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COMPOSITION AND METHOD FOR THE RESTORATION AND
PRESERVATION OF TRANSPLANT ORGANS PROCURED FROM
DCD DONORS

FIELD OF THE INVENTION
The invention relates generally to a method and solution for preserving
organs for transplantation, and more particularly to a solution and a method for

extending the transplantation viability of an organ recovered from a Donation
After Cardiac Death (DCD) donor.

BACKGROUND OF THE INVENTION

According to the United Network for Organ Sharing (UNOS), there are
more than 92,000 individuals in the United States on the organ transplant
waiting list as of June 2006. The number of people of the waiting list continues
to increase every year. However, the number of available deceased organs has
remained about the same. The result is a shortage of organs and a longer time
on the wait list. UNOS has reported that approximately 6,500 transplant
candidates died in 2005 while awaiting an organ transplant. Each day
approximately 17 people die while waiting for a transplant of a vital organ, such
as a heart, liver, kidney, pancreas, lung or bone marrow. A primary cause of the
long wait times is the lack of available organs for transplant.

Today, the primary source of transplant organs is from cadaveric donors,
also referred to as heart beating donors (HBD). Heart beating donors are donors
that have been clinically declared brain dead and who are being maintained on
life support. Transplants from non-beating heart donors, also referred to as
DCD donors, are procured after cessation of cardiopulmonary function in the
donor, and can occur in a controlled setting, after a planned withdrawal of life

support, or in an uncontrolled situation with the onset of sudden cardiac arrest.
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Traditionally, DCD organs have not been widely accepted for
transplantation because of ethical and medical concerns. The major ethical
issues involving DCD organs focused on whether the procurement of DCD
organs violated the “dead-donor rule” in that the retrieval of organs for
transplantation does not cause the death of a donor. With the acceptance of
cardiopulmonary criterion for determining the death of the prospective organ
donor, the ethical issues associated with DCD organs have largely been
resolved. Based on a cardiopulmonary criterion, DCD donor death occurs when
respiration and circulation have ceased and cardiopulmonary function will not
resume spontaneously.

Medical concerns for the use of DCD organs have generally focused on
the viability of organs recovered from DCD donors. Because DCD organs are
not harvested until after the cessation of cardiopulmonary function, these organs
are commonly associated with injury that results from warm ischemia. Warm
ischemia is characterized by a decrease or complete stop of blood flow to one or
several organs. It is generally believed that organs that have been exposed to
warm ischemia for periods approaching 30 minutes are not suitable for
transplantation. For instance, studies have shown that increased warm ischemia
time in livers results in increases in cellular injury, ATP deprivation, and
microvascular thrombosis, which can result in impairments in hepatic function
upon reperfusion. Injury in DCD organs can also result from reperfusion, which
refers to the restoration of blood flow to the organs. Studies have shown that
ischemia followed by reperfusion induces apoptosis and inflammation that can
cause tissue damage and organ dysfunction, which is called ischemia-
reperfusion (I/R) injury or reperfusion injury. Ischemia-reperfusion injury
accompanying organ transplantations can result in dysfunction of the
transplanted organ and in some cases, death of the patient.

Cold preservation has been shown to help reduce injuries associated
with ischemia and improve the viability of transplant organs. The main purpose
of cold preservation is to suppress metabolic and proteolytic activities during

storage so that the organ may remain viable for transplantation over a longer
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period of time. Generally, there are two primary forms of cold preservation.
Simple cold storage is the most common and involves flushing the blood out of
the organ and infusing it with a cold preservation solution. The second method
is hypothermic machine perfusion (HMP) and involves continuous perfusion of
the organ with a perfusate maintained at a temperature between 4° C and 8° C.
Conventionally, perfusion is done at low pressure and usually with the pulsatile
flow of about 0.6 to 10 ml/min/g of tissue.

