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(57) ABSTRACT 

Solutions and Suspensions comprising polymerized hemo 
globin derived from human blood are disclosed. The solu 
tions and Suspensions may comprise cell culture medium, an 
enzyme (such as a protease), and/or a buffer. Processes of 
preparing the Solutions and Suspensions are also disclosed. 
The Solutions and Suspensions may be employed in methods 
of isolating mammalian cells, such as pancreatic islets, 
methods of preserving mammalian tissue and organs, meth 
ods of aiding the recovery of mammalian cells following 
their isolation, methods of maintaining mammalian cells, 
methods of propagating mammalian cells, and methods of 
treating a mammal with diabetes. 
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Figure 2 
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Figure 3 
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Figure 4 

Calcium influx stimulated by Tolbutamide 

or COntrol ox PolySFH-P N 

i 

Time 

3. 5 
PolySFH-P 

2.5 

15 

O.5 

Groups 

  



Patent Application Publication Aug. 23, 2007 Sheet 5 of 10 US 2007/019681.0 A1 

Figure 5 
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Figure 10 
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POLYMERIZED HEMOGLOBIN MEDIA AND ITS 
USE IN SOLATION AND TRANSPLANTATION OF 

ISLET CELLS 

BACKGROUND OF THE INVENTION 

0001. This application claims priority of U.S. Application 
No. 60/761663, filed Jan. 24, 2006, the disclosure of which 
is incorporated herein in its entirety. 

FIELD OF THE INVENTION 

0002 The application relates to the field of cell biology. 
In particular, the application relates to Solutions, Suspen 
sions, methods, and processes useful for the isolation, cul 
ture, and transplantation of cells and tissues. 

DESCRIPTION OF THE RELATED ART 

0003. The transplantation of cells, tissues, and organs 
holds great promise for the treatment of many diseases. For 
example, pancreatic islet transplantation can reverse insulin 
dependent diabetes. Unfortunately, the procedure is ham 
pered by a short Supply of islets and a gradual loss of islet 
function after transplantation. The inconsistency of islet 
isolation outcomes has been a major limitation to wide 
spread clinical application of islet transplantation. The fol 
lowing U.S. Patents describe known methods of isolating, 
culturing, and/or transplanting pancreatic islets: U.S. Pat. 
Nos. 6,506,599, 6,562,620, 6,783,964, and 6,815,203. 
0004 Among the variety of factors influencing post 
isolation islet yield, viability and function, ischemic time is 
of particular importance. The length of ischemia is inversely 
correlated with islet isolation outcomes. Ischemia renders 
cells more susceptible to oxidative stress by impairing 
mitochondrial antioxidant defenses. Providing O. to 
ischemic tissue has been shown to be a double edged sword 
due to reperfusion injury. Reactive Oxygen Species (ROS) 
produced by mitochondria play a significant role in this type 
of injury. Oxidative stress to pancreatic islets during the 
isolation procedure has been well documented, and the use 
of antioxidants has been shown to protect islets from oxi 
dative injury. Organ preservation Solutions such as histidine 
tryptophan-ketoglutarate (HTK) and University of Wiscon 
sin (UW) Solution are designed to protect pancreatic tissue 
from the deleterious effects of ischemia, but do not prevent 
ischemia per se. 
0005 Maintaining an appropriate O level would seem 
important to prevent ischemic damage and reperfusion 
injury during organ preservation, pancreatic islet isolation, 
and cell culture. Indeed, artificial oxygen carriers, such as 
perfluorocarbons (PFC), have a beneficial effect on islet 
isolation and transplantation outcomes when used during 
pancreas preservation with UW solution in the two layer 
method (TLM). Artificial oxygen carriers are synthetic solu 
tions capable of binding, transporting and unloading O. 
Artificial oxygen carriers have been originally developed as 
blood substitutes, but none of the PFC based products have 
been approved for clinical use, and in clinical trials anaphy 
lactic reactions were observed. Moreover, PFCs have the 
inconvenience of being hydrophobic and difficult to keep in 
aqueous solution. 
0006 Hemoglobin-based O. carriers (HBOC's), such as 
PolyHeme, are water soluble. U.S. Pat. No. 6,498,141, 
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which is hereby incorporated by reference in its entirety, 
describes the preparation of representative HBOC's. In 
contrast to PFC, PolySFH-P polymerized hemoglobin gives 
an O saturation curve similar to that of red blood cells. No 
anaphylactic reactions have been observed in phase I and II 
trials of PolyHeme. PolySFH-P, which is described below, is 
another example of an HBOC. Both PolySFH-P polymer 
ized hemoglobin and PolySFH-P are essentially tetramer 
free, Substantially stroma-free, polymerized, pyridoxylated 
hemoglobin derived from human blood. 
0007. There is a need for HBOC-containing solutions and 
Suspensions useful in the isolation, culture, and transplan 
tation of cells, tissues, and organs. This patent application 
describes such solutions and Suspensions, as well as process 
for making and methods of using them. 

SUMMARY 

0008. This invention provides solutions containing 
hemoglobin-based O. carriers (HBOCs), methods for mak 
ing these solutions and methods for using Such solutions for 
isolating cells, tissues and components of tissues from an 
animal, most preferably a human. The invention specifically 
provides Solutions and Suspensions for use in isolating, 
culturing, and transplanting cells, tissues, and organs. 
0009. In one aspect, a solution of the invention comprises 
(a) polymerized hemoglobin derived from a mammal and (b) 
one or more enzymes. In a particular aspect, the polymerized 
hemoglobin is derived from human blood and the enzyme is 
a protease. Such as collagenase. In another aspect, the 
Solution further comprises cell culture medium, Such as 
RPMI or CMRL or similar commercially available or pro 
prietary culture media. 
0010. In a second aspect, a solution of the invention 
comprises (a) polymerized hemoglobin derived from a 
mammal and (b) cell culture medium. 
0011. In further aspects, the solutions of the invention 
comprise polymerized and pyridoxylated hemoglobin 
derived from human blood. Further, the solutions may be 
oxygenated. 
0012. In a third aspect, the invention provides suspen 
sions comprising (a) polymerized hemoglobin derived from 
mammalian blood and either (b1) mammalian hematopoietic 
cells or (b2) mammalian pancreatic tissue or mammalian 
islet cells. In particular aspects, the Suspensions may further 
comprise cell culture medium, such as RPMI or CMRL or 
similar commercially available or proprietary culture media, 
and/or an enzyme, including proteases, e.g., collagenases. 
0013 Moreover, the invention provides numerous meth 
ods of using the solutions and Suspensions of the invention. 
For example, the invention provides a method of isolating 
mammalian cells, such as pancreatic islet cells, comprising 
contacting the cells with a solution of the invention. The 
invention also provides a method of treating a mammal with 
diabetes, comprising the step of transplanting to the mam 
mal an effective amount of pancreatic islets isolated accord 
ing to the methods of the invention. Moreover, the invention 
provides methods of preserving mammalian tissue, of aiding 
the recovery of mammalian cells following their isolation, of 
maintaining mammalian cells, and of propagating mamma 
lian cells, all comprising contacting the mammalian cells or 
tissue with a solution of the invention. In such methods, it is 



US 2007/019681.0 A1 

preferable for the cells or tissue to remain viable following 
their contact with a solution of the invention. 

0014. Also, the invention provides methods of maintain 
ing viability in mammalian cells, tissues, and/or organs 
during donor management, organ procurement and transpor 
tation and storage and transplant of the mammalian cells, 
tissues, and/or organs, the method comprising contacting the 
cells, tissues, and/or organs with a solution of the invention. 
Such methods include, for example, methods of perfusing 
organs with a solution of the invention prior to harvesting of 
those organs for transplantation. In a particular aspect, the 
invention provides methods of preserving a whole mamma 
lian organ, comprising contacting the whole organ with a 
Solution comprising (a) polymerized hemoglobin derived 
from mammalian blood and (b) cell culture medium. 
0.015 Furthermore, the invention provides processes of 
preparing the foregoing solutions and Suspensions. 

0016 Specific preferred embodiments of the invention 
will become evident from the following more detailed 
description of certain preferred embodiments and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 shows the viability of islets from both 
groups expressed in percentages 24 hours after isolation, 
represented as means-SEM. PolySFH-P isolations (n=9) 
Control isolations (n=9) for each group. *p=0.047. 

0018 FIG. 2 shows caspase-3 levels measured in islets 
from PolySFH-P and control groups 24 hrs after isolation as 
a marker for apoptosis, n=3 isolations per group. Caspase-3 
levels are significantly lower in the PolySFH-P group than 
in the control. *p=0.011. 

