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Abstract

Systemic blood volume is divided into unstressed blood volume and stressed blood volume. Venous return is dependent on the
stressed blood volume. Thus, maintenance of stressed blood volume is essential for circulatory homeostasis during hemorrhage.
Sympathetic nervous system and endocrine regulatory system play a major role to maintain stressed blood volume. Massive
hemorrhage causes circulatory deterioration, leading to hypoxia of the tissues and metabolic acidosis. In addition, chemical
mediators are released to activate a coagulation pathway and induce disseminated intravascular coagulopathy. Rapid transfusion

and appropriate therapeutic strategy are necessary for massive hemorrhage.
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massive hemorrhage, stressed blood volume, sympathetic nervous system, vasopressin
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The Future of Blood Substitute in Emergency Medicine
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Abstract

Shock and multiple organ dysfunction syndromél MODSOare still main causes of death in critical care. The mechanism of
MODS is ill defined, and also the strategy for it is not established. Previous studies have shown that stored blood, an only
resuscitative fluid with oxygen carrying capacity, increases infectious complication and mortality. Inflammatory mediators in
stored blood, decreased oxygen delivery due to the dysfunction of red blood cells, and transfusion related immunomodulation
may contribute to unfavorable effects. However, resuscitation for hemorrhagic shock with blood substitute decreases the
production of inflammatory mediators and the rate of MODS. In the future, blood substitute is expected to be an ideal
resuscitative fluid preventing MODS as well as correcting acute anemia and sparing stored blood.

Keywords
Blood Substitute, Multiple Organ Dysfunction Syndrome, Shock, Stored Blood, Mesenteric Lymph, Neutrophil
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Fig. 1. Mortality rate following traumatic insults.
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Table 1. Mesenteric lymph induced cytotoxicity.
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Fig. 4. Mesenteric lymph induced superoxide production.

Isolated rat PMNs were stimulated for 5 min at 370 with KRPD
buffer or 1% mesenteric lymph and then activated for 5min with
PMA 200ng/ml0 Superoxide anion production was measured
with the SOD inhibitable cytochrome c reduction method and
superoxide VmaxJ nmol 0,73.75 x 10° cells/min0is expressed as
mean + SD of 7 experiments.
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Fig. 5. Mesenteric lymph induced adhesion to fibrinogen.
*Cr-labeled rat PMNs were added to fibrinogen coated wells prior
to sedimentation for 15 min. Mesenteric lymplil concentration: 1%
or fMLRJ 1p MOwere added to each well containing PMNs and
then incubated for 10 min at 370. Non-adherent PMNs were
removed by inverted centrifugation for 5 min at 2000 rpm
followed by measurement of the radioactivity of adherent PMNs.
% PMN adherence was calculated as the percentage of the
radioactivity of total PMNs added to a well. Data are expressed as
the mean + SD of 7 experiments.
* indicates that % adherence in WB group was significantly
greater than those in sham and LEH groupd] p<0.050
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Fig. 6. Time dependency of PMN superoxide production induced by
Nisseki MO AO P.
Human PMNs were incubated for 5 min at 370 with KRPD
buffer or supernatant in Nisseki MO A P stored for 1, 2, 3, or 5
weeks at equivalent concentration to 10 units of Nisseki MO AO P
followed by activation with fMLRJ 1y MO
* indicates statistical significance compared to buffer/fMLP.
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Fig. 7. Dose dependency of PMN superoxide production induced by
Nisseki MO AO P.
Human PMNs were incubated for 5 min at 370 with KRPD
buffer or supernatant at equivalent concentration to 2, 5, 10, or 20
units stored for 3 weeks followed by activation with fMLR] 1y MO
* indicates statistical significance compared to buffer/fMLP.
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Human PMNs were stimulated for 5 min at 370 with KRPD
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* indicates statistical significance compared to sham group.
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Blood Type Determination for Blood which Contains
Hemoglobin Based Artificial Oxygen Carrier.
Special Reference to Automated Analyzer
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Abstract
We studied efficacy and accuracy of an automated transfusion analyzer] ID-GelStation ; Olympuslcomparing with routine test
tube method for blood type determination, particularly for blood which contained artificial hemoglobin based oxygen carrier
O liposome encapuslated hemoglobin or hemoglobin vesicle : HbVT Red blood cell surface A, B, AB or O antigen, in blood which
contaied HbV at 20% and 30% reacted against the standard anti-serum either in the machine specific microcapillary within the
automated analyzer or routine laboratory test tube in any abnormal manner, respectively. Correlation rate for reactive strengths
was 98.8% between those methods. Reactions for blood contained HbV at 1%, 2%, 5%, 10%, 20% and 40% to the standard anti-
serum were also identical as for the original blood, respectively, either by the automated analyzer or the routin test tube method.
On the other hand, antibody type in examining serum with the standard red blood cells was unable to determin by the
autoamted analyzer, particularly when HbV coexsited above 5% in the serum since the machine showed " error sign ". It might
attribute to red staining of gel column by HbV. Even by the test tube method, definit decision could be hardly done mostly at
higher coexsitent rate of HbV. Therefore the automated transfusion analyzer could be used for primary blood type detection in
emergent practice even with a few disadvantages for time consuming processes, but could not be used for selection of
compatible blood.

