visible spectrum; the other is
centered about 400 nm. Flavins have two principle
absorption peaks: one at 450 nm and the other at 370 nm.

In view of the presence of these endogenous
chromophores in blood products, it is intended that the
device of the present invention be designed to allow for
irradiation within a small range of specific and
desirable wavelengths, and thus avoid damage to cells
caused by energy transfer. The preferred range of
desirable wavelengths is between 320 and 350 nm.

Some selectivity can be achieved by choice of
commercial irradiation sourcss. For example, while
typical fluorescent tubes emi: wavelengths ranging from
300 nm to above 400 nm (with z broad peak centered around
360 nm), BLB type fluorescent lamps are designed to
remove wavelengths above 400 nm. This, however, only
provides an upper end cutoff.

In a preferred embodiment, the device of the present
invention comprises an additional filtering means. In
one embodiment, the filtering means comprises a glass
cut-off filter, such as a piece of Cobalt glass. 1In
another embodiment, the filtering means comprises a
ligquid filter solution that transmit only a specific
region of the electromagnetic spectrum, such as an
aqueous solution of Co(No,),. This salt solution yields a
transmission window of 320-400 nm. In a preferred
embodiment, the agueous solution of Co(No,), is used in
combination with NiSO, to remove the 365 nm component of

the emmision spectrum of the fluorescent or arc source
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employed. The Co-Ni solution preserves its initial
transmission remarkably well even after tens of hours of
exposure to the direct light of high energy sources.

It is not intended that the present invention be
limited by the particular filter employed. Several
inorganic salts and glasses satisfy the necessary
requirements. For example. cupric sulfate is a most
useful general filter for removing the infra-red, when
only the ultraviolet is to be isolated. 1Its stability in
intense sources is quite good. Other salts are known to
one skilled in the art. Aperture or reflector lamps may
also be used to achieve specific wavelengths and
intensities.

When ultraviolet radiation is herein described in
terms of irradiance, it is expressed in terms of
intensity flux (milliwatts per square centimeter or "mW
cm?’). "Output" is herein defined to encompass both the
emission of radiation (yes or no; on or off) as well as
the level of irradiance. In a preferred embodiment,
intensity is monitored at 4 locations: 2 for each side of
the plane of irradiation.

A preferred source of ultraviolet radiation 1is a
fluorescent source. Fluorescence is a special case of
luminescence. Luminescence involves the absorption of
electromagnetic radiation by a substance and the
conversion of the ehergy into radiation of a different
wavelength. With fluorescence, the substance that is
excited by the electromagnetic radiation returns to its
ground state by emitting a quantum of electromagnetic
radiation. While fluorescent sources have heretofore
been thought to be of too low intensity to be useful for
photoactivation, in one embodiment the present invention
employs fluorescent sources to achieve results thus far
achievable on only expensive eguipment.

As used here, fixed relationship is defined as
comprising a fixed distance and geometry between the

sample and the light source during the sample
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irradiation. Distance relates to the distance between
the source and the sample as it is supported. It is
known that light intensity from a point source is
inversely related to the square of the distance from the
point source. Thus, small changes in the distance from
the source can have a drastic impact on intensity. Since
changes in intensity can impact photoactivation results,
changes in distance are avoided in the devices of the
present invention. This provides reproducibility' and
repeatability.

Geometry relates to the positioning of the light
source. For example, it can be imagined that light
sources could be placed around the sample holder in many
ways (on the sides, on the bottom, in a circle, etc.).
The geometry used in a preferred embodiment of the
present invention allows for uniform light exposure of
appropriate intensity for rapid photoactivation. The
geometry of a preferred device of the present invention
involves multiple sources of linear lamps as opposed to
single point sources. In addition, there are several
reflective surfaces and several absorptive surfaces.
Because of this complicated geometry, changes in the
location or number of the lamps relative to the position
of the samples to be irradiated are to be avoided in that
such changes will result in intensity changes.

B. Rapid Photoactivation

The light source of the preferred embodiment of the
present invention allows for rapid photoactivation. The
intensity characteristics of the irradiation device have
been selected to be convenient with the anticipation that
many sets of multiple samples may need to be processed.
With this anticipation, a fifteen minute exposure time or
less is a practical goal.

In designing the devices of the present invention,
relative position of the elements of the preferred device
have been optimized to allow for fifteen minutes of

irradiation time, so that, when measured for the
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wavelengths between 320 and 350 nanometers, an intensity
flux greater than approxiamtely 1 mW cm™ is provided to
the sample vessels. In a preferred embodiment, the
device irradiates both sides of the bag.
C. Processing of Large Numbers of Samples

As noted, another important feature of the
photoactivation devices of the present invention is that
they provide for the processing of large numbers of
samples. In this regard, one element of the devices of
the present invention is a means for supporting a
plurality of blood products, and in particular, blood
bags. In the preferred embodiment of the present
invention the supporting means comprises glass plates
between two banks of lights with a capacity of six 50 ml
bags (equivalent to Dupont Stericell bag) plus connectors
and tubing, at one time. By accepting commonly used
commerically available blood bags, the device of the
present invention allows for convenient processing of
large numbers of samples.

