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METHOD FOR STERILIZATION OF
BIOLOGICAL PREPARATIONS

FIELD OF THE INVENTION

[0001] The invention relates to the sterilization of biologi-
cal preparations. More specifically the present invention
relates to a method for the sterilization of biological prepara-
tions and to sterilized biological preparations.

LIST OF REFERENCES

[0002] The following references are considered to be per-
tinent for the purpose of understanding the background of the
present invention:
[0003] 1. US 2004/067157 Methods for Sterilizing Bio-
logical Materials;

[0004] 2. WO 2004/009138 Methods for Sterilizing
Milk;
[0005] 3. PCT IL.2005/000125 Biological Material and

Methods and Solutions for Preservation Thereof;

[0006] 4. U.S. Pat. No. 5,709,992 Method for disinfect-
ing red blood cells;

[0007] 5. U.S. Pat. No. 6,482,585 Storage and mainte-
nance of blood products including red blood cells and
platelets;

[0008] 6. Hustom, et al. Lack of efficacy for conventional
gamma irradiation of platelet concentrates to abrogate
bacterial growth. Am J Clin Pathol. 1998; 109(6):743-7

[0009] 7. Smith, et al. Gamma irradiation of HIV-1. ]
orthop Res. 2001; 19(5): 815-9.

BACKGROUND OF THE INVENTION

[0010] When storing cells, tissue or other biological mate-
rial, there is always the danger of contamination from bacte-
ria, viruses, yeasts, molds, fungi etc., and sometimes the
contaminants are present in the biological material when it is
first collected. Contaminants are such agents that may dam-
age the biological material during preservation and/or harm
the recipient when the product is used (e.g. transfused,
injected or eaten). Among known contaminants are white
blood cells (WBC) that are normally present in red blood cell
(RBC) samples. The presence of WBC in a transfusion liquid
is a problem due to graft vs. host disease, in which the trans-
fused WBC (mainly the lymphocytes) attack the recipient’s
body.

[0011] Many methods for sterilization are known in the art
including heating and filtration. However, these processes
may damage biological material (e.g. when it is sensitive to
heat) or prove to be inefficient (e.g. when the biological
material is filtered with some contaminants). Other ways for
sterilization involve ionizing radiation, mainly gamma rays.
For example, gamma radiation is used for inactivation of
WBC, mainly the lymphocytes which are the main cause for
graft versus host disease (GVHD), in fresh blood units. This
is normally done by irradiating a liquid sample of blood or
blood components including RBC, platelets, granulocyte
components and non frozen plasma in a plastic bag with 2.5
mega Rad of gamma radiation to the central portion of the
bag, resulting with no less than 1.5 mega Rad which are
delivered to every part of the blood bag (AABB Technical
Manual, 14” edition). Attempts were made to reduce the
bacteria content in platelet concentrates (Hustom et al. 1998)
but it was concluded that exposure to gamma radiation at
levels up to 7.5 mega Rad was ineffective at sterilizing the
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sample. Likewise it was found that gamma radiation (1.5-2.5
mega Rad) does not constitute a virucidal dose for HIV type
1 in frozen bone and tendon allografts (Smith et al. 2001).
[0012] Furthermore, gamma radiation can be damaging to
radiation-sensitive products. In particular it has been shown
that gamma radiation is injurious to red blood cells, platelets
and granulocytes (US 2004/067157).

[0013] Ultraviolet (UV) radiation on the other hand is con-
sidered less damaging than gamma radiation. However, as
UV radiation is absorbed by water, it is practically ineffective
for removal of contaminants that are in a water-containing
sample (liquid or ice). Accordingly it was suggested in WO
2004/0091938 that reduction of the residual solvent content
of biological material would reduce the absorption of UV in
the water and thus enable sterilization of a biological sample
using UV. However, sterilization of biological material in WO
2004/0091938 was restricted to wet biological material or to
non-cellular portions of a blood preparation (i.e. not includ-
ing RBC or platelets), apparently since “sensitive biologicals,
such as blood, would lose viability and activity if subjected to
freezing for irradiation purposes and then thawing prior to
administration to a patient” (id.).

