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Abstract

The development of hemoglobin-based oxygen carriers
has been propagated for replacement of the oxygen
carrying properties of red blood cells for almost one cen-
tury. Using a Clark-type multi-wire oxygen surface elec-
trode and the dorsal skin fold chamber model of the
awake Syrian golden hamster, local tissue pO, was ana-
lyzed in the thin striated skin muscle before and after
administration of an ultrapurified polymerized bovine
hemoglobin solution (U-PBHb®, Biopure Corp., Boston,
Mass., USA) under the following experimental condi-
tions: (a) hypervolemic infusion with U-PBHb at ~ 10% of
calculated blood volume, and (b) isovolemic exchange
transfusion with U-PBHb by replacing ~50% of calcu-
lated blood volume. Control animals of group a received
equivalent treatment with either isotonic saline or dex-
tran 60, control animals of group b received dextran 60.
Local tissue pO, was found slightly decreased after both
hypervolemic infusion and isovolemic exchange transfu-
sion with U-PBHb, while frequency distribution curves of
local tissue pO, were found more narrow (less values
<10 mm Hg and >25 mm Hg), suggesting a more homo-
geneous tissue pO, distribution. The data thus indicate

that U-PBHb slightly decreases mean tissue pO, after
both hypervolemic infusion and isovolemic exchange
transfusion which is accompanied by an effective ho-
mogenization of local tissue pO, distribution as com-
pared to dextran 60.
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Introduction

Red cell substitutes derived from either recombinant,
transgenic, or chemically modified natural hemoglobins
are a promising approach to cover the enormous demand
for red blood cell concentrates. Some of those have mean-
while also undergone clinical phase I and II trials in
healthy volunteers and patients, respectively [1, 2].

U-PBHDb® is an iso-oncotic solution of glutaraldehyde-
polymerized a- and B-chains of bovine hemoglobin. This
material has previously been investigated in a microcircu-
lation model in the hamster allowing chronic visualiza-
tion of the intact microcirculation of striated skin muscle
in conscious animals: even under the condition of resusci-
tation from hemorrhagic shock, no enhancement of leuko-
cyte/endothelial cell interaction or macromolecular leak-
age across the microvascular wall was observed indicating
the abscence of unwanted side effects in the microcircula-
tion during ischemia/reperfusion. U-PBHb was found a
safe resuscitation fluid, superior to commonly used resus-
citation fluids like Ringer’s solution or dextran 60 [3].
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The aim of the present study was to prove these micro-
circulatory effects of U-PBHb as an oxygen-carrying red
cell substitute by assessing both mean tissue pO, and its
spatial distribution pattern. This is of particular interest
due to the influence of the hemoglobin molecule on arteri-
olar constriction and its sequelae on local tissue oxygena-
tion. To allow direct comparability to our microcircula-
tion study in the striated skin muscle [3], we used the
same animal model and experimental protocols for analy-
sis of local tissue pO,. Animals were subjected to the pro-
tocols of (a) hypervolemic infusion and (b) isovolemic
exchange transfusion of ~50% of the estimated blood
volume to a hematocrit of ~ 30%, thus providing direct
correlation between the already obtained microcircula-
tion data and tissue oxygenation properties. Mean tissue
pO» and spatial pO, distribution were monitored prior to
and after administration of U-PBHb or respective control
fluids using the Clark-type multi-wire oxygen surface elec-
trode [4, 5].

Material and Method

Animal Model

Effects of hypervolemic infusion and isovolemic exchange trans-
fusion on local tissue pO, were analyzed in male Syrian golden ham-
sters (6-8 weeks old, 50-70 g body weight). All experiments were
performed in accordance with the Guide for the Care and Use of
Laboratory Animals (NIH Publication No. 80-23, revised 1985). Fit-
ted with a dorsal skin fold chamber [6, 7], the preparation allows
either intravital microscopic investigation or local tissue pO, analy-
sis of a thin striated skin muscle consisting of arterioles, capillaries,
and postcapillary venules contained within the observation window.
Chamber implantation and catheterization of the left carotid artery
and jugular vein were performed under intraperitoneal pentobarbital
anesthesia (60 mg/kg body weight, Nembutal®, Abbott, Wiesbaden,
Germany) as previously described [3, 8]. Measurements were made
after a recovery period of at least 24-48 h to eliminate the effects of
surgical intervention and anesthesia. Only animals showing no alter-
ations in sleeping, feeding, and hygiene habits, and no signs of
inflammation, edema, or low flow perfusion in the microvascular bed
[9] underwent the experimental protocols.