0.019 FIG. 3A shows changes in ratio-metric values 
(Fura 2/AM) as a measurement of intracellular calcium 
levels in two representative islets under basal (2 mM) and 
stimulated (5, 8, or 14 mM) glucose conditions. 

0020 FIG. 3B shows the percentage of intracellular cal 
cium change in response to glucose stimulation (5, 8 or 14 
mM glucose concentrations) in islets from PolySFH-P and 
control groups, (n=25 islets per group), meantSEM. 
*p-0.05. 

0021 FIG. 4A shows changes in ratio-metric values 
(Fura 2/AM) as a measurement of intracellular calcium 
levels in two representative islets under basal glucose (2 
mM) conditions after the addition of Tolbutamide (100 uM). 

0022 FIG. 4B shows the area under the curve (AUC) for 
intracellular calcium levels under basal glucose concentra 
tion (2 mM) in islets from both groups after the addition of 
Tolbutamide (100 LM). (n=25 islets per group), represented 
as meaniSEM. p=0.183. 

0023 FIG. 5 shows insulin secretion of islets in response 
to glucose challenge, expressed as a stimulation index (SI), 
represented as meant-SEM. PolySFH-P isolations (n=5), 
control isolations (n=5), p=0.03. 

0024 FIG. 6A shows levels of Rhodamine 123 (Rh123)- 
fluorescence outside the mitochondrial inner membrane in 
two representative islets under basal (2 mM) and glucose 
stimulated conditions (14 mM). A gradual decrease in fluo 
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rescence represents the incorporation of Rh123 into the 
membrane as an indirect measurement of membrane poten 
tials. 

0025 FIG. 6B shows the percentage change in mitochon 
drial potentials in islets from PolySFH-P and control groups, 
(n=25 islets per group), represented as mean-SEM. p-0.05. 
0026 FIG. 7 shows mitochondrial morphology. Mito 
chondria were stained with Rh123 dye. Two representative 
images (confocal reconstructions) from individual islets 
from PolySFH-P and control groups are shown. Images are 
maximum intensity projections, 1 um slice thickness. Cell 
nuclei in the islets are identified with the letter “n'. Mito 
chondrial morphology and distribution around the nuclei 
appear superior in the PolySFH-P group than in the control. 
Contrast has been balanced to reveal details of mitochon 
drial morphology. Scale bar is 5 Lum. 
0027 FIG. 8 shows the number of days (lag time) to 
reach normoglycemia after islet transplantation in mice. 
PolySFH-P mice (n=6) and control mice (n=4). *p=0.02. 
0028 FIG. 9 shows the results of an Intraperitoneal 
Glucose/Arginine Tolerance Test (IPG/ATT) in a represen 
tative sample of mice that reached normoglycemia after 
transplantation with islets from PolySFH-P (n=5) and con 
trol (n=3). Values indicate mean blood glucose levels-SEM. 
p=0.03. 
0029 FIG. 10 is a graph showing viability staining spe 
cific for beta and non-beta cells from isolated islet cell 
populations. Cells were assayed for cell membrane stability 
(7aaD), mitochondrial membrane stability (TMRE) in beta 
cells (gating the Newport Green (NG) high population) 
versus non-beta cell (NG low population), n=3 per group. 
*p-0.001: **p-0.001: p.<0.001; tip-0.001 

DETAILED DESCRIPTION 

0030 This invention provides solutions comprising poly 
merized hemoglobin derived from blood, most preferably 
human blood, and an enzyme, most preferably a proteolytic 
enzyme. The invention further provides methods for prepar 
ing said solutions, and methods for using said solutions for 
isolating cells, tissue and components of tissues, most pref 
erably pancreatic islets, from animal organs and tissues, 
most preferably human organs and tissues. The invention 
also provides suspensions of said cells, tissues and compo 
nents of tissues, preferably suspensions of pancreatic islets 
and most preferably human pancreatic islets. 
0031. The invention further provides methods of preserv 
ing whole mammalian organs that have been removed from 
a mammal’s body, for example for transplantation into 
another mammal of the same or different species. These 
methods comprise contacting the whole organ with a solu 
tion comprising (a) polymerized hemoglobin derived from 
mammalian blood and (b) cell culture medium. The inven 
tion may be used to preserve any mammalian organ; ovine, 
human, and non-human primate organs are preferred. 
Examples of organs that may be preserved using the Solution 
of polymerized hemoglobin and cell culture medium are 
lung, kidney, liver, and heart. The organ may alternatively be 
skin, for example facial skin being transplanted from an 
accident victim to a patient. Preferably, the solution and 
whole organ is maintained at a temperature of from about 0° 
C. to about 4° C. prior to transplantation. 
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0032. In one embodiment, the solutions, suspensions, 
methods, and processes that are the Subject of this patent 
application comprise or involve polymerized hemoglobin. 
Preferably, the polymerized hemoglobin is derived from 
human blood. For use in preserving organs for transplanta 
tion, the preferred hemoglobin will match the organ donor 
species, which will typically be human or other primate 
Organs. 

0033. As used herein, the term “hemoglobin refers to 
hemoglobin from mammals (preferably bovine, ovine, or 
human hemoglobin, more preferably human hemoglobin), 
synthetic hemoglobin, hemoglobin obtained by transgenic 
means, hemoglobin obtained from cell lines that naturally 
produce or have been manipulated to produce hemoglobin in 
vitro, hemoglobins obtained in mutant form, and chemically 
modified forms of hemoglobin. The hemoglobin of the 
invention comprises hemoglobin species including but not 
limited to Hemoglobin A, (CB), Hemoglobin A2, (C6) 
and fetal hemoglobin (CY), as well as mixtures thereof. 
0034. As used herein, the phrase “polymerized hemoglo 
bin refers to hemoglobin that has been polymerized so that 
it can serve as a physiologically competent oxygen carrier, 
wherein the placement of molecular bridges between mol 
ecules or tetrameric subunits of the hemoglobin results in the 
increased size and weight of the resulting polymerized 
molecule with respect to native or tetrameric hemoglobin. 
For example, polymerized hemoglobin can absorb oxygen at 
the partial pressures of oxygen prevailing at the site of 
oxygenation of hemoglobin, for example, in the lungs of 
humans, and release the bound oxygen to the tissues of the 
same organisms in amounts that are life Supporting. Poly 
merized hemoglobins can be obtained, for example, by 
treatment with glutaraldehyde or raffinose, as discussed in 
U.S. Pat. No. 5,998.361, which is hereby incorporated by 
reference. Polymerized hemoglobins are also described, for 
example, in U.S. Pat. No. 6,498,141, which is hereby 
incorporated by reference. 
0035. The polymerized hemoglobin derived from human 
blood may or may not be pyridoxylated, as described in U.S. 
Pat. No. 6,498,141. Pyridoxylation may be used to modulate 
the p50 of the polymerized hemoglobin to a desirable range. 
Thus, for example, when using hemoglobin derived from 
human blood and the p50 of the solution containing the 
polymerized hemoglobin is desired to be within the range of 
normal human blood, the hemoglobin is preferably pyri 
doxylated, as described in U.S. Pat. No. 6,498,141. 
0036). In certain embodiments, the polymerized hemoglo 
bin can be PolySFH-P, which is an example of polymerized 
hemoglobin derived from human blood. PolySFH-P is 
essentially tetramer-free, Substantially stroma-free, poly 
merized, pyridoxylated hemoglobin derived from human 
blood. In certain embodiments, the solutions disclosed 
herein comprise polymerized hemoglobin derived from 
human blood and at least one of the following: a buffer, cell 
culture medium, or an enzyme (such as a protease). The 
Solutions disclosed herein may contain one, two, or three of 
these in addition to polymerized hemoglobin derived from 
human blood. A solution of the invention can also comprise 
a reducing agent, such as ascorbic acid, to serve as a 
hemoglobin preservative. Furthermore, the solutions may or 
may not be oxygenated. 
0037) “Buffer, as used herein, refers to a system, such as 
a solution, that acts to minimize the change in concentration 
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of a specific chemical species in Solution against addition or 
depletion of the species, particularly with regard to the 
hydrogen ion concentration (pH) of the solution. Examples 
of buffers are well-known to those of skill in the art. 