GLOSSARY

[0014] The term “biological preparation” denotes a prepa-
ration or sample (natural, processed or man made) compris-
ing desired biological entities. “Desired biological entities”
are viable nucleus free biological entities, including eukary-
otic nucleus free cells (e.g. RBC), parts of cells (e.g. plate-
lets), or artificial or semi-artificial material such as liposomes.
Examples of such biological preparations include blood or
fractions thereof that contain RBC or platelets, an RBC-
enriched fraction of blood, packed RBC or platelet-enriched
fraction of blood, samples of liposomes, etc.

[0015] A “Viable” biological preparation is such that at
least a portion of the desired biological entities therein appear
to be structurally intact, or preferably that they at least par-
tially retain a desired biological activity or if in a dry state may
resume that activity upon rehydration. Preferably at least 10%
of'the desired biological entities are viable, desirably at least
30% or even at least 50%. In the case of RBC for example a
preferred percentage of viable cells may in some cases be at
least 75%.

[0016] In this invention, “liposomes” mean hollow lipid
vesicles. They may be used to entrap the substance to be
delivered within the liposomes, or the drug molecule of inter-
est can be incorporated into the lipid vesicle as an intrinsic
membrane component, rather than entrapped into the hollow
aqueous interior, or electrostatically attached to the aggregate
surface.

[0017] The term “living-matter contaminants™ is taken to
mean biological entities that contain genetic material and are
therefore radiation sensitive. The living-matter contaminants
may be present in a biological preparation, either at the time
of harvesting or may contaminate the biological preparation
at a later time (e.g. during its manipulation or storage), and
may damage the biological preparation or a portion thereof,
its recipient or otherwise interfere with the use of the biologi-
cal preparation. Such living-matter contaminants may be any
type of biological entity including, nucleic acid sequences,
prokaryotes including viruses, mycoplasma or bacteria and,
fungi, yeasts, molds, single cell or larger parasitic microor-
ganisms, or other undesired cellular entities, such as WBC,
etc.
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[0018] The “Activity” of contaminants means any activity
that may damage the biological preparation, its recipient or
otherwise interfere with the use of the biological preparation
(including due to legal constraints). The contaminants are of
such radiation sensitivity that upon irradiation they are
reduced in number or activity, for example by becoming less
likely to multiply (e.g. bacteria, WBC, yeast) or less likely to
infect target cells (e.g. viruses) or transfect cells (nucleic acid
sequences) or less likely to display a significant immune
effect (e.g. WBC). The amount or activity of the contaminants
may be assayed, directly or indirectly, using any method of
the art.

[0019] The term “ionizing radiation” means any form of
radiation that has enough energy to remove electrons from
substances it passes through, forming ions. This includes
alpha and beta particles, gamma radiation and x-rays. The
term “UV radiation” means radiation having a wavelength
between 100-400 nm. It includes three ranges: UV-A (315-
400 nm), UVB (280-315 nm) and UV-C (100-280 nm).
[0020] The terms “drying” “dried” or “dry” mean having
(or causing to have) a reduced water content as compared to
the water content before drying. A dried preparation may have
10% less water than the original preparation from which it
was derived, preferably less than 60% or even 75%, and
desirably 90% less water than the original preparation. Dry-
ing may be done using any method known in the art, including
air drying, heat drying, freeze drying, spray drying or nebu-
lizing, as long as the biological preparation maintains viabil-
ity of the desired biological entities. Examples of methods
include air drying of liposomes (Hincha et al. 2003; Bio-
chemica et Biophysica ACTA. 1612(2): 172-177), embryonic
kidney cell line and human foreskin fibroblasts cells (Gau et
al. 2000; Nature Biotechnology. 18:168-171) etc. It is noted
that bacteria may survive the air-drying process (Desmond et
al. J. Appl Microbiol. 2002;93(6):1003-11) and so can other
contaminants.

[0021] The terms “lyophilization” or “freeze-drying”
denote a process wherein material is frozen and dried. Thus,
in the present invention wherever a biological preparation is
said to be freeze dried or lyophilized, this may mean that at
least two steps were executed, one of which for freezing the
sample and the other for drying. Each of these steps may be
done using any known method, and preferably such known
methods that cause minimal damage to the desired biological
entities. Preferred methods of freeze-drying are disclosed in
PCT 1L.2005/000125, the content of which is incorporated
herein in full by way of reference.