Local Tissue pO, Measurements

Using the Clark-type oxygen multi-wire surface electrode (MDO,
Trolag, Schwabach, Germany) as introduced by Kessler and Liibbers
[4, 5], both mean tissue pO; and its local distribution can be ana-
lyzed. The electrode consists of eight platinum wires and allows
simultaneous monitoring of eight different tissue points by recording
the pO, signals from a spheroid tissue volume of 12 mm in diameter.
The employment of a micromanipulator [10] facilitates the gentle
movement of the electrode in 8-10 0.5-mm steps permitting assess-
ment of pO, at n = 64-80 local data points per animal and time point
of investigation. The pO, values were registered from the striated
skin muscle and classified into 5-mm ranges versus frequency of
occurrence. Therefore, the method allows measurement of both spa-
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Table 1. Properties of U-PBHD solutions

Parameter U-PBHbL®
Hemoglobin 13 g/dl
Methemoglobin content <10%

pOso 34 mm Hg
pH 7.8

Colloid osmotic pressure 20 mm Hg
Osmolarity 295 mmol/kg
Na* 150 mmol/l
K+ 4.0 mmol/l
Cl- 145 mmol/l
M, 64-500 kDa
Phospholipids <3 nmol/ml
Endotoxin content <0.5 EU/ml

Data provided by Biopure Corp., Boston,
Mass., USA.

tial and temporal variations of local tissue pO, values which range
between zero and the arterial pO, [5]. With use of this method, the
pO; distribution curve from the hamster dorsal skin fold tissue has
been shown to be highly reproducible [11, 12] at baseline values in
the range of 19.5 = 1 mm Hg. These values are distinct from those
reported for skeletal muscle tissue [4, 5, 13-15]. To permit superfu-
sion of the tissue with isotonic saline (Delta Pharma GmbH, Pful-
lingen, Germany) and placement of the electrode, the cover slip of
the skin fold chamber had to be removed from the observation win-
dow of titanium chambers before performance of the measurements.
This procedure has been shown not to alter the microvascular perfu-
sion and leukocyte/endothelial cell interaction in the underlying tis-
sue when gently performed [16]. As reported by other researchers
[17], the tissue temperature was kept between 24 and 26°C, while
calibration and experimental measurements were performed.

Hemoglobin Solutions

The ultrapurified polymerized bovine hemoglobin solution (U-
PBHB®, table 1) was obtained from Biopure Corp. (Boston, Mass.,
USA). Preparation was performed in accordance with previously
described techniques [18-20] consisting of hypertonic lysis of the
blood cells, filtration, chromatography, and polymerization with glu-
taraldehyde and storage at room temperature. In comparison to
human hemoglobin, the amino acid composition of an af-dimer of
bovine hemoglobin shows 28 substitutions, whereof two are located
in the B-chain and are suggested relevant for the decreased oxygen
affinity of bovine hemoglobin when compared to human [21]. Fur-
thermore, the oxygen affinity is not regulated by 2,3-diphosphogly-
cerate (2,3-DPG) but by chloride ions [22]. Therefore, in a cell-free
preparation of bovine hemoglobin, there is no increase in oxygen
affinity due to absence of intracellular allosteric regulators. The same
solution has already been reported in a microcirculation study on
safety and toxicity [3].

Experimental Design
The macrohemodynamic parameters mean arterial pressure
(MAP) and heart rate (HR) were continuously monitored during the
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Table 2. Mean arterial pressure (MAP)

before and after hypervolemic infusion and MAP, mm Hg

isovolemic exchange transfusion baseline 5 min 25 min 40 min 55 min 70 min
Hypervolemic infusion
NaCl10.9 % 1007 1057 1007 958 100£6 1056
Dextran 60 1007 100£6 95+38 1056 1025 1007
U-PBHb 1007 1156 1137 117+4 109+10 111£8
Isovolemic exchange transfusion
Dextran 60 1007 102£6 98+4 1054 102+6 98+4
U-PBHb 1007 1206 115+6 118+4 110£5 115+4

