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Figure 1
Time course for plasma concentration of
hemoglobin represents HbV concentration in

plasma after HbV administration at a dose of 1400
mg Hb/kg in cynomolgus monkeys.

The individual values are representing as following
symbols (O; No.1, [J;No.2, A;No.3, <; No.d).
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Immediate

Pre-injection 14 days

Figure 2 The appearance of plasma before HbV
administration (left), immediately after finishing
administration (middle) and 14 days after HbV

administration (right).
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Figure 3 Allometric relationships between body

weight and distribution volume (Vdss) and body
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Fig. 1A dose response inhibitory effect on T cell proliferation
Empty liposome (:2% (v/v), &: 5%(v/v); : saline) was infused into
rat. Then, splenoytes were incubated in the presence of Con A at
indicated concentrations. Infusion of 5%(v/v) of liposome into rat was
enough to induce the inhibition of rat splenic T cell proliferation. Even
2%(v/v) of liposome was enough to induce the tendency of inhibition.
The concentration of L-NMMA added in the culture was 2mM. Results
from one of two independent experiments was shown. Both experiments
showed the same results. Bars represent S. D.
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Fig. 1B dose response inhibitory effect on NO production
Experimental condition was the same as that described in the legend
in Fig. 1A. Infusion of 2% (v/v) of empty liposome into rat was
enough to inhibit NO production from rat splenic cells stimulated by
Con A. The concentration of L-NMMA added in the culture was_
2mM. Results from one of two independent experiments was shown.
Both experiments showed the same results. Bars represent S. D.
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Fig. 2A Reduced inhibition of T cell proliferation by L-NMMA-
liposome 20%(v/v) of empty liposome (), arginine-liposome (gg) or saline
(O) was injected into rats. Then, splenocytes were incubated in the presence
of Con A at indicated concentrations. The concentration of L-NMMA added
in the culture was 2mM. The L-NMMA-Liposome tended to lift the
inhibition of splenic T cell proliferation induced by empty liposome.
Results from one of two independent experiments was shown. Both
experiments showed the same results. Bars represent S. D.
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Fig. 2B Reduced production of NO by L-NMMA-liposome
Experimental condition was the same as described in the legend of Fig 3A.
The concentration of L-NMMA added in the culture was 72777 The NO
production of L-NMMA -liposome loaded splenocytes (8) was lower than
that of empty liposome loaded splenocytes (B) (P<0.05277). Results from
one of two independent experiments was shown. Both experiments showed
the same results.

ConA 0.5

NTEY, ZO5ME T CHBEMEIDERICHER S
NTNDZ & (Fig. 1A) & FELARWRERE 2o T2,

2. INOSBHER D 5 \ iZarginineNFl U R Y — A
DT FEH B B R iz oW T
ZAE TORFTNOD EE A 13 THH e o 8 5l 1

FHIZELSBESE L THA Z EBRHALNIR->TND
ZENL, HHEMNUH YR Y — AIINOEEIZHE
¢ inducible NO synthase (iNOS) @ inhibitor T & 5
L-NMMAZ & LT U AR Y —HIZAE L TES
T LT, MBEFEDREBHMTEENE S 02K
L7 (Fig.2A4), L-NMMAWNA Y Y — A2 k5
THUAGEFEMRIZISRIL, B R Y — L LT D &
B STV DA FRD biviz, NOEARIZD
T A 2358 & AL72 (Fig. 2B),
NO'lZarginine % /8 & L TINOSIZ L W EEA S
HDTH LI U darginineZ NEL L7 U R Y — AN
T IHIZh R & R 3 5 FTREME B ARET L 72 (Fig. 3A,
3B), ArginineNE Y RY —AFEY RV —A Lk
L ThT ITEEMEIIRN R L TR, £
NEEMNTD LI ICNODEAREHZE Y RY — b K
DEVWER D B o T,

D. Z%
Ty hDGRER~DZEEYRY —LREDEEL
B H AR Dex vivo CORERERICEB W TIEERMY



)