Keywords
oxygen carrier, blood type determination, hemoglobin based, automated analyzer, transfusion
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Table 2. Reactions of four group red blood cells diluted with HbV against
the standard anti-A and anti-B serum and reactions of four
blood group serum diluted with HbV against the standard red
blood cell§] for G-test and T-test O

Blood GroupO GO Test TO test

& Dilution % std serum std cell std serum std cell

antiJA |antiOB | Axcell | Beell |antiJA|antiOB| Axcell | Bcell

A group 00|44 20001 O 20T O 2000441 200441 200 O 2010 O 200441 2[]

0 ] 00 0 0 ] ] 00 0
0000 200|441 200 O 200E O 20PE O 200447 2010 O 2010 O 200347 10
O 0 0 0 O 0 0 O 441 100

0000 300|444 2000 0 20PE O 20PE O 2004+ 2010 O 2010 O 200440 2[]
B group 00|00 0O 200p4+41 2000441 20011 O 2011 O 200441 200441 2011 O 200
0000 20000 20p4+1 20PE O 20DE O 200 O 200447 200341 1010 O 2]
B ] 0 m] 0 ] ] 441 1000

0000 30000 20p4+1 200E O 200E O 2010 O 200447 200447 2010 O 2[]
O group 00|00 O 201 O 20004471 2000441 2011 O 20010 O 200P4+40 20p4+41 2[0]
0000 20000200 0 20pE 0 200E 0 200 0 2010 O 200441 600441 6]
0000 300002010 0 20pE 0 200E O 2010 O 20010 O 200447 2000347 10

0 O 0 0 0 O O 0 447 100]
AB group 00| 4+ 20003+ 1011 O 2001 O 200p4+41 20p4+40 2010 0 200 O 20
0 O 4411000 0 ] ] O O

0000 200|447 20004+ 200E O 20PE O 20p4+480 20p4+40 2010 O 200 O 20
0000 30 | 441200441 200E O 200E O 20p4+40 20440 2010 0 2010 O 20

std : standard
] 0: number of examination
4+0 3+0 2+ : strength of positive reaction
0 : negative reaction
E : errof] excess red cells O

Table 3. Reactions of A group and O group blood which were contained
HbV at 0 -40% against the standard anti-serum each and
reactions of serum in the above blood against the standard red
blood cell§] for G-test and T-test O

GO Test TO test
std serum std cell std serum std cell

antiA|antidB | Acell | Bcell |antiJA|antilB| Azcell | Bcell
A group 000|441 4017 O 40017 O 400D4+1 A00P4+1 AL O 4010 O 400447 400
0000 10444000 O 4000 O 2000340 1004480 400 O 4000 O 4000440 400
] 0 0 1461 2000443 30000 0 0 0
0000 20|4414010 O 400E O 100341 200441 4010 O 4010 O 400447 400
0 0 0 147 30004461 20000 0 0 0
0000 504414010 O 4000241 300340 1000441 40010 O 4010 O 4000441 400
] [} 0O E O 100E O 30000 [} 0O O
0000 100|447 4000 O 40PE U 40PE O 40p4+480 40010 O 4000 O 4000440 407
0000 200441 40010 O 40DE O 400E O 40004487 40010 O 4010 O 400440 407
0000 400|441 4010 O 400E O 400E O 400441 40010 O 4010 O 400447 400
O group 00|00 400 O 4000440 4000440 40000 O 4000 O 4000440 4000347 107

Blood GroupO
& Dilution %

0 ] 0 0 00 ] ] ] 441 300}
0000 1000400 O 40p4+7 400441 4010 O 40010 O 4000347 1000347 10
O 0 0 O O 0 0 441 300p4+1 300
0000 2000400 0 40p447 400440 400 O 4010 O 4000347 1000347 100
O ] 00 0 0 ] ] 441 30074+1 300
0000 50004001 040p3+] 100E O 400 O 4010 O 400447 4000447 4]
0 ] 0 E 03000 ] ] 0 0