0038 “Cell culture medium, as used herein, refers to a 
medium Suitable for the culture, maintenance, proliferation, 
and/or growth of cells in vitro. Examples of cell culture 
media that can be used in a solution of the invention are 
disclosed in U.S. Pat. Nos. 6,670,180 and 6,730,315, which 
are incorporated by reference. One of skill in the art will 
recognize that the type of cell culture media useful in a 
solution of the invention can be selected based on the type 
of cell, tissue, and or organ for which the solution is to be 
used. For example, where the cells are pancreatic islets, the 
cell culture medium can be RPMI, as described herein. 
Alternative cell culture media, including Eagles Minimal 
Media, Dulbecco's Modified Eagle's Media, and others 
known to those with skill in the art, are commercially 
available (for example, from GIBCO, Long Island, N.Y. and 
Sigma Chemical Co., St. Louis. Mo.) and fall within the 
Scope of components of the invention set forth herein. 
0039) “Protease” (or “proteolytic enzyme”), as used 
herein, refers to an enzyme that catalyzes the splitting of 
peptide bonds in a protein. Collagenase is an example of a 
protease. Other examples of proteases are well-known to 
those of skill in the art, including but not limited to trypsin, 
chymotrypsin, pepsin, furin, dispace, thermolysin, elastase, 
and mixtures thereof Such as pancreatin and liberase (a 
purified enzyme blend of collagenase isoforms I and II from 
Clostridium histoliticum and thermolysin from Bacillus 
thermoproteolyticus). 
0040 “Enzymatically produced, as used herein, refers to 
the action of an enzyme provided in combination with 
polymerized hemoglobin according to the invention, par 
ticularly proteolytic enzymes useful in digesting extracellu 
lar matrix proteins and other proteins involved in maintain 
ing the integrity of a tissue or organ in vivo. 
0041. The suspensions disclosed herein comprise poly 
merized hemoglobin derived from mammalian, preferably, 
human, blood and either (b1) mammalian hematopoietic 
cells or (b2) mammalian pancreatic tissue or mammalian 
pancreatic islets. The Suspensions may further comprise cell 
culture medium and/or enzymes (such as a protease). More 
over, the Suspensions may or may not be oxygenated. By 
“hematopoietic cells' is meant cells found within mamma 
lian blood, including white blood cells (e.g., monocytes and 
lymphocytes), platelets, and red blood cells (erythrocytes). 

0042. In certain embodiments, the solutions and/or sus 
pensions of the invention can be used in various methods for 
maintaining the viability of cells, tissues, and/or organs 
under various conditions. For example, they can be 
employed in methods of isolating mammalian cells, such as 
pancreatic islets. In addition, they can be used in methods of 
preserving mammalian tissue; of aiding the recovery of 
mammalian cells following their isolation; of maintaining 
cells in cell culture conditions; and of propagating cells. 
Moreover, they can be used in methods of treating a mam 
mal with diabetes, comprising contacting pancreatic islets 
with the solutions and/or suspensions of the invention. For 
example, pancreatic islets can be isolated from a donor 
patient using a solution of the invention and transplanted 
into a recipient patient. As another example, a solution of the 
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invention can be used for maintaining viability of cells, 
tissues, and/or organs in a body (such as in a cadaver) and 
outside a body (such as during transport or transplantation 
Surgery). Additionally, a solution of the invention can be 
used to improve organ transplantation Success, by perfusion 
of the organ with a solution of the invention prior to 
harvesting the organ. 
0.043 Preferred solutions containing polymerized hemo 
globin are aqueous and are formulated to contain from about 
5-15 g/dL of polymerized hemoglobin, more preferably 
from about 8-12 g/dL of polymerized hemoglobin, and most 
preferably from about 9-11 g/dL of polymerized hemoglo 
bin. Particularly preferred solutions contain about 10 g/dL of 
polymerized hemoglobin. 
0044 Preferred solutions containing polymerized hemo 
globin are formulated to have a pH of from about 7-8, more 
preferably from about 7.5-7.9, most preferably from about 
73-7.6. 

0045 Preferred solutions containing polymerized hemo 
globin and cell culture medium contain the above amounts 
of hemoglobin and from about 0.5x to 2x cell culture 
medium (where 1x medium is a concentration equivalent to 
1x RPMI). More preferred polymerized hemoglobin/cell 
culture medium solutions contain about 1x cell culture 
medium. 

0046) Solutions of polymerized hemoglobin and an 
enzyme, preferably a protease such as, for example, colla 
genase or liberase, are formulated to contain the above 
amounts of hemoglobin and from about 0.1-10 mg/mL of the 
enzyme. Preferred solutions are formulated to contain from 
about 0.5-5 mg/mL of enzyme, more preferably from about 
0.75-1.25 mg/mL of enzyme. Particularly preferred solu 
tions contain about 1 mg/mL of enzyme. 
0047 Solutions of polymerized hemoglobin, cell culture 
medium, and enzyme are formulated to contain the amounts 
of these components described above and within the above 
recited pH ranges. 
0.048 Processes for preparing the solutions and suspen 
sions of the invention are also disclosed herein. Generally, 
the solutions and Suspensions can be prepared by mixing the 
components thereof. Oxygenating the solutions and Suspen 
sions can be achieved, for example, by bubbling 100% O. 
gas through the Solutions and Suspensions for a Sufficient 
period of time, or by otherwise contacting the solutions and 
Suspensions with O gas. 

0049. The Examples which follow are illustrative of 
specific embodiments of the invention, and various uses 
thereof. They set forth for explanatory purposes only, and 
are not to be taken as limiting the invention. 

EXAMPLE 1. 

Preparation of Polymerized Hemoglobin Solution 

0050. In vitro culture media containing collagenase and 
with or without the addition of PolySFH-P polymerized 
hemoglobin were prepared as follows. A Solution containing 
10 g/dL PolySFH-P formulated with RPMI 1640 cell culture 
medium (“PolySFH-P/RPMI solution') was prepared by 
Northfield Industries (Evanston, Ill.) for islet isolation. 
PolySFH-P/RPMI solution was prepared by modifying the 
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procedure described in Example 1 of U.S. Pat. No. 6,498, 
141. More specifically, Example 1 of U.S. Pat. No. 6,498, 
141 was followed from the beginning through the step at 
Tank 8. Starting at Tank 9, the procedure was as follows. 
Polymerized hemoglobin derived from human blood 
(PolySFH-P) was concentrated to about 7 g/dL and the pH 
of the solution was adjusted to between 7.30 and 7.60 with 
0.1 M HC1. This solution was concentrated to 12 g/dL 
PolySFH-P. A sufficient amount of 10x RPMI solution 
containing 2.5 g/L ascorbic acid and water for injection 
(“WFI) was added to produce a final PolySFH-P/RPMI 
solution containing 10 g/dL PolySFH-P, 1x RPMI, and 0.25 
g/L ascorbic acid. The pH of the PolySFH-P/RPMI solution 
was verified to be between 7.30 and 7.60. PolySFH-P/RPMI 
solution was then sterile filtered and 250 mL were trans 
ferred aseptically into 500 mL bags. Bags were filled only 
half-full to allow for simplified oxygenation of the solution 
(within the bag) at the time of use. Filled bags were stored 
at 2-8° C. 

0051 10x RPMI solution containing 2.5 g/L ascorbic 
acid was prepared as follows. RPMI 1640 powder without 
NaHCOs, phenol red and L-Glutamine, obtained from Cell 
gro (Mediatech, Herndon, Va.), was added to water for 
injection to obtain a concentration 10 times as concentrated 
as 1x RPMI 1640 (see below). 7.5% NaHCO, obtained 
from Invitrogen (Carlsbad, Calif.), was added to obtain a 
concentration of 267 mL/L. 200 mM L-Glutamine, received 
as a frozen solution from Invitrogen, was thawed and added 
to obtain a concentration of 102.5 mL/L. In addition, ascor 
bic acid was added to obtain a final concentration of 2.5 g/L. 

EXAMPLE 2 

0052 2A. Experiments were conducted to determine the 
rate of oxygenation and conversion of PolySFH-P polymer 
ized hemoglobin to methemoglobin during oxygenation and 
holding at 37° C. As a control, 100 mL samples of 
PolySFH-P polymerized hemoglobin are oxygenated utiliz 
ing compressed air (21%O) or compressed oxygen 
(99.4%O) to not less than 85% oxyhemoglobin (OHb). 
The percent oxygen Saturation can be measured by cooxim 
etry Such as that employed by Instrumentation Laboratories 
IL-482 or IL-682. The PolySFH-P polymerized hemoglobin 
samples are then heated to 37° C. and held at this tempera 
ture for not less than 20 minutes. After the 20-minute hold 
period, samples are tested utilizing cooXimetry to determine 
the amount of methemoglobin (MetHb) conversion. 