SUMMARY OF THE INVENTION

[0022] The present invention is based on the inventors’
surprising finding that biological preparations comprising
desired nucleus free biological entities, such as RBC or plate-
lets, may be irradiated using ionizing or UV radiation, when
in a dried (e.g., freeze-dried) state such that undesired living-
matter contaminants will be destroyed with relatively little
damage to said biological entities. “Little damage” should be
taken to mean that at least 10% of the desired biological
entities are viable, desirably at least 30% or even at least 50%
of said biological entities is viable after irradiation. The
invention is particularly suitable for biological preparations
that are freeze dried and rehydrated as described in PCT
application PCT 112005/000125, the contents of which is
incorporated herewith by reference in full, albeit not limited
thereto. The invention permits, according to an embodiment
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thereof, the irradiation and sterilization of biological prepa-
rations comprising desired nucleus free biological entities
using ionizing or UV irradiation.

[0023] Thus, the present invention provides according to
one aspect a method for the sterilization of a biological prepa-
ration comprising desired viable biological entities, the
method comprising irradiating a dried biological preparation
with ionizing or UV radiation at an intensity and for a dura-
tion sufficient to reduce the amount or activity of living-
matter contaminants in the biological preparation, the inten-
sity and duration selected such that at least part of the desired
biological entities in the sample remains viable.

[0024] The present invention is particularly suitable for
biological preparations comprising desired biological entities
derived from blood, including RBC and platelets.

DETAILED DESCRIPTION OF THE INVENTION

[0025] As detailed above, the present invention provides a
method for the sterilization of biological preparations com-
prising desired viable biological entities, allowing reduction
of'the amount or activity of living-matter contaminants in the
biological preparation. Potentially, the amount of active con-
taminants in the biological preparation is reduced to none. In
cases when a single biological preparation comprises one or
more contaminants before irradiation, it is intended that the
method of the present invention would allow the reduction of
the amount or activity of at least one of said contaminants.
Furthermore, in some cases, before irradiation the biological
preparation might be free of active contaminants, in which
case the present invention would ensure the lack of contami-
nants and thus diminish, or even negate, the need to check for
active contaminants.

[0026] According to some embodiments, the method also
includes a step of drying a biological preparation comprising
desired viable biological entities. It is hence noted that the
step of irradiating the biological preparation may be per-
formed at any time after the biological preparation will
become dry or partially dried. In fact, the irradiating may be
done simultaneously (or partially simultaneously) with or
even in between two steps of drying the biological prepara-
tion.

[0027] Any type of ionizing or UV radiation may be suit-
able for the present invention, however a person skilled in the
art would appreciate that the type, intensity and duration of
irradiation would best be chosen so as to retain as much as
possible the viability of the biological preparation while
reducing as much as possible the amount or activity of con-
taminants.

[0028] In order to understand the invention and to see how
it may be carried out in practice, preferred embodiments will
now be described, by way of non-limiting example only.

Experiments

Materials and Methods
[0029] Unless otherwise noted, all materials were pur-
chased from Sigma Inc. (St. Louis. Mo., USA).

Example 1

The Effect of UV Exposure on the Survival of Lyo-
philized RBC

[0030] The effects of irradiation and freeze drying on red
blood cells (RBC) were evaluated in this experiment. The
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freezing solution used was composed 0f30% (w/v) dextran in
PBS (Ca** and Mg** free). Packed RBC obtained from the
Israeli Blood Services were mixed at a ratio of 1:1 (v/v) with
the freezing solution. 2.5 ml of RBC solution was putina 16
mm diameter of glass test tubes (Manara, Israel) which were
then frozen. Freezing was done using the MTG freezing
device (IMT, Israel) at a cooling rate of 1000° C./min; (ther-
mal gradient) G=5.5° C./mm, V=3 mm/sec. The samples
were also rotated at 56 RPM (rounds per minute).

[0031] After freezing, samples were put in a lyophilizer
(Labconco, USA) for 3 days (condenser —-80° C.). After 3
days of lyophilization, when the samples contained 10% or
less of their original water content, one sample was placed in
a Petri dish and exposed to UV radiation for 1 hour and the
other was protected from light using aluminum foil. After 1
hour irradiation the samples were rehydrated with ultra pure
water at 37° C. to their original volume. RBC were counted
and hematocrit assayed using the Pentra 60 (ABX, France).