D. Temperature Control

As noted, one of the important features of the
photoactivation devices of the present invention is
temperature control. Temperature control is important
because the temperature of the sample in the sample at
the time of exposure to light can dramatically impact the’
results. For example, conditions that promote secondary
structure in nucleic acids also enhance the affinity
constants of many psoralen derivatives for nucleic acids.
Hyde and Hearst, Biochemistry, 17, 1251 (1978). These
conditions are a mix of both solvent composition and
temperature. With single stranded 5S ribosomal RNA,
irradiation at low temperatures enhances the covalent
addition of HMT tb 5S rRNA by two fold at 4°C compared to
20°C. Thompson et al., J. Mol. Biol. 147:417 (1981).
Even further temperature induced enhancements of psoralen
binding have been reported with synthetic

polynucleotides. Thompson et al., Biochemistry 21:1363
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(1982).

With respect to bacteria, it sould be noted that
repair of crosslinks occurs during irradiation. However,
where a lower temperature is employed during irradiation,
the bacterial repair process is supressed. Thus, a 15°C
irradiation has a significant effect on the level of
inactivation that is observed.

E. Inherent Safety

Ultraviolet radiation can cause severe burns.
Depending on the nature of the exposure, it may also be
carcinogenic. The light source of a preferred embodiment
of the present invention is shielded from the user. This
is in contrast to the commercial hand-held ultraviolet
sources as well as the large, high intensity sources. In
a preferred embodiment, the irradiation source is
contained within a housing made of material that
obstructs the transmission of radiant energy (i.e. an
opague housing). No irradiation is allowed to pass to the

user. This allows for inherent safety for the user.

EXPERIMENTAL

The following examples serve to illustrate certain
preferred embodiments and aspects of the present
invention and are not to be construed as limiting the
scope thereof.

In the experimental disclosure which follows, the
following abbreviations apply: eq (equivalents); M
(Molar); UM (micromolar); N (Normal); mol (moles); mmol
millimoles); pmol (micromoles); nmol (nanomoles); gm
grams); mg (milligrams); Mg (micrograms); L (liters); ml -

(
(
(milliliters); pl (microliters); cm (centimeters); mm
(millimeters); Um (micrometers); nm (nanometers); ©°C
(

degrees Centigrade); HPLC (High Pressure Liquid

Chromatography) .

EXAMPLE 1

As noted above, the present invention contemplates
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devices and methods for the activation of photoreactive
nucleic acid binding compounds. In this example, a
photoactivation device is described for decontaminating
blood products according to the method of the present
invention. This device comprises: a) means for providing
appropriate wavelengths of electromagnetic radiation to
cause activation of at least one photoreactive compound;
b) means for supporting a plurality of blood products in
a fixed relationship with the radiation providing means
during activation; and c¢) means for maintaining the
temperature of the blood products within a desired
temperature range during activation.

Figure 1 is a perspective view of one embodiment of
the device integrating the above-named features. The
figure shows an opagque housing (100) with a portion of it
removed, containing an array of bulbs (101) above and
below a plurality of representative blood product
containing means (102) placed between plate assemblies
(103, 104). The plate assemblies (103, 104) are
described more fully, subsequently.

The bulbs (101), which are connectable to a power
source (not shown), serve as a source of electromagnetic
radiation. While not limited to the particular bulb
type, the embodiment is configured to accept an industry
standard, dual bipin lamp.

The housing (101) can be opened via a latch (105) so
that the blood product can be placed appropriately. As
shown in Figure 1, the housing (100), when closed,
completely contains the irradiation from the bulbs (101).
During irradiation, the user can confirm that the device
is operating by looking through a safety viewport (106)
which does not allow transmission of ultraviolet light to
the user.

The housing (100) also serves as a mount for several
electronic components on a control board (107),
including, by way of example, a main power switch, a
count down timer, and an hour meter. For convenience,
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the power switch can be wired to the count down timer
which in turn is wired in parallel to an hour meter and
to the source of the electromagnetic radiation. The
count down timer permits a user to prest the irradiation
time to a desired level of exposure. The hour meter
maintains a record of the total number of radiation hours
that are provided by the source of electromagnetic
radiation. This feature permits the bulbs (101) to be
monitored and changed before their output diminishes
below a minimum level necessary for rapid
photoactivation.

Figure 2 is a cross-sectional view of the device
shown in Figure 1 along the lines of 2--2. Figure 2
shows the arrangment of the bulbs (101) with the housing
(100) opened. A reflector (108a, 108B) cdmpletely
surrounds each array of bulbs (101). Blood product
containing means (102) are placed between upper (103) and
lower (104) plate assemblies. Each plate assembly is
comprised of an upper (103A, 104A) and lower (103B, 104B)
plates. The plate assemblies (103, 104) are connected
via a hinge (109) which is designed to accomodate the
space created by the blood product containing means
(102). The upper plate assembly (103) is brought to rest
gently on top of the blood product containing means (102)
supported by the lower plate (104B) of the lower plate
assembly (104).

Detectors (110A, 110B, 110C, 110D) may be conviently
placed between the plates (1032, 103B, 104A, 104B) of the
plate assemblies (103, 104). They can be wired to a
printed circuit board (111) which in turn 1s wired to the
control board (107).

Figure 3 is a cross-sectional view of the device
shown in Figure 1 along the lines of 3--3. Six blood
product containing means (102) (e.g. teflon platelet unit
bags) are placed in a fix relationship above an array of
bulbs (101). The temperature of the blood product can be
controlled via a fan (112) alone or, more preferrably, by
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employing a heat exchanger (113) having cooling inlet
(114) and outlet (115) ports connected to a cooling
source (not shown) .