0053 Cooximetry Results: 

I A- Oxygenation of PolySFH-P polymerized hemoglobin (using 
compressed air/21% O2, 8 standard cubic feet/hour 

Total Hb % Met Reduced 
Sample (g/dL) % OHb 9% COHb Hb Hb 9/o 

End of 10.1 85.7 2.4 3.3 8.6 
Oxygenation 
End of 20 1O.S 59.6 4.2 17.6 18.6 
minute hold 
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0054) 

I B- Oxygenation of PolySFH-P polymerized 
hemoglobin (using compressed gas 99.4% O2 

Total Hb % Met Reduced 
Sample (g/dL) % OHb 9% COHb Hb Hb 9/o 

End of 1O.S 90.6 2.4 2.1 4.9 
Oxygenation 
End of 20 10.2 79.7 3.3 9.3 7.8 
minute hold 

0.055 Approximately 45 min. were required to oxygenate 
100 mL PolySFH-P polymerized hemoglobin (using com 
pressed air comprising about 21%O) to not less than 85% 
OHb; alternatively, 100 mL PolySFH-P could be oxygen 
ated to not less than 85% OHb in approximately 15 minutes 
using compressed oxygen (99.4% O.) The results shown 
above established that the process of oxygenating 
PolySFH-P polymerized hemoglobin did not lead to signifi 
cant conversion of hemoglobin to the Met Hb form. How 
ever, the method used for oxygenation did affect the percent 
Met Hb formed once PolySFH-P polymerized hemoglobin 
was heated to 37°C. The first method, using compressed air, 
led to a higher conversion to Met Hb (17.6%Met Hb) as 
compared to using compressed oxygen (9.3% Met Hb). The 
amount of Methb formed was directly proportional to the 
amount of time taken to oxygenate PolySFH-P polymerized 
hemoglobin or the time kept at 37°C., or both. Despite this 
conversion of a small amount of the oxygenated PolySFH-P 
polymerized hemoglobin to the Met Hb form, a significant 
amount of Hb (79.7%) remained that was capable of carry 
ing oxygen to the islet cells. 

0056 2B. Experiments were also conducted to determine 
if collagenase or liberase interfered with PolySFH-P poly 
merized hemoglobin or caused product degradation. 

0057 For these experiments, initial samples were taken 
and analyzed by Cooximetry and HPLC (Size Exclusion) as 
reference samples. A 100 mL sample of PolySFH-P poly 
merized hemoglobin at 4-8°C. was oxygenated to not less 
than 85.0% O. Hb. Cooximetry samples were then taken at 
approximately 15-minute intervals during oxygenation to 
determine a time course of the extent of oxygenation. Once 
the oxyhemoglobin level was not less than 85.0% OHb. 
Cooximetry and HPLC samples were analyzed to determine 
impact to the product and MetHb levels. Once PolySFH-P 
polymerized hemoglobin has been oxygenated, one of the 
enzymes to be tested (collagenase or liberase) was added to 
PolySFH-P polymerized hemoglobin (1 mg/1 mL) at 4-8°C. 
and kept at this temperature for 10 minutes. After the 
10-minute at 4-8°C., Cooximetry and HPLC samples were 
evaluated for PolySFH-P polymerized hemoglobin degrada 
tion and methemoglobin conversion. The PolySFH-P poly 
merized hemoglobin/enzyme solution was heated to 37-39 
and this temperature maintained for approximately 20 min 
utes. Cooximetry and HPLC samples were then tested for 
PolySFH-P polymerized hemoglobin degradation and meth 
emoglobin conversion. HPLC analysis was used to deter 
mine degradation of the PolySFH-P polymers by analyzing 
for differences over time in the integrated areas of the peaks 
representing each polymeric species. 
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II A- Oxygenation of PolySFH-P polymerized hemoglobin 

Total % Met Reduced 
Sample Hb % OHb % COHb Hb Hb 9/o 

Initial 9.8 5.5 7.0 2.5 85.1 
(time (t) 0) 
1 sample 9.9 46.1 5.2 2.8 45.9 
(t 0 + 22 
minutes) 
2" sample 1O.O 75.4 3.6 2.5 18.5 
(t 0 + 40 
minutes) 
3" sample 10.3 88.3 2.3 2.9 6.5 
(tO + 55 
minutes) 

0058 

IIA - PolySFH-P polymerized hemoglobin 
+ Collagenase Enzyme 

Total Met Reduced 
Sample Hb % OHb % COHb Hb Hb 9/o 

PolySFH-P 10.3 87.3 2.4 3.5 6.8 
polymerized 
hemoglobin + 
collagenase cold 
PolySFH-P 1O.S 45.9 4.6 21.4 28.2 
polymerized 
hemoglobin + 
collagenase 
at 37° C. 

0059) 

II A- Integrated Area % by HPLC During 
Oxygenation and Collagenase Addition 

Tetramer 
Sample 256 Peak 192 Peak 128 Peak Peak 

Poly 70 Standard S8.7684 22.9897 17.6471 O.S947 
Initial Sample 59.36O3 22.1871 17.5184 O.9341 
End of Oxygenation 59.1316 22.2671 17.6236 O.9777 
PolySFH-P polymerized 58.8743 22.5339 17.6612 O.9306 
hemoglobin + 
collagenase cold 
PolySFH-P polymerized 58.3968 22.6292 18.1017 O.8723 
hemoglobin + 
collagenase at 37° C. 

0060) 

II B- Oxygenation of PolySFH-P polymerized hemoglobin 

Total % Met Reduced 
Sample Hb % OHb % COHb Hb Hb 9/o 

Initial 9.8 5.5 7.0 2.5 85.1 
(time (t) 0) 
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-continued 

II B- Oxygenation of PolySFH-P polymerized hemoglobin 

Total % Met Reduced 
Sample Hb % OHb % COHb Hb Hb 9/o 

1 sample 10.3 47.9 5.2 3.0 43.9 
(t 0 + 20 
minutes) 
2" sample 1O.O 86.4 2.9 2.4 8.3 
(t 0 + 
44 minutes) 

0061 

II B- PolySFH-P polymerized hemoglobin + Liberase Enzyme 

Total Met Reduced 
Sample Hb % OHb % COHb Hb Hb 9/o 

PolySFH-P 10.2 88.5 2.7 2.3 6.5 
polymerized 
hemoglobin + 
liberase cold 
PolySFH-P 10.8 45.6 4.7 26.6 23.2 
polymerized 
hemoglobin + 
liberase 
at 37° C. 

0062) 

II B- Integrated Area % by HPLC During 
Oxygenation and Liberase Addition 

Tetramer 
Sample 256 Peak 192 Peak 128 Peak Peak 

Poly 70 Standard 59.2357 22.9497 17.2487 O.S659 
Initial Sample 59.36O3 22.1871 17.5184 O.9341 
End of Oxygenation 59.4932 22.0803 17.4739 O.9526 
PolySFH-P polymerized S8.921.8 22.33 OS 17.7972 0.9505 
hemoglobin + 
Liberase cold 
PolySFH-P polymerized 57.2619 22.9087 18.81.17 1.0176 
hemoglobin + 
Liberase at 37° C. 

0063. These consistent integrated areas for each peak 
demonstrated that collagenase and liberase did not interfere 
with PolySFH-P polymerized hemoglobin or cause product 
degradation as evaluated by HPLC analysis. 

0064. 2C. Experiments were further conducted to estab 
lish the effect of RPMI on PolySFH-P polymerized hemo 
globin to evaluate the suitability of PolySFH-P polymerized 
hemoglobin-supplemented RPMI for use in pancreatic islet 
cell harvesting. 
0065 For the experimental study of PolySFH-P polymer 
ized hemoglobin with RPMI 1640, a 100 mL sample of 
PolySFH-P polymerized hemoglobin at 4-8° C. was oxy 
genated to not less than 85.0% OHb. A Cooximetry sample 
was evaluated for the extent of oxygenation. Once the 
oxyhemoglobin level was not less than 85.0%, an osmolality 
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sample was evaluated as a control. The RPMI 1640 was then 
added to PolySFH-P polymerized hemoglobin (1 g/100 mL) 
at 4-8° C. and thoroughly mixed to homogeneity prior to 
determining the osmolality of the mixture. 
0066. Because these procedures produced a hyperos 
motic solution, a buffer solution of RPMI (10.10 g/1.0 L) 
was formulated. The buffer solution was used to carry out a 
four-volume wash (diafiltration) of the 200 mL PolySFH-P 
polymerized hemoglobin. Upon completion of the diafiltra 
tion, the Cooximetry and osmolality of the sample was 
tested. 