%
e
=3

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00 -

Proliferation (% of M1 area

-

ConA0.3 ConA0.5 ConAlLl ConAl.l+

pg/ml L-NMMA
Fig. 3A Inhibition of T cell proliferation by arginine-liposome
20%(v/v) of empty liposome (H), arginine-liposome (@) or saline ([J) was
injected into rats. Then, splenocytes were incubated in the presence of Con A
at indicated concentrations. The concentration of L-NMMA added in the
culture was 2mM. The empty liposome induced significant inhibition of
splenic T cell proliferation compared to saline. Arginine-liposome also
induced inhibition no less than the empty liposome. Results from one of two
independent experiments was shown. Both experiments showed the same
results. Bars represent S. D.
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Fig. 3B Enhanced production of NO by arginine-liposome
The experimental condition was the same as described in the legend in Fig
3A. Arginine-liposome (@) treated splenocytes tended to produce more NO
than empty liposome (@). The concentration of L-NMMA added in the
culture was 2mM. Results from one of two independent experiments was
shown. Both experiments showed the same results. Bars represent S. D.
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EFFECT OF THE CELLULAR-TYPE ARTIFICIAL OXYGEN CARRIER
HEMOGLOBIN VESICLE AS A RESUSCITATIVE FLUID FOR PREHOSPITAL
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ABSTRACT-—The hemoglobin vesicle (Hb-vesicle) is a cellular-type artificial oxygen carrier showing a resuscitative effect
comparable to that of blood transfusion in several animal models. However, the efficacy of Hb-vesicles for resuscitation
when the hemorrhage cannot be controlled remains unclear. Therefore, we used Hb-vesicles in a rat hemorrhagic shock
model caused by continuous bleeding. For inducing uncontrolled hemorrhage, animals were heparinized and bled from the
caudal artery. Fluid resuscitation was subsequently performed with five materials: Hb-vesicle suspension in a 5% albumin
(Alb) solution (HbV), washed red blood cells (WRBC) in a 6% hydroxyethyl starch (HES) solution, 5% Alb, 6% HES, and
saline (Sal). During the experiment, all animals in the HbV and wRBC groups survived, whereas all those in the Alb and
HES groups died. In the Sal group, five of seven animals died. In the HbV and wRBC groups, the heart rate, mean arterial
pressure, and blood lactic acid levels were stabilized during resuscitation. Meanwhile, the hematocrit levels of the HbV, Alb,
and HES groups showed sharp decreases (HbV: 6.8% + 1.7%, Alb: 6.8% = 0.8%, HES: 55% * 0.7% at 100% total
circulated blood volume; final hematocrit of the HbV group: 1.5% # 0.5%). These results suggest that shocked animals can
survive longer when the Hb-vesicle supply is maintained and that HbV showed a similar effect to wRBC in maintaining the
circulating volume and oxygen metabolism. Continuous infusion of Hb-vesicles may extend the survival of trauma victims
with uncontrolled hemorrhage until they have reached a trauma center.
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INTRODUCTION

Many recent studies on resuscitation have focused on early
coagulation therapy. In particular, damage control resuscita-
tion has dramatically altered the initial care of severely injured
soldiers requiring massive transfusion at combat support hos-
pitals (1). In early coagulation therapy, blood components
(packed red blood cells [RBCs], fresh frozen plasma, and
platelets) are transfused to severely injured patients. However,
these components represent an infective risk and require pro-
per storage methods. In addition, the RBCs must be matched
to a recipient of the same blood type. In the frontline of major
disaster sites and the battlefield, a doctor may not be able to use
proper equipment or medicine until the patients are transferred to
the trauma center, Therefore, developing medical technologies
that provide patients with sufficient time to reach proper facili-
ties during transport is of critical importance. A particularly
challenging problem during transport is the uncontrolled hem-
orrhage, despite the use of hemostatic agents and tourniquet to
control it.
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Hemoglobin vesicle (Hb-vesicle) is a cellular-type artificial
oxygen carrier produced by encapsulating purified concentra-
ted Hb solution in a liposome, which consists of phospholipids,
cholesterol, negatively charged lipids, and polyethylene glycol
(2, 3). The Hb-vesicle particles are suspended in saline (Sal),
with the concentrations of Hb and lipid adjusted to 10 and
6.8 g/dL, respectively. This suspension is subsequently deoxy-
genated for storage in vials. Because the particle diameter is
controlled to about 250 nm, the vesicle does not leak from blood
vascular walls. Once the Hb-vesicles are administered intra-
venously, the particles disperse in the plasma and pass casily
through the capillaries.

To date, many studies on hemorrhagic shock have used vari-
ous animal models that simulate patients of traumatic injury and
perioperative events. Moreover, various experimental models of
uncontrolled hemorrhagic shock are used to study fluid resus-
citation, including the massive spienic injury model (4, 5), the
liver injury model (6, 7), the tail amputation model (8-12), and
the blood vascular injury model (13, 14). These models show
remarkable differences in the effects produced by each resus-
citation method. For instance, the findings of some reports have
suggested that large vessel hemorrhage models may not apply to
parenchymal viscus injury (6, 7). However, those models are
used mainly to assess traditional resuscitative fluids, with the
volume of RBCs remaining sufficient in the blood vessels.
Therefore, the total hemorrhage volume of these studies may
not be insufficient to assess the ability of an oxygen carrier to
enable resuscitation.

Our group previously reported several studies using a con-
trolled hemorrhagic shock model and an exchange transfusion
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