Table 3. Heart rate (HR) before and after -

hypervolemic infusion and isovolemic HR, min

exchange transfusion baseline 5 min 25 min 40 min 55 min 70 min
Hypervolemic infusion
NaCl0.9 % 35225 335+23 35225 371+30  351+23 335£21
Dextran 60 352425 35123 37130  335+21 345+16 352+25
U-PBHb 352425 305+17 31020 30010  323+£29  318%26
Isovolemic exchange transfusion
Dextran 60 352425 345+19 35613  334+13 345+19  356=%13
U-PBHb 352+£25 292+14 30515 298+9 31914  305+11

experiments using a Statham element (PD 23, Gould Statham, Calif.,
USA) connected to the indwelling carotid catheter and to a micro-
pressure transducer and cardiovascular analyzer (Type Brush 2400,
Gould-Allco, Ballainvilliers, France). In consistence with a previous
microcirculatory study [3], the experimental protocol was as follows.

Hypervolemic Infusion

The influence of a low-dose administration of U-PBHb on the
microcirculation of the striated skin muscle was determined by infus-
ing the animals with 5 ml per kg body weight (~ 10% total blood
volume; 500 mg/kg) of either isotonic saline (Delta Pharma GmbH,
Pfullingen, Germany), 6% dextran 60 (Dx-60, Schiwa GmbH, Glan-
dorf, Germany) or bovine hemoglobin solution (U-PBHDb). Measure-
ments of pO, values were performed prior to hypervolemic infusion
(baseline) and 10, 30, and 60 min thereafter.

Isovolemic Exchange Transfusion

The effect of a 5.5-fold higher dose of U-PBHb was assessed by
exchange transfusion of the animals with either 6% dextran 60 or
hemoglobin solution at a rate of 0.3 ml/min i.v. to a final hematocrit
of 30 £ 3%. The exchange volume amounted to ~ 50% of total blood
volume which was calculated from 7% of total body weight [23].
Measurements of pO, values were made prior to exchange transfu-
sion (baseline) and 10, 30, and 60 min thereafter.

Experimental Design

Thirty animals fulfilling the entry criteria [6] were involved in the
study: 18 of them underwent hypervolemic infusion grouped into
isotonic saline-treated animals (n = 6), dextran 60-treated animals
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(n = 6), and those who received U-PBHDb (n = 6). Another 12 animals
were subjected to the isovolemic exchange transfusion protocol and
grouped into dextran 60 (n = 6) and U-PBHb-treated animals
(n =6).

Statistics

All data are given as mean * standard deviation (SD). For all
statistical tests the minimum level of significance considered was 5%
(p<0.05). For differences between groups, time-related changes were
assessed with Kruskal-Wallis ANOVA (Sigma Stat® Version 1.0,
1992-1994, Jandel Corp., USA), for differences within groups (re-
peated measurements), Student-Newman-Keuls test was applied.

Results

Hypervolemic Infusion

MAP and HR. Under baseline conditions, MAP and
HR ranged between 95 and 105 mm Hg and between 300
and 400 beats per minute, respectively. Hypervolemic
infusion of isotonic saline or dextran 60 caused no
changes of these parameters, whereas application of U-
PBHD initiated an immediate increase in MAP by ~ 15%
which remained elevated during the entire observation
time of 60 min and a HR response in reciprocal manner
(table 2, 3).

Botzlar/Steinhauser/Nolte



Fig. 1. Spatial distribution of tissue pO,
before and after hypervolemic infusion of
isotonic saline (n = 6, mean £+ SD).

Fig. 2. Spatial distribution of tissue pO,
before and after hypervolemic infusion of
dextran 60 (n = 6, mean *+ SD).
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Local Tissue pO,. Mean local tissue pO, in striated
skin muscle after hypervolemic infusion of normal saline
and dextran 60 disclosed no changes when compared with
preinfusion values, while a 17% decrease was observed
1 h after infusion of U-PBHDb (fig. 6). Analysis of the
underlying local tissue pO, distribution curves demon-
strates that mean local tissue pO, under baseline condi-
tions and after treatment with either normal saline or dex-
tran 60 mainly results from values in the ranges of 15-20
and 20-25 mm Hg (fig. 1-3), while application of U-
PBHD led to a left shift of this distribution pattern by
5 mm Hg (fig. 3).

