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Molecular Design of the Novel Oxygen Carrier Based on
Corrphycene-Substituted Myoglobin
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Abstract

The function of the myoglobin reconstituted with modified heme and novel porphyrin isomers were surveyed. Among the
artificial prosthetic groups, only the iron complex of corrphycene was found to decrease effectively the oxygen affinity of
myoglobin. Corrphycene is a novel porphyrin-like macrocycle with a trapezoidal tetrapyrrole. Introduction of electronegative
substituents to the macrocycle further reduced the oxygen affinity to Py, = 37 mmHg. These observations demonstrate that
corrphycene converts myoglobin from the oxygen storage protein to an oxygen carrier. A notable oxygen delivery capacity of
the myoglobin was explained on the basis of the trapezoidal molecular shape of corrphycene that stabilizes the out-of-plane
configuration of the iron atom. The unique properties of corrphycene suggest the potential utility of corrphycene-substituted
myoglobin as a novel biological oxygen carrier.

Keywords
Artificial oxygen carrier, myoglobin, porphyrin isomers, corrphycene, oxygen affinity, iron spin state
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Overview of Blood Substitutes and Resuscitation of Hemorrhagic
Shock by an Intraosseous Transfusion with
Liposome-encapsulated Hemoglobin Solution
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Abstract

In mass casualty environments resulting from massive disaster, numerous victims with multiple trauma and/or massive
hemorrhage might occur simultaneously. Because serious shortage of blood for transfusion certainly might happen in such
critical situations, efficient blood substitutes are needed and should be prepared. When we rescue the victims with hemorrhagic
shock by fluid resuscitation, the peripheral vessels of their limbs usually collapse, resulting from massive blood loss. It is thereby
very difficult to put catheter into these vessels. Alternative transfusion pathways, which do not collapse even in hemorrhagic
shock, are needed to effective resuscitation. Therefore, we investigated the efficacy of transfusion with novel blood substitute,
liposome-encapsulated hemoglobin: LHb, via intraosseous infusion pathway in severe hemorrhagic shock mice. As results,
intraosseous resuscitation with LHb might be efficient in the resuscitation of host with hemorrhagic shock. Unexpectedly, the
intraosseous resuscitation with washed RBC did not increase mouse survival. It is noteworthy that the transfusion with LHb
that is a blood substitute practically might be more effective in the resuscitation of hemorrhagic shock than the conventional
blood transfusion.

Keywords
blood substitute, hemoglobin-based oxygen carrier, intraosseous transfusion, liver immunity, host defense, Kupffer cells,
phagocytosis
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Fig. 1. Pathological findings of the liver in the LHb-transfused rats 48
hours after transfusion. Increased Kupffer cells are indicated by
arrows.
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Unburned mouse

[y,

Burn-injured mouse |

Peak 0 T T Peak =3
Peak 1 Peak 2

Fig. 2. Phagocytosis activity of Kupffer cells in the mice with and
without burn injury. FITC-labeled microspheres were
intravenously injected to the mice 3 days after burn or sham
injury. After isolation of Kupffer cells, their phagocytosis activities
were evaluated using FACS. The peaks of histogram correspond
to Kupffer cells that contain no ingested microspheres] peak 00
and ond] peak 1[] twdl peak 2[] and morél] peakd 30from left to
right, respectively. Burned mouse showed increased peaks 0 and 1
but a decreased peak 3 compared to the unburned mouse.
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Fig. 3. Intraosseous injection to the mouse femur. ICG was injected to
the mouse intraosseously. ICG was immediately observed in the
inferior vena cava as indicated by arrow.
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Fig. 4. The effect of intraosseous transfusion with LHb or washed RBC
on the survival in the hemmorhagic shock mice.
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Functional Aspects of the HBOCs asa Class

Panel Discussion

Moderator: Harvey Kleind Dept. of Transfusion Medicine,
Clinical Center at NIHO
gobooboobooboobooobboobboobooon
FDAOOODOODOOOOOOOOOOODODDOO

Demetrios Demetriade$] Univ. of South Californiald
oo0oboooooboooooboooooooooooad
O penetrating trauma, blunt traumalD 0000000 DOO
ooooooooooouoooooooooooooooog
goooooobbobbobbboboooooooooooga
000D0o0o0DoDOoDooOoes0Odnd140001900000
od

Daniel Freilictid Naval Medical Research Center(]