Figure 4 is a cross-sectional view of the device
shown in Figure 1 along the lines of 4--4. Figure 4 more
clearly shows the temperature control approach of a
preferred embodiment of the device. Upper plate assembly
plates (103A, 103B) and lower plate assembly plates
(104A, 104B) each create a temperature control chamber
(103C, 104C), respectively. The fan (112) can circulate
air within and between the chambers (103C, 104C). When
the heat exchanger (113) is employed, the circulating air
is cooled and passed between the plates (103A, 103B,
104a, 104B).

EXAMPLE 2

Figure 5 shows an embodiment wherein platelets are
treated by the method of the present invention.
Following fractionation, platelets are transferred to a
bag containing a nucleic acid binding compound (shown in
Figure 1 as a shaded bag). This bag, which has
transmission properties and other characteristics suited
for the present invention, is then placed in an
irradiation device (such as that described in Example 1,
above) and is irradiated. The free compound may be
collected or "captured" as desired by a capture device.
In such a case, the bag would contain only compound that
is contained in cells; the bag would have no free

compound (this bag is indicated in Figure 1 as unshaded).

EXAMPLE 3
In this example, the decontamination methods of the
present invention are applied to inactivate Klebsiella
pneumoniae, which is known to be among the organisms
associated with bacteremia. See generally, Infect.
Control 5:343 (1984). The particular isolate in this
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case was obtained following a platelet transfusion where
the recipient immediately went into shock and later died.
The platelet bag was obtained and cultured, and the
organism was identified and serotyped.

For the experiment, the strain was kept at ambient
temperature and inoculated onto either heart infusion
agar (HIA) or heart infusion agar containing 5% (v/v)
sheep blood (BAP) by swabbing each plate for confluency
via a sterile applicator swab. Cultures were then
incubated under static conditions for 16 - 18h at 35°C.
At the end of the incubation period, cultures were
removed and suspended in phosphate buffered saline
(PBS;pH 7.2-7.4) and spectrophotometrically standardized
to 1.0 at an OD¢, using a Spectronic 501 or 601
spectrophotometer (Bausch and Lomb). After
standardization, suspensions were diluted 1:10 in PBS to
achieve an ca. 10%® CFU/ml concentration. This
standardized suspension is then split to use an aliquot
for the inactivation study, while another portion was
plated in duplicate 10-fold serial dilutions onto HIA (or
BAP) to ensure appropriate concentrations of the
organism.

To assess inactivation of the organism, two ABO
compatible freshly outdated human platelet concentrate
units were obtained from the Blood Bank of Alameda -
Contra Costa Medical Association. They were pooled and
redivided into two bags. One bag was infused with the
bacteria preparation. The platelets in the second unit
were pelleted at 1000 g for 10 minutes and then
resuspended in a medium containing 85% saline and 15%
plasma. Bacteria was added after platelets were well
resuspended.

3 ml aliguots of bacteria containing platelet
concentrate were transferred to a teflon minibag
(American Fluoroseal Corporation, Silver Spring,
Maryland) and received specified amounts of 8-MOP and UVA
irradiation, except for the controls, which were
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irradiated without psoralen, or received no treatment.
Temperature was maintained at 25°C during irradiation in
the irradiation device described above which is eguipped
with an air cooling mechanism. BLB type bulbs were
used. These are "black light" tubes (engineered to emit
specific wavelengths by means of an internal phosphor
coating) 24 inches in length. Total intensity is less
than 15 mW/cm?.

Following irradiation, bacteria were quantified by
plating 0.1 ml of serial 10-fold dilutions in broth onto
100 mm petri dishes containing BHI agar. After 24 hr
incubation at 35°C, colonies were counted and bacterial
concentration was calculated on a per ml basis. The
results (Figure 8) show that while only 1.2 logs of
Klebsiella were killed by 5 mg/ml 8-MOP in five minutes
of UVA irradiation in 100% plasma, more than 6.5 logs
were killed under the same conditions in 15% plasma and
85% saline.

While not limited to any theory as to the mechanism
by which this improvement in decontamination efficiency
was achieved, it would appear that these results indicate
that either that the optical properties of the synthetic
medium are better, or the lower protein concentration
allows for a higher concentration of free 8-MOP. In the
latter situation, the 8-MOP would be more available for
decontamination. '

EXAMPLE 4

Artuc and co-workers examined the solubility of 8-
MOP in human and bovine serum proteins, and showed that
at 8-MOP concentrations ranging form 100 to 1000 ng/ml.
concentrations similar to those observed in patients
undergoing psoralen ultraviolet A (PUVA) therapy for
psoriasis, 75% to 80% of the 8-MOP was bound to albumin.
M. Artuc et al., Brit. J. Derm. 101:669 (1979).

In this example, the binding of 8-MOP to Calf Thymus
DNA is compared using plasma and a protein free media in

order to validate the efficiency of psoralen-nucleic
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interactions under the decontamination methods of the
present invention. Although this measurement used
eukaryotic nucleic acid rather than bacterial nucleic
acid, it is a useful indicator of the degree of adduct
formation for bacteria.

’H-8-MOP was prepared to a concentration of 115 ug/ml
in ethanol at a specific activity of 4.7 x 10°
CPM/microgram (hereinafter "8-MOP stock"). Thereafter
130.5 or 22 ul of 8-MOP stock (2 each) for samples
containing DNA ("+ DNA") and 52.2 or 8.7 ul for samples
not containing DNA ("- DNA") were dried down. To + DNA
samples, 40 ul of DNA stock (7.7 mg/ml) was added as well
as either 460 ul plasma (day old frozen) or 450 ul Tris-
EDTA ("TE") buffer. To the latter was also added 10 ul
SM NaCl. For - DNA samples (i.e. the controls), 184 ul
plasma and 16 ul water was added.