III A- Osmolality Results During 
Oxygenation and RPMI Addition 

Sample Osmo (mmol/kg) 

PolySFH-P polymerized hemoglobin control 343 
PolySFH-P polymerized hemoglobin with RPMI 600 

0067 

III B-OSmolality Results of RPMI Diafiltration 

Sample Osmo (mmol/kg) 

PolySFH-P polymerized hemoglobin control 331 
PolySFH-P polymerized hemoglobin during 259 
recirculation 
PolySFH-P polymerized hemoglobin Post 268 
RPMIDiafiltration 
RPMI Buffer 257 

0068 Addition of RPMI to PolySFH-P polymerized 
hemoglobin resulted in an osmolality of 600 mmol/kg. 
PolySFH-P polymerized hemoglobin used with RPMI media 
in this fashion resulted in a hyperosmotic solution which had 
the potential to negatively impact islet cells. Consequently, 
this solution would be inappropriate for islet cell harvesting. 
However, when the RPMI was formulated into a buffer 
solution with ascorbic acid and used for diafiltration, the 
resulting solution of PolySFH-P polymerized hemoglobin-- 
RPMI had an osmolality of 268 mmol/kg. With a slight 
adjustment to the osmolality of the Solution, this mixture 
would be acceptable for use in islet cell harvesting. 

EXAMPLE 3 

Islet Isolation 

0069 Pancreatic islets were isolated from experimental 
animals (rats) using in vitro culture media containing col 
lagenase and with or without the addition of PolySFH-P 
prepared as described in Example 1. All animal procedures 
involving animals were performed in accordance with the 
guidelines of the National Institutes of Health and the 
Animal Care Committee (ACC) at the University of Illinois 
Chicago. Male Lewis rats (Harlan Industries, Indianapolis, 
Ind.), weighing between 175-200 g were used as pancreas 
donors for islets. Animals were anesthetized by isoflurane 
inhalation using a vaporizer and masks (Viking Medical, 
Medford Lakes, N.J.). There were 2 experimental groups: 
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PolySFH-P Group (PolySFH-P/RPMI solution containing 
collagenase, n=4.0 rats) and Control Group (RPMI 1640 
medium containing collagenase, n=4.0 rats). 

0070. Rat islet isolation was performed following a con 
ventional technique previously described in Lacy & 
Kostanovsky (1967, Diabetes 16:35-39), modified by using 
the warm ischemia model described in Avila et al. (2003, 
Cell Transplant 12:877-881). Briefly, after the animal was 
anesthetized, a laparotomy incision was performed followed 
by incision into the thoracic cavity and section of the heart 
for euthanasia by exsanguination. The abdominal cavity was 
closed, covered with gauze and left for 30 minutes before 
pancreas perfusion. 

O2 Tension 
(mmHg) 
Pre-digestion 

381.7 35.3* 
2O2.3 28.2 

PolySFH-P 
Control 
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10% Penicillin/Streptomycin (Invitrogen) and without 
glutamine, for 24 hours culture at 37° C. 
0073 O, tension and pH were measured in the pancreas 
perfusion medium (PolySFH-P and Control) before and after 
digestion using a blood gas analyzer (ABL/700 Radiometer, 
Copenhagen, Denmark). O tension was higher in 
PolySFH-P compared to the Control in the perfusion solu 
tion (containing distended pancreata) before the digestion 
phase (Table III). Moreover, PolySFH-P maintained the pH 
in physiological range, whereas in the Control group the pH 
fell significantly during the digestion phase (Table III). 
These results were not the result of differences in the 
buffering capacities of the treatment and control Solutions, 
which were determined to be similar (data not shown). 

TABLE III 

O2 Tension pH pH pH pH 
(mmHg) Initial Initial Pre- Post 
Post-digestion (without O2) (with O.) digestion digestion 

1843 + 39.8 7.4 + 0.04** 7.4 + 0.03f 7.4 + 0.03ff 7.2 + 0.06*** 
128.3 27.8 7.1 O.O3 7.8 O.O1 6.9 O.04 6.6 0.11 

In Table III, oxymetry values (O and pH) are shown for perfusion media (PolySFH-P/RPMI solution 
(“PolySFH-P’) and RPMI 1640 medium (“Control')) before and after digestion. Values are means + SEM, in 
= 12 rats per group. 
*p = 0.01; 
**p = 0.009; 
p = 0.006; 
fp = 0.001; 
***p = 0.009. 

0071 Collagenase type XI (Sigma Chemical Co., St. 
Louis, Mo.) was reconstituted to a final concentration of 1 
mg/mL in either PolySFH-P/RPMI solution (Treatment) or 
RPMI 1640 medium (Control), and both Treatment and 
Control were oxygenated by bubbling the solutions with 
100% O for 15 minutes. The effect of collagenase on the 
stability of polymerized hemoglobin was determined by 
HPLC analysis. PolySFH-P/RPMI solution was incubated 
with or without collagenase under different conditions, 
before and after oxygenation, at 4 and 37°C. HPLC analysis 
did not reveal any degradation of PolySFH-P. In addition, 
the formation of Methemoglobin (MetHb) and carboxyhe 
moglobin (COHb) was analyzed after various oxygenation 
times. No significant Methb or COHb formation was found. 

0072 The oxygenated enzyme solutions were injected 
via the bile duct and into the main pancreatic duct for 
distention of the pancreas. The pancreas was then excised, 
and each pancreas placed in a 50 mL conical tube with 7.5 
mL of its respective perfusion solution. This was followed 
by incubation in a 37°C. water bath (digestion phase) for 18 
minutes. After this step, each pancreas was gently shaken in 
the tubes, washed with cold RPMI 1640 medium, and 
transferred into a 500 mL beaker. Islets were purified from 
the exocrine tissue by discontinuous Ficoll density gradients 
(Mediatech Inc., Hemdon, Va.). In this procedure, the islet/ 
exocrine tissue mixtures were applied to the Ficoll density 
gradients and then centrifuged for 15 minutes at 1,500 rpm; 
the islet cell portion of the gradient was identified by visual 
inspection from the middle layer of the Ficoll gradient and 
handpicked. Isolated islets were then washed and cultured in 
RPMI 1640 medium containing 10% fetal calf serum (FBS), 