0o0ooooooooooooooUoooooooooooo
oo0ddooooooooooooUoUouooooooooo
godobooobooooboobouooooooboooooo
0000000000 0oo0oooU0uUoOoOdbOODOO
HBOCsO UOOUUOOOUODOUOOOUOOOUOOoouooO
godobooboobobooboobouooboobouooo
godobo0doooooobooobooooooboooooo
OO0OHBOCsOUUOOOUODOOOOUOOUOUOOOUODO
od0OoUOOWBOCsOUUOOUOOOUOOUOUOOOUDOO
god0obOO0oOoHBOCsOOOODODOOOUOODOOOOOOO
Oo00o0obo0doooboooobooooooooonoo

John Holcomh] Univ. of Texas Health Science Center at
San Antoniol]
0000000HDOOD11 g/dLOO DO OHDODODOODODOO
Bleeding problem( perfusion problemO 000000000
gooooobobobobbobbooooooodoooooga
0o0o0o0o0ooooooo0bOoooooo0ooooooga
000Do0000ooooooooooooooooon

Charles Natansori] Critical Care Medicine, NIHO
OOO0OHBOCSOOUOOOUOOODOUOOOOJAMAOOODOO
od0ooooooUooCooUoUoooUoooouooo
HBOCsO OOOOOOO30oOooooooooooooa
Oodobo0ooooooboooboooooooboooooo
0o0ooooooooooooooUooouooooooooo
gooooboddpP ,00bboonooooboooooooon
goooobooooboooobooooboooooooooooao
0000ooooooooooooUoooooooooooo
doooooHBOCsOOOOO

Edward J. Norrigl Johns Hopkins Univ. School of Medicine[
0000DO0O0O0O000ooooooogleo0DODOOOooOoao

ARTIFICIAL BLOOD Vol. 16, No.1, 2008

200unit0 0 00 0O 0O O O HBOCsO unmet medical needs O
ooo00oooooooooog

Edward P. Sloari] Univ. of Illinois at ChicagoO

BaxterO ODCLHbO O OO DODODOOOOODOOODOOOOO
0000000000020 00000000000C Control
003200000DCLHbO 04500000000 00000
DCLHPO OO DODOOODODOOODOODODODOODDOOOOO
ddddddooooobCLkHhOOOOOODOOoOooooa
O00o0ooOooogos =HR/BBPO DOOOOOODOO
OO00sSIo00opooU0oooombpCLtHbOOOOOOODO
gosiooodoooooobCLtHbO OO OO ODOIOHBOC O
O0000O0igoooDooooguobCLHbO O OO Oin vivo
O0D00o0o0oooooDoDoOooOoOiioooooooo
HBOCO DD ODODUOUOUOUOOoOooooooHBOCsOOUOOO
Oo0o0oO0ooOoioHBOCsOD OO OOOoOooOoooooooon
ij000D00o0O0000O0000oUooooooooooO
iij000000000ooOoo00U0oooooooooooo
gooooooogo

Gus J. Vlahaka$] Harvard Medical Schooll

Biopurel D HBOC-201O0 O OO OODODOOODODOOODOO
doodoooooooooobbobobobbbbobooooog
O00000Do0DoO00oooUoDooooooooooDo
Oo00oD0o000oooooooooooooDoDooogo
HBOCsO D ODOOODOOODODOODDODOOOOOoooONoOOoOoOo
O000000o0oo0ooDoDoDoooooNoOOOOn
O00o000Do0Do00oooUoDoOoooooooooDon
dooogogHBOCSsO DO ODODODDODDODODDODOOOOooooag
JodoogoodHBOCSOOODOODDDODODDODODOOOOOOO
OD0D0D0OD00OD0000O0ODO0OOdIlipase, amylase 00O M1 0
OOOOAST, ALTOOMOOoOOooDOoDoDOooOooooo
000000 oOoooooooooooDbCLtHbO OO OOO
ddddddooooodoLNAMEDO O OOOOoOoooogo
OO00OoONOODOOUOODOOOOOrHR20000000O0O

Stephen Cohrid Univ. of Texas Health Science Center at San
Antoniol]
OO000OTrauma Center0 D00 000000 OOOO4000
godooobooobooobouooboooooboooon

Organ Specific Aspects of Safety
Panel Discussion

Moderator :
Franciscoll

Richard Weiskopf] Univ. of California, San

27



Renal PerfusionODO OO OO

Andrew D. Baine$§] Univ. of Toronto

0000000 Ocreatinine0 0000000 OOOOODOO
J000D0O00000DD N-acetyl-beta-D-glucosaminidase
0 NAGO Urinary neutrophil gelatinase-associated lipocalin
O NAGL[ IL-18, Kidney injury moleculeO KIM-1O OO O O0OO

