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Diaspirin Cross-Linked Hemoglobin
Solution (DCLHb™) Clinical Studies

Marv Birnbaum M.D., Ph.D.University
of Wisconsin, ClinicalScience Center,
Madison, Wis, U.S.A.

Hemoglobin solution have been in clinical
studies for over seventy-five years,with no
product yet approved for routine clinical use.
Recent advances in purification technologies
have resulted in a number of potential products
in advanced clinical development. Patients
studies with the modified, heat-treated DCLHb™
commenced 1993, and a multinational efficacy
study involving the use of DCLHb in cardiac
surgery patients was initiated in mid 1995. The
first study evaluated the safety and of DCLHD in
130 hemorrhagic shock patients at ten U.S. and
European sites: DCLHb was observed to be safe
at the doses tested, and the results support
initiation of an efficacy study in trauma patients
(Sloan et al., Acad Emer Med [1995]2:5). In a
hemodialysis patient study the utility of the
DCLHb pressor effect was evaluated: the results
implied "greater blood pressure stability with
DCLHb" (Swan et al., Am J Kidney Dis
[1995]26:918-923). The pressor effect was
evaluated further in three surgical studies
involving 160 patients: various doses of DCLHb
were used as prophylaxis against hemodynamic
instability during aortic repair (Garrioch et al., Crit
Care Med [1996]24:A39), orthopedic or major
abdominal surgeries. In an ICU study, fourteen
"Sepsis syndrome" patients with low systemic
vascular resistance despite maximum standard
therapy experienced a "rapid and significant
vasopressor response to DCLHb infusion that
allowed for a 15-100% reduction in standard
vasopressor drug requirements, with a
significant decrease in mean APACHE Il scores
24 hours after treatment (Rhea et al., Crit Care
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Med[1996]24:A3). Along with the pressor effect
of DCLHD, these studies demonstrated volume
expansion properties to compliment the oxygen-
carrying properties shown in preclinical
preclinical studies. Thus, the potential benefit of
DCLHb as a more classical "blood substitute" is
currently being evaluated in cardiac surgery
patients requiring blood transfusion in the
perioperative period after cardiopulmonary
bypass.
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Oxygen Transport by Hemoglobin-
based Red Cell Substitutes

K. Vandegriff, R.J. Rohlfs, M.D. Magde,
Jr., A. Gonzales, M. Gonzales, D. Baker,
and R. Winslow Department of Medicine,
University of California, San Diego

The design of hemoglobin-based oxygen carriers
(HBOCs) has been led by assumptions that HBOCs
should maintain some important physical properties
of blood such as O2 affinity and colloid osmotic
pressure (COP). The first assumption that the cell-
free Hb should mimic the O2 binding properties of
intraerythrocytic Hb (which has lowered affinity
through allosteric regulation by intracellular 2,3-DPG)
bas directed design toward manipulation of the
protein to lower its intrinsic O2 affinity. The second
assumption is that the HBOC should be iso-oncotic.
These assumptions are now under examination. New
evidence suggests that HBOCs having O2 binding
properties similar to those of whole blood (i.e., similar
p50 and Hill coefficient) may increase O2 delivery at
the arteriolar level, leading to autoregulatory
mechanisms which alter blood flow to maintain O2
consumption constant by preventing either tissue
hypoxia or hyperoxia. Mathematical models of O2
transport that compare homogeneous Hb solutions
with RBCs predict that cell-free Hb enhances O2
delivery to the arteriolar wall due to an increase in
surface area of exposure to the O2 oarrier and a
decrease in the diffusion distance for O2 leaving the
lumen.1 This enhanced O2 delivery may lead to
vasoconstriction and an increase in mean arterial
pressure (MAP), a common side-effect observed
following infusion of HBOCs. To study autoregulatory
responses, we chose three different cross-linked,
tetrameric Hbs that have identical solution properties
(i.e., COP and viscosity) and similar vascular
retention times but different O2 affinities (Hbs
provided by Hemosol Inc. and the U.S. Army). These
solutions were tested in a rat model of exchange
transfusion (ET) followed by hemorrhage. The O2
affinities of the Hbs varied from higher than that of
blood to the same as blood to much lower than blood.
All three produced either a transient or persistent rise
in MAP, however, the persistence of the increase in
MAP correlated with p50: the Hb with high O2 affinity
showed only a transient increase in MAP at the onset
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of ET which returned to baseline within minutes; the
Hbs having Oz2 affinities the same or lower than that
of blood showed significant increases in MAP that
persisted throughout the experiment (1-2 hours).2
The difference in the time courses of the rise in MAP
suggests that this mechanism may be different from
that of NO scavenging and the combination of the two
vasoactive effect may exacerbate problems due to
high systemic vascular resistance. We monitored the
effects on tissue oxygenation after ET with these
three Hb solutions in our shock model using
metabolic lactate production as an index of tissue
hypoxia. Lactate levels were higher during
hemorrhage following ET with the Hbs having low O2
affinity. ET with the Hb having high O2 affinity
produced less lactate during hemorrhage, but the
lactate levels were still higher than in animals that
received no treatment and most animals in all three
Hb groups did not survive the bleed.3 Therefore,
additional factors for tissue oxygenation by HBOCs
must be important. In conclusion, contrary to a
previously held assumption about the design of
HBOCs for use in shock, O2 binding properties may
need to be different from those of whole blood to
improve tissue oxygenation by preventing
autoregulatory vasoconstriction due to tissue
hyperoxia at the arteriolar level. (This work was
supported in part by Program Project Grant HL-
48018 from the USPHS/NIH NHLBI).

1)Vandegriff, K.D., and Winslow, R.M. In Blood
Substitutes: Physiological Basis of Efficacy
(Winslow, R.M., Vandegriff, K.D., and Intaglietta, M.,
eds.) Birkhuser, Boston pp: 143-154, 1995.
2)Vandegriff, K.D., Rohlfs, R.J., Gonzales, A.,
Gonzales, M.L., M. McCarthy, Magde, M.D., Jr,
Adamson, J.G., and Winslow, R.M. VI International
Symposium on Blood Substitutes, Montreal, 1996.
3)Rohlfs, R.J., Gonzales, A., Gonzales, M.L., Baker,
D., M. McCarthy, Magde, M,D., Jr., Vandegriff, K.D.,
Adamson, J.G., and Winslow, R.M. VI International
Symposium on Blood Substitutes, Montreal, 1996.
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Nitric Oxide in the Blood: Allosteric
Effector of Hemoglobin and Soluble

Guanylate Cyclase

Takashi Yonetani

Department of Biochemistry &
Biophysics, School of Medicine,
University of Pennsylvania,
Philadelphia