LONG TERM STORAGE OF RED CELLS I N UNFROZEN SCOLUTI ON
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15 The two general methods for the refrigerated
' storage of human red blood cells are: (1) refrigerated
storage in the original anticocagulant solution; and (2)
refrigerated storage after separation of the red cells
from the original anticoagqulant solution, and resuspension
20 of the cells in a solution that is specifically designed
for red cell storage. When either of these methods is
used, at least a residual amount of plasma remains in the
red cell solution.
For storage in the original anticoagulant, whole
25 blood is conventionally drawn into a solution containing
citrate, phosphate, dextrose (d-glucose) and adenine
(CPDA-1). The blood is centrifuged at about 1500xG (soft
spin) and the plasma is removed, leaving a red cell
suspension with a hematocrit of about 75%. Platelets can
30 be removed from the plasma by a second sedimentation.
Cells collected in CPDA-1 can be stored for 5 weeks
without further treatment with or without removal of the
plasma.
For resuspension of the red cells and storage in a
35 preservation sdlution, blood is conventionally drawn into
a solution containing only citrate, phosphate and glucose.
The blood is centrifuged at about the same speed as
described above but the red cells are then resuspended in
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20 20 Z. 2 15 M ror ADSOL NUTRICEL
41.2 Inigredient (mM) (mM) {mM)
10 NaCitrste 896 - 200
cit. acid 156 - 20
dextrose 1610 1110 585
NaH,PO, 161 - 20
Adenine 20 20 22
i5 Mannitol - 412 =
NaQ - 1540 701
Osmolality kx4 a2 W
(mOsm)
pH 52 55 58
20 CPDA-1 and ADSOL arc soki by Baxter Travenol and NUTRICEL is sold by Cutter. Csmolality is the effective

osmolality contributed by the non-penetrating constituents.

During storage, human red blood cells undergo
morphological and biochemical changes, including decreases
in the cellular level of adenosine triphosphate (ATP) and

25 2,3-diphosphoglycerate (2,3-DPG), changes in cellular
morphology, and progressive hemolysis. The concentration
of ATP, after a brief initial rise, progressively declines
to between 30 and 40% of its initial level after six weeks
of storage. The fluidity of the cell membrane of red

30 cells, which is essential for the passage of red cells
through the narrow channels in the spleen and liver, is
loosely correlated with the level of ATP.

The primary function of red cells in the
circulation is to deliver oxygen to the tissues. A unique

35 characteristic of hemoglobin is that it can unload much of
its oxygen even though the partial pressure of oxygen in
the tissues may be relatively high. A compound called
2,3-diphosphoglycerate (2,3-DPG) is essential to this
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practiced, the tmqlbfna}'mamq%-ramcens vill be filtered out
of the circulation by the spleen and liver following

transfusion. As stated above, to be acceptable for
transfusion at 1least 75% of the red cells that are

15 transfused must be capable of remaining in circulation
twenty-four hours following the transfusion. The
concentration of ATP and the morphology of red cells serve
as indicators of the suitability of stored cells for
transfusion.

20 In order to prolong the shelf-life of transfusable
red blood cells, it is necessary to store the cells or
treat them in some manner that prevents a rapid decline in
ATP and, if possible, 2,3-DPG. Solutions that prolong the
shelf-life of red cells are Kknown (see, e.9., Meryman,

25 U.S. Patent No. 4,585,735, and Meryman, U.S. Patent No.
5,250,303, both of which are herein incorporated in their
entirety by reference). Typically such solutions contain
citrate, phosphate, glucose and adenine and occasionally
other ingredients that function to prolong shelf-life by

30 maintaining the level of ATP in the cells. It is known to
use an additive solution having an effective osmolality as
low as 121 mOsm. However, solutions with lower effective
osmolalities are not used. In addition, dglycolytic
activity is enhanced in red blood cel

3s intracellular pH (hereinafter pH,) measured
about 7.4,

The effective osmolality of the
solution is another factor of importance in -
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The hypotonicity of the additive solution is
limited by the danger of hemolysis during the addition of
the solution. Although, theoretically, it is not

20 necessary for the additive solution to contain enough
solute to osmotically support the rod cells since the
plasma provides additional osmotic support, at the time of
adding the solution, before mixing has occurred, some red
cells will come into contact with the additive solution.

25 If the additive solution is too hypotonic, these red cells
will burst (hemolyze). As a result, solutions that are
toc hypotonic cannot be used. Therefore, the final
osmolality of the solution after mixing with the cells and
the residual plasma is not particularly hypotonic and the

30 advantages of hypotonicity are insufficient.