Several preservation solutions aiming at minimizing tissue damage in
the organ transplants during hypothermal storage have been developed. One
such solution, which is commonly referred to as the University of Wisconsin
(UW) solution, has been shown to be effective for reducing reperfusion injury
in kidneys obtained from BHD donors. The UW solutions are described in
greater detail in U.S. Pat. Nos. 4,798,824 and 4,879,283. While the UW
solution and some other preservation solutions, such as the Euro-Collins
solution (Squifflet J. P. et al., Transplant. Proc. 13:693-696, 1981), have been
effective in extending the cold preservation time of organs intended for
transplantation, tissue injury during cold storage and particularly during
reperfusion still occurs. Additionally, such solutions have not adequately
addressed injuries that have occurred in DCD organs prior to perfusion of the
preservation solution as a result of warm ischemia. As a result, DCD organs,
such as the liver and pancreas, may still not be suitable for transplantation.

Thus, there exists a need for a solution and a method for improving the

viability of organs recovered from DCD donors.

BRIEF SUMMARY OF THE INVENTION
The present invention provides a perfusion solution comprising specific
metabolic agents, antioxidant agents, and membrane stabilizer agents that can
help improve preservation, organ viability, and in some cases recover organs
that would otherwise being unusable for transplantation. As a result, marginal
donor organs, such as DCD organs, can be used in transplant operations.
In a further embodiment, the perfusion solution can be used in

combination with hypothermic machine perfusion. It has been found that
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combination of the perfusion solution and hypothermic machine perfusion can
help prevent or reduce further damage to the organ and restore the organ’s anti-
oxidant system, stabilize the cellular cytoskeleton and cellular membranes,
inhibit arachidonic acid pathway, provide oncotic support, reduce interstitial
edema formation, and help restore energy stores within the organ. As a result,
the method can be used to improve the viability of otherwise marginal donor
organs. In addition to restoring viability, the invention may also help improve
the length of preservation time between removal of the organ from the donor
and transplantation. As a result, transplantation viability can be further
improved by permitting more time to match the donor organ to the most
appropriate recipient.

In one embodiment, the present invention provides a perfusion solution
and method that can be used to reclaim and preserve DCD livers. As a result,
the organ donor pool can be significantly expanded, which can potentially
increase the number of transplants per year and reduce the length of time a
patient must spend on the waiting list. Thus, the invention overcomes many of

the problems discussed above with respect to DCD organs.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
Having thus described the invention in general terms, reference will now
be made to the accompanying drawings, which are not necessarily drawn to
scale, and wherein:
FIG. 1 is a schematic illustration of a HMP system that can be used to

circulate a perfusion system through a liver.

DETAILED DESCRIPTION OF THE INVENTION
The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all
embodiments of the inventions are shown. Indeed, these inventions may be
embodied in many different forms and should not be construed as limited to the

embodiments set forth herein; rather, these embodiments are provided so that
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this disclosure will satisfy applicable legal requirements. Like numbers refer to
like elements throughout.

The present invention is directed to new solutions and method for
restoring and preserving organs that have been recovered from DCD donors.
Suitable organs on which the solutions of this invention may be used include,
for example, liver, kidney, and pancreas, and in particular the liver. In a further
aspect, the present invention provides a method that helps to improve organ
viability and restore organ function, As a result, marginal donors, such as those
recovered from DCD donors may be used in transplant operations.

As discussed in greater detail below, the Applicants have discovered that
organ viability and function can be improved and in some cases recovered by
perfusing the organ with a perfusion solution comprising specific metabolic
agents, antioxidant agents, and membrane stabilizers in combination with
hypothermic machine perfusion. It has been found that combination of the
perfusion solution and hypothermic machine perfusion can help prevent or
reduce further damage to the organ and restore the organ’s anti-oxidant system,
stabilize the cellular cytoskeleton and cellular membranes, inhibit arachidonic
acid pathway, provide oncotic support, reduce interstitial edema formation, and
help restore energy stores within the organ. As a result, the method can be used
to improve the viability of otherwise marginal donor organs. In addition to
restoring viability, the invention may also help improve the length of
preservation time between removal of the organ from the donor and
transplantation. As a result, transplantation viability can be further improved by
permitting more time to match the donor organ to the most appropriate
recipient.

The individual components of the inventive perfusion solution are all
nontoxic and have been found to be stable during storage. While some of the
components of the present invention are similar to those of other known
preservation solutions, it has surprisingly been found that the addition of
specific metabolic support agents, antioxidant agents, and membrane stabilizers

in combination with hypothermic machine perfusion can be used to reduce
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damage associated with warm ischemia and increases organ viability for
extended periods of time. In particular, it has been discovered the inventive
composition in combination with hypothermic machine perfusion can be used to
restore liver organs that would be otherwise considered marginal so that they
are viable for transplantation. In some embodiments, the perfusion solution of
the invention may be used in the same manner and for the same tissues and
organs as known machine perfusion solutions.

The inventive perfusion solution is designed to prevent various
mechanisms which cause injury to the organ and to reverse damage that can
result from warm ischemia, and thus must be a composition that (1) prevents or
restricts intracellular acidosis, (2) stabilizes the cellular cytoskeleton and
cellular membranes, (3) prevents injury from oxygen-derived free radicals,
especially during reperfusion, (4) sustains appropriate metabolic requirement
and enables the regeneration of high-energy phosphate compounds during
perfusion, and (5) prevents the rapid changes in intracellular Na* --H"--Ca**
following reperfusion. In one embodiment, the solution of the present invention
comprises a modified form of the UW solution comprising the addition of
specific metabolic agents, antioxidant agents, and membrane stabilizers. In one
embodiment, the modified UW solution may also include starch. In a further
embodiment, a modified form of the UW solution is provided in which there is
substantially no starch present. An exemplary form of the modified UW

solution is described in Table 1 below.
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TABLE 1
Concentration Ranges in 1 Liter
lactobionate 90 mM to 110 mM
Potassium 90 mM to 110 mM
Sodium 20 mM to 30 mM
adenosine 0.5mM to 10 mM
magnesium sulphate 4mM to 15 mM
potassium phosphate, e.g., KH,PO, 15mM to 30 mM
raffinose 25 mM to 35 mM
allopurinol 0.5 mM to 4 mM
glutathione 1 mM to 10 mM
metabolic support agent 0.5 mM to 10 mM
membrane stabilizer 0.5mM to 10 mM
antioxidant agent 0.1 mM to 10 mM

The perfusion solution of the present invention includes one or more
metabolic support agents that can help restore energy stores in the organ that
have become severely depressed as a result of warm ischemia. The Applicants
of the present invention have discovered that the solution in combination with
HMP can help restore energy stores and mitochondrial function in the cells,
which can lead to sustainable ATP production following transplantation.
Suitable metabolic support agents that may be used include, for example,
glucose, glutamine, lactate, pyruvate, lysine, and combinations thereof. The
metabolic support agents may be present in an amount from about 0.1 mM to 10
mM, and in particular in an amount between about 1 mM to 5.5 mM.

In addition to allopurinol and glutathione, the perfusion solution of the
invention further comprises one or more additional antioxidant agents such as
beta-carotene, catalase, superoxide dismutase, dimethyl thiourea (DMTU),
diphenyl phenylene diamine (DPPD), mannitol, cyanidanol, a-tocopherol,
desferoxamine, 6-hydroxy-2,5,7,8-tetramethyl chroman-2-carboxylic acid,
which is available under the tradename Trolox, or N-acetyl cysteine, or
combinations thereof, in an amount effective to inhibit the generation of

oxygen-derived free radicals. In a preferred embodiment, the perfusion includes
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an antioxidant agent selected from the group consisting of selected from the
group consisting of a-tocopherol, desferoxamine, 6-hydroxy-2,5,7,8-tetramethyl
chroman-2-carboxylic acid, and N-acetyl cysteine. In one embodiment, the
additional antioxidant is a combination of N-acetyl cysteine, desferoxamine,
and 6-hydroxy-2,5,7,8-tetramethyl chroman-2-carboxylic acid. The
antioxidants are generally present in an amount from about 0.1 mM to 10 mM
depending upon the potency of the particular antioxidant.

Suitable membrane stabilizers that may be used in the present invention
include, for example, calcium, glycine, chlorpromazine, and combinations
thereof. Membrane stabilizers help to improve the selective permeability and
stability of cell membranes which helps improve the ability to maintain ionic
balance.

In addition to the above described components, the perfusion solution
may also include oncotic support agents, such as pentastarch, desxtran,
polyethylene glycol, and albumin. When present, the amount of oncotic support
agents in the perfusion solution is about 0.1 to 160 mM, and in particular
between 10 to 100 mM. In some embodiments, the solution may include one
or more vascular support agents, such as vasodilators, e.g., nitric oxide donors
or prostacyclin.

In a preferred embodiment, the profusion solution, includes but is not

limited to:
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TABLE 2
Concentration Ranges in 1 Liter
Lactobionate 90 mM to 110 mM
Potassium 90 mM to 110 mM
Sodium 20 mM to 30 mM
Adenosine 0.5 mM to 10 mM
magnesium sulphate 4 mM to 15 mM
potassium phosphate, e.g., KH,PO, 15 mM to 30 mM
Raffinose 25 mM to 30 mM
Allopurinol 0.5 mMto 4 mM
Glutathione 1 mM to 10 mM
Glycine 1 mM to 10 mM
Trolox C 100 uM to 1 mM
N-acetyl L-cysteine 1 mM to 10 mM
Desferal (Deferoxamine) 0.1 mM to 1 mM
L-Glutamine 0.5mM to 5 mM
Glucose 1 mM to 10 mM
CaCl, 0.5 mM to 5mM

In a more preferred embodiment, the perfusion solution includes the

following composition:
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TABLE 3
Concentration Ranges in 1 Liter

Lactobionate Approx. 100 mM
Potassium Approx. 100 mM
Sodium Approx. 25 mM
Adenosine Approx. 5 mM
maénesium sulphate Approx. 5 mM
potassium phosphate, e.g., KH,PO, Approx. 25 mM
Raffinose Approx. 30 mM
Allopurinol Approx. 1 mM
Glutathione Approx. 3 mM
Glycine Approx. 5mM
Trolox C Approx. 200 pM
N-acetyl L-cysteine Approx. 5mM
Desferal (Deferoxamine) Approx. 0.25 mM
L-Glutamine Approx. 2mM
Glucose Approx. 5.5 mM
CaCl, Approx. 1 mM

The invention also provides a method restoring the viability of an organ,
such as the liver, in which the perfusion solution is used in combination with
hypothermic machine perfusion. In one embodiment, the method includes
pouring the perfusion solution into a chamber that mimics a deep hypothermic
environment or physiological environment and moving the perfusion solution
continuously through the chamber. The perfusion solution is infused in a
mechanical fashion through the arterial or venous vascular system of cadaveric
or living donor organs, or infused over or through a vascular biological
substance in order to maintain organ or tissue viability during the ex vivo
period. Perfusion temperatures may range from about 0° to about 10° C, and in
particular between 0° and 7° C in the hypothermic condition and are about 37°
C, or room temperature, in the physiological condition. The perfusion solution
remains in the vasculature of the organ as well as envelops the entire organ

during the period of cold ischemia (i.e., hypothermic perfusion).
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In some embodiments, the method may further include removing an
organ from a donor that has suffered cardiac arrest; circulating the perfusion
solution through the organ under hypothermic conditions (e.g., between 0° and
7° C) for a sufficient amount of time to restore energy levels to the organ;
rewarming the organ to physiological temperatures; and transplanting the organ
into a recipient patient, such as a mammal in need. In a further embodiment, the
method further includes the steps of removing an organ from a DCD donor;
flushing the organ with a flush solution to remove any blood or residual cells;
attaching the organ to an apparatus capable of performing hypothermic
perfusion; introducing the perfusion solution into the organ, and circulating the
perfusion solution through the organ for a sufficient amount of time to restore
the viability of the organ for transplant.

In a further aspect of the invention, the Applicants have discovered that
in addition to perfusing the organ with the perfusion solution, recovery of organ
function can further be improved by the continuous administration of oxygen
during hypothermic machine perfusion. In the recovering of livers, oxygenation
can be provided through the portal vein by compressed air and equilibrated with
the perfusion solution prior to introduction into the liver. In one embodiment
the oxygen partial pressure in the perfusion solution may range from about 100
to 175 mmHg, and in particular between 150 to 175 mmHg. It is generally
theorized that the combination of oxygen and the metabolite stabilizers helps
the tissues of the organ to recover energy stores during perfusion.