The samples were mildly vortexed for approximately
one hour and the counts were checked to confirm that the
8-MOP dissolved.

Each sample (100 ul) was irradiated on an HRI-100
(HRI Research Inc., Concord, CA) at 25°C for 0, 2, 4, 8,
and 16 minutes. Samples were kept at 4°C overnight after
irradiation. Thereafter, the samples were extracted.
First, a phenol solution was prepared at pH 8 by
equilibrating with 0.1 M Tris pH 8. Each sampie was then
extracted with 100 ul phenol. Each sample was
centrifuged for 5 minutes to remove the aqueous phase to
a new tube. A second extraction was performed with 100
ul 1:1 phenol:chloroform. A final extraction was
performed with 100 ul chloroform.

The final aqueous phase was precipitated by adding
50 ul NaCl adjusted to give a final concentration of NaCl
of 0.2 M and then adding 250 ul ethanol. The samples
were again centrifuged (10 minutes). The supernatant was
removed and the pellets were dried. The pellets were
resuspended in 100 ul TE and reprecipitated. This was
repeated for a total of 3 precipitations. The final
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pellets were brought up in 600 ul water and 100 ul was
counted. Each sample was assayed for DNA by measuring
absorbance (260 nm). 8-MOP levels were plotted as
adducts per 1000 base pairs ("8-MOP:kBP").

The results (Figure 6) show that plasma does
significantly change the addition kinetics of 8-MOP to
DNA. Addition to nucleic acid is much better in the
protein free .media.

The frequency of 8-MOP-DNA adduct formation in
protein free media predicts a high multiplicity of
modification of the bacterial genome. Furthermore, this
type of biochemical measurement has the potential to
provide a means to monitor the efficiency of the

photochemical inactivation method.

EXAMPLE 5

Photoactivation of psoralens and isopsoralens may
result in a variety of photoproducts. "Photoproduct" 1is
best understood by considering the possible reactions of
photoreactive compound when exposed to activating
wavelengths of electromagnetic radiation. While not
limited to any precise mechanism, it is believed that the
reaction of photoreactive compound in its ground state
("C") with activating wavelengths of electromagnetic
radiation creates a short-lived excited species ("C*"):

C— C*
What happens next is largely a function of what potential
reactants are available to the excited species. Since it
is short-lived, a reaction of this species with nucleic
acid ("NA") is believed to only be possible if nucleic
acid is present at the time the excited species is
generated. Thus, the reaction must, in operational
terms, be in the presence of activating wavelengths of
electromagnetic radiation, i.e. it is ‘"photobinding"; it
is not dark binding. The reaction can be depicted as
follows:
C* + NA — NA:C
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The product of this reaction is hereinafter referred to
as "Photoaddition Product® and is to be distinguished
from "Photoproduct."

With this reaction described, one can now consider
the situation where nucleic acid is not available for
binding at the time the compound is exposed to activating
wavelengths of electromagnetic radiation. Since the
excited species is short-lived and has no nucleic acid to
react with, the excited species may simply return to its
ground state:

C* = C
On the other hand, the excited species may react with
itself (i.e. a ground state or excited species) to create
a ground state complex ("C:C"). The product of these
self-reactions where two compounds react is referred to
as "photodimer" or simply "dimer." The self-reactions,
however, are not limited to two compounds; a variety of
multimers may be formed (trimers, etc.).

vThe excited species is not limited to reacting with
itself. It may react with its environment, such as
elements of the solvent ("E") (e.g. ions, gases, etc.) to
produce other products:

C* + E— E:C
It is this type of reaction that is believed to cause
cellular damage (e.g., reaction with oxygen to create
singlet oxygen species). Furthermore, it may simply
internally rearrange ("isomerize") to a ground state
derivative ("["):

C* = [

Finally, the excited species may undergo other reactions
than described here.

The present invention and the understanding of
"photoproduct" does not depend on which one (if any) of
these reactions actually occurs. "Photoproduct" -
whatever its nature - is deemed to exist if, following
the reaction of a compound and activating wavelengths of

electromagnetic radiation, there is a resultant product
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formed that can interact with other components of the
reaction environment.

With psoralens such as 4'-hydroxymethyl-4,5’,8-
trimethylpsoralen (HMT), there are a number of resultant
products produced when the HMT is exposed to activating
wavelngths of electromagnetic radiation. The major
resultant products of HMT are two cyclobutyl photodimers.
In one of the dimers, the two pyrone rings are linked in
a cis-syn configuration, while in the other dimer, the
linkage occurs between the furan end of one molecule and
the pyrone end of the other, again with cis-syn
configuration. A third resultant product of HMT is a
monomeric HMT photoisomer. In this isomer, the central
ring oxygens assume a 1, 4 instead of the normal 1, 3
orientation. While the two photodimers would not be
expected to have an intercalating activity due to
geometrical considerations, the photoisomer remains
planer, and accordingly, it is contemplated that it has a
positive intercalative association with double stranded
nucleic acid and, thus, could be a mutagen.

In this example, the photochemical breakdown of 8-
MOP is compared with AMT. The samples were analyzed by
reverse phase HPLC using a Rainen Dynamax 300A column.
Gradient elution was performed with 0.1 M ammonium
acetate / acetonitrile (0 - 70% acetonitrile over 42
minutes). AMT elutes as a single peak at approximately
24 minutes under these conditions. Detection was by
absorption at either 260 or 330 nm. The latter
wavelength was used for the plasma containing samples.