TABLE I

Effect of UV exposure on lyophilized RBC

Lyophilized RBC

exposed to UV not exposed to UV
Amount of cells 52.04% 57.6%
hematocrit 29.2% 35.5%

The results are shown as a percentage of the fresh sample, before freezing,

[0032] As seen in Table I the sample that was exposed to
UV exhibited a slightly lower survival rate than that of the
sample that was not exposed to radiation. Since the inventors
discovered that addition of polyphenols to the freezing solu-
tion improves the cells’ survival in freeze-drying—thawing
treatments, in the following experiments one such polyphenol
was added to the biological samples. The term “polyphenols”
denotes one or more natural and/or synthetic polyphenols that
may be naturally found in green tea, including epigallocat-
echin gallate (EGCQ), epicatechin gallate (ECG) epigallocat-
echin (EGC) epicatechin (EC).

Example 2

The Effect of UV Radiation on Lyophilized RBC
Survival

[0033] In this experiment packed RBC were frozen with a
freezing solution containing: 30% (w/v) dextran 40,000 Dal-
ton and 0.47 mg/ml EGCG (Cayman Chemical, USA). The
freezing solution and the packed RBC were mixed in a ratio of
1:1 (v/v). 2.5 ml of the cell suspension were put in 16 mm
diameter glass test tubes (Manara, Israel). A total of 4 test
tubes were frozen. The samples were frozen at a cooling rate
of 1000° C./min; (thermal gradient) G=5.5° C./mm, V=3
mm/sec using the MTG Device (IMT, Israel). The samples
were also rotated at 56 RPM.

[0034] After freezing, samples were placed in liquid nitro-
gen. After the passage of varying time periods (between %2
hour to a few weeks) samples were placed in a lyophilizer
(Labconco, USA) with a condenser temp of -80° C.) for 72
hours, and the samples were dried such that they had the
appearance of a powder and had less than 10% of their origi-
nal water content. Then samples were transferred to a 60 mm
Petri dish, 2 samples were exposed to UV for 1 hour and
during that 1 hour the other 2 samples were covered with
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aluminum foil to prevent exposure to light. All samples were
then rehydrated with ultra pure water at 37° C. to their original
volume and compared using the PENTRA 60 counter (ABX,
France). Results are presented as compared to the parameters
of fresh RBC in a freezing solution including EGCG.

TABLE I

Effect of UV radiation on Iyophilized RBC survival

Lyophilized RBC

no UV treatment UV treatment
Cells number 58.11% 54.05%
Hematocrit 43.02% 45.95%

Results are shown as percentage of the fresh values of the same samples

[0035] As can be seen from Table II, although more than
50% of the RBC appeared viable, freeze-dried cells were less
viable and had a lower hematocrit than fresh cells. Neverthe-
less, these parameters were only slightly affected by UV
radiation.

Example 3
The Effect of Partial Drying on RBC Survival

[0036] Fresh whole rat’s blood (extracted from Sprague-
Dawley rats) was washed once. Plasma was removed and the
packed RBCs were suspended in a 1:3 ratio (v/v) with a
freezing solution composed of 0.945 mg/ml EGCG and 20%
(w/v) Dextran 40 kD in 0.9% (w/v) NaCl solution, and the
final hematocrit was 25%. Three samples (2.5 ml each) were
frozen each in a 16 mm diameter glass test tube (Manara,
Israel) using the MTG device (IMT, Israel), with the follow-
ing parameters: velocity=3 mm/sec; temperature gradient
was 5.5° C./mm, the test tubes were rotated at 60 rpm. After
freezing, samples were stored in LN until lyophilization.
Lyophilization was done in a special lyophilization device
(IMT, Israel) subject of co-pending PCT application No.
1L.2005/000124, which has a condenser temperature of —190°
C. and samples were kept at a temperature of =20° C. Samples
remained in the device for 48 hours. After 48 hours samples
were taken out and thawed in a 37° C. water bath. Since, the
samples were partly dried 1.5 ml 37° C. PBS (Ca** and Mg>*
Free) was added to rehydrate the cells. PBS was added in
stead of water since adding water is expected to cause more
damage to the cells than excess PBS.

