Office de la Proprieté
Intellectuelle
du Canada

Un organisme
d'Industrie Canada

Canadian
Intellectual Property
Office

An agency of
Industry Canada

CA 2427765 C 2012/01/24

(11)(21) 2427 765

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(86) Date de depot PCT/PCT Filing Date: 2001/11/05
(87) Date publication PCT/PCT Publication Date: 2002/05/10
(45) Date de délivrance/lssue Date: 2012/01/24

(85) Entree phase nationale/National

Entry: 2003/05/02

(86) N° demande PCT/PCT Application No.: SE 2001/002419
(87) N° publication PCT/PCT Publication No.: 2002/035929

(30) Prioritées/Priorities: 2000/11/03 (S

2001/03/30 (USB0/279,725)

—0004032-9);

(51) Cl.Int./Int.Cl. AOTN 7/02(2006.01)

(72) Inventeur/Inventor:
STEEN, STIG, SE

(73) Proprietaire/Owner:
XVIVO PERFUSION AB, SE

(74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : SOLUTION D'EVALUATION ET DE CONSERVATION

(54) Title: EVALUATION AND PRES

(57) Abréegée/Abstract:

ERVATION SOLUTION

An evaluation and preservation solution for human and animal organs, tissues and parts thereof is described, wherein it comprises
serum albumin at a concentration of 55-105 g/L, a scavenger and coating compound, preferably dextran compounds and
derivatives thereof having essentially the same structure at a concentration of 1-55 g/L weight, and a physiological serum
concentration of salts and nutrients In a physiologically acceptable medium.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




WO 02/35929 Al

CA 02427765 2003-05-02

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
10 May 2002 (10.05.2002)

AQIN 1/02

(51) International Patent Classification”:

(21) International Application Number: PCT/SE01/02419

(22) International Filing Date:
5 November 2001 (05.11.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
0004032-9
60/279,725

SE
US

3 November 2000 (03.11.2000)
30 March 2001 (30.03.2001)

(71) Applicant (for all designated States except US): VITRO-
LIFE AB [SE/SE]; Molndalsviagen 30A, S-412 63 Gote-
burg (SE).

(72) Inventor; and
(75) Inventor/Applicant (for US only): STEEN, Stig
[NO/SE]; Korsakersvigen 11, S-226 50 Lund (SE).

(74) Agent: AWAPATENT AB; Box 5117, $-200 71 Malmd
(SE).

(54) Title: EVALUATION AND PRESERVATION SOLUTION

PCT

(10) International Publication Number

WO 02/35929 Al

(81) Designated States (national): AE, AG, AL, AM, AT, AT
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, CZ (utility model), DE, DE
(utility model), DK, DK (utility model), DM, DZ, EC, EE,
EE (utility model), ES, FI, FI (utility model), GB, GD, GE,
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR,
K7, 1L.C, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK,
MN, MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU,
SD, SE, SG, SI, SK, SK (utility model), SL, TJ, TM, TR,
TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, I, FR, GB, GR, ILE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,

TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(57) Abstract: Anevaluation and preservation solution for human and animal organs, tissues and parts thereof is described, wherein
it comprises serum albumin at a concentration of 55-105 g/L., a scavenger and coating compound, preferably dextran compounds and
derivatives thereof having essentially the same structure at a concentration of 1-55 g/L. weight, and a physiological serum concentra-

tion of salts and nutrients in a physiologically acceptable medium.



CA 02427765 2010-02-05

 22055-264

10

<0

235

30

EVALUATION AND PRESERVATION SOLUTION

Fleld of invention

The present invention ralates to an evaluation and

preservatlion solution for human and animal organs and

tigsues and parte thereof for transplantation, to a
method for evaluation of such organs and tissues and
parts thereoof before transplantation, and to a method forx
transplantation from a non-heart-beating donor.

Background Art

In clinical organ transplantation today kidneys,
livers, hearts and lungs are the common: transplanted
organs. Pancreas is still not very often transplanted,
and transplantation of small bowels and other organs are

‘at the experimental stage. Regarding the preservation of

kidneys, livers, hearts and lungs, the golden standard is
cold ischemic preservation, This means that the organ
which ia to be preserveaed isg flushed with a cold preserva-
tion solution and after that the organ is immersed in the
same cold solution until it can be transplanted. The most
common organ preservation solution used today is the
University of Wisconsin solution (UW). For the preserva-
tion of kidneys and livers UW is the most frequently used

preservation solution. Everl for hearts it is used more
and more, but forxr hearts 5t Thomas solution in different

-modlflcations is €till the most common solution. A new

solution used in heart preservation in the last few yvears

1s Celsior’f which 1s a solution very similar to UW,

except that the petassium econcentration is much lower.
For lungs Eurco-Collins solution is still the most fre-
quently used solution, but Perfadex is used increasingly..