Standard solutions of each compound were prepared at
various concentrations. These solutions were then
diluted 1:10 into water, then 300 ul injected for
analysis. All samples were monitored at 300 nm. Peaks
were analyzed by measuring either peak height or peak
area, then converted to a gh/ml value using the standard
plot. Peak area was determining by photocopying the
trace, cutting out the copy of the peak, then weighing
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the resultant trace. The two methods gave essentially
the same result.

The results are shown in Figure 7. Clearly, AMT
degrades more gquickly than 8-MOP. It would, therefore,
be expected to generate more photoproducts - which
eventually would end up in the transfusion recipient. By
contrast, it 1s not expected that 8-MOP generates a
significant amount of photoproducts. This is important
when one considers that the weight of authority has

concluded that unactivated 8-MOP is nonmutagenic.

EXAMPLE 6
When platelets become activated, an alpha granule
membrane glycoprotein called GMP140 becomes exposed on
the platelet surface. Less than (5%) of fresh, normal
unstimulated platelets express detectable GMP 140 levels
by flow cytometry. See generally M.J. Metzelaar, Studies

on_the Expression of Activation-Markers on Human

Platelets (Thesis 1991).

To measure GMP140, a small aliquot of platelet rich
plasma is placed in HEPES buffer containing a GMP140-
binding antibody or control mouse IgG. CD62 is a
commerically available monoclonal antibody which binds to
GMP 140 (available from Sanbio, Uden, the Netherlands;
Caltag Labs, So. San Francisco, CA, and Becton Dickinson,
Mountian View, CA). After a fifteen minute incubation,
Goat Anti-Mouse IgG conjugated to FITC is added to the
tube in saturating amounts. Finally, the cells are
diluted in isotonic saline, fixed with paraformaldehyde
and analyzed on a FACSCAN (Becton Dickinson, Mountian
View, CA). The positive control is made by adding
Phorbol Myristate Acetate (PMA) to the test system at a
final concentration of 10-7 M.

In this example, CD62 was employed to measure the
impact, if any, of irradiation alone on platelet
activation. The antibody was stored in small aliquots

(0.01 mg/ml) at -40°C prior to use. A mouse IgG control
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(0.05 mg/ml) (Becton Dickinson, Mountain View, CA #9040)
5X concentrated was employed. At time of use, this was
diluted 1:5 in HEPES buffer. The secondary antibody was
goat Anti-Mouse IgG conjugated to FITC (TAGO, Burlingame,
CA #3506). This was stored in small aliquots at -20°C.
Phorbol Myristate Acetate (PMA) (Sigma, St. Louis, MO)
was stored at -40°C. At time of use, this was dissolved
in DMSO (working concentration was 1.62 X 10-° M).

" 16% Paraformaldehyde (PFA) (Sigma, St. Louis, MO)
was prepared by adding 16 grams paraformaldehyde to 100
ml deionized water. This was heated to 70°C, whereupon
3 M NaOH was added dropwise until the solution was clear.
The solution was cooled and the pH was adjusted to 7.4
with 1 N HCl. This was filtered and stored. A
commercially available isotonic buffer was used:

Hematall Isotonic Diluent (Fisher # CS 606-20).

For measuring platelet activation of platelet
contentrates, a unit of human platelets was obtained from
the Blood Bank of Alameda-Contra Costa Medical
Association. 5 ml aliguots were drawn from the bag and
received specified amounts of UVA irradiation, except for

the control, which received no treatment other than
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being placed in a chamber for irradiation. Temperature
was maintained at 25°C during irradiation by placing
platelet concentrate in stoppered glass water-jacketed
chambers attached to a circulating water bath. The
irradiation device (Derma Control, Dolton, Ill.; Model
No. 1224-Special) was as described in Example 3, above.
Following irradiation, the platelets were stored for 5
days. At specific time points, aliquots were taken and
processed. .

Processing involved adding an aliquot (e.g. 5
microliters) of platelet concentrate to each
microcentrifuge tube containing the antibody and
appropriate reagents and this was mixed very gently by
vortex. The samples were incubated for 15 minutes at room
temperature.

The Goat anti-Mouse IgG-FITC (diluted 1:10 in HEPES
buffer) was added (5 microliters) to each tube and the
solution was mixed by gentle vortex. The samples were
incubated for an additional 15 minutes at room
temperature.

Isoton II was added (1 ml) to each tube and mixed
gently with a polypropylene disposable pipet. 8% PFA in
HEPES (150 microliters) was added to each diluted sample
to final 1%. The platelets were analyzed on the FACSCAN.
The results are shown in Table 1.
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TABLE 1
Day 3 Day 5
Conditions | UNACTIVATED PMA UNACTIVATED PMA
ACTIVATED ACTIVATED
Control 17 85 25 89
uv 5 17 87 24 86
5 uv 10’ 51 84 77 79
Activation is expressed as.a percent. Clearly,
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15

20

25

irradiation for ten minutes (UV 10’) resulted in a
significant negative impact on stored platelets; the
platelets were highly activated. By contrast,
irradiation for five minutes (UV 5’) resulted in no
significant activation above the control which received

no irradiation.