Red cells, which are normally bi-concave disks,
can swell to nearly twice their normal volume at an
external osmolality of approximately 170 mOsm before they
hemolyze. However, it has also shown that when solutes

35 from the left end of the Hofmeister series, the so-called
macromolecular stabilizers, are present both inside and
outside the cell, a membrane expansion takes place and red
cells can swell beyond their normal hemolytic volume and
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15 The invention provides a method for storing red

blood cells that leads to a greater degree of hypotonicity
during storage without increasing the risk of cell
hemolysis during the addition of storage solution to the
red cells.

20 This invention provides a method for prolonging
storage shelf-life of red blood cells under refrigerated
conditions, comprising: separating plasma from the red
blood cells while retaining residual plasma; and adding a
biologically compatible solution to said red blood cells,

25 wherein said biologically compatible solution has an
effective osmolality of less than 70 mOsm.

This invention also provides a method for
prolonging storage shelf-life of red blood cells under
refrigerated conditions, wherein the biologically

30 compatible solution added to the red blood cells comprises
at least one penetrating solute that penetrates red blood
cells more slowly than water and substantially no non-
penetrating anions and non-penetrating non-electrolytes.

BRIEF DESCRIPTION OF THE DRAWING

35 Figure 1 depicts the morphological index of red
cells during eight weeks of storage for an embodiment of
the present invention and a comparative embodiment.
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plasma fromthearedppe in cells stored by the conventional methods known
to those of skill in the art.

As used herein, a T'"biologically compatible

15 solution" is a transfusable solution in which cells that
are contacted therewith retain viability. Contacting
includes any process in which the cells are in some manner
exposed to the solution and includes, but is not limited
to, suspension of the cells in the solution. A

20 bioclogically compatible solution has a pH and a salt
concentration that are suitable for maintaining the
integrity of the cell membrane and do not inhibit or
destroy the biological and physiological reactions of the
cells contacted therewith. Typically a biologically

25 compatible solution has a pH between 6 and 9.5 and is
isotonic or only moderately hypotonic or hypertonic.

As used herein, a "penetrating solute®" is a solute
that is capable of freely traversing the cell membrane of
red blood cells. Such a solute may be either a small non-

30 electrolyte such as glucose, or it may be a small anion
such as chloride, acetate or phosphate. "Non-penetrating
solutes" include larger non-electrolytes such as mannitol
and sucrose, or large anions such as citrate, glycolate,
and glycerophosphate. Cations, because of their charge,

35 will not penetrate the cell membranes. An exception is
the ammonium ion that enters the cell as the neutral
molecule, ammonia, and reestablishes the ionized state
inside the cell.
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| ndex, ATP an increased. In general, the slowly penetrating solute
should not reach equilibrium across the cell membrane in
less than one second. Preferably, the slowly penetrating
solute does not reach equilibrium in less than 10 seconds;

15 more preferably in less than 30 seconds; and even more
preferably in less than one minute. Such a solute may
include, but is not limited to, solutes such as glucose,
glycerol and D-xylose.

As used herein, "residual plasma® refers to the

20 amount of the plasma that remains in a red cell suspension
after the plasma is separated from the red cells through
centrifugation and a plasma press as conventionally
practiced by one of ordinary skill in the art. Generally,
about 50 ml of residual plasma remain in a red cell

25 suspension of 260 ml.

As used herein, "effective osmolality" refers to
the combined osmolality of solutes that do not penetrate
the red cell membrane and therefore serve to determine the
volume of the red cell.

30 As used herein, "refrigerated conditions" refers
to conditions for storing red blood cells under
refrigeration. Refrigerated conditions include, but are
not limited to, temperatures of 4t2°C.

It has been discovered that the hypotonicity of

35 the additive solution can be increased by using an
additive solution comprising a penetrating solute that
penetrates the red blood cells more slowly than water. In
particular, a biologically compatible solution having an
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A slowly penetrating solute enters red cells
relatively slowly but it will ultimately approach
concentration equilibrium across the cell membrane. This

15. means that, for example, red cells can be mixed with an
isotonic solution of glucose in water without hemolysis.
The osmotic support of the extracellular glucose would be

' equal to that of the intracellular hemoglobin and salts.
Therefore, there would be no change in red cell volunme.