Gastrointestinal 0 0 00O

Mitchell P. FinKJ Logical Therapeutics

000000 Lipase, amylaseO DM O0O0O0O0OOAST, ALT
oomoooooooo

Cardiac 0 OO

David C. Warltief] Medical College of Wisconsin{
0000000000000 : rHRL1OODOODODOHROODO
MAPOOOLVEDPOOOHBOCSsODOOODDODOOOOOOO
BurhopO OO DOOODOOOOCPKOODOODODODO

Central Nervous System 00000

Raymond F. Regarl]l Thomas Jefferson Univ.O
ooopoooooOodHBOCsOODODOOOOOOOODOODOO
goooboooboboogoMP-40Sangart 0o ooadg
LDHOOOOOOOOODOmetHbO OO OODOODOOOOO
ooOoHBOCSOOODODOODOOUOODOOOODOOOO

Shock Mechanism OO0 00000

Joseph E. Parrilldl Univ. of Medicine and Dentistry of New
Jerseyl]
gooooooooobooooboboooboooboobooa
O000O0OO0ONEIMOOOO™M

Pulmonary 0O O

Mark Gladwiri] Natuional Heart, Lung and Blood Institute
ooooOoOoHBOCSO OO ODODODOODOODOOOOODOO
O0000ODDO0OO0OARDSODODOOCOOOOOOOODOOOO
MOFOOOOOOOooad

Session |V Finding a Way Forward: What isthe Best Way Forward
Scientifically and Ethically?

Moderator: George P. Brio Univ. of Ottawa and Univ. of
Torontold

Biochemical Approaches and Mitigation Strategiesfor HBOCs
The Way Forward: Can Nitrite Modulate HBOC Toxicity?
Mark Gladwird National Heart, Lung and Blood Institute[]

O000O0O0DONO, OOdeoxyHbO DO OOONOOD DO OO
ubobooobooooooooOooobooboOooooooboooooo

28

O 0000oHBOCsOOOOUODOOOONOUOOOOOO
O000000000Zapol0 0000001 000NO, O
gbobOooooHBOCsOUDOODOONOUDODOOOOODO
oboooooooooogod

Strategies for Engineering Safer, More Efficient and More
Stable Recombinant Hemoglobins for Use as O, Delivery
Pharmaceuticals

John S. Olsort] Rice University[
oco0oO00oOWbOOOOOOOOOOP,O0O0O0DOODOOOO
COD0OOoOoONoOOOOOODOODODODODODODOO
00000000 Somatogen-Baxterd OO M OOOOODOO
oooooobOoOooOo0ooOoOooDbDoOobobo0oooOoOooDo
OO0DOO0OD0O0O0OOOO0ODOOC0ODOUODOE cOiDDOODO
googooLpSO0boonoooobooboooobooono
Jdoodoooooooooobobbbobbuooooooogo
ooooooooDo

Role of Microvascular Reactions in the Design of Hb
Based Oxygen Carrying Plasma Expanders

Marcos Intagliettd] La Jolla Bioengineering Institute,
University of California, San Diego[]
OOoHBOCsOODODODODDODOODDODDODDODDODODOOOOOOO
000000000 OHODODODODOOOOODOOODOOO
O0o0o00Doooooooooooooooooooonon
dodooooodHBOCsO OO ODDODDODODDODODODOOOOGOQd
OOHBOCsOOONOOODOStamler0 D0 OO0 OOOOODO
HBOCsONOO O OOOOUOOUOOUODODOODOOODOOONO
00000000000 O0OdHbODOODOOOPEG-HDb,
Polymerized HbO OO OO OHBOCsO OO OOOOOOOO
0000000000000 oooD0oooooooon
O50 mmHgO OO0 O0O0000OP,0012-16 mmHgO OO OO OO
gbodooooobooooooobooboooobooobooo
OHbO OO O Transfusion TriggerD OO0 Og/dLOOOOO0O
O0D0O000OHDOODOOg/dLOODOOO00O0O0O0O000-O
cPOO0O0OO0DOODOODOODODOmechanotransduction O
gooooo