What zll these solutioms have in common ie that initially

*Trade-mark



CA 02427765 2003-05-02

WO 02/35929 . PCT/SE01/02419

10

15

20

25

30

35

2

stated, i.e. that the organs are flushed with a cold

solution and after that immersed in the same cold solu-

tion. For kidneys and livers good preservation for up to

24 hours igs obtained clinically, for lungs most trans-

plant surgeons accept 6 hours and for hearts 4 hours oL

cold ischemic time. The organs to be transplanted have

hitherto been obtained from so called brain-dead but

heart-beating donors or from non-heart-beating persons

within minuteg after death, where the possibilities for

acute harvesting and permission from next of kin to do 1t

happened to be present; such cases are rare, and will not

solve the donor organ shortage. This is also accepted for

livers and kidneys. However, 1f organ donation from non-

heart-beating donors will be a controlled clinical proce-

gry
—

dure, there is a need for an evaluation/preservation SO -

lution for organs from non-heart-beating donors, but so

far no satisfactory solutions for this purpose have been

produced. If this problem of lack of a convenilent solu-

_

tion of this type could be solved, a larger number of

organs would be available for transplantation, and the

problem of lacking organs could be substantially elimi-

d

" nated. At the moment, thousands of people world-wide are

dving or suffering while waiting for organs for trans-

plantation. None of the solutions in use at present IOor

cold ischemic preservation could be used as evaluation

solutions for organs from a non-heart-beating donor.

University of Wisconsin solution and Euro-Collins solu-

tion have an intracellular potassium content, which gives

vascular spasm at normothermia, and the same will St

Thomas and Celsior do, although not to the same degree.

Perfadex, which is a low potassium-dextran solution and

could be used if mixed with erythrocytes, has not the

oncotic pressure necessary for perfusing, e.g. lungs

without oedema development.

Object of the Invention

The object of the present invention is to solve the

above-mentioned problem of lack of a solution which makes
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evaluation and preservation of human and animal organs, tissues and parts
thereof for transplantation, particularly from non-heart-beating donors, possible.

This object is achieved by a combined eva.luation and preservation
solution which is of the type mentioned by way of introduction and which is defined
in the characterising part of the independent claim. Preferred embodiments of the
present invention are defined in the dependent claims.

The present invention also relates to a mixed solution ready for use
comprising the evaluation and preservation solution and red blood cells.

The present invention also relates to a method for the evaluation of
human and animal organs, tissues and parts thereof before transplantation and to

a method for transplantation from a non-heart-beating donor.

The present invention also relates to use of the above-mentioned
evaluation and preservation solution for the evaluation and preservation of organs,
tissues and parts thereof before transplantation.

Accordingly, in one aspect, the invention relates to an evaluation and

preservation solution for human and animal organs, tissues and parts thereof, said

solution comprising: serum albumin at a concentration of 55-105 g/L; a scavenger
and coating compound at a concentration of 1-55 g/L; and a physiological serum
concentration of salts and nutrients; in a physiologically acceptable medium,
wherein the scavenger and coating compound is chosen from Dextran molecules

and derivatives thereof which maintain a Dextran backbone of alpha 1-6 linked

glucose units.

In another aspect, the invention relates to a mixed solution ready for
use based on a solution as described above, wherein it also comprises red blood
cells and has an erythrocyte volume fraction (EVF) of 15% + 3% and wherein the
concentration of serum albumin is 50-100 g/L. of the solution ready for use, and
the concentration of the scavenger and coating compound is 1-50 g/L of the

solution ready for use.
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In another aspect, the invention relates to an ex vivo method for the
evaluation of human and animal organs, tissues and parts thereof for
transplantation, comprising the steps of perfusing the organ, tissue or part thereof
with the solution as described above, measuring evaluation parameters, and
optionally preserving the perfused and accepted organ, tissue or part thereof in

said solution until transplantation thereof.

In another aspect, the invention relates to use of the solution as
described above for evaluating if an organ, tissue or part thereof from a non-heart-
beating human or animal donor is acceptable for transplantation, and optionally for
preservation of said organ, tissue or part thereof in the solution until it is

transplanted into a recipient.

In another aspect, the invention relates to use of a solution as
described above for evaluation and preservation of human and animal organs,

tissues and parts thereof before transplantation.

Description of the Drawings

Fig. 1 shows schematically a lung perfusion test with an evaluation
and preservation solution, which in connection with the test and drawings is called
evaluation solution for short, lacking both Dextran 40 and serum albumin, as a

function of the weight gain (expressed in kg) of the lung and time.

Fig. 2 shows schematically a lung perfusion test with an evaluation
solution with 50 g/L Dextran 40, but without human serum albumin, as a function

of the weight gain (expressed in kg) of the lung and time.

Fig. 3 shows schematically a lung perfusion test with an evaluation
solution with 70 g/L of human serum albumin but without Dextran 40 as a function

of the weight gain (expressed in kg) of the lung and time.

Fig. 4 shows schematically a lung perfusion test with an evaluation

solution containing 35 g/L of human
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extran 40 as a function o:

the weight gain (expressed in kg) of the lung and time.

Fig. 5 shows schematical

ly a lung perfusion test

with an evaluation solution containing 70 g/L of human

serum albumin and 5 g/L of De

gty
oy

xtran 40 ag a function of

the weight gain (expressed in kg) of the lung and time.