20 However, as the glucose progressively enters the
cells, the osmotic support by the glucose is progressively
lost and the cells will swell. 1In terms of its osmotic
effect, the end result would be as though pure water had
been added to the cell suspension and the cells will swell

25 in response to the diminishing osmolality of the
extracellular solution. If there were no non-penetrating
solutes in the extracellular solution, water would
continually enter the cells until they hemolyze. But, in
this invention, even if the additive solution contains no

30 non-penetrating solutes, the residual plasma provides
sufficient extracellular osmotic support to avoid
hemolysis once equilibration has occurred.

Once the addition of solution is complete, the red
cells do not require as much osmotic support. Water

35 enters the red cells, diluting the non-penetrating solutes
therein. This decreases the intracellular osmolality of
the red <cells, thereby decreasing the required
extracellular osmolality. At the same time, the osmotic
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of the slowy penetrating solute may "~ be” i ncreased. I n

T A e ey o BB BRECDE bbbl SPhth Sthe rea SOPYLTuEPL EERET: °GH' LbRE’ U™

across the cell rane I n an one secon
sl owl y penetrat i fgneentration t @fdockhe ot ddakR eq¥Fraselinliar | eyéamn 10

seconds; 15 nTherefofe; aldy ithd esmtidran edterecontie; a&dleve&nabrﬂon-

preferably inle t?ilf S e |ncI but
Is not limted tgé nt gg@sglg 2 cht){és}% apfgéﬁﬁ ?ﬂ arl éﬂ%é
As used hePein, pF%‘é%%‘EuaFnﬁ?ﬁ%W Pé?‘%?éct supRerbe ig‘&ntﬁ}ﬁie‘!ﬁ thewhickma
that remains i n theedtatiages UsERuMsiem duutesafttrmr regighas mplasmacpri pi ed

fromthe red cel pl.as S a
conventional ly 5?1:&@:5%?%2?11 I ce %cfgge o% nar ?1 Ihq B?ﬁgég% the
General |y, ninipup effeqtiye P@P&ﬁa{ltma%rﬂiq eﬁmaﬁ stoxagedsetution
suspensi on of 26Ehat.will not cause hémdly@dsherigilnfaief GomewHereSpetween vV"

refers tosg qﬁy alj te no penet e
the red cell men%rane andnﬁﬂere ore s&gyvg&f Lrl%t era%&ﬁghflﬂgd i>y {rﬁ% of

the red cel|. 30®xperimentatimp.used herein, "refrigerated conditi ons
refers to condit | BtfauseOthes tad 1Kl ve Bsb1uY ieaf ccﬁﬂ&iﬁseél@?fleast

refrigeration. ditions inclu but Imted
to, tenperatures oé %F&%?’S ﬁg‘%& Reerdded "Hhe ]tlsnag"ﬁﬁer?l(ﬂ"gé'ovg?%‘ﬂ
that the hypot orWa%ex, oftl(is equ kibmcm vds sablei P cmeurbebeforecased
by using 28 soR#didri %ai@'d&éé)m&@%&ﬁ&ﬁyp%ﬂ&tﬁ Nhes OF ecéﬁ’ﬂ%
penetrates the r bIo.o cel Ir&ﬁng_n ZVL/‘ g n I € mE)artlcu ar
a biologically c e°s°5‘\ Wik ce n he e
1s osmotic equilibration between those intracellular
solutes that do not freely diffuse out of the cells,
predominantly hemoglobin and potassium, and those
20 extracellular solutes that do not penetrate the cell,
predominantly the sodium in the plasma. The net resuilt
will be an increase in cell volume. This cell swelling
provides the benefits of hypotonicity during storage.
Because the residual plasma provides sufficient
25 extracellular osmotic support, the effective osmolality of
the additive solution may be 1less than 70 mOsm.
Preferably the effactive osmolality of the biologically

compatible solution is 1less than 60 mOsm; more
preferably, the effective osmolality of the solution is
30 less than 50 mOsm; even more preferably the effective

osmolality is less than 25 mOsm; even more preferably the
effective osmolality is less than 15 mOsm; and even more
preferably the effective osmolality is less than 5 mOsm.
In fact, in the most preferred embodiment of this
35 invention, the effective osmolality of the biologically
compatible solution is zero. In this embodiment, the
entire extracellular support is provided by the non-



effective osmolality of |ess than 70 nosm can be used. An aqueous

sol ution having these—properti es can be forned, - for exanple, by
controlling an anobunt of non-penetrating solutes in the solution such
that the osnolality of the 5 solution is less than 70 nOsm Then, the
sol ution carygQemeges Drought to a level isotonic or nearl ypdesdogiioes W t h

t he red cell suspension by increasing the osnolality of the

solution using a slowy penetrating solute, The resulting sol ution
provi des the necessary osnotic support t0O 30ord 10 substanti al henol ysis