Isovolemic Exchange Transfusion

MAP and HR. Exchange transfusion with U-PBHb
resulted in a 20% increase of MAP which was seen during
the entire observation period and — similar to the results
of hypervolemic infusion — in a HR response in reciprocal
manner. These changes were absent after exchange trans-
fusion with dextran 60, where only a slight decrease in
MAP was noted (table 2, 3).
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Local Tissue pO,. Mean local tissue pO, in striated
skin muscle decreased by 7% 1h after isovolemic ex-
change transfusion with dextran 60, and by 27% after use
of U-PBHD, respectively (fig. 7). While isovolemic ex-
change transfusion with dextran 60 did not alter tissue
pO, distribution pattern (fig. 4), the treatment with U-
PBHD resulted in a left shift by 5 mm Hg and a narrowing
of this pattern (fig. 5), meeting the demand of adequate
tissue oxygenation and avoiding tissue hypoxia (values in
the range of 0-5 mm Hg).

Discussion

The present study suggests the effective homogeniza-
tion of local tissue pO; by U-PBHbD by providing a more
homogeneous distribution of local tissue oxygen tensions
under the condition of isovolemic exchange tranfusion as
assessed in the striated skin muscle of conscious Syrian
golden hamsters.

Similar to findings by others with U-PBHD [24, 25],
further compositions of bovine [26, 27] and other mam-
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Fig. 4. Spatial distribution of tissue pO,
before and after isovolemic exchange trans-
fusion of dextran 60 (n = 6, mean £+ SD).

Fig. 5. Spatial distribution of tissue pO;
before and after isovolemic exchange trans-
fusion of U-PBHDb (n = 6, mean £ SD).
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Fig. 6. Mecan tissue pO; before and after hypervolemic infusion (n =
6, mean £ SD). *p < 0.05 vs. baseline (Student-Newman-Keuls-
test), T p<0.05 vs. 6% dextran 60 (Kruskal-Wallis-test).

malian hemoglobins [8, 28] and similar to our own find-
ings with U-PBHb [3], a significant elevation of mean
arterial pressure has been found accompanied by reflex
bradycardia following infusion of these solutions. The
effect may be explained by the scavenge of NO* by hemo-
globin via formation of S-nitrosohemoglobin within the
vascular bed [26, 29-31]. This mechanism is of particular
interest in this context, since vasoconstriction — and as a
consequence flowmotion — is known to influence local tis-
sue pO, [32-34].

We assume hemoglobin to cause a modulation of vaso-
motion, since the application of U-PBHb is accompanied
by a homogenization of the distribution pattern of local
tissue pO,, assessed with the Clark-type multi-wire sur-
face electrode. After isovolemic exchange transfusion, the
effect was even more pronounced than after hypervolemic
infusion and the procedure simultaneously resulted in a
decrease of mean local tissue pO,. At the end of the obser-
vation period, no increase of hypoxic values (0-5 mm Hg)
was registered suggesting that this phenomenon may be
interpreted not to be harmful to the tissue. Other re-
searchers even found tissue oxygenation improved after
isovolemic hemodilution to a hematocrit of ~ 10% using
U-PBHb as compared to autologous stored red cells [35].
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Fig. 7. Mean tissue pO, before and after isovolemic exchange trans-
fusion (n = 6, mean £ SD). * p<0.05 vs. baseline (Student-Newman-
Keuls-test), T p < 0.05 vs. 6% dextran 60 (Kruskal-Wallis-test).

Due to the demonstration of a more homogeneous pO,
distribution pattern, we claim U-PBHb to economize oxy-
gen distibution by lessening areas of inadequately high or
low tissue oxygen tension. This is consistent with findings
of raised tissue oxygenation yielding improved organ
function and morphology, when U-PBHb was compared
to an iso-oncotic perfusion fluid in rat kidneys [36].

In summary, this study provides in vivo evidence that
U-PBHD significantly improves the homogeneity of local
tissue oxygenation. To clarify whether these effects hold
true under the conditions of severe ischemia and reperfu-
sion, further trials with U-PBHDb, especially under the
conditions of severe hemorrhagic shock, have to be under-
taken.

Botzlar/Steinhauser/Nolte



10

11

References

Deby-Dupont G, Pincemail J, Lamy M: Hemo-
globin-based red cell substitutes: Preliminary
human studies. Yearb Intensive Care Emerg
Med 1994;264-275.

Hughes GS Jr, Antal EJ, Locker PK, Francom
SF, Adams WJ, Jacobs EE Jr: Physiology and
pharmacokinetics of a novel hemogolin-based
oxygen carrier in humans. Crit Care Med 1996;
25:756-764.