0000 10000401 0 400E O 400E O 4010 O 40010 O 400447 4000447 4[]
0000 200004001 040PE 0 400E O 400 O 4010 O 400447 40004470 4]
0000 40 (004000 040PE0400E 0 400 0 400 O 400448 400441 400

std : standard
0 0 number of examination

4+0 3+ : strength of positive reaction
O : negative reaction

E . errof] excess red cells O
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Fig. 1. Reactions of red blood cells and serum separated from blood 40 %
diluted with HbV against the standard anti-serums and standard
A2, B, D, ctl cells, respectively, in T- test

reactions
left test tube 5 right test tube
anti-A serum : 4+0 anti-B serum: O O Al cell : O OB cell : 4+0 D cell :
4+ ctl cell : O

Arrow] the fourth tube Oshows hardly distinguishable red blood cell

agglutination from red colored background stained by HbV
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Table 4. Reconfirmation for reaction of red blood cells and serum
separated from blood which contained HbV at 40%
concentration against the standard anti-serum and standard red
blood cells, respectively, by washing with the physiological
saline - Comparison of reactions before and after the washing

Blood GroupL] Aacell ‘ Bcell | Aacell ‘ Bcell | Blood Group Aaicell ‘ Bcell | Aacell ‘ Bcell
& Dilution % before after & Dilution % before after
A group 00 O 040D 40)0 040 B 20000 group 001400 41 3010 101 3010 1 [T 3010 1T
o o O o 40 20000 o 4010 3} 4010 30 4000 3L0T]
0000 100040@M40)0040[3BO3O) 0000 10 300 100 300 100 300 100) 3010 10T]
o o O o 40 1000 A1 3[I) 4010 301 410 3T 4010 3L}
0000 200040M4OJ0040[BOI3O) 0000 20 3000 100 3000 100 300 100) 3010 10T]
u] ] O u] 4100 AT 31 400 3CIP 4100 3C1] 4010 3(T]
0000 500040 4Op0040 B 30O) OO OO 50 400 4[0) 4010 400 3010 21 3C1J 10T]
O O O O 4100 u] O A0 2[0) 400 3(1]
0000 100 00404000 040 B 3000 O O 0O O 100] 400 4[0) 4000 400 3017 101) 3010 10T]
] O O u] 41000 O O A1 30 4010 3(T]
0000 200 00400 4000 0 40 [(BD 300 O 0 0O 0 200| 400 4[1 4010 4C1) 30107 101) 2011 101}
o o O o A0 10000 O O AT] 31 4010 3[7]
000040 |0040@M 4000 040[ROD1IO) OO0 D40 | 400 4010400 401 3010 3CIj 20171 101}
300 2] 401 100) 300 2[1]
400 104 400 104

std : standard
O [ number of examination

4+0 3+ : strength of positive reaction
O : negative reaction
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Abstract

Development in artificial oxygen carrier production and manufacturing has been proceeded bipolarly to perfluorocarbon based
0 PFCOCOand hemoglobin based artificial oxygen carrief] HbOCL However PFCOC seems to have been disappointed to infuse
intravenously as alternative of red cell transfusion. Nevertheless it has been expected to many other medical applications, such
as gene transfer material, imaging enhancer for MRI, liquid ventilation material for ARDS and so far. On the other hand,
development of HbOC was proceeded greatly to an original target and several clinical trials have been carried out. We have
emphasised ever before that cellular type HbOC is most ideal form which should be infused into our circulatory system. We
hope in the future that HbOC should be gradually eliminated from the circulation and its hemoglobin should be less oxidized to
methemoglobin. Nevertheless we should decide also limitation for practical application of HbOC, such as its clinical dose or
appropriate half time. Looking back past development of the artficial oxygen carriers, in this paper it was discussed to solve
present disadvantages with those and looked forward to produce a best oxygen carrier in the future.

Keywords
oxygen carrier, perfluorocarbon, hemoglobin based, oxygen affinity, PEGylation
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Table 1. Adverse effects observed in phase Il study performed in
Europe 1999
O Significantly different parameters in PFCOC group compared
with the control group were selected from the original and

listedO
ColloidD  Perfluburond Perfluburond  Autologous(]
0 0.9 g/kgOd 1.8 g/kgd BloodO
n0 38 nl] 38 nll 36 nlJ 35
Platelet,Coagulation
Disorders,Bleeding 20 40 100 20
Thrombocytopenia 00 20 40 oo
Coagulation disorder o 10 30 10
Hemorrhage NOS 2 0 2 0

Cited from " Spahn, D.R, van Brempt, P, Theilmeier, G., Reibold,
J.P., Welte, M., Heinzerling, H., Birck, K.M., Keipert, P.E.,
Messmer, K. Perflubron emulsion delays blood transfusions in
orthopedic surgery Anesthesiology 1999;91:1195-1208. "

Table 2. Adverse effects observed in volunteers administered perflubron
Note : Increases in IL-6 and CRP in dose dependent manner

Serum concentratiom SEmO 0

Cytokine Baseline 0 Hours

IL-6 pg/mL
ControlO 8300970 0
P120 110613970 0
P18 77812050 0

IL-2 pg/mL
ControlO)
P120 7500000 O
P18 9681 1.580 00

CRP pg/mL
Control0)