at the tinme of {he Ltion qQf S ti . e usp Lon

A slowy penetr g ﬁggggﬂﬁ?e %r?fléggsr ec1°fcel Pis‘g q:[Lst‘l(rat'éllsg't i \C?g%"‘?‘y oﬁépbut
it will ultinheaetrabpen Eithe cellcbycEher 6LPWAY ceeRetrnting £04y$8-t he
cell menbrane. This 15 phe EidTodikkallly’ ebmpseiple sohitial lis pearéfapviyed

with an [ nic,soluti f. alu ' t | |

The osnotic sup%g%?eﬁ d e ﬁ%&%&l”gm §?E§Fﬁ§%¥€' %%%m(#ig?g tﬂg@ééﬁ%ﬁ"?o
that of t#¥e intdi&cehigher Hehasyl dben §HJ o4l tEhe red [addef spEPenaion.
woul d be no chargethér| echécidaivivermsoftion is prefedabRychypatohle to

gl ucose progresgjye en t .ce t | (o] e
gl ucose is pr og?éés*é%l?/éﬂé' arlletgs?tuggn&%t %é%%ﬁ?%’!ﬁméﬁj&l %L?gérﬁr‘r]épof
its osnotic or chypertorie <l rthe| iregbuleeldE-as t PBFEh Shee ALY had
been added t0 tpeneelatE4§PESEIEY putfktiateitithe Wed cellll, 2he addftive

Cortttontd (¢ naphubaPh ber A8 (X HiBeRaiY ¢8' tnb Feg, qaryd [ ACC U A
extracel l ul ar sol uti on, That dricdegically cospatible| sadutdon hmayel &isenti |
they henol yze. BghtaiR adeninklli pref¥gabiPninc\iy fa t £fa Bdihduret SOF&ET ON
contains no 30 ., nofoPenelraindld SPuptBdr, WAS LSRN SHIQS{E, PRy des

contain phosphate, for example, in the form of sodium

15 phosphate, but again preferably only a small amount. 1In

addition, preferably, the solution contains substantially

no non-penetrating anions and non-penetrating non-

electrolytes.
Glucose is a preferred slowly penetrating solute
20 for several reasons. First, glucose is necessary to

support refd cell glycolysis. Secondly, it is a familiar
agent for transfusion. Finally, it is a macromoclecular

stabilizer.
A major goal of this invention is to maximize the
25 volume of the red cells during storage in order to gain

full advantage of the benefits of volume increase which
improves cell morpholegy and reduces hemolysis during
storage. Since the constituents of a preferred embodiment
of this invention, namely, a solution comprising glucose,
30 phosphate and adenine, are all macromolecular stabilizers,
this solution can reduce the osmoclality at which red cells

will reach hemolytic volume through membrane expansion.
For example, 100 ml of isotonic glucose can be
combined with the cell suspension containing approximately
35 200 ml of red cells and 50 ml of residual plasma. The
glucose provides transient osmotic support to prevent
hemolysis during mixing but then equilibrates across the
cell membrane so that its "effective® osmolality is 0. 2s



sufficient extracellular osnmotic support to avoid henol ysi s once
equiTibrart om tas_occurred. r——Orce—the—addi-t i on of—selution i s
conplete, the red cells do not require as much osnotic support.

Wat er 35 enters the red cells, diluting the non-penetrating sol utes
therein. Thiwodgsdggases the intracellular osnmolality of b8ere3des d
cells, t hereby decreasing the required extracellul ar

osnolality. At the sane tinme, the osnotic
movenent of water into the r&d3derls will result in sone

concentration

-0-

as

wi |

the water

t dilute. .extracel lul ar asnma Ther ef ore,
Qéﬁt@ﬂ§°°5he%q@&ﬂﬂ§ra #2 afbReS Bha celd, BePRERRG: sdEUMEs of
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not cause Shenol goRutipn;, the|redmeiis swedlveeTheOnet BODaltanduld)benfam

and

Because the additive.sol ution_conprises at._| t one _sol ute that
penetrates the gngglﬁbrghgl ?ggﬁgﬁ °sm°1af§§¥ePF thes g&iﬁpﬂpﬁPﬁéﬂ“is
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even in the absence of membrane expansion.

If a larger volume of additive solution were to be
used, more cell swelling could be achieved. The larger
dilution would both reduce the final effective osmolality
and increase the proportion of stabilizer solutes, thereby
enhancing the membrane expansion, and permitting the
effective osmolality of the final solution to fall below
170 mOsm without hemolysis.