EXAMPLE 4 

In Vitro Assesment of Islet Yield, Viability, and 
Function 

0074 The results of islet isolation using a collagenase 
IX/RPMI 1640 solution with or without Poly-SFH-P as 
described in Example 3 were analyzed for yield, viability 
and islet cell function. To determine islet yield, dithizone 
stained islets from a representative sample were counted 
under a stereoscopic microscope (Leica Microsystems, Ban 
nockburn, Ill.). Islet viability was assessed by staining with 
trypan blue dye (Sigma). Islets stained more than 25% of its 
surface were considered dead. Live versus dead islets were 
assessed in a representative sample, where a minimum of 50 
islets were counted per sample. 
0075 Cell death was further characterized as follows. 
The level of apoptotic cell death was measured using a living 
cell fluorescein active caspase-3 staining kit (BioVision, 
Mountain View, Calif.). In these assays, an aliquot of 1,200 
islets per group was counted and divided into four Eppen 
dorf tubes with 300 uL of media (RPMI 1640 supplemented 
with 10% FBS and 10% Pen/Strep). A fluorescent dye for 
Caspase-3 (FITC-DEVD-FMK; 1 uL per tube) was added 
into two of the tubes of each group and the other two tubes 
were left untreated as a control. The tubes were incubated for 
1 hour at 37° C. under a 5% CO atmosphere. Cells were 
pelleted from the suspension by centrifugation at 1,100 rpm 
for 1 min and supernatant removed. The pelleted cells were 
then resuspended using the wash buffer in the kit according 
to the manufacturers instructions and washed twice in this 
buffer by centrifugation and resuspension. The cells were 
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then resuspended in 100 uL of the wash buffer and the 
contents of each tube transferred into individual wells of a 
black microtiter plate. Fluorescence intensity was measured 
using an excitation wavelength of 485 nm and emission 
wavelength of 535 nm in a fluorescent plate reader (GENios, 
Tecan US Inc., Durham, N.C.). 
0.076 Islet cell function was assayed by incubation with 
varying amounts (5, 8 and 12 mM) glucose. Intracellular 
divalent calcium ion concentration during glucose stimula 
tion was measured for functional evaluation in isolated 
islets, using standard wide-field fluorescence imaging with 
dual-wavelength excitation fluorescent microscopy. In these 
assays, islets were loaded with a calcium-specific dye (Fura 
2/AM; Molecular Probes, Eugene Oreg.) by incubating the 
islets for 25 min at 37° C. in Krebs solution supplemented 
with 2 mM glucose (KRB2), containing 5 uM Fura-2/AM. 
After loading, the islets were placed into a temperature 
controlled perfusion chamber (Medical Systems Inc, Paola, 
Kans.) mounted on an inverted epifluorescence microscope 
(TE-2000U, Nikon, Inc.) and perfused by a continuous flow 
(rate 2.5 mL/min) with 5% CO-bubbled KRB2 buffer at 37° 
C. (pH 7.4). Krebs buffer containing different glucose con 
centrations (5, 8, and 14 mM) was administered to the islets 
and resulting fluorescence followed for 15 min each, rinsing 
with KRB2 in between. Multiple islets were imaged with 
10x-20x objectives for each sample. Fura-2 dual-wave 
length excitation was set at 340 nm and 380 nm (excitation 
wavelengths), and fluorescence detected at 510 nm (emis 
sion wavelength). Fluorescence was analyzed using 
Metafluor/Metamorph imaging acquisition and analysis 
software (Universal Imaging Corporation, West Chester, 
Pa.) and images collected using a high-speed, high-resolu 
tion charge-coupled device (Roper Cascade CCD, Tucson, 
Ariz.). Estimation of Ca" levels was accomplished using an 
in vivo calibration method. The percentage change of intra 
cellular Ca' between both groups was calculated by the 
maximum increase after glucose stimulation, minus the 
basal (2 mM glucose) Ca" level for each group. 
0.077 Intracellular calcium ion concentration was also 
assessed in these islet cells in the presence of tolbutamide, 
an inhibitor of KT-ATP channels. In these experiments, 
tolbutamide was added to the perfusion media at a final 
concentration of 100 uM in Krebs perfusion media contain 
ing 2 mM glucose and used to perfuse islet cells in the 
absence of glucose stimulation over basal (2 mM glucose). 
These measurements were performed on islets as described 
above. 

0078 Islet cell function was also assessed for glucose 
induced insulin secretion. Static glucose incubation was 
used to compare glucose induced insulin secretion (stimu 
lation index, SI) between islets isolated in the presence or 
absence of Poly-SFH-P as described in Example 1. SI as 
used herein was defined by the ratio of stimulated versus 
basal insulin secretion. Briefly, for each experiment, groups 
of 5 handpicked islets with similar size (approximately 100 
um) were placed in five different wells of a 12 well-plate (5 
replicates), then pre-incubated with 1 mL of Krebs buffer at 
low glucose concentration (1.6 mM glucose final concen 
tration) for 30 min, after which the supernatant was collected 
and discarded. Islets were then incubated for 1 hour in low 
glucose Krebs (1.6 mM glucose final concentration) at 37° 
C. and 5% CO, and supernatants were collected under a 
microscope taking care of not removing any islets from the 
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well. The same step was repeated with addition of Krebs 
high glucose solution (16.7 mM glucose final concentration) 
and incubation of the islets under these conditions for 90 
min. Supernatants were collected and frozen at -20°C. for 
later measurement using an ELISA kit immunologically 
specific for rat insulin (obtained from Mercodia, Uppsala, 
Sweden). All Samples are measured in duplicates. 
0079 Isolation in the presence of O. created the potential 
for reactive oxygen species (ROS) to have injured the 
functional integrity of islet cells, particularly at the mito 
chondrial and cell membranes, which could be disrupted 
inter alia by ROS-peroxidation. Functional integrity of islet 
cells isolated in the presence or absence of Poly-SFH-P as 
disclosed in Example 1 was further assessed by analyzing 
mitochondrial membrane integrity. In these assays, mito 
chondrial membrane potential were assessed using the fluo 
rescent dye Rhodamine 123 (Rh123), a lipophilic cation that 
integrates selectively into the negatively-charged mitochon 
drial membranes and can be used as a probe of mitochon 
drial transmembrane potential. In cells pre-loaded with 
Rh123, membrane potential increase (hyper-polarization), 
which occurs after glucose stimulation in functional islet 
cells, causes more Rh123 to be concentrated in the mito 
chondrial membrane, leading to aggregation of dye mol 
ecules and a decrease (quenching) of the fluorescence signal. 
Rh123 was used as previously described.(Zhou et al., 2000, 
Am J Physiol Endocrinol Metab 278: E340-E351). Briefly, 
islets were incubated for 20 min at 37° C. in Krebs solution 
containing 2 mM glucose and supplemented with 10 g/mL 
Rh123 (Molecular Probes, Eugene, Oreg.), then placed into 
a temperature-controlled perfusion chamber (Medical Sys 
tems Inc.) mounted on an inverted epifluorescence micro 
scope (TE-2000U, Nikon Inc, Melville, N.Y.) The islets 
were perfused with a continuous flow (rate 2.5 ml/min) of 
5% CO-bubbled Krebs buffer at 37° C. (pH 7.4). Islets were 
then stimulated with 14 mM glucose and the changes in 
fluorescence measured for 15 min after glucose stimulation. 
Rh123 fluorescence was determined using 540 as excitation 
wavelength and 590 as emission wavelength, and images 
collected with a charged coupled device camera (Roper 
Cascade CCD). Data were normalized to the average fluo 
rescence intensity recorded during a five-minute period prior 
to glucose stimulation. The percentage change in fluores 
cence intensity between both islet isolation groups (i.e., 
isolated in the presence or absence of Poly-SFH-P) was 
calculated as the maximum reduction in fluorescence inten 
sity after 14 mM glucose stimulation, minus the basal 
fluorescence intensity for each group. 
0080. In addition, Rh123 was used to assay islet cells for 
changes in mitochondrial morphology. In these assays, islets 
from PolySFH-P and control groups were incubated for 15 
min. in Krebs buffer containing 2.5 LM Rh123 and visual 
ized using a Carl Zeiss LSM 510 confocal microscopy 
equipped with 60x water immersion objective. The 488 mm 
line from an argon-krypton laser used for excitation and 
Rh123 emission was detected through an LP 505 filter. The 
intensity and the distribution of fluorescence were used to 
morphologically characterize mitochondrial integrity in 
these islet cells. 

0081. Another assay of ROS-caused injury was assess 
ment of oxidative stress by assaying reduced glutathione 
(GSH) levels. These assays were performed on islet cells 12 
hours post-isolation using the monochlorobimane (mcbm) 
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method (Avila et al., 2003, Cell Transplant 12: 877-881). 
Briefly, 500 islets were cultured for 30 min at 37° C. in one 
well of a 12 well-plate in 5 mL CMRL culture medium 
containing 10 uIl mcbm (a final concentration of 50 mM) 
(Molecular Probes). Islets were collected, washed with 
phosphate buffered saline (PBS) at pH 7.5, resuspended in 
500 uL of 50 mM TRIS buffer containing 1 mM EDTA and 
then sonicated. The sonicated islet cell mixture was the 
centrifuged to clear the supernatant of debris and the fluo 
rescence from the cleared Supernatant detected using a 
fluorescence plate reader (GENios, Tecan US Inc., Durham, 
N.C.) with an excitation wavelength of 380 nm and an 
emission wavelength of 470 nm. 
0082 Cell membrane damage from lipid peroxidation by 
ROS was used as a marker of oxidative injury. The extent of 
lipid peroxidation in islets isolated in the presence or 
absence of Poly-SFH-P as disclosed in Example 1 was 
determined by detecting malondialdehyde (MDA), a product 
of lipid peroxidation. MDA levels were assessed using 
thiobarbituric acid (TBA) according to the method of Yagi 
(1998, Methods Mol Biol 108: 101-106). Briefly, a reaction 
mixture was prepared containing 0.1 M HCl, 0.67% TBA, 
10% phosphotungstic acid and 7% sodium dodecylsulphate 
(SDS) (all obtained from Sigma). 500 islets were sonicated 
in 700 uL PBS into a cell lysate. After centrifugation at 
15,000 rpm to clear the lysate of debris, 500 uL of the 
supernatant were extracted and mixed with 875 uL of the 
reaction mixture, then boiled at 95-98 C. for 1 hour. After 
this process, samples were cooled and mixed with 750 ug|L 
of n-butanol in order to extract MDA and avoid interference 
of other compounds. After a brief centrifugation, 100 uL of 
this Supernatant were extracted and fluorescence assessed in 
duplicate on a 96 well plate with a fluorometer (GENios, 
Tecan US Inc. Durham, N.C.) at an excitation wavelength of 
530/25 and an emission wavelength of 575/15. Samples 
were assayed in comparison with MDA standards (obtained 
from Sigma) prepared at different concentrations (2, 4, and 
8 mM). 
0083. The results of these experiments are shown in 
FIGS. 1-9. FIG. 1 shows the results of perfusion of rat 
pancreata with PolySFH-P on islet yield, which did not have 
a significant impact on post-isolation islet yields when 
compared to the control group (207-33 vs. 172+32 islets/rat 
respectively, p=0.46). 