16 Hours Day 1 Day 3

147815090 O
28681 6220 0
65.989) 24.620 0

9,68 1.580 O
114816100
10991 2450 0

8361 1.750 0
1226124400
869 0.790 0

749111200
1060 18100
7780920 0

178022400
242603830 0
19802570 0

8.681 0.830 O 8880810 0
10.78) 1.500 O

121612760 0

141912700
132612520 0
143813020 O

12,091 2.030 O
152812300 0
135812380 0

215109700 2680750 0

P120 130 0.160 O 220103200 11461 3.040 O 18.081 4570 O 6.08] 1.270 0
P18 0.901 0.250 00 13810340 0 21831 7.700 0 40.84 12,690 O 8291 1.8500 0

IL = interleukin;P12 = 1.2 g PFC/kg, P18 = 1.8 g PFC/kg, CRP = C-reactive protein, PFC = perfluorocarbon.Cl
" From study OXHT-0080 @= 8 per treatment groupll

Cited from " Noveck, R.J., Shannon, E.J, Leese, P.T. Shorr, JS,,
Flaim, K.E., Keipert, P.E., Woods, C.M. Randomized safety
studies of intravenous perflubron emulsion Il. Effects on
immune function in healthy volunteers  Anesth. Analg. 2000;
91: 812-822. "
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Table 3. All HbOCs appeared in preclinical studies and/or developed to
manufacturing at 2006J Several products had been discontinued
in the research and withdrawn from manufacturing programsQ]

Generation Technology Product Company Effects Status
"First” Red cell lysis SFH Academic Warner Lambert Renal failure GI symptoms Discontinued
"Second" Polymerized Hb PolyHeme Northfield ? Phase 0 O

trauma
Cardiac events Discontinued
Vasoconstriction ? Indication
Vasoconstriction Discontinued
Death] stroke trauma(] [ Discontinued
Discontinued

HemoLink Hemosol

Hemopure Biopure
"Third" Intramolecular crosslink aa -Hb Us Army

HemAssist Baxter

rHb1.1 Somatogen Vasoconstriction

"Fourth" PEG conjugation PHP Ajinomoto/Apex Generally safe Sepsis trials
PEG conjugation PEG- Enzon Generally safe Discontinued
hemoglobin
PEG conjugation Hemospan Sangart Generally safe Phase 0 O
elective
surgery
Preclinical

Zero-link ZL-HbBv Oxyvita ?

PHP, pyridoxal

bbreviations: SFH, st fi i lycol; ZL-HbBv, bovine in poly-{
merized with Zero-Link technologyl see text(] Hb, PEG,

rglycol‘ Gl, u: tr

Cited from " Winslow, R.M. Red cell substitutes Semen.

Hematol. 2007, 44: 51-59. "
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UHB = Unmodified Hb

DECHDb = crosslinked tetrameric hemoglobiri] Hemolink™ [

PHb = polymerized bovine hemoglobiril Hemopure™ [

Cited from "Matheson, B., Razynska, A. Kwansa, H. Bucci, E.
Appearance of dissociable and cross-linked hemoglobins in the
renal hilar lymph J. Lab. Clin. Med.  2000; 191: 459-464. "
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Table 4. Molecular size inhomogeneity of HbOC products
0 Note : Smaller molecules than the standard were contained in
350 of the product of Hemolink™0O

Characteristic Hemopure Hemolink PolyHeme RBCs
Hemoglobiri] g%0 [ 13 g% 10 g% 10 g% 13 g%
Unit equivalenf] g0 O 309 259 50 g 50 g

Molecular weight >64 KDalJ O =95% = 65% =99% 100%
Psd] mmHg( [0 38 34 29 26
Hill ici 14 10 17 27
Oncotic pressuré] mmHgL O 25 24 23 25
Viscosity 13 ¢cp 11cp 21cp 0 whole bloodD]
0=5010 cpll [
%0 0 010 o7 o8 01
Half-life 19h 18h 24h 31d
Shelf-life @ 40 0 =3y =1y =15y 42d
Shelf-life @ 210 0 =2y oo =6 wk 06h

cp, centipoise; Pg0,0 , tension when hemoglobin-binding sites are 50% saturated.

Cited from " Noore, EEE.  Blood substitutes : The future is now
J. Am. Coll. Surgeons 2003; 196: 1-17. "
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Cited from "Cabrales, P., Kanika, N.d., Manjula, B.N,, Tasi, A.G,,
Acharya, S.AA, Intaglietta, M. Microvascular P-O, during extreme
hemodilution with hemoglobin site specifically PEGylated at Cys-
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Cited from "Cabrales, P., Kanika, N.d, Manjula, B.N., Tsai, AG.,
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