EXAMPLE 7

Given the results of Example 6, it is clear that
either a shorter irradiation time or the use of filters
is needed to avoid damage to cells by UV irradiation. In
this example, CD62 is employed to measure the impact of
irradiation in the presence of psoralen on platelet
activation. Shorter irradiation times and wavelength
filters are separately employed.
Shorter Irradiation Times. A unit of human platelets is
again obtained from the Blood Bank of Alameda-Contra
Costa Medical Association. 5 ml aliquots are drawn from
the bag to receive five minutes (5’) of UVA irradiation
in the presence of 10 ug/ml 8-MOP, except for the
control, which receives no treatment other than being
placed in a chamber for irradiation. Temperature 1is

maintained at 25°C during irradiation by placing platelet
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concentrate in stoppered glass water-jacketed chambers
attached to a circulating water bath. The irradiation
device (Derma Control, Dolton, Ill.; Model No. 1224-
Special) is as described in Example 3, above.

Following irradiation, the platelets are again
stored for 5 days as in Example 6. At specific time
points, aliquots are taken and assayed with the CD62
antibody and analyzed on the FACSCAN toc show that, under
these conditions, platelets can be inactivated without
damage to the cells and stored for five days prior to
transfusion.

Wavelength Filters. An aqueous solution of Co(No,), is
used in combination with NiSO, to substantially remove the
365 nm component of the emmision spectrum of the light
source employed. The Co-Ni solution can be conveniently
used in place of water as a coolant during the
irradiation.

Following a ten minute irradiation with the filter,
the platelets are stored an assayed with the CD62
antibody on the FACSCAN to show that, under these
conditions, platelets can be inactivated without damage
to the cells and stored for five days prior to
transfusion.

EXAMPLE 8

This example involves an assessment of the impact of
mannitol on platelet function in synthetic media
following irradiation. Three indicators of platelet
viability and function were employed: 1) maintenance of
pH; 2) platelet aggregation; and 3) ATP release.

To measure pH, a commercial device was used. A
small amount of platelet concentrate was introduced into
a CIBA-CORNING 238 pH/Blood Gas analyzer. Platelet
aggregation and ATP release were measured with a
CHRONOLOG Platelet Aggregometer with a Luminescence
channel. The number of platelets in samples was

controlled to be constant for every measurement. - A
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Sysmex cell counter was used to measure platelet count in
the platelet samples and AB plasma was used to adjust
platelet counts to 300,000 per microliter of platelet
concentrate.

For the procedure, all the samples were incubated in
a cap plastic tube for 30 minutes at 37°C for activation.
The optical channel is used for platelet aggregation
measurement. A proportional amount of platelet
concentrate and AB plasma were centrifuged at high speed
(14,000 g) with a microfuge for 5 minutes in order to
obtain platelet poor plasma. The aggregometer was warmed
up to 37°C. The magnetic speed of the aggregometer was
set at 600 /min and the Gain setting was set for the
luminescence channel at 0.02.

To begin, 0.45 ml of platelet poor plasma was added
along with 0.5 ml of saline into a glass cuvette and
placed in the PPP channel. Then 0.45 ml of platelet
concentrate and 0.50 ml of saline were added to a second
glass cuvette (containing a small magnet) into the sample
channel. After one minute, 30 ul of Lume enzyme (Chrono-
log Corp., Havertown, PA) was added into the sample
cuvette. After one minute, ADP and collagen reagents (10
ul) each were added to the sample curvette. The final
concentration of ADP was 10 ul and the final
concentration of collagen was 5 mg/ml. Platelet
aggregation and ATP release were recorded for about 8-10
minutes or until the maximum reading was reached.

An ATP standard was prepared in saline in four
10 ul aliguots (0.5, 1.0. 1.5 and 2.0 nmoles of ATP).

For the ATP standard measurement, 0.45 ml of platelet
concentrate and 0.5 ml of saline were added to a cuvette
(containing a small magnet) into the sample channel.
After one minute, 30 ul of Lume enzyme was added. After
one minute, 10 ul of ATP standard was added. With the
standard curve, the amount of ATP released from each
sample was then determined.

For measuring platelet pH, aggregation and ATP
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release in this experiment, a fresh unit of human
platelet concentrate was obtained from Alameda-Contra
Costa Blood Bank. As a control, 3 ml was removed and
transferred to a teflon minibag. The unit was then
centrifuged at room temperature for 6 minutes at 4000 rpm
and then transfered to a unit press. Using an attached
transfer line, 30 ml of plasma was expressed from the
unit into a sterile 50 ml centrifuge tube. The expressed
plasma was then replaced with 30 ml of a commerically
available synthetic media, plasmalyte-A (Baxter,
Illinois).

The units were allowed to rest for one hour without
shaking or mixing. Following a gentle kneading of the
platelet pellet to resuspend the platelets, the bag was
placed back on the rotator. The volume of platelet
concentrate in the plasmalyte was measured to egual 42 ml
(30 ml plasmalyte and 12 ml of plasma). 38 ml plasmalyte
was added to the platelet suspension to give a 15% final
plasma solution.

Fifty (50) ml of the 15% plasma solution was
removed. To measure platelet function after irradiation,
125 ul of a 2 mg/ml 8-MOP solution in ethanol was added
to the 50 ml aliquot. After mixing, a first 16 ml
aliquot was removed from the 50 ml mixture and
transferred to a sterile centrifuge tube. To ﬁhis tube
was added 64 ul of a 0.5 M mannitol solution in
plasmalyte to get a final concentration of 2 mM. This
platelet solution was transferred in 2.5 ml alliquots to
each of 6 FLO3 minibags.

A second 16 ml aliquot from the 50 ml mixture was
transferred to a sterile centrifuge tube. In this case,
320 ul of a 0.5 M mannitol solution was added to get a
final mannitol concentration of 10 mM. This platelet
solution was transferred in 2.5 ml aliquots of this
platelet concentrate to each of six (6) teflon minibags.