Summary of the Invention

After extensive studies

ventor has concluded

that to

from a non-heart-beating dono

and experiments, the in-

be able to perfuse organs

r and evaluate them at

normothermia, the solution used must have a physiological

oncotic pressure. Otherwise oedema will develop. The

buffers and electrolyte concentration in such a solution

has to be sgsimilar to those in plasma and be compatible

with red blood cellgs. (Perfus

ted red blood cells would destroy the organ due to warm

ischemia) . Further,

the solut

ion at 37°C without oxygena-

ion should also contain

compounds opening up the capillary microcirculation.

Further, the inventor has realised that the presence of a

compound coating the endothelium, scavenging undesired

substances and having detoxifying activity is required.

Another regquirement

or tissue perfusion/evalua

1is that t

~ion step is able to act as a

he solution after the organ

satigfactory preservation solution, so that 1t can be

used for cold ischemic storage after the evaluation, it

that would be the most practical way to transport the

organ to the receiver.

The evaluation and preservation solutilon for human

and animal organs,

tissues and parts thereocf comprises

serum albumin at a concentration of 55-105 g/L, a

scavenger and coating compound, preferably dextran mole-

cules and derivatives therxreof

at a concentration of about

1-55 g/L, together with physioclogical serum concentra-

tions of salts and nutrients

acceptable medium.

servation solu

-i0n

-

ccording

-

in a physiologically

Preferably, the evaluation and pre-

to the present invention
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comprises 65-85 g/L, most preferably about 75 g/L, of
human eerum albumin.

Preferably, the evaluation and preservation solution
according to the present invention comprises a dextran
compound in a concentration of 2-20 g/L, most preferably
§ g/L, and Dextran 40 is most. preferred. Other examples
of commercially available useful dextran molecules are
Daextran 60 and Daxtran .70.

The salts contalned in the solution according to the
present invention comprise sodium, potassium, calcium,
magnegium, phosphate, hydrogen carbonate, and chloride
ione, and the nutrients comprise physiologically accep-
table carbohydrates, preferably glucose; fatty acide,
a.g. essential fatty acids, and aminoc acids, e.g. essen-
tial amino acids. The solution according te the present
invantion may also cantain a vasodilator, preferably
pépayerin; antibilotics; fibrinolytic’componénte, such ag
Actilyse, -also called "altepas" (human tissue plasminogen
activator), and thrombocyte receptor blockers, such as
Reopro, alsc called "abcixXimab". Forx long-term perfusion
the solution according to the presant invention may con-
tain hormones., e.g. tyroxin/triiodotvronin, insulin, cor-
tizon, growth hormone, and anabolic steroids, in physio-
logical concentrations,

Red blood celle in a gexrum solution are added sapa-
rately to and mixed with the above described solution
accoxrding to the present' invention j.ust before the per--'
fusion step. This mixXed solutfi_on, also referred to as
"artificial gserum eolution!’”, basad on thae evaluation and
preservation soclution according to the present invention
and the ‘red blaood cell containing solution is to be per-
fused into the organ, tilssue or part thereof to be eva-
luated and represents one embodiment of tha present in-
vention, in the following referred to as "mixed asolution
raady for use according to the pregent invention" or,
shortly, "solution ready for use'.

*Trade-mark
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The concentration of the ingredients present in the

evaluation and preservation solution according to the

present invention is expressed in g/L of the solution to

be mixed with the serum solution containing red blood

5 cells. The concentration of the ingredients present in

the mixed solution ready for use according to the present

invention, i.e. the solution to be directly applied to or

to perfuse the organ, tissue or part thereof to be eva-

luated and optionally preserved before transplantation,

10 1is expressed in g/L of the "artificial serum solution”.

When mixing the evaluation and preservation solution

according to the present invention with the serum solu-

tion containing red blood cells, the concentration of the

F

‘ingredients of the original evaluation and preservation

15 solution is slightly reduced due to a small dilution

tl

effect, as appears from the concentration data presented

in the following. This dilution effect 1s generally about

8% and affects in principle only the higher values in the

concentration intervals presented.

20 The expression "organs, tissues and parts thereof™

i1

used throughout the application text means all parts O]

the body which can be transplanted at present and in the

future.

The expression "non-heart-beating donor" used

25 throughout the application text means a patient for which

the heart has been irreversibly arrested and brain death

D

has been assumed, i.e. a hands off period of minimum 10

- minutes at normothermia after the diagnosis of irrever-

sible heart arrest.

30 The expression "serum albumin" used throughout the

application text means albumin derived or purified from a

human or animal serum source oOor recombinant serum albumin

produced by genetic engineering. Any derivatives and ana-

logues thereof having essentially the same physical
35 action in the present invention are also contemplated to

be included in this expression.
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The expression "physiological serum concentration'

used throughout the present application text means serum

gr—
r—adb

concentrations of the substances in question which exact-

ly or essentially correspond to the normal serum concen-

5 tration in human and animal blood.

The term "lung(s)" used throughout the application

text includes the whole lung(s) including bronchi and

also lobes and segments thereof.

Serum albumin is a water-soluble plasma protein. It

10 is produced in the liver and is important for the oncotic

pressure, also called the colloidosmotic pressure, of the

blood, i.e. it has the capability of maintaining the

plasma of the blood within the vessels. It also act as a

transport protein for many substances, e.g. fatty acids.