One skilled in the art will recognize that the
method discussed above may be adjusted as necessary to
achieve a storage solution with specific characteristics.
The invention will now be further described with reference
to a specific embodiment thereof, it being understood that
the example is intended to be illustrative only, and the
invention is not intended to be limited to the materials,
conditions, process parameters, etc. recited therein.

Example 1

A red cell suspension is obtained by drawing blood
into a sclution containing citrate, phosphate and glucose.
The blood is centrifuged at about 1500xG and the plasma is
removed. 100 ml of additive solution A, as defined in
Table 2, is added to the red cell suspension and the
resultant solution is stored at 4°C for eight weeks. The
morphology index of the red cells during refrigerated
storage is demonstrated in Figure 1.

Comparative Example 1

A red cell suspension is obtained as above. 100

nl of additive solution B, as defined in Table 2, is added

lj o, 2SR



predom nantly henoglobin and potassium and those 20 extracel |l ul ar

sol utes that do not -peretrate—the cell, predom nantly the sodiumin
the plasma. The net result will be an increase in cell volume. This
cell swelling provi des the benefits of hypotonicity during storage.
Because the wé | pl asma provides sufficient 25 ext rqﬁﬁjﬁw‘osmt I C
support, the efrective osnolality of the additive sol

| ess than 70 nOsm Preferably the effective osnolality of the

bi ol ogical |y conpatible solution ~i¥ tess than 60 nOsm nor e

preferably, the effective ospplality of the oI ution i | ess than 50

nosm even nor etPrERe B8Ry CeLl SHERERFIRN an t’&%nﬁ?ﬁﬁ‘f’ﬁm? sSPhign 48 o5
nOsm even noresporddrabl y°Chéor eightf Weeksve @wolmorpholagyl cagiebhaof 15

msm and even eg ered cel e&ﬂﬁt&%ﬁ» gerhech keopaqn! ki aﬁmaﬁ%g;ée& han

5 nosm e nost eferred enbodi nent of t

i nvention, the é?f%&ﬂqﬁﬁaksnnlallty of the biologically conpati bl e
solution is zero. In this enbodi ment, the entire extracel |l ul ar
support |g provi ded by the non-

- 10 - penetrating sol ut ocTABLE2 + he  rogidual plasma  after
penetration of the cell by the sl ow w penetrating sml ut e. The

bi-ol ogical ly comedtble solution stMeferably ™M hffered. In addition,
preferably, theggikof the solution faw is higheree than the pH of the

red cell suspeggaion. Further, the additive Zﬁ fution is preferably
hypotonic to the red cells, aI though it could alternatively be
I sotonic WeHPORypertonic to tHe red cells. Once the slowy
10 NaH,PO, 29 29
Adenine 2 2
Maanitol . e
Osamolality
(mOsm)
15 Total 176 176
Effective ] 109
pH 75 75

The morphology index of red cells stored according

to Example 1 is maintained at acceptable levels for a

20 longer period of time without any statistically

significant change in the amount of red cell hemolysis.

In particular, the red cell morphology of red cells stored

according to Example 1 has an average 5% improvement over

the red cell morphology of red cells stored according to

25 Comparative Example 1. Further, the wmorphology index

decreases to approximately 75% in six week for red cells

stored according to Comparative Example 1; whereas, in

Example 1, the morphology index does not decrease to 75%

until eight weeks of refrigerated storage. Thus, the red

30 cells can be stored for a longer period of time using
additive solutions according to the present invention.



penetrating solute penetr t the red cells, the additive ~S-0h-ut-1-o1
petr—se—s—hypotonit—to U ll Fhe- bi ey
conpati bl e sol uti on may lmmﬂl “H“‘@ l i n adeni ne, preferpbly iREF On'L;/Da

smal | amount, for exanple, two mol . Further, the QAOUTTTVEe SOUrTU
may cqg{,gk&bspposphate for exanple, in the form of SOM%@
phosphate, but "again preferably only a small anount. I'tion,
preferably, the solution contains substantially no non- penetrating
anions and non-penetrating non- —eldctrol ytes.

A ucose is a preferred slowy penetrating solute 20 for several reasons.
First, dl ucosewm support red cell glycolysis.