The remaining amount from the original 50 ml
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solution was divided into 6 minibags. The minibags were
then irradiated (0.5, 1.0, 2.5 , 5.0 or 10 minutes as
needed) and stored. Platelet function was then followed
over time. Figure 9 is a graph showing pH results,
Figure 10 is a graph showing aggregation results, and
Figure 11 is a graph showing ATP results.

Figure 9, 10, and 11 indicate that extensive damage
were obtained by one minute UVA irridation on platelets
resuspended in plasmalyte stored for 4 days. However, 2
and 10 mM mannitol protected platelets during a 2.5
minute UVA irradation. Clearly, mannitol is helpful in
synthetic media to preserve platelet function following

irradiation.
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CLAIMS

1. A method of inactivation microorganisms in
blood preparations, comprising:

a) providing, in any order, i) 8-methoxypsoralen;
ii) means for activating 8-methoxypsoralen; and iii) a
blood preparation in a synthetic media suspected of being
contaminated with microorganisms;

b) adding said 8-methoxypsoralen to said blood
preparation at a final concentration of approximately 30
ug/ml or less; and

c) activating said 8-methoxypsoralen, so that said
8-methoxypsoralen binds covalently to the nucleic acid of

a portion of the microorganisms.

2. The method of Claim 1, wherein said
microorganisms comprise single cell and multicellular

organisms.

3. The method of Claim 2, wherein said organisms

comprise bacteria, fungi, mycoplasma and protozoa.

4. The method of Claim 1, wherein said blood
preparation comprises platelets.

5. The method of Claim 1, wherein said blood

preparation comprises plasma.

6. The method of Claim 1, wherein said activating
means comprises a photoactivation device capable of
emitting a given intensity of a spectrum of
electromagnetic radiation comprising wavelengths between
180 nm and 400 nm.

7. The method of Claim 6, wherein said intensity
is less than 15 mW/cm‘.
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8. The method of Claim 7, wherein said blood
preparation is exposed to said intensity for less than

ten minutes.

9. The method of Claim 8, wherein said blood
preparation is exposed to said intensity for

approximately five minutes.

10. The method of Claim 1, wherein said synthetic

media contains mannitol.

11. A method of treating material intended for in
vivo use, comprising:

a) providing, in any order, 1) an aqueous
synthetic media containing one or more photoreactive
nucleic acid binding compounds; ii) means for
photoactivating said nucleic acid binding compounds;
1ii) a blood preparation suspected of being
contaminated with microorganisms;

b) adding said photoreactive nucleic acid
binding compound-containing synthetic media to said
blood preparation; and

c) photoactivating said photoreactive nucleic
acid binding compounds with a spectrum of
electromagnetic radiation, so that said nucleic acid
binding compounds bind covalently to the nucleic

acid of a portion of said microorganisms.

12. The method of Claim 11, wherein said
photoactivation means comprises filters providing
wavelength cutoffs at 320 nm, below which no irradiation
is transmitted, and at 360 nm, above which no irradiation

is transmitted.

13. The method of Claim 11, wherein said intensity
is less than 15 mW/cm‘.
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14. The method of Claim 11, wherein said blood

preparation comprises platelet concentrate.

15. The method of Claim 14, wherein said blood
preparation in synthetic media is exposed to said
intensity for 10 minutes or less.

16. The method of Claim 11, wherein said
photoreactive nucleic acid binding compounds are selected

from the group comprising furocoumarins.

17. The method of Claim 16, wherein said
furocoumarin is selected from the group comprising

psoralens.

18. The method of Claim 17, wherein said psoralen
is 8-methoxypsoralen.

19. The method of Claim 11, wherein said synthetic
media contains mannitol.

20. A composition having anti-microbial properties,
comprising a blood preparation in a synthetic media
comprising 8-methoxypsoralen in a concentration less than
30 ug/ml and mannitol in a concentration of approximately
10 mM.



WO 94/03054 ~ PCT/US93/06623

{ 711




WO 94/03054 PCT/US93/06623

2 /11

107
111
105
O 106
O
1100 O ,
103 O
O 1064
O
O
1034
1038 101
104+ 1044
1104 1048 102
D
= —— 1108
(0000 00Q0 BA u
I T 101

FIG. 2



PCT/US93/06623

WO 94/03054 .

3 /11

EFF—

F0r—

g%&:
............. SN wovon NN

m.._llllllll\l‘j IIIIII ﬂlIIMA“ IIIII ulllm_” llllll l_lﬂ, IIIIIII “,
S 4:1-1|1|u|:|y ||||||||||||| QL ||||||||||||||||||| a
 iniininiel A It I I I B ]
(S IR B EpEpSRISPEEE R B DR Rt il e it l
c0F —
e [t I A I I I ]
—uml ||||||||||||||||||||||||||||||||||||||||||||||||||||| l
1.—!1 llllllllllllllllllllllllllllllllllllllllllllllllllll r
|
—._r llllll e 1||L||ﬁl = !\lﬁl R S __
=" 7 - T - = ~N /7 EEEEENTT T T T T T T I
T R | A ) _,
(mm—m————f e —— - —— e s T 1
I
Y ISR 1 UURUUVURURN P USRS SN t
(mmm——— e T T T T T T T T T T T T T T i
|
e !
T - Y 2 U i R ) H
[ S ——— ) p———— I3 ---T g —— — T L