15 The sgerum albumin is negatively charged and is surrounded

with sodium ions. Therefore, it is very difficult for the

serum albumin to pass through the capillary wall. The

oncotic pressure in the blood is normally maintained at a

[x]

.g. human serum albumin, having a

(-

level of 25 mm Hg.

fr—

20 molecular weight (Mw) of 69,000, is too large to pass out

through the semi-permeable capillary walls, and the con-

centration thereof is normally about 45 g/L blood. As 1it

is negatively charged, serum albumin attracts sodium

ions, and this add about 7 mm Hg to the oncotic pressure

25 (the so-called Donnan effect). The hydrostatic pressure

in the arterial end of the capillaries is normally about

30 mm Hg, and the hydrostatic pressure in the venous end

of the capillaries is normally about 10-15 mm Hg. As

—
-

stated above, an intermediate oncotic pressure of about

30 25 mm Hg exists in the capillaries, making water to leave

in the arterial end and return in the venous end.

As the serum albumin is responsible for the mainten-

ance of the correct oncotic pressure, it has an important

function as a colloidosmotically active substance, pro-

35 viding about 70% of the oncotic pressure. If a solution

containing a satisfactory electrolyte composition mimil-

cing that in normal plasma, but without colloidosmoti-
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cally active substances, it would immediately create a

weight gain due to oedema formation in the organ to be

transplanted. As normal human plasma also contalns gamma

globulins and other protein molecules, providing about

30% of the oncotic pressure, the present inventor found

that the solution according to the present invention

should not only contain serum albumin, but also in an

increased amount with a view to compensating for the

oncotic pressure normally induced by the gamma globulins

and other protein molecules, which are absent in the
solution according to the present invention. In an

agqueous test solution containing normal extra-cellular

concentrations of sodium, potassium, calcium, magnesium,

chlorine, hydrogen carbonate, phosphate and glucose and

having a normal osmolarity of about 290, different con-

centrations of human serum albumin have been tested on

lungs. At a concentration of about 70 g/L in the solution

ready for use, the best results were obtained, 1.e. the

lungs were perfused without oedema formation. The oncotic

pressure in this test solution was about 25 mm Hg, 1.e.

corresponding to the oncotic pressure in normal lung

capillaries. Satisfactory results can be obtained with a

serum albumin concentration of 50-100 g/L in the solution

ready for use, whereby an acceptable degree of slight

=

oedema formation occurs in the lower end of the range.

Retter results are obtained with a serum albumin concen-

o d
p—

tration of about 60-80 g/L in the solution ready for use,

I

[

but optimal results are obtained with a concentration oO:

70 g/L, as stated above. If increasing to higher than 70

g/L, a higher perfusion pressure can be used without

e

oedema formation. To achieve a perfusion flow for testing

the lungs for transplantation a perfusion pressure of at

most 20 mm Hg is necessary. Thus, with a view to avoiding

substantial oedema formation during such a perfusion, the

p—
—

oncotic pressure of the solution has to be at least 5 mm

Hg higher than the hydrostatic pressure.
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The evaluation and preservation solution according

to the present invention also comprises a scavenger and

coating compound, which preferably is chosen from the

group comprising dextran molecules, e.g. the commercially

available Dextran 40, Dextran 60 and Dextran 70, and de-

ammd

rivatives thereof having essentially the same structure.

Dextran 40 is the most preferred scavenger and coating
compound according to the present invention. Dextran

molecules having other molecular weights, e.g. from as

low as 1 and up to 250 kDa, more preferably from 20 and

up to 150 kDa, could also be useful. However, when

dextran of 1 kDa, i.e. Dextran 1, is used the concentra-

tion should be 10-140 g/L. Alternatives to Dextran 1 are

p—
sy

lactobionate, raffinose, and mannitol, all having a mole-

cular weight below 1 000 Da.

The scavenger and coating compound has several

activities at the same time, and it acts as a coating

substance for the capillary endothelium of the organ to

be transplanted, as a scavenger of toxic and other unde-

sired substances and as a detoxifying agent. For sim-

plicity reasons, this compound is called "scavenger and

coating compound" in the present application. Other com-

pounds being scavenger and coating compounds according to

the definition herein could also be present in the solu-

tion according to the present invention in combination

with dextran compounds. However, pure scavenger com-

pounds, i.e. having no or minor coating effect, also

pr—

exist having a similar or better scavenging effect than

the dextran compounds per se, e.g. allopurinol, vitamin

C, vitamin E, didox, trimidox. Thus, such a pure scaven-

ger or combinations thereof may be present in the solu-

S’

tion in combination with the dextran compound, thereby

obtaining an additive or synergistic effect. Further,

compounds having only coating effects on the capillary

endothelium, i.e. no or minor scavenging or detoxifying

effect, may also be present in the solution according to

the present invention in combination with the dextran
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compound or the pure scavenger compound, thereby obtain-

ing an additive or synergistic effect.

Dextran Compounds have turned out to be most effi-
cient for the purpose of the present inventilion as they
5 present all of the above-mentioned necessary activities.