[0037] The samples were then evaluated using the Pentra
60 cell counter (ABX, France) for a complete blood count
evaluation, and supernatant free hemoglobin levels were
measured using the cyanmethemoglobin method using Drab-
kin’s reagent. The absorbance was read at a wavelength of 540
nm using a luminometer (Turner Biosystems, USA). The
percentage of the supernatant free hemoglobin (Hb) was cal-
culated using the following Formula I:

(Absorbance of thesupernatant)  Formula I

% Free hemoglobin=100x (Absorbance of supernatant+ ]

Absorbance of the pellet
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TABLE III
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TABLE IV

Partially dried RBC samples

MCV  Cell number

Rat RBCs % Water loss  Free Hb (%)  (%)* (%)*
Fresh (3:1 ratio) — 5.89 —
Lyophilized 60% 2226 £0.16  76.60 78.63

*Results given as percentages of thawed values as compared to fresh values.

[0038] Lyophilization for 48 hours resulted in about 60% of
water loss. This water loss was evaluated by the amount of
PBS that was needed to be added to the solution in order to
regain the original sample’s volume. In the freeze dried
sample there was some cell damage as seen in the free hemo-
globin percentage (22.26% Free Hb). However, microscopic
observations revealed more than 50% of the cells with normal
morphology. In addition, this free hemoglobin rate might be a
result of the thawing process, since upon thawing and before
addition of PBS the thawed cells were exposed to a very
hypertonic environment, which remained hypertonic but to a
lesser extent after PBS was added.

Example 4
The Effect of Freezing and Freeze-Drying on E. coli

[0039] E. coli were placed in LB medium: 10 gr Bacto-
tryptone (Difco, USA), 5 gr yeast extract (Difco, USA), 10 gr
NaCl, in 1 liter distilled water. The total volume of 10 ml was
divided to two batches of 5 ml each. To the first batch of £. coli
in LB medium we added 5 ml of freezing solution composed
of 30% (w/v) dextran and 0.47 mg/ml EGCG (Cayman
Chemical, USA) in PBS (Ca*? and Mg*? free). The other
batch was left un-touched. Cell-suspension samples of 2.5 ml
each (two from each batch) were put in 16 mm diameter glass
test tubes (Manara, Israel), such that a total of 4 test tubes
were prepared. The test tubes were frozen using the MTG
Device (IMT, Israel) at 1000° C./min (from 5 to =50° C. at a
velocity of 3 mm/sec and with 56 RPM. After freezing was
completed the test tubes were placed in liquid nitrogen. After-
wards, the 4 test tubes were placed in a lyophilizer (Labcono,
USA) for 72 hours. After lyophilization was completed the
“powdered” cells from each test tube were scraped into a Petri
dish. Two Petri dishes (one representing each batch) were
exposed to UV radiation for 1 hour (the Petri dishes were
placed opened under a UV lamp) and the other two Petri
dishes were left unexposed to radiation (covered with alumi-
num foil for protection from light). After 1 hour 2 ml of
double distilled water at 37° C. were added to each dish. From
each dish 3 Petri dishes with agar were plated. The following
Agar plates protocol was used: 10 gr Bacto-tryptone, 5 gr
yeast extract, 10 gr Na* Cl17, 10 gr agar (BD, USA). Water was
added to a volume of 1 liter, autoclaved, cooled to 65° C. and
poured into Petri dishes. A total of 12 Petri dishes were
incubated at 37° C. for 24 hours. The next day colonies were
counted. Table IV depicts the number of colonies grown on
the agar Petri dishes.

Number of E. coli colonies after being frozen with
different freezing solutions and lyophilized

E. coli

E. coli frozen

frozen with dextran

in LB and EGCG
— uv — uv
36 0 152 0
24 0 220 0
16 0 >200 0

[0040] As seen in Table IV, E coli colonies were observed
only in the plates of the un-irradiated bacteria. No colonies
were observed in the agar plated with lyophilized cells that
were irradiated. In addition, the addition of Dextran and
EGCG results in higher survival rates of the bacteria after
lyophilization.

Example 5

The Effect of Freezing and Freeze-Drying on E. coli
in an RBC Preparation

[0041] 10 ml of E. coli in LB medium was centrifuged at
800 g for 10 minutes. To the resultant pellet 10 ml of freezing
solution composed of 30% (w/v) dextran 40,000 Dalton and
0.47 mg/ml EGCG (Cayman Chemical, USA) in PBS (Ca*>
and Mg** free) were added. This solution was then mixed in
avolumetric ratio of 1:1 with packed RBC. 2 ml of RBC & E.
coli were put in a Petri dish; a total of 4 like dishes were
prepared. 2 Petri dishes were exposed to UV for 1 hour and
the other 2 were not. After 1 hour cells from each group were
plated on three agar plates that were placed in a 37° C. oven
for 24 hours.