Botzlar A, Nolte D, Messmer K: Effects of
Ultra-Purified Polymerized Bovine Hemoglo-
bin on the microcirculation of striated skin
muscle in the hamster. Eur J Med Res 1996;1:
471-478.

Kessler M, Grunewald WA: Possibilities of
measuring oxygen pressure flieds in tissue by
multiwire platinum electrodes. Prog Resp Res
1969:;3:147-152.

Liibbers DW: The meaning of the tissue oxygen
distribution curve and its measurement by
means of platinum electrodes; in Kreuzer F
(ed): Oxygen Pressure Recording in Gases,
Fluids, and Tissues. Basel, Karger, 1969, pp
112-113.

Endrich B, Asaishi K, Goetz A, Messmer K:
Technical report — A new chamber technique
for microvascular studies in unanesthetized
hamsters. Res Exp Med 1980;177:125-134.
Nolte D, Menger MD, Messmer K: Microcircu-
latory models of ischemia-reperfusion in in
skin and striated muscle. Int J Microcirc Clin
Exp 1995;15(suppl 1):9-16.

Nolte D, Botzlar A, Pickelmann S, Bouskela E,
Messmer K: Effects of diaspirin-cross-linked
hemoglobin (DCLHb) on the microcirculation
of striated skin muscle in the hamster. J Lab
Clin Med 1997;130:314-327.

Duling BR: The preparation and use of the
hamster cheek pouch for studies of the micro-
circulation. Microvasc Res 1973;5:423-429.
Murr R, Berger S, Schiirer K, Peter K, Baeth-
mann A: A novel remote-controlled suspension
device for brain tissue pO, measurements with
multiwire surface electrodes. Pfliigers Arch
1994;426:348-350.

Menger MD, Hammersen F, Barker J, Feifel G,
Messmer K: Tissue pO, and functional capil-
lary density in chronically ischemic skeletal
muscle Adv Exp Med Biol 1988;222:631-636.
Tsai AG, Kerger H, Intaglietta M: Microcircu-
latory consequences of blood substitutes with
ao-hemoglobins; in Winslow RM, Vandegriff
KD, Intaglietta M: Blood Substitutes — Physio-
logical Basis of Efficacy. Boston, Birkhduser,
1995, pp 155-174.

Effects of U-PBHb® on Oxygen Tension in

Skin Muscle

20

21

22

23

25

Messmer K, Gornandt L, Jesch F, Sinagowitz
E, Sunder-Plassmann L, Kessler M: Oxygen
transport and tissue oxygenation during hemo-
dilution with dextran. Adv Exp Med Biol 1973;
37:669-680.

Messmer K, Gornandt L, Sinagowitz E, Sun-
der-Plassmann L, Jesch F, Kessler M: Local
oxgygen tension in tissue of different organs
during limited normovolemic hemodilution.
Bibl Anat 1973;12:327-332.

Messmer K, Sunder-Plassmann L, Jesch F,
Gornandt L, Sinagowitz E, Kessler M: Oxygen
supply to the tissues during limited normovo-
lemic hemodilution. Res Exp Med Berl 1973;
159:152-166.

Lehr HA, Guhlmann A, Nolte D, Keppler D,
Messmer K: Leukotrienes as mediators in isch-
emia-reperfusion injury in a microcirculation
model in the hamster. J Clin Invest 1991;87:
2036-2041.

Kerger H, Torres IP, Rivas M, Winslow RM,
Intaglietta M: Systemic and subcutaneous mi-
crovascular oxygen tension in concious Syrian
golden hamsters. Amer J Physiol — Heart Circ
Phys 1995;37:H802-H810.

Feola M, Gonzales H, Canizaro P, Bingham D,
Periman P: Development of a bovine stroma-
free hemoglobin solution as a blood substitute.
Surg Gynecol Obstet 1983;157:399-408.
Feola M, Simoni J, Canizaro P, Tran R, Rasch-
baum G, Behal F: Toxicity of polymerized
hemoglobin solutions. Surg Gynecol Obstet
1988;166:211-222.

De Venuto F, Zuck TF, Zenga Al, Moore WY:
Characteristics of stroma-free hemoglobin pre-
pared by crystallization. J Lab Clin Med 1989;
1977:509-516.