F

Dextran molecules are composed of glucose units in a long

chain and are also provided with glucose side chains.

Dextran 40 has a molecular weight (Mw) of 40,000 Da, and

correspondingly the molecular weight for Dextran 60 and
10 70 is 60,000 and 70,000 Da, respectively. The higher the

molecular weight, the longer is the dextran molecule.

The capillaries in the lungs have large pores with a

diameter of about 30 nm. Gamma globulins are small enough

to pass through these pores with a view to entering the

15 capillary interstitial space to attack micro organisms

and then be transported away via the lymphatic system.

" The dextran molecules are not electrically charged,

and they have the capability of passing through the large

;.

“he diameter of the

pores just like a worm, i.e. it 1is

20 dextran molecule that is decisive of passage, not the

length and molecular weight thereof.

When evaluating an organ which has been exposed to

el
p—

warm ischemia, oedema formation can be regarded as a re-

perfusion injury, which is substantially reduced by use

25 of a scavenger and coating compound, preferably dextran

compounds, particularly Dextran 40, in the solution due

to its capability of coating the capillary membranes. As

a result, it will be difficult for leucocytes to stick to

the capillary endothelium and pass through the dextran

30 molecule-coated capillaries. However, dexXxtran molecules

as such contribute partly to the oedema formation when

passing through the capillary membrane pores. Thus, the

dextran molecule concentration has to be optimal, i.e.

the concentration should not be so high that the oedema

35 formation is harmful, but also not so low that the over-

all advantageous scavenging and coating effect becomes

insufficient.
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Among several dextran concentrations tested for

Dextran 40, a concentration in the range of 1-50 g/L in

the solution ready for use has shown satisfactory re-

sults, particularly in the range of 2-20 g/L, and especil-

5 ally at a concentration of 5 g/L. A 3 hour evaluation

test of a lung at the above-mentioned latter Dextran 40

concentration gave no weight gain of the lung, and as the

evaluation and preservation solution is recirculated in

the lung, it contains enough Dextran 40 to achilieve effec-

10 tive coating of the capillary membrane. Transplanted

lungs have, after evaluation and preservation with an

|

evaluation and preservation solution according to the

present invention, shown that full effect 1s achieved

with 5 g/L Dextran 40 in the solution ready for use. In

F

15 these tests a serum albumin concentration of 70 g/L was

used.

As stated above, other dextran molecules are also

effective, but the optimal concentration is somewhat

depending on the molecular weight of a dextran molecule.

20 However, the optimal concentration for e.g. Dextran 60

and Dextran 70 is the same or essentially the same as for

Dextran 40.

Further, another compound having a function similar

to those of serum albumin in this context is a particular

25 hyaluronic acid based product, e.g. chemically modified,

o

and variants thereof having essentially the same struct-

ure as albumin. This hyaluronic acid based product has

gt

been produced by enzymatic degradation of native hyaluro-

nic acid, followed by controlled:aggrega;ion of the

30 fragments and modulation to a globularily shaped product

shaving a negative charge and a molecular weight of about

69 kDa, i.e. a product having similar size, shape and

charge as serum albumin. The production of this chemil-

cally modified hyaluronic acid based product is described
35 in e.g. EP-B-0 556 213, WO 00/46253 and WO 00/46252. This

product can replace the serum albumin partially, or

optionally completely, in the solution according to the
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present invention, still giving the effect desired.

However, due to the Donnan effect discussed above the

=

optimal concentration of the hyaluronic acid based

product may vary with *15% in relation to the dextran

molecule concentration in the solutions according to the

e
—

present invention. If both of these compounds are present

in the solution at the same time, the sum of the concen-

trationsg thereof should not exceed 115 g/L.

The own blood from the dead human or animal from

anted 1is donated

which the organ or tissue to be transp

would not be satisfactory as an evaluation and/or preser-

vation solution. During experiments with pilgs the blood
of the dead pig showed shortly after death toxic pro-
ducts. When this blood is pumped through oxygenators and

pump systems in a heart-lung machine, the complement sys-

tem is activated and other toxic products are produced,

whereby a lung evaluation becomes imposgible.

The same activation of the complement system occurs

if plasma and red blood cells, although having the

correct blood grouping, from a blood bank are mixed 1into

a solution. However, to achieve an effective evaluation
red blood cells have to be added to the evaluation

solution. Thus, a serum solution containing red blood

cells is added as a complement to the evaluation and

preservation solution according to the present invention.

Preferably, washed or purified, i.e. leucocyte filtered

i

bank are used.

and radiated, red blood cells from a blood

In this context, blood collected from donors is deprived

of plasma and platelets. Conventionally, a CPD (citrate/-

phosphate/dextrose) solution is added in such a way that
the erythrocyte volume fraction (EVF), also called the

hematocrite value, for the réd blood cells is 50%. In

such a CPD solution the serum part constitutes about 78

ml and the red blood cell fraction about 222 ml. Optimal

evaluation results are obtained if 300 ml of such a con-
ventional CPD solution containing red blood cells is

added per one liter of the evaluation and preservation
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solution according to the present invention as defined in

claim 1. Thereby, due to a slight dilution effect, in

such a mixed solution ready for use and to be directly

added to the organ, tissue or part thereof to be evaluat-

—

ed, the concentration of serum albumin is 50-100 g/L,

preferably 60-80 g/L, and most preferably 70 g/L. The

P

concentration of the scavenger and coating compound in

gt

the case of dextran compounds ig 1-50 g/L, preferably

2-20 g/L, and most preferably 5 g/L in the solution ready

for use. For ex vivo use during the evaluation step an

EVF, defining the erythrocyte volume fraction, of 15 =&

5 vol% is attained for the mixed solution to perfuse

with. The red blood cells are perfectly compatible with

said solution, and their oxygen uptake and carbon dioxide

emitting function is completely normal in this solution.