/rmﬂw

mww\\\mm




4 711 PCT/US93/06623

WO 94/03054

vy 914

~—cFF

[ 1
L
[ i
%E.// %&/
VroF — - ——— =
B ————— — I— —
-1 gEoF — y =
E:\\{K ............... % m.&.\' ..............................
| i




PCT/US93/06623

5 /11

WO 94/03054

SIFELYId
(3L YNIWVINGIZG

JANLdVO

§ 914

NOILVNINVINOO3d 434SNVl

NOILVNOTLOVd

-

30IA30 FNLdYD

\

[... ONNOdWOd

NOILVAILOVNIOLOHd

ava yvINaoK

o
A=, )
=/

YASY'1d

Lo

| / |

STV
It

o

30IA0
NOILYIQVYHIOLOHd

)

ST13
BN
a3IXovd

g

)
aco1d
370HM

HE

]
1

SUBSTITUTE SHEET



WO 94/03054

kBP

8-MOP

6 /11 PCT/US93/06623

FIGURE 6

8-MOP binding to Calf Thymus DNA
5 ug/ml 8-MOP in plasma vs TE

0 T T ¥ 1
0 10 20

minutes



WO 94/03054 7 1711 PCT/US93/06623

0 PHOTODEGREDATION OF AMT VS 8-MOP

100

80
(@]
=
<= 60
<C
=
=
R
40
—=— B8-MOP
20 - \& —— AMT
0 : : —————————
0 10 20 30 40

IRRADIATION TIME (MIN)
Fi6. 7



WO 94/03054 . PCT/US93/06623
8 /11

PLASMA VS SALINE AT 5 ug/ml 8-MOP

—o— 8-MOP ou e
—0—PC ——
—+—8-MOP SALINE
—{O—UVA SALINE
—3—UVA

—o—5 ug/n!

LOG OF PNEUMONIAE

—a—5 ug/nl (SALINE)

0 5 0 15 20 25

_SUBSTITUTE SHEET



WO 94/03054 9 /11 PCT/US93/06623

FIGURE 9

7.0

|

—{— CONTROQL

6.8 |
6 —O—  2mM MANNITOL
ét_ 6.4 - —A— 10mM MANNITOL
6.2 -
6.0
58 T T v T v — T \ T
0 1 2 3 s 5 6

UVA (MIN)



WO 94/03054 10 /11 PCT/US93/06623

AGGREGATION (%)

FIGURE 10

100

80 ———D— CONTROL
— @— 2mMMANNITOL

—A— 10 mM MANNITOL

60
40 -
20
0 { i l I
0 1 2 3 4 5 6



WO 94/03054 PCT/US93/06623

11411

1.0
@
g 08 —o— CONTROL
© s —e— 2 i MANNITOL
S 7 —a— 10 mM MANNITOL
S i
o
E 04 -
[a T
e
= 024
o

0.0 T I T




International application No.
PCT/US93/06623

INTERNATIONAL SEARCH REPORT

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(5) :AOIN 1/02; A61K 41/G:-. A61M 37/00; A6IN 1/30
US CL :435/2; 424/90, 530; 604/4, 20
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. : 435/2; 424/90, 530; 604/4, 20

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practicable, search terms used)
APS, CAS ONLINE, BIOSIS, EMBASE, MEDLINE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US, A, 4,960,408 (Klainer et al) 02 October 1990, columns 2-4. 1-20
Y US, A, 4,878,891 (Judy et al) 07 November 1989, col. 4 and claim| 1-20
1.
Y Thrombosis Haemostasis, vol. 65, issued 05 June 1991, H.| 1-20

Margolis-Nunno et al., "Photochemical Virus Sterization in Platelet
Concentrates with Psoralen Derivatives," page 1162, see entire page.

@ Further documents are listed in the continuation of Box C. D Sce patent family annex.

document referring %0 sa oral disclosure, use, exhibition or other
means

P document published prior 10 the imternational filing dete but iater thaa
the priority date claimed

. Special categories of cited documents: T mmwm«uwﬁmm«m
) Mdn-eﬂlﬁvﬂhmucﬂhw

*A* documens iefning the general stats of the ast which is not considered

10 be past of particular reb priacipie or theory underlying the invention
. ticr d . . soual fili X' document of particular rel : the claimed i jon cannot be
E . P 08 or aftcr the filing date cousidered novel or cannot be considered 10 involve an inventive step
‘L dmvﬁhmﬁmdmﬁm:‘_ﬁw'ﬂychid-)wwhui whea the document is taken alooe

cited t0 catablish the publication smother citation or other

& i Y dmdmwhch-dnvmmbe

special reason (a8 specified) by s veotion e

*0* Wvﬂmwmo&uMMv “sombination

being obvious 0 a persoa skilled i the art

& document member of the same patent family

Date of the actual compietion of the international search

11 August 1993

Date of mailing of the international search report

20SEP 1993

Name and mailing address of the ISA/US
Trademarks

Authorized officer
Commissioner of Patents and Yf%.\ %
Box PCT LA
Washingtoa, D.C. 20231 MICHAEL WITYSH
Facsimile No. NOT APPLICABLE Telephone No.  (703) 308-0196

Form PCT/ISA/210 (second sheet)(July 1992)w




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US93/06623
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y Blood, vol. 74, no. 1, issued July 1989, L. Lin, "Use of 8- 1-20

page 518.

Methoxypsoralen and Long Wavelength Ultraviolet Radiation for
Decontamination of Platelet Concentrates,” pages 517-525, see

Form PCT/ISA/210 (continuation of second sheet)(July 1992




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