Secondly, it is a famltar A methagkforf proloagsxﬁgssmagé:ishﬁllfy,li'rfe of a
macr.ondl ecul ar  peq ceﬁ@béujadixerrefrxgerated condfc§Bhe! S6@pr iddy S

invention is to maximze th Vol ume of

the red cel st or
in order to gain ful l %ﬁﬁﬁﬁﬁ%‘@ slaspa PEPm:Hhe ’fﬁ‘i \ﬁﬁcﬁﬁeq?’n(?rﬁﬁ

whi ch 5 i npret2ssuspénsimmphdiidsy ravd inddgceeshdual yplasuay iang

storage. Since the const i tueficdingy £ ﬂﬂﬁ iad19TesipERible soluﬁioﬁhté

I nvention, nanel risin S osp

adeni ne, are al F ch I e‘i‘%ﬁzﬁ' n?'ﬁ‘ﬁlrﬁl er§alg bm]t?ﬁ’s"%yut FSHpégﬁh}%duce

the osnolality sblubioh hasl areldffective wushblabity dfrEsg ithanozaneosh: ough
menbr ane expanS| on. Pho8Xagy €, c198m ™M 10f I @i A0 SF ObuERSE

can be ITRI ned W|th t he cefl suspensi on_contai ni'n a%prom mat e 35
200 M of*% ed cé piogigaliy nFoppatikle &P1PEAQR, COMPEdse 1easts o
provi des transi pehetsaving soppbe t that ppenetitates thdaerrediyseilduemhgamxi ng

but then equili Qfﬁ‘%eﬁgvsy’s&ilg%ater cell menbrane so that its

"effective" osno Ity 1
. The method of claim 2, wherein said

penetratlng solute is selected from the group consisting

15 of glucose, glycercl, and d-xylose.

4. The method of <claim 2, wherein said
penetrating solute is glucose.

5. The method of «claim 1, wherein said
- biologically compatible solution has an effective

20 osmolality of less than 60 mOsm.

6. The methcd@d of <claim 1, wherein said
biologically compatible solution has an effective
osmolality of less than 50 mOsm.

7. The method of claim 1, wherein said

25 biologically compatible solution has an effective
osmolality of less than 25 mOsm.

8. The method of «claim 1, wherein said
biclogically compatible solution has an effective
osmolality of less than 15 mOsm.

30 9. The method of claim 1, wherein said
. biologically compatible solution has an effective
osmolality of less than 5 mOsm.

10. The method of «claim 1, wherein said
biologically compatible solution has an effective

35 osmolality of zero.
11. The method of claim 1, wherein the

biologically compatible solution comprises at least one

This Sheet Has Been Replaced
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- 11 - t he glucose equilibrates across the cell ne

| onger provides osnotit ﬁ“l“ﬁmu“ﬂ Ilullumgel | ane—+—s as | THIS u!"nttfn 3[9@ BEEN

|

of- wat er had been added nsi on Becjause QEPMBE

di mi ni shing osnolality of*ttte éxtMackl Ul ar sol uti on; the-Tret-eells
swell. The % ult would be an [ ncrease in cell

approxi matel'y 0 In this exanpl e, the effective osnolality of
the cell suspension after mxture with the plasma and equilibration
of the glucose will be approxifet®ly 200 nsm This is 10

substantially 'Wéx?bézhaé‘e@é‘tee%ga&’o& R ¥ Elp hﬁﬁ’éi@l ©of aadniil 'dhd e

absence of nenbrane expans

addi ti ve sol ut i BhesRhateo be used, nore cell swel I [ ng coul d be
achi eved. The larger 12. Thedi Im&&mﬂi wobEd hstidint edure t Rheliednl the
effective osnol an t rti Qo abi

sol ut es, therebl?/iéi(ygi]é‘uﬁh Qo’_é&{ ?z]iﬁégggpanm (?(}Tls?r?d p%

t he 5 ef f Ad4eniNes AR Bhiosy BFet he final solution to fall beI ow
170 nmOsm wi t hout henpl 19.S. The method of cl@if ki Wheflein the pudsnd |is

recogni ze t hat ééfar?aqc " f;%gnhg di,gaugéf?u'[a@!gvge%iﬁ% q:q sted as

|ng

necessary to 1 eviea "Stof age- 50 speci
characteristics. 14Fhe Th#ven!‘?%‘PP% | Pfhowebaivur ther UE%F%Bed the h
ref erence bidTogicHas fddmpatitdenediluttienedls Hypdtonig wodahe aad t hat
the exanp ée |s %if%Med to be illustrative only, and the 25 I nvention is
not intended to Tmted to the materials, condi ti ons, process