Further, it should be noted that the conventional solu-

tion containing red blood cells should not be added to

the solution according to the present invention more than

about 30 minutes before the start of the perfusion due to

stability problems.

Preferably, the physiologically acceptable medium

comprised in the solution according to the present inven-

tion 1s water.

Tt should also be noted that the oedema formation

problem described above in connection with perfusion

during lung evaluation is particularly pronounced for

lungs. The same problem arises correspondingly for other

organs and tissues to be transplanted, but to a smaller

extent.

In transplantation surgery of a non-heart-beating

donor patient, e.g. a person who has died in an acute

heart arrest, the organ or tissue to be transplanted,

-

e.g. a lung, has to be cooled when still present 1in the

dead body within two hours, preferably one hour, from the
death. The lungs of the donor body can be cooled at a
temperature of 8-12°C without risk of injury the next 24

hours. To obtain this cooling of lungs, the pleura is
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initially perfused with a conventional solution for this

purpose, e.g. Perfadex solution.

Thereafter, the lung is harvested from the donor

body and is placed in a heart-lung machine comprising a

pump, an oxygen supply, an oxygenator, and a resplirator.
The lung is then filled with the mixed solution of the

evaluation and preservation solution according to the

present invention and the serum solution containing red
blood cells, having an EVF of 15 * 5 vol%. Then the lung

is evaluated with a view to deciding whether it 1s accep-

1)

table for transplantation, i.e. the blood gases, the

vascular resistance, the endothelial function, the lung

compliance, any ventilation/perfusion disorders, the gas

—— -l
b

output, and the surfactant function i1s evaluated.

acceptable, the lung is transplanted into the receiver

body and has all of its important physiological functilons

and activities kept intact. This kind of lung evaluation

and transplantation has never been done until now, i.e. a

successful transplantation of a lung from a non-heart-

beating donor and evaluation in the way described above.

The evaluation and preservation solution according

i)

to the present invention also works for the evaluation of

F

all organs and tissues of the human and animal body, in

extreme also for the whole human or animal body as such

and also for all organs and tissues from traditional

brain-dead but heart-beating donors of both human and

animal origin, and gives also better results than all

other corresponding solutions known so far. It is useful

for all organs in the preservation aspect except the

heart. If used to preserve the heart for cold ischemic

storage, the potassium concentration has to be raised to

16-30 mmol/l, preferably 20-26 mmol/l, and most prefer-

ably 23 mmol/l. This general application for all organs

and tissues can be explained by the fact that as the

solution according the present invention is highly effi-

==

cient for the evaluation of lungs, which are known to be

most sensitive of all organs due to the large capillary
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membrane pores, then it has to be effective on all other

organs due to their smaller pores.

For heart evaluation, the potassium concentration in

the solution according to the present invention has to be

5 increased from the normal level of about 4.5 up to about’

23, thereby achieving cardioplegia.

-

.

Non-exhaustive examples of organs and tissues of

most interest to be transplanted and therefore first eva-

luated are lung(s), hearts, livers, kildneys, pancreas,

10 small bowel, body extremities, etc.

The mixed solution ready for use according to the

present invention should be run through a pump giving
physiological perfusion pressure in the organ to be

transplanted. Further, the solution should pass through

15 an oxygenator to supply the red blood cells with oxygen
and take up the COy. If plasma with red blood cells from

a blood bank is used in a closed circle with oxygenators;

gu—

and plastic tubes, the activation of the complement

system, substances and other toxic systems precludes

20 stable perfusion.

The solutions according to the present invention

lacks toxic properties when used in a closed evaluation

system including oxygenators and pumps. In such way the

organ to be transplanted can be perfused for 24 hours Or

25 more, during which time no ischemia occurs. During tests

hearts have been preserved with the mixed solution ready

for use according to the present invention (with a

PO
oxygenated by an oxygenator and pumped through the heart

|-

rassium concentration of 23 mmol/l), which has been

30 for 24 hours, followed by transplantation of the heart,

gt

which showed perfect function from the very beginning. If

the preservation and evaluation solution according to the

present invention is mixed with red blood cells to an EVF

of 15 + 5 vol%, lungs from non-heart-beating donors can

35 be evaluated and after the evaluation the lungs can be

preserved for at least 36 hours before transplantation by

cold ischemic storage at 4°C.
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Examples of two preferred evaluatlion and preserva-

tion solutions according to the present invention are the

following:

One preferred embodiment of the evaluation and pre-

servation solution according to the present invention

consists of the following components in the concentra-

tions shown.