Endogenous Hb Scavengers and HBOC Toxicity

Dominik J. Schaef] University of Zurich, SwitzerlandO
00O0O0OHbOOOOODODODOOOOOOOHpOOOOOO
OO00OcCcDhle30 00000000 DOUDOOUOOOHbOODO
0000000 0O0OHp, CD1630HBOCSO D OO OOOOOO
Joodoooooooooobbobbbbbboboooog
gopooooceb-1e300000pooooHO-1I00D00ODn
000000000 0ODoOHpOHWHDODOOOOOODOOOOOO
gd

0000 Vol 16, No.1, 2008



Utility of Animal Models in HBOC Evaluation

Joy Cavagnaral AccessBioll
00o0oDo0oo0oooo0ooooooooooloo0Oonog
odooooooooooooooooooooooooog
goooobobobobbbboboooooodoooooga
000000D0o00o0ooooooooooooooooog
ooooooooooooooooooooood

Alternative Focused Clinical Designs

Jeffrey L. Carson
O University of Medicine and Dentistry of New Jersey[
goooooboooobooobuooobooobbooon
O00o0ooooooooooogoooooog

Panel Discussion

Jerry L. Carsoril University of Medicine and Dentistry of
New Jerseyl

Joy Cavagnardl AccessBioll

Ezekinel Emanuell National Institute of Health(
000000000000000000JAMACODOO00O0D™™
Thomas R. FlemndJ University of WashingtonO

Marcos Intagliettd] La Jolla Bioengineering Institute,
University of California, San Diegol]

John S. Olsort] Rice University[

Dominik J. Schaef] University of Zurich, Switzerland(

Gus J. Vlahaka$] Harvard Medical SchoolO

David C. Warltief]l Medical College of Wisconsin

Closing Remarks

Jay S. Epsteiri] Office of Blood Research Review[]
00oo00Doo00oooUuoDoooooooooooooog
odooooooooooooooooooooooooog
godoboooooooboobouooooooboooooo
000D OO0 Unmet medical needsCD O 0 OO OHBOCsO OO
00oo0DoO00oooUuDoooooOoooooooooog
JdddooooOoO000dgdDr. J. Goldsmitho Oddd
goooooooonoo

ARTIFICIAL BLOOD Vol. 16, No.1, 2008

gooo

O.

Natanson C, Kern SJ, Lurie P, Banks SM, Wolfe SM. Cell-
free hemoglobin-based blood substitutes and risk of
myocardial infarction and death: a meta-analysis. JAMA.
2008;299:2304-12.

. Sloan EP, Koenigsberg M, Gens D, Cipolle M, Runge J,

Mallory MN, Rodman G Jr. Diaspirin cross-linked
hemoglobirid DCLHbOin the treatment of severe traumatic
hemorrhagic shock: a randomized controlled efficacy trial.
JAMA. 1999;282:1857-64.

Isbell TS, Sun CW, Wu LC, Teng X, Vitturi DA, Branch

BG, Kevil CG, Peng N, Wyss JM, Ambalavanan N,
Schwiebert L, Ren J, Pawlik KM, Renfrow MB, Patel RP,
Townes TM. SNO-hemoglobin is not essential for red
blood cell-dependent hypoxic vasodilation. Nat Med. 2008,
in press.

. Gould SA, Moore EE, Hoyt DB, Ness PM, Norris EJ,

Carson JL, Hides GA, Freeman IH, DeWoskin R, Moss GS.
The life-sustaining capacity of human polymerized
hemoglobin when red cells might be unavailable. J Am
Coll Surg. 2002;195:445-52

. Burhop K, Gordon D, Estep T. Review of hemoglobin-

induced myocardial lesions. Artif Cells Blood Substit
Immobil Biotechnol. 2004:32:353-74.

. Parrillo JE. Septic shock--vasopressin, norepinephrine, and

urgency. N Engl J Med. 2008;358:954-6.

. Basu S, Grubina R, Huang J, Conradie J, Huang Z, Jeffers

A Jiang A, He X, Azarov I, Seibert R, Mehta A, Patel R,
King SB, Hogg N, Ghosh A, Gladwin MT, Kim-Shapiro DB.
Catalytic generation of N,0O, by the concerted nitrite
reductase and anhydrase activity of hemoglobin. Nat
Chem Biol. 2007;3:785-94.

. Yu B, Raher MJ, Volpato GP, Bloch KD, Ichinose F, Zapol

WM. Inhaled nitric oxide enables artificial blood
transfusion without hypertension. Circulation. 2008;117:
1982-90.

. Emanuel EJ, Wendler D, Grady C. What makes clinical

research ethical? JAMA. 2000;283:2701-11.

29