paranmeters, etc. recitddthdhe method of claim 1, wherein the pH R&fhe 1
A red cell susm@hdﬂlqb&uaagxbyedémwrblw%-eagrar ghﬂh%%ﬁ ]gﬂﬂ 03
containing citr 0S n cose e blood is centrifuge
at about 1500x(§%?10r¥¥ %1 ﬁg%egs%ﬂ renoved. 100 ml of additive
solution A, as defined ¥ A method| for pralontay ssorpger shelftlife of
suspensi @8 and #dif cells urdiey t.-aah?ewté@rbmsaﬁm@i %bmﬂ,ﬁ&ah&for ei ght

weeks. - The nor phol ogy _i ndex el | dur| erated, 35
storage is denonstrated in ?egaFéti‘"? pfasma frem the red ﬂﬁoﬂb O‘!%/
Exanpl e 1 cell suspehsios vblilesuvepaiming resisivedi pddsmerabnde. 100

adding a bioclogically compatible solution to

said red cells, wherein said biologically compatible

20 solution comprises at least one penetrating solute that
penetrates red cells more slowly than water and
substantially no non-penetrating anions or non-penetrating

non-electrolytes.
17. The method of <c¢claim 16, wherein ¢the
25 biologically compatible solution is hypotonic to the red
cells.

18. The method of claim 16, wherein the pH of the
bioclogically compatible solution is greater than the pH of
the red cell suspension.

30 19. The method of claim 16, wherein said
bioclogically compatible solution contains no non-
penetrating solutes.

20. The method of claim 16, wherein the slowly
penetrating solute is glucose.

“ﬂﬁ‘iiﬁ‘li’i‘ilﬁni" |||T|



m of additive solutlon B as defined in Table 2, is added

- 32 to—tHhe—+ed—cel | susp'eﬁsr-m—resultant sotrutt+ornr—ts
s_tored at 4[err]C for eight weeks. The norphol ogy index of t he red
cells during refrigerated storage is denonstrated in Figure 1.
TABLE 2 A B i
WO 96/29863 P giW
(mMv) (”m% A uose 139 ('gl
NaCitrate 18.4 Na[ err] HPO[ err]
12 10 NaH err]PJ err] 2191 2.9 Adeni ne
2 2 Manni t ol 22
Gsnmoi ality : (nOsm) 15 Tot al 176 176
Ef fective 34 109 pH 75
75 . The norphol ogy i ndex of red cells stored according
<< o]
1 o
T~
+ ©
o+ w«—
0 ng' i
g 9
4 = | I
4+ ™
L o N
S 8 R 8
. B
£
- O
=

SUBSTITUTE SHEET (RULE 26)



| A S R e v a0

(0] a e cce a e evel s or ”} N e@c ETB%
SR Tt o JUS34CT

of tinme MAt |caIIy S|gn|f|cant change in the
anount of red cel f henotysy s.* In particular, the red cell norphol ogy
of red cells stored according to ExAfpre 1 has an average 5%

i mprovenent "oy, T eg cell norphol ogy of red cells stored
according to ﬂ@i&——%%n%%égﬁgge—ﬁxanple 1. Further, the nDrphoIogy |ndex
decreases to approximajely KSﬁ%kﬂialWﬁgeggégggyagjéga QS&%ﬁﬂ%PH_SFﬂEage

according to Conparative Exanp
nor phol ogy |nd@;gﬁﬁeEGﬁ@%gaéétedseondlﬁséms, compunbihgei ght weeks of

refrigerated storage. Thus,séﬁ réegnég%}asﬁ§|£§oﬁagh% ré&O&g?%Loinaggﬁg

period of tine us qg |t|ve ut1ons according to e pre
|nvent|d% cel uspens1on whlle retaining re91du§3 plasma; andHAT | S
CLAI MED | S: f a&dg[.n%\ Hﬁbg.@?.ob&ba&&%%fdn{%trﬂﬁé:eééﬁéﬁn to
st or age under ri ated condjtions, _c

separating pl dSme fr #t e : cTRETEHR 5 S2id 3§P°i%’r$ajsjcbépe‘?%m%t%1?e

retaining resishlltipbrasmes amdeffective osmolality @@ldié@%atlbéxfiﬂmirﬁ@éthy
conpati ble solution t sai cel s erein _sai I ol ogi ca
conpati bl e sol 3%| on Tad m%é}o%ct i 98 os‘l\'ﬁrt: TH it ror MBEE® f"ﬂa

mosm 10 blologlqallyrh@ommﬂ:hbde ofolut tém comprilseseiat JdaiadtlOone
bi ol ogi cal |y Goumat:dt £ng A0 ﬂ?&@%é@‘étf’été&aféd%@lrl ey é‘str@@}éng

solute that penetrates red cell nenbranes nore n- wa
3. The nethdtOBYY thap¥aLer. yherein said penetrating sol ute

does not reach equililg]j Um'nQéOS&\ettllﬁxﬂ5 of r gl £54 | @E”brﬁﬁéx?ehﬁ | esgighan

one second. of . clai wherein said

penetrat i ng yﬁﬁﬂ%?ﬁ%?kﬂ%cﬁgéute %oes not reach equgilbrlum across the
1s red cell membranes in less than one second.