Component Concentration
Dextran 40 5 g/L

Sodium chloride 98 mmol/L
Potassium chloride | 0.49 mmol/L
Calcium chloride 1.4 mmol/L
Magnesium sulphate 1.2 mmol/L
Potassium dihydrogen phosphate 0.042 mmol/L
Dipotassium hydrogen phosphate anhydrate 0.84 mmol/L
Disodium hydrogen phosphate dihydrate 0.029 mmol/L
Sodium bicarbonate 14 mmol/L
Potassium acetate | : 2.9 mmol/L
Glucose monohydrate 10 mmol/L
Albumin Centeon (200 mg/ml) 64 g/L

Sodium. hydroxide (1 M)

Sterile water

The components are dissolved in sterile water and pH

is adjusted to 7,4 with sodium hydroxide.

Another preferred embodiment of the evaluation and

preservation solution according to the present invention

consists of the following components in the concentra-

tions shown.

Component Concentration
Dextran 40 5 g/L

Sodium chloride 86 mmol/L
Potassium chloride 4.6 mmol/L
Calcium chloride dihydrate = 1.5 mmol/L

Sodium dihydrogen phosphate dihydrate 1.2 mmol/L
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Sodium bicarbonate

L7

Magnesium dichloride hexahydrate

Human serum albumin

D (+) -glucose monohydrate

(200 g/1)

Sodium hydroxide (1 M)

Sterile water

PCT/SE01/02419

15 mmol/L
1.2 mmol/L
11 mmol/L
70 g/L

The components are dissolved in sterile water and pH

is adjusted to 7,4 with sodium hydroxide. The mixed solu-

tion ready for use &

P
-

obtained by mixing each of the both

solutions (1 000 ml)

CPD solution.

with 300 ml of

ccording to the present invention is

preferred embodiment

the above described

The most preferred evaluation and preservation solu-

tion according to the present invention for a heart 1s

similar to that for lungs, but has a higher potassium

concentration, as defined above.

Experiments

A weight gain of the lung during the evaluation step

t el
——

before transplantation, is significant for undesired oe-

dema formation, which occur when a test solution not con-

talning the correct

—

concentrations of serum albumin is

Different experiments have been performed for eva-

1 .

i

luation solutions containing different components during

the evaluation of a

lung. The weigh

- gain (expressed 1n

kg) was measured against time during a constant perfusion

flow rate.

A solution ready for use containing nelther serum

ficant weight gain,

albumin, nor scavenger &

nd coating compound gave a signi-

showing the shortages of such a solu-

tion, as shown in Fig. 1.

A solution ready for use containing Dextran 40, but

no human serum albumin, gave an even more substantial

weight gain by time, as shown in Fig. 2.
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A solution ready for use containing 70 g/L human

serum albumin, but no Dextran 40, gave an unsatisfactory

weight gain by time, as shown in Fig. 3.
A solution ready for use containing 35 g/L of serum

5 albumin and 25 g/L of Dextran 40 gave an unsatisfactory

weight gain by time. This weight gain depends on the too

high concentration of Dextran D 40, i.e. 25 g/L and the

L

too low concentration of albumin, i.e. 35 g/L.

A solution ready for use containing 70 g/L of serum

10 albumin and 5 g/L of Dextran 40 gave no weight galn by

time. This solution represents a mixed solution ready for

" use according to the present invention, i.e. both the

serum albumin and the Dextran 40 in correct concentra-

tions.

15 The present invention also refers to a method for

evaluating an organ or a tissue to be transplanted,

wherein said organ or tissue is perfused with the eva-

luation and preservation solution according to the pre-

sent invention mixed with the serum solution containing

20 red blood cells, followed by evaluation of the organ or

tissue, and optional preservation in the same solution

until transplantation. For lungs the perfusion flow rate

during the evaluation is about 4 litres/min, the tempera-

ture is about 37°C and the maximum perfusion pressure 18

25 about 20 mm Hg. The perfusion flow rate 1s lower when

perfusing other organs. For the evaluation of a kidney,

the perfusion pressure must be as high as about 90 mm Hg.

The present invention also refers to a method of

transplantation of an organ, tissue or a part thereof

30 from a non-heart-beating human or animal donor, in which

the organ, tissue or part thereof is harvested from the

donor body, is perfused with the evaluation and preserva-

tion solution according to the present invention mixed

with the serum solution containing red blood cells, the

35 organ or tissue or part thereof is evaluated, and, it the

organ, tissue or part thereof 1s acceptable for trans-
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plantation, it is preserved in said solu

plantation. Preferably, said orgs

Tt should also be noted tha

servation solution according to the present

PCT/SE01/02419

c1ion until trans-

n is a lung.

- the evaluation and pre-

-io0on 1s

inven:

5 applicable to all kinds of transplantation, e.g. auto-,

allo- and xenotransplantation.
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CLAIMS:
1. An evaluation and preservation solution for human and animal

organs, tissues and parts thereof, said solution comprising: serum albumin at a
concentration of §5-105 g/L; a scavenger and coating compound at a
concentration of 1-55 g/L; and a physiological serum concentration of salts and
nutrients; in a physiologically acceptable medium, wherein the scavenger and
coating compound is chosen from Dextran molecules and derivatives thereof
which maintain a Dextran backbone of alpha 1-6 linked glucose units.