Fronticelli C, Bucci E, Razynska A, Sznaider J,
Urbaitis B, Gryzynski Z: Bovine hemoglobin
pseudo-cross-linked with mono-(3,5-dibromo-
salicyl)-fumarate. Eur J Biochem 1990;193:
331-336.

Fronticelli C, Bucci E, Razynska A: Modula-
tion of oxygen affinity in hemoglobin by sol-
vent components. Interaction of bovine hemo-
globin with 2,3-diphosphoglycerate and mon-
atomic anions. J Mol Biol 1988;202:343-348.
Kutscher C: Plasma volume change during wa-
ter-deprivation in gerbils, hamsters, guinea
pigs and rats. Comp Biochem Physiol 1968;25:
929-936.

Harringer W, Hodakowski GT, Svizzero T, Ja-
cobs EE, Vlahakes GJ: Acute effects of massive
transfusion of a bovine hemoglobin blood sub-
stitute in a canine model of hemorrhagic shock.
Eur J Cardiothorac Surg 1992;6:649-654.
Waschke K, Schrock H, Albrecht DM, van
Ackern K, Kuschinsky W: Local cerebral blood
flow and glucose utilization after blood ex-
change with a hemoglobin-based O,-carrier in
conscious rats. Am J Physiol 1993;265:H1244-
H1248.

26

27

28

29

30

31

32

33

34

35

36

Ulatowski JA, Koehler RC, Nishikawa T,
Traystman RJ, Razynska A, Kwansa H, Urbai-
tis B, Bucci E: Role of nitirc oxid scavanging in
peripheral vasoconstrictor responses to Bf-
crosslinked hemoglobin. Artif Cells Blood Sub-
stitut Immobil Biotechnol 1995;23:263-269.
Ulatowski JA, Nishikawa T, Matheson-Urbai-
tis B, Bucci E, Traystman RJ, Koehler RC:
Regional blood flow alternations after bovine
fumaryl Bp-crosslinked hemoglobin transfu-
sion and nitric oxide synthase inhibition. Crit
Care Med 1996;24:558-565.

Gulati A, Sharma AC, Burhop KE: Effect of
stroma-free hemoglobin and diaspirin cross-
linked hemoglobin on the regional circulation
and systemic hemodynamics. Life Sci 1994;55:
827-837.

Chu A, Chambers DE, Lin CC, Kuehl WD,
Palmer RM, Mocada S, Cobb FR: Effects of
inhibition of nitric oxide formation on basal
vasomotion and endothelium dependent re-
sponses on the coronary arteries in awake dogs.
J Clin Invest 1991;87:1964-1968.

Schultz CS, Grady B, Cole F, Hamilton I, Bur-
hop K, Malcolm DS: A role for endothelin and
nitric oxide in the pressor response to diaspirin
cross-linked hemoglobin. J Lab Clin Med 1993;
122:301-308.

Jia L, Bonaventura C, Bonaventura J, Stamler
JS: S-nitrosohaemoglobin: A dynamic activity
of blood involves in vascular tone. Nature
1996;380:221-226.

Bertuglia S, Colantuoni A, Coppini G Intagliet-
ta M: Hypoxia- or hyperoxia-induced changes
in arteriolar vasomotion in skeletal muscle mi-
crocirculation. Am J Physiol 1991;260:H362-
H372.

Intaglietta M: Arteriolar vasospasm — Implica-
tions for tissue ischemia. Blood Vessels 1991;
28:1-7.

Tsai, AG, Intaglietta M: Evidence of flowmo-
tion induced changes in local tissue oxygena-
tion. Int J Microcirc Clin Exp 1993;12:75-88.
Standl T, Horn P, Wilhelm S, Greim C, Freitag
M, Freitag U, Sputtek A, Jacobs E, Schulte am
Esch J: Bovine hemoglobin is more potent than
autologous red blood cells in restoring tissue
oxygenation after profound isovolemic hae-
modilution in dogs. Can J Anaesth 1996;43:
714-723.

Willinger CC, Schmarek H, Pfaller K, Joanni-
dis M, Deetjen P, Pfaller W: Ultrapure poly-
merized bovine hemoglobin improves structur-
al and functional integritiy of the isolated per-
fused rat kidney. Ren Physiol Biochem 1995;
18:288-305.

Eur Surg Res 2002;34:106-113

113