Prior to circulating the perfusion solution, the organ can be flushed with
a solution to remove any blood or residual material from within the organ.
Preferably, the flush solution has a concentration of K* ions similar to that of
plasma (e.g., about 4.5 mM), such as Krebs-Henseleit buffer solution or similar
plasma-like salt solutions. It is believed that solutions having a K* concentration
can result in vasoconstriction and poor flushout. After flushing is complete the
organ is placed on the perfusion apparatus and cooled to preservation

temperature over the course of 3 to 5 minutes by perfusion with cold flush
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solution. Once the organ is at hypothermic temperature, the organ can be
perfused with the perfusion solution.

With reference to FIG. 1, a system for performing hypothermic machine
perfusion on an organ, such as a liver is illustrated and broadly designated as
reference number 10. The system includes a first circulation circuit for
performing hypothermic machine perfusion, represented by the solid line, and a
second circulation circuit for rewarming the organ, represented by the dashed
line. The system includes a reservoir chamber 12 having a volume and internal
dimensions that are configured and arranged to receive an organ 14 and a
sufficient amount of perfusion solution to continuously circulate the perfusion
solution through the organ.

In one embodiment, the HMP system includes a first circulation circuit
having a first circulation path 16 and a second circulation path 18 that are in
fluid communication with the perfusion solution in the chamber and with one or
more veins/arteries of the organ. The system 10 also includes one or more
pumps 20, such as a peristaltic pump, that can be used to controllably circulate
the perfusion solution at a desired pressure. In some embodiments, the system
also includes a plurality of filters 28 and air traps 30 for screening the perfusion
solution as it is being continuously circulated through the system. The system
also includes one or more heat exchanger/oxygenators 32 for introducing
oxygen into the perfusion solution.

In the illustrated embodiment, the HMP system is adapted for the
perfusion of a liver. In the case of a liver, circulation pathways 16, 18 can be
connected to the hepatic artery and portal vein, respectively. Providing separate
perfusion systems for the portal vein and hepatic artery helps to provide
enhanced control, and hence, improved liver recovery during perfusion.
Generally, the flow rate of the perfusion solution into the portal vein is between
about 0.1 to 0.5 mL/min/ g liver so that a pressure between 0.5 and 5 mmHg,
and preferably less than 4 mmHg is maintained. The flow rate of the perfusion

solution into the hepatic artery is typically between about 0.1 to 0.5 mL/min/ g

-12-



WO 2007/014380 PCT/US2006/029723

10

15

20

25

30

liver so that at a pressure between 20 and 40 mmHg, and preferably less than 25
mmHg is maintained.

In some embodiments, the HMP system may also include a second
circulation circuit for rewarming the organ that includes additional circulation
systems 24, 26. Preferably, the rewarming circuit has one or more pumps 22
that are separate and independent of the pumps 20 in the hypothermic circuit. It
has generally been determined that a separate circuit for rewarming the liver
provides enhanced control and improved recovery because the liver has
different flow demands during perfusion and rewarming. In one embodiment, a
main pump 22a will draw solution from the reservoir chamber 12 and pass the
solution through the heat exchanger/ oxygenator 32. A secondary pump 22b
will draw off about 25% of this solution for the hepatic artery while the
remaining 75% will be introduced into the portal vein of the liver. In this
embodiment, both portal vein and hepatic artery will be oxygenated. For
example, during rewarming flow rate through the portal vein may be maintained
at a rate of about 2 — 3.5 mL/min/ g of liver and through the hepatic artery at
about 0.5 to 1 mL/min/ g of liver.

In the illustrated embodiment, the heat exchanger/ oxygenator 32 is
disposed in line with the portal vein circulation pathway 18. Since the portal
vein provides about 75% of the liver’s circulation, oxygenating the portal vein
perfusate should provide sufficient O, to meet the needs of the liver. However,
an additional oxygenator can be added to the hepatic artery circulation pathway
16 if desired.

The following examples are provided to further illustrate the present

invention and are not to be construed as limiting the invention in any manner.

EXAMPLE 1
A perfusion solution having the following composition was prepared by
1) preparing a liter of UW solution, available from DuPont under the tradename
Viaspan™, in which the starch and gluthione were omitted. The solution was
filtered and stored at 4° C. 2) A second stock solution comprising of 0.2 mM
OK Y46 thromboxane A, inhibitor, available from Calbiochem in DMSO was

- 13-
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prepared and stored at -20° C. 3) The following ingredients were then added to
the UW solution prepared in step 1).

Glycine 5mM
Trolox C 200 pM
N-acetyl L-cysteine 5 mM
Desferal (Deferoxamine) 0.25 mM
L-Glutamine 2mM
Glucose 5.5 mM
CaCl, 1 mM
L-Glutathione 3 mM

1 mL of the stock solution prepared in step 2) was added to the modified UW
solution with strirring for about 5 minutes. The pH of the solution was adjusted
to 7.4 using 4:1 ratio of 5SM-KOH and 5M NaOH. The resulting solution was
stored at 4° C unit use.

Many modifications and other embodiments of the inventions set forth
herein will come to mind to one skilled in the art to which these inventions
pertain having the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it is to be understood that
the inventions are not to be limited to the specific embodiments disclosed and
that modifications and other embodiments are intended to be included within
the scope of the appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive sense only and not for

purposes of limitation.

- 14-



WO 2007/014380 PCT/US2006/029723

THAT WHICH IS CLAIMED:

1. A method for restoring and preserving the viability of an organ
recovered from a Donation After Cardiac Death (DCD) donor, the method
5  comprising:
perfusing the organ with a perfusion solution comprising per liter
of solution:
a) from about 15 to 30 mM of potassium phosphate;
b) from about 1 to 10 mM of glutathione;
10 ¢) from about 0.5 to 10 mM of adenosine;
d) from about 90 to 110 mM of lactobionate;
e) from about 15 to 30 mM of sodium,;
f) from about 90 to 110 mM of ptoassium;
g) from about 0.5 to 4 mM of allopurinol;
15 h) from about 0.1 to 10 mM of an additional antioxidant agent;
i) from about 0.5 to 10 mM of a metabolic support agent; and

j) from about 0.5 to 10 mM of a membrane stabilizer.

2. The method of claim 1, further comprising the steps of:
removing the organ from a DCD donor;
20 flushing the organ with a flush solution to remove any blood;
attaching the organ to an apparatus capable of performing
hypothermic perfusion;
cooling the organ using flush solution;
introducing the perfusion solution into the organ under
25 hypothermic conditions; and

circulating the perfusion solution through the organ.

3. The method of claim 2, wherein the organ has been exposed to
warm ischemia for a duration of time exceeding about 30 minutes prior to

attaching the organ to the apparatus.
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4, The method of claim 1, further comprising introducing oxygen
into the perfusion solution, and wherein the partial pressure of the oxygen in the

perfusion solution is between 150 and 175 mmHg.

5. The method of claim 1, wherein said perfusing is carried out at a

temperature from about 0° Cto 7° C.

6. The method of élaim 1, wherein said perfusing is carried out for

a period of time between about 5 and 10 hours.

7. The method of claim 1, wherein said antioxidant agent is
selected from the group consisting of o-tocopherol, desferoxamine, 6-hydroxy-
2,5,7.8-tetramethyl chroman-2-carboxylic acid, gluthathione, allopurinal, and

N-acetyl cysteine.

8. The method of claim 1, wherein said antioxidant agent comprises
a combination of N-acetyl cysteine, desferoxamine, and 6-hydroxy-2,5,7,8-

tetramethyl chroman-2-carboxylic acid.

9. The method of claim 1, wherein said metabolic support agent is
selected from the group consisting of glucose, glutamine, and combinations

thereof.

10.  The method of claim 1, wherein said metabolic support agent
comprises from about 0.5 mM to 5 mM of glutamine and about 1 mM to 10

mM of glucose.

11.  The method of claim 1, wherein said metabolic support agent

comprises about 2 mM of glutamine and about 5.5 mM of glucose.

12. The method of claim 1, wherein said membrane stabilizer is
selected from the group consisting of calcium, glycine, chlorpromazine, and

combinations thereof.
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13.  The method of claim 1, wherein said membrane stabilizer
comprises from about 1 mM to about 10 mM of glycine, from about 1 mM to 5
mM of CaCl,.

14.  The method of claim 1, wherein the organ is a liver.

5 15.  The method of claim 14, wherein a first stream of the solution is
introduced into the portal vein of the liver and a second stream of the solution is

the hepatic artery of the liver.

16.  The method of claim 15, wherein the pressure of the first stream
being introduced into the portal vein is less than 4 mmHg, and the pressure of
10  the second stream being introduced into the hepatic artery is less than 25

mmHg.

17.  The method of claim 15, further comprising introducing oxygen
into the first stream of solution, and wherein the partial pressure of the oxygen

in the perfusion solution is greater than about 150 mmHg.

15 18. A solution for the preservation and restoration of organ function,
the solution comprising, per liter of solution:

a) from about 15 to 30 mM of potassium phosphate;

b) from about 1 to 10 mM of glutathione;

¢) from about 0.5 to 10 mM of adenosine;
20 d) from about 90 to 110 mM of lactobionate;

¢) from about 15 to 30 mM of sodium;

f) from about 90 to 110 mM of potassium;

g) from about 0.5 to 4 mM of allopurinol;

h) from about 0.1 to 10 mM of an additional antioxidant agent;
25 i) from about 0.5 to 10 mM of a metabolic support agent; and

j) from about 0.5 to 10 mM of a membrane stabilizer.

19.  The solution of Claim 18, wherein said antioxidant agent is

selected from the group consisting of a-tocopherol, desferoxamine, 6-hydroxy-
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2,5,7,8-tetramethyl chroman-2-carboxylic acid, gluthathione, allopurinal, and
N-acetyl cysteine.

20.  The solution of claim 18, wherein said antioxidant agent
comprises a combination of N-acetyl cysteine, desferoxamine, and 6-hydroxy-

2,5,7,8-tetramethyl chroman-2-carboxylic acid.

21.  The solution of claim 18, wherein said metabolic support agent is
selected from the group consisting of glucose, glutamine, and combinations

thereof,

22.  The solution of claim 18, wherein said metabolic support agent
comprises from about 0.5 mM to 5 mM of glutamine and about 1 mM to 10

mM of glucose.

23.  The solution of claim 18, wherein said metabolic support agent

comprises about 2 mM of glutamine and about 5.5 mM of glucose.

24, The solution of claim 18, wherein said membrane stabilizer is
selected from the group consisting of calcium, glycine, chlorpromazine, and

combinations thereof.

25. The solution of claim 18, wherein said membrane stabilizer
comprises from about 1 mM to about 10 mM of glycine, from about 1 mM to 5
mM of CaCl,.

26.  The solution of Claim 18, wherein the solution comprises:
a) about 5 mM of glycine
b) about mM of N-acetyl L-cysteine;
c) about 0.25 mM of deferoxamine;
d) about 2 mM of L-glutamine;
e) about 1 mM of CaCl,; and
g) about 5.5 mM glucose.
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27.  The solution of Claim 18, further comprises an oncotic support

agent selected from the group consisting of dextran, polyethylene glycol,

albumin, pentastarch, and combinations thereof.

28. A solution for the preservation and restoration of organ function,

the solution comprising, per liter of solution:

about 100 mM of lactobionate;

about 100 mM of potassium;

about 25 mM of sodium,;

about 25 mM of potassium phosphate;
about 5 mM of magnesium sulphate;
about 30 mM of raffinose

about 1 mM of allopurinol

about 3 mM of glutathione;

about 5 mM of adenosine;

about 5 mM of glycine

about 5 mM of N-acetyl L-cysteine;
about 0.25 mM of deferoxamine;
about 2 mM of L-Glutamine;

about 1 mM of CaCly;

about 200 uM of 6-hydroxy-2,5,7,8-tetramethyl

chroman-2-carboxylic acid; and

p)

about 5.5 mM glucose.
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