4. The method of claim 2, wherein said

penetrating solute is glucose.

5. The method of «claim 1, wherein said
bioclogically <compatible solution has an effective

20 osmolality of less than 60 mOsm.

6. The method of claim 1, wherein said
bioclogically compatible solution has an effective
osmolality of less than 50 mOsm.

7. The method of claim 1, wherein said

- 25 biologically <compatible | solution has an effective
osmolality of less than 25 mOsm.

8. The method of «c¢laim 1, wherein said
biologically compatible solution has an effective
osmolality of less than 15 mOsm.

30 9. The method of c¢laim 1, wherein said
biologically compatible solution has an effective
osmolality of less than 5 mOsm.

10. The method of <claim 1, wherein said
biologically compatible solution has an effective

35 osmolality of zero.

AMENDED SHEET
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. method of <claim 1, wherein said

blologlcally conpatlble solution has ~ahk4 effective osnnkﬁlity of
| ess than 50 nmOsm pethod , of claim 1 erein
said 25°  biol ogicall y*- coﬁbﬁtlbW@thogolu?fcn1c#ﬁ%¥‘ art: ef WBexieia  the

osnmol al ity of bésdoghanlly q&mpatlﬁle solutlogfcoﬁﬂﬁaiéEﬂQQdléHsthﬁbm
1, wherein s atible .solutio

effective ﬁéﬂber Sﬁlé@ééixﬁééﬁ %%%nggguﬁoﬁﬂngif ing aég@ﬂne *he
met hod of clﬁhﬁﬁphatemhereln sai d bi ol ogi cal | y conpatlble
solutiong has an effggtlvghe 055! aldfty gﬁ_ahﬁss {pan 94 e1n the
10. The nethod claim 1, ﬁ% erein . br'ol ogi'ca

conpati bl e solPh‘P?‘Bﬁlcﬂ&%Y arcompdetblee :wlutzmml slokﬂpy‘l@feszerglucose,

- 14 - adenine, ahd pﬁb@phaebhod of claim 1, wherein nbthe
bi ol ogi cal |y conpati bl soI |on es at, | east .one nmenber
sel ected fromthe grouSBCon §tpﬁ§%8 eﬁ%ﬁ%@nﬁi whereineagrpiasmasis

12. The net heepavated| &rom the raﬂecelﬂls becentrifubheliogi.cally

conpatiple solution npr iy se adenlne hosphat e
13. Thég%ethod of clalggl erelng%#gg | e iGaim ’sepgﬂﬁfganfro Bhe
red cel|s by ceheidgiigalipncompatible solutmbn fsehypotbodc tof tiod aked

1, wherein {he14. bi ol ogically conpatible solution is hypotonic to
the red cells. 15. The method of claim 1, wherein the
pH of the 15. The method of claim 1, wherein the pH of the
- biologically compatible solution is greater than the pH of
15 the red cell suspension.

16. A method for preparing red cells for storage
under refrigerated conditions, comprising:
separating plasma from the red cells in a red
cell suspension while retaining residual plasma; and
20 adding a biologically compatible solution to
said red cells, wherein said biologically compatible
solution comprises at least one penetrating solute that
penetrates red cell membranes more slowly than water and
o~ substantially no non-penetrating anions or non-penetrating
— 25 non-electrolytes.

17. The method of «c¢laim 16, wherein the
biologically compatible solution is hypotonic to the red
cells.

18. The method of claim 16, wherein the pH of the

30 biologically compatible solution is greater than the pH of
the red cell suspension.

19. The method of «claim 16, wherein said
biologically compatible solution c¢ontains no non-
penetrating solutes. _

35 20. The method of claim 16, wherein the slowly
penetrating solute is glucose.
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(57) Abstract

A method for prolonging starage shelf-life of red blood cells under refrigerated conditions includes separating plasma from the red
blood celis while retaining residual plasma and adding a biologically compatible solution having an effective osmolality of less than 70
mOsm to the red blood cells. The biologically compatible solution preferably includes at least one penetrating solute that penctrates red
cells more slowly than water and substantially no non-penetrating anions and non-penetrating non-clectrolytes.