0084. The results on islet viability, on the other hand, 
Surprisingly showed that viability was significantly 
increased in isolates prepared in the presence of PolySFH-P 
compared with the control collagenase/RPMI 1640 media 
without PolySFH-P (FIG. 1). 
0085. In Caspace-3 experiments to assess the extent to 
which cell viability was compromised by apoptosis, isolated 
islets from PolySFH-P perfused pancreata showed fewer 
apoptotic cells compared to the control (FIG. 2) as detected 
by lower caspase 3 activity. 
0.086 Turning to experiments directed at assessing the 
impact of islet isolation in the presence of PolySFH-P on 
islet cell function, improved islet responsiveness to glucose 
was shown by increased intracellular Ca" levels in islets 
after stimulation with glucose at different concentrations 
(FIG. 3A). In all three concentrations (5, 8, and 14 mM) of 
glucose tested, PolySFH-P-treated islets demonstrated sig 
nificantly higher intracellular Ca" values than control in a 
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dose-response manner (FIG. 3B). Further, addition of tolb 
utamide (an inhibitor of ATP-dependent K" channels) 
showed that when mitochondrial ATP regulation in these 
channels was by-passed, there was no significant difference 
in intracellular Ca" levels between both groups (FIG. 4 A 
and B). 
0087 Finally, insulin secretion in response to glucose 
stimulation was significantly increased in islet cells isolated 
from rat pancreata in the presence of PolySFH-P compared 
to the control group (FIG. 5). 
0088. The results of experiments to assess whether ROS 
were present during islet isolation and to what extent these 
species caused oxidative damage to the islet cells are shown 
in FIGS. 6 and 7. Measurements of mitochondrial membrane 
potential indicated a better functional integrity of 
PolySFH-P islets than in the control group as shown by an 
increased percentage of the change (decrease) in Rh123 
fluorescence, representative of undamaged electrochemical 
potential as a response to glucose stimulation (14 mM) 
(FIGS. 6A and 6B). In addition, morphological assessment 
of mitochondria in islets from the control group appeared 
Swollen and fragmented, showing decreased staining with 
Rh123 around the nuclei with loss of the continuity of the 
staining. In contrast, PolySFH-P treatment showed 
improved islet cell mitochondrial morphology, with reduced 
Swelling and fragmentation and increased staining around 
the nuclei (FIG. 7). These results are consistent with islet 
isolation in the presence of PolySFH-P showing less ROS 
generated oxidative damage that in the control group iso 
lated in the absence of PolySFH-P. 
0089. Whether O. delivery by PolySFH-P increased oxi 
dative stress or injury was established by assaying GSH and 
MDA levels in islet cells isolated as disclosed in Example 1. 
Oxygenated PolySFH-P did not decrease glutathione levels 
(7.1+2.9 nmol/mg protein for PolySFH-P and 6.8+2.4 for 
control; p=0.93). Similarly, lipid peroxidation as measured 
by MDA levels was not significantly different between 
PolySFH-P and control group (1.8+0.9 nmol/mg protein vs. 
6.2+2.4, respectively; p=0.19) indicating the there was no 
increased oxidative stress by the presence of higher O. 
levels. 

0090 The foregoing observations indicated that, surpris 
ingly, intraductal perfusion of ischemic pancreata with 
PolySFH-P improved islet viability and function associated 
with maintenance of mitochondrial integrity, and that iso 
lating pancreatic islets in the presence of PolySFH-P did not 
lead to increased oxidative stress in isolated islets. 

0091. These results illustrate significant advantages in 
using PolySFH-P in isolating pancreatic islets. These results 
demonstrated that mitochondria, which are a major contribu 
tor to apoptotic cell death under ischemic conditions, main 
tain improved function and integrity in the presence of 
oxygenated PolySFH-P. Higher O. availability to PolySFH 
P-treated islets was shown by higher O tensions in the 
perfusion media compared to the control. The availability of 
O. substrate for mitochondria may be responsible for the 
improved viability observed in islets from the PolySFH-P 
group. Islets are exposed to significant oxidative stress 
during the islet isolation and transplantation procedure. 
Surprisingly, increased O provided in the form of oxygen 
ated PolySFH-P did not result in significant production of 
ROS as assessed by analysis of mitochondria, both struc 
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turally and functionally as shown above. Indeed, the results 
shown above Support the conclusion that mitochondrial 
function and integrity were improved by oxygenated 
PolySFH-P treatment, leading to both improved glucose 
stimulated insulin secretion and decreased cell death. 

0092. The results shown above indicated that increased 
O, availability resulting from the use of oxygenated 
PolySFH-P protected islets from apoptosis, measured by 
lower levels of caspase-3 than in the control group. This 
result is consistent with the observation that hypoxia has 
been shown to initiate apoptosis, mainly through the release 
of mitochondrial mediators into the cytosol. Mitochondrial 
functional integrity was shown to be superior in PolySFH 
P-treated islets with improved membrane electrochemical 
potential in response to glucose stimulation. Functional 
integrity was complemented by the conservation of mito 
chondrial structure in the PolySFH-P-treated islets, deter 
mined by less Swelling and more elongated mitochondria. 
Enhanced mitochondrial staining, representative of 
improved perinuclear localization in the PolySFH-P-treated 
islets, was also observed. 

0093. The foregoing results also indicate that in vitro 
function of isolated islets was improved by intraductal 
administration of PolySFH-P to the ischemic pancreas. 
Higher stimulation indices were obtained in PolySFH-P- 
treated islets compared to the control in response to a static 
glucose challenge. The enhanced function for PolySFH-P 
treated islets was supported by higher intracellular Ca" 
levels in response to glucose. These results demonstrate that 
the capacity of islet mitochondria to increase cytosolic Ca", 
necessary for insulin secretion in beta cells, is greater in 
islets isolated in the presence than in the absence of oxy 
genated PolySFH-P. The specificity of this improvement 
was shown in experiments where islets were incubated in the 
presence of tolbutamide, a K-ATP channel inhibitor. Under 
these conditions, cells depolarize and raise calcium levels, 
directly promoting insulin secretion. After the addition of 
tolbutamide, intracellular Ca" response to glucose was 
similar between both groups. These results suggest that the 
provision of O by PolySFH-P protected the mitochondrial 
pathway in the process of insulin secretion in response to 
glucose. 

0094. These in vitro results all supported the conclusion 
that pancreatic islets isolated in the presence of oxygenated 
PolySFH-P were structurally and functionally superior to 
islets isolated without oxygenated PolySFH-P. 

EXAMPLE 5 

In Vivo Assessment of Islet Yield, Viability, and 
Function 

0.095 Islet function was assessed in vivo by transplanta 
tion under the kidney capsule of diabetic athymic nude mice 
(Harlan Industries), using animals treated as set forth in 
Example 1 with the exception that these animals were 
housed and Surgeries performed under a laminar flow hood 
located in “barrier” rooms to prevent adventitious infection. 

0.096 Diabetes was induced in these animals by a single 
intraperitoneal (IP) injection of streptozotocin (Sigma) at a 
dose of 220 mg/kg body weight. Diabetes was considered 
induced in treated animals after three or more non-fasting 
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blood glucose levels of >300 mg/dL taken from the tail vein, 
which generally occurred after a maximum of 72 hours post 
injection. 

0097. For transplantation, animals were anesthetized by 
isoflurane inhalation using a vaporizer and masks (Viking 
Medical). In these experiments, islets were transplanted 
without culture fresh after isolation. 250 islets from 
PolySFH-P/RPMI solution-treated pancreata (PolySFH-P) 
or RPMI 1640 medium-treated pancreata (Control) were 
transplanted into each mouse under the left kidney capsule 
as described in Oberholzer et al. (1999, Immunology 97: 173 
180). It was expected using this procedure that transplanta 
tion of 250 ischemic rat islets would reverse diabetes in less 
than 50% of recipients. Successful transplantation was 
defined by reduction of glycemia to below 200 mg/dL. 
Normoglycemic recipients underwent graft-bearing nephre 
ctomy 5-7 weeks post-transplantation. Return to hypergly 
cemia was interpreted as indirect proof of islet graft function 
rather than spontaneous recovery of the native pancreas. 