2. The evaluation and preservation solution according to claim 1,
wherein the scavenger and coating compound has a molecular weight of from
1 kDa up to 250 kDa.

3. The evaluation and preservation solution according to claim 1, wherein

the scavenger and coating compound has a molecular weight of from 20 kDa up
to 150 kDa.

4. The evaluation and preservation solution according to claim 1,
wherein the scavenger and coating compound is Dextran 40.

5. The evaluation and preservation solution according to any one of
claims 1-4, wherein the concentration of serum albumin is 65-85 g/L. and the
concentration of the scavenger and coating compound is 2-20 g/L.

6. The evaluation and preservation solution according to any one of
claims 1-5, wherein the concentration of serum albumin is 75 g/L.

7. The evaluation and preservation solution according to any one of
claims 1-6, wherein the concentration of the scavenger and coating compound
Is 5 g/L.

8. The evaluation and preservation solution according to claim 1,
wherein the salts comprise one or more of sodium, potassium, calcium,
magnesium, phosphate, hydrogen carbonate and chloride ions; and the nutrients
comprise one or more of physiologically acceptable carbohydrates, fatty actds and

amino acids.
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9. The evaluation and preservation solution according to claim 8,
wherein the nutrients comprise glucose.

10. The evaluation and preservation solution according to claim 1,
further comprising one or more of the foliowing: a vasodilator; antibiotics;

fibrinolytic components; thrombocyte receptor blockers; and hormones.

11. The evaluation and preservation solution according to claim 10,

comprising a vasodilator, wherein the vasodilator is papaverin.

12. The evaluation and preservation solution according to claim 10,

comprising a fibrinolytic component, wherein the fibrinolytic component is altepas.

13. The evaluation and preservation solution according to claim 10,
comprising a thrombocyte receptor blocker, wherein the thrombocyte receptor

blocker is abciximab.

14. The evaluation and preservation solution according to claim 10,
comprising a hormone, wherein the hormone is tyroxin/triiodotyronin, insulin,

cortison, growth hormone or anabolic steroids.

15. The evaluation and preservation solution according to claim 1,
comprising a pure scavenger compound, or a compound having endothelium

coating effects, or both a pure scavenger compound and a compound having

coating effects.

16. The evaluation and preservation solution according to claim 15,
comprising a pure scavenger compound, wherein the pure scavenger compound

is allopurinol, vitamin E, vitamin C, didox or trimidox.

17. The evaluation and preservation solution according to claim 1,

wherein the serum albumin is human or animal serum albumin or recombinant

serum albumin produced by genetic engineering.

18. The evaluation and preservation solution according to claim 1,
wherein the organs are chosen from lungs, hearts, kidneys, livers, pancreas or

small bowels.



10

15

20

25

CA 02427765 2011-03-04

22055-264
22
19. The evaluation and preservation solution according to claim 1,
wherein the organs are lungs.
20. A mixed solution ready for use based on a solution according to any

one of claims 1-19, wherein it also comprises red blood cells and has an
erythrocyte volume fraction (EVF) of 15% + 3% and wherein the concentration of
serum albumin is 50-100 g/L of the solution ready for use, and the concentration

of the scavenger and coating compound is 1-50 g/L of the solution ready for use.

21. The mixed solution according to claim 20, wherein the concentration

of serum albumin is 60-80 g/L of the solution ready for use.

22. The mixed solution according to claim 20, wherein the concentration

of serum albumin is 70 g/L of the solution ready for use.

23. The mixed solution according to claim 20, wherein the concentration

of the scavenger and coating compound is 2-20 g/L of the solution ready for use.

24. The mixed solution according to claim 20, wherein the concentration

of the scavenger and coating compound is 5 g/L of the solution ready for use.

25. An ex vivo method for the evaluation of human and animal organs,
tissues and parts thereof for transplantation, comprising the steps of perfusing the
organ, tissue or part thereof with the solution according to claim 10, measuring
evaluation parameters, and optionally preserving the perfused and accepted

organ, tissue or part thereof in said solution until transplantation thereof.

26. The method according to claim 25, wherein a lung is perfused,

evaluated and optionally preserved.

27. Use of the solution according to any one of claims 20-24 for

evaluating if an organ, tissue or part thereof from a non-heart-beating human or
animal donor is acceptable for transplantation, and optionally for preservation of
said organ, tissue or part thereof in the solution until it is transplanted into a

recipient.
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28. The use according to claim 27, wherein the organ, tissue or part
thereof is for allo- or xenotransplantation.

29. Use of a solution according to any one of claims 1-24 for evaluation
and preservation of human and animal organs, tissues and parts thereof before

O transplantation.
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Fig. 1

Lung perfusion with an extracellular solution
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Fig. 2"

Lung perfusion with extracelliular solution with 5% Dextran 40
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Fig. 3
Lung perfusion with extracellular solution and 7% human albumin
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Fig. 5

Lung perfusion with the evaluation solution according to the present invention
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