[0042] From the remaining RBC-coli mixture four test
tubes were prepared, each containing 2.5 ml. The test tubes
were frozen using the MTG device (IMT, Israel) at 1000°
C./min (from 5 to -=50° C. at a velocity of 3 mm/sec and with
56 RPM and then placed in a lyophilizer for 72 h. After
lyophilization one test tube from each group was exposed to
UV radiation for 1 hour. After 1 hour 2 ml of ddH,O was
added and from each group 3 agar plates were seeded and
placed for 24 hour in 37° C. oven for 24 hours. The results are
depicted in Table IV.

TABLE V

The effect of UV radiation on the survival of E coli
in lyophilized or fresh samples comprising RBC

Fresh RBC Lyophilized
and RBC and
E. coli E. coli
— uv — uv
>200 >200 >200 0
>200 >200 >200 0
>200 >200 >200 0

[0043] Asseenin Table V irradiation in the liquid state had
no measured effect on E. coli, as in all plates more then 200
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colonies were observed. However, when irradiated in a dry
(lyophilized) state no colonies were observed after 24 hours
in incubation.

Example 6

The Effect of UV Radiation on the Survival of E.
coli in Fresh Platelets Concentrates

[0044] A unit of fresh platelets was received from the
Israeli blood bank. Platelets were added to an E. coli pellet (.
coli in LB medium that was centrifuged for 10 minutes at
2000 g). The platelets & E. coli solution was mixed at a ratio
of'1:1 (v/v) with a freezing solution composed of 30% (w/v)
Dextran (40,000 Dalton; Amersham Biosciences, USA) and
1.87 mg/ml EGCG (Cayman, USA) in PBS (calcium and
magnesium free). Two samples, 2.5 ml each, of platelet sus-
pension were put in a 60 mm Petri dish. One dish was exposed
to UV radiation for 1 hour, and the other was left untouched,
covered in aluminum foil. After one hour, samples from each
Petri dish were seeded in agarose and put in an incubator at
37¢° C. for 24 hours. After 24 hours colonies were counted.

TABLE VI

The effect of UV radiation on the number of . coli
colonies

Exposed to UV Not exposed to radiation

269 201

[0045] We can see that UV irradiation of E. coli in a fresh
platelet concentrate did not have an effect on the E. coli
survival, resulting in 269 colonies in the sample that was
exposed to radiation and in 201 in the sample that were not
exposed to UV radiation.

Example 7

The Effect of UV Radiation on the Number of E. coli
Colonies Grown after being Lyophilized

[0046] Platelets-E. coli solutions were prepared as
described in Example 6. The platelets-£. coli solution was
divided to two batches, and each batch was mixed at a ratio of
1:1 (v/v) with one of the following freezing solutions: (1)
30% (w/v) Dextran (40 KDa) and 1.87 mg/ml EGCG in PBS
(calcium and magnesium free); or (2) 30% (w/v) Dextran (40
KDa) in PBS (calcium and magnesium free). 2.5 ml aliquots
of platelet suspension were put in 16 mm diameter glass test
tubes (Manara, Israel). A total of 4 test tubes were prepared,
2 tubes from each batch. The tubes were frozen in the MTG
device at a thermal gradient of 5.5° C./mm and at a cooling
rate of 1000° C./min (final temperature was —50° C., velocity
was 3 mm/sec).

[0047] After freezing, all tubes were maintained in liquid
nitrogen and later lyophilized for 3 days, such that the prepa-
ration appeared as a powder containing less than 10% of its
original water content. The resultant dry powder was scraped
into a 60 mm Petri dish, such that two dishes were prepared
from each of the above batches. One dish from each batch was
exposed to UV radiation for 1 hour. The other 2 dishes (one
from each batch) were untouched, covered in aluminum foil.
The contents of each Petri dish were rehydrated with 2 ml of
ultra pure water at 37° C. and a sample from each dish was
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seeded in agarose and incubated at 37° C. for 24 hours. After
24 hours colonies were counted.

TABLE VII

The effect of UV radiation on the number of . coli
colonies grown after being lyophilized

batch
uv No UV
Platelets - E. coli & Dextran 30% 1 17
Platelets - E. coli & Dextran + EGCG 1 11

[0048] As seen in Table VII, UV radiation reduced the
number of colonies by more than tenfold.

[0049] In order to assess the platelets’ survival of the UV
irradiation in a dry state, samples of platelets (prepared with
EGCG and Dextran as described above) taken after lyo-
philization and rehydration were compared with those taken
after UV irradiation. The platelets were counted using the
Pentra 60 (ABX, France) cell counter, and it was observed
that 80.38% of the platelets that survived lyophilization also
survived UV treatment.

Example 8

Sterilization by Gamma Radiation of Lyophilized
RBC Samples Contaminated with West Nile Virus
(WNV)

Example 8A
Sterilization of RBC using Gamma Radiation

[0050] Packed RBC that were received from the Israeli
Blood Services were mixed in a volumetric ratio of 1:1 with
a freezing solution composed of 20% (w/v) Dextran 40 kD
and 0.945 mg/ml EGCG and 0.9% (w/v) NaCl in double
distilled water. 2.5 ml samples were contaminated with WNV
(received from the Israeli Veterinary Institute) to the follow-
ing virus concentrations: 10%® WNV/ml blood (referred to
Max), 10°-®* WNV/ml blood (referred to as -1) and 10*®
WNV/ml blood (referred to as —-2). Uncontaminated blood
was used as a control for the infection.

[0051] The 2.5 ml samples were frozen using the MTG
freezing device (IMT Israel), in the same conditions as
described above. After freezing was completed samples were
stored in liquid nitrogen until put in a lyophilizer (condenser
temperature —80° C.) (Labconco, USA) for 72 hours.

[0052] The freeze-dried blood was exposed to gamma
radiation of one of three intensities (1, 2.5 and 5 mega Rad),
whilst a control for the irradiation was kept without irradia-
tion. After the irradiation all samples were rehydrated with
double distilled water at 37° C. to the samples’ original vol-
ume.

[0053] Survival of the viruses was assayed by injection of
0.03 ml blood samples to the brain of newborn mice. The mice
were monitored for up to 14 days after infection, during
which the number of mice that died after displaying WNV
symptoms was recorded. The results are summarized in Table
VIII
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TABLE VIII

Mice mortality due to injection of Lyophilized
RBCs which were contaminated with WNV

Gamma
radiation
Virus amount number
conc. (Mega Rad) of mice mortality
max 0 11 11
-1 0 11 11
-2 0 11 11
none 0 11 0
max 1 10 10
-1 1 10 0
-2 1 10 0
none 1 10 0
max 25 11 0
-1 2.5 11 0
-2 2.5 11 0
none 25 11 0
max 5 11 0
-1 5 11 0
-2 5 11 0
none 5 11 0

[0054] As can be seen in Table VIII above, irradiation of
freeze dried RBC by gamma radiation has significantly
reduced the activity of WNV in all the experimented levels of
radiation. Even at the intensity of 1 mega Rad the radiation
has reduced the WNYV activity in the lower concentrations of
-1 and -2 below a detectable level. This level of radiation (1
mega Rad) is well bellow what is commonly used for WBC
inactivation of blood samples.

[0055] Those skilled in the art will readily appreciate that
various modifications and changes can be applied to the
embodiments of the invention as hereinbefore described
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without departing from its scope defined in and by the
appended claims and their equivalents. Also, it is to be under-
stood that the phraseology and terminology employed herein
are for the purpose of description and should not be regarded
as limiting.

1.-6. (canceled)

7. A method for sterilizing a biological preparation com-
prising a viable eukaryotic nucleus free cell, the method
comprising:

irradiating a freeze-dried biological preparation compris-

ing a viable eukaryotic nucleus free cell with UV radia-
tion at an intensity and for a duration sufficient to reduce
the amount or activity of living-matter contaminants in
the freeze-dried biological preparation, the intensity and
duration selected such that at least part of the viable
biological entity in the freeze-dried biological prepara-
tion remains viable,

wherein the freeze-dried biological preparation does not

comprise a sensitizing agent and the method does not
comprise adding a sensitizing agent.

8. The method of claim 7, wherein the UV radiation is
irradiated for a period of 1 hour or less.

9-11. (canceled)

12. The method of claim 7, wherein the freeze-dried bio-
logical preparation has less than 60% less water than the
original preparation.

13. The method of claim 12, wherein the freeze-dried bio-
logical preparation has less than 90% less water than the
original preparation.

14. A viable biological preparation obtainable by the
method of claim 7.

15-16. (canceled)