0098 Graft function was also assessed by the lag period 
required to achieve normoglycemia, using an Intraperitoneal 
Glucose/Arginine tolerance test (IPG/ATT) one week post 
transplantation. Briefly, in these assays glucose (at 2 mg/kg 
body weight) and arginine (3 mg/kg) were injected intrap 
eritoneally (IP) in 0.5 cc using a representative sample of 
randomly selected euglycemic animals (n=5 for PolySFH-P 
and n=3 for Control; in the Control group only 4 animals 
achieved normoglycemia). Blood glucose levels were 
detected by tail puncture at serial time-points (0, 5, 15, 30. 
45 and 60 minutes) after injection. 
0099] The results of these experiments were evaluated 
statistically, using Student's t test and Pearson Chi-Square 
test, where p values <0.05 were regarded as statistically 
significant. 

0.100 The results of the foregoing experiments revealed 
that the percentage of cured mice transplanted with 
PolySFH-P or Control islets was similar (6 out of 10 and 4 
out of 9 respectively, p=0.4). Surprisingly, mice transplanted 
with islets treated with PolySFH-Pachieved normoglycemia 
and reversed diabetes in a significantly shorter time than the 
mice transplanted with islets from the Control group (FIG. 
8). Moreover, the mice receiving PolySFH-P-treated islets 
showed better graft function with lower glucose levels 
during IPG/ATT (FIG. 9). 
0101 These results indicated that PolySFH-P perfusion 
of the ischemic rat pancreas improved islet graft function in 
vivo, as shown by a better response to IPG/AT stress test and 
a shortened lag time to reach normoglycemia after trans 
plantation. These in vivo results confirmed the improved 
function of PolySFH-P-treated islets observed in vitro. 

0102) In order to determine the effect of PolySFH-P 
perfusion specifically on the beta cell population, fractional 
beta cell viability was assessed using the method of Ichii et 
al. (2005, Am J Transplant 5:1635-1645). This method 
involved assessing cell membrane stability and mitochon 
drial membrane stability of beta and non-beta cells. In these 
experiments, islets were dissociated and the cells staining 
with the following dyes: 7-aminoactinomycin D (7aad, 
specific for cell membrane stability), teramethylrhodamine 
ethyl ester (TMRE, mitochondrial membrane stability) and 
Newport Green (NG, wherein NG high populations were 
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beta cells and NG low populations were non-beta cells). A 
single cell suspension was created by incubating 1000 islets 
per condition in 2 mL Accutase (Innovative Cell Technolo 
gies Inc. San Diego) for 7 minutes at 37° C. followed by 
gentle pipetting. Cells were then incubated with 1 uM 
Newport green PDX; (Invitrogen, Molecular Probes) and 
100 ng/mL TMRE (Invitrogen, Molecular Probes) in PBS 
for 30 min at 37° C. After washing with PBS, cells were 
stained with 5ug/mL 7AAD (Invitrogen, Molecular Probes). 
The cells were analyzed using Cell Quest software and the 
LSR by Becton Dickinson (Mountainview, Calif.). Gating 
for NG was performed by side scatter and FL1. 
0103) The results of these experiments are shown graphi 
cally in FIG. 10. PolySFH-P improved integrity of both beta 
and non-beta cells. Fractional islet cell viability assessment 
indicated that beta cells were more vulnerable to ischemic 
damage than non-beta cells in the islets, and thus benefited 
to a greater extent from the presence of oxygenated 
PolySFH-P in the culture media. 
0104. Although certain presently preferred embodiments 
of the application have been described herein, it will be 
apparent to those of skill in the art to which the application 
pertains that variations and modifications of the described 
embodiment may be made without departing from the spirit 
and scope of the application. Accordingly, it is intended that 
the application be limited only to the extent required by the 
following claims and the applicable rules of law. 
We claim: 

1. A solution comprising (a) polymerized hemoglobin 
derived from mammalian blood and (b) an enzyme. 

2. The solution of claim 1, wherein the enzyme is a 
protease. 

3. The solution of claim 2, wherein the protease is 
collagenase. 

4. The solution of claim 1, further comprising cell culture 
medium. 

5. The solution of claim 4, wherein the cell culture 
medium is RPMI. 

6. The solution of claim 5, wherein the enzyme is colla 
genase. 

7. The solution of claim 1, further comprising a buffer. 
8. The solution of claim 1, wherein the polymerized 

hemoglobin is derived from human blood and is pyridoxy 
lated. 

9. The solution of claim 8, further comprising cell culture 
medium. 

10. The solution of claim 9, wherein the enzyme is 
collagenase and the cell culture medium is RPMI. 

11. The solution of claim 1, wherein the solution is 
oxygenated. 

12. The solution of claim 4, wherein the solution is 
oxygenated. 

13. The solution of claim 10, wherein the solution is 
oxygenated. 

14. A Solution comprising (a) polymerized hemoglobin 
derived from mammalian blood and (b) cell culture medium. 

15. The solution of claim 14, wherein the cell culture 
medium is RPMI. 

16. The solution of claim 14, wherein the solution is 
oxygenated. 

17. A process for the preparation of the solution of claim 
1, comprising mixing (a) polymerized hemoglobin derived 
from mammalian and (b) one or more enzymes. 
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18. A process for the preparation of the solution of claim 
2, comprising mixing (a) polymerized hemoglobin derived 
from human blood and (b) a protease. 

19. A process for the preparation of the solution of claim 
3, comprising mixing (a) polymerized hemoglobin derived 
from human blood and (b) collagenase. 

21. A process for the preparation of the solution of claim 
4, comprising mixing (a) polymerized hemoglobin derived 
from human blood, (b) one or more enzymes, and (c) cell 
culture medium. 

21. A process for the preparation of the solution of claim 
5, comprising mixing (a) polymerized hemoglobin derived 
from human blood, (b) one or more enzymes, and (c) RPMI. 

22. A process for the preparation of the solution of claim 
6, comprising mixing (a) polymerized hemoglobin derived 
from human blood, (b) collagenase, and (c) RPMI. 

23. A process for the preparation of the solution of claim 
7, comprising mixing (a) polymerized hemoglobin derived 
from human blood, (b) one or more enzymes, and (c) a 
buffer. 

24. A process for the preparation of the solution of claim 
8, comprising mixing (a) polymerized and pyridoxylated 
hemoglobin derived from human blood and (b) one or more 
enzymes. 

25. A process for the preparation of the solution of claim 
9, comprising mixing polymerized and pyridoxylated hemo 
globin derived from human blood, (b) one or more enzymes, 
and (c) cell culture medium. 

26. A process for the preparation of the solution of claim 
10, comprising mixing polymerized and pyridoxylated 
hemoglobin derived from human blood, (b) collagenase, and 
(c) RPMI. 

27. A process for the preparation of the solution of claim 
11, comprising mixing (a) polymerized hemoglobin derived 
from human blood and (b) one or more enzymes, followed 
by contacting the mixture with O gas. 

28. A process for the preparation of the solution of claim 
12, comprising mixing (a) polymerized hemoglobin derived 
from human blood, (b) one or more enzymes, and (c) cell 
culture medium, followed by contacting the mixture with O. 
gaS. 

29. A process for the preparation of the solution of claim 
13, comprising mixing (a) polymerized and pyridoxylated 
hemoglobin derived from human blood, (b) collagenase, and 
(c) RPMI, followed by contacting the mixture with O. gas. 

30. A process for the preparation of the solution of claim 
14, comprising mixing (a) polymerized hemoglobin derived 
from human blood and (b) cell culture medium. 

31. A process for the preparation of the solution of claim 
15, comprising mixing (a) polymerized hemoglobin derived 
from human blood and (b) RPMI. 

32. A process for the preparation of the solution of claim 
16, comprising mixing (a) polymerized hemoglobin derived 
from human blood and (b) cell culture medium, followed by 
contacting the mixture with O gas. 

33. A methods of preserving a whole mammalian organ, 
comprising contacting the whole organ with a solution 
comprising (a) polymerized hemoglobin derived from mam 
malian blood and (b) cell culture medium. 

34. A method according to claim 33, where the organ is a 
human liver, a human lung, or a human kidney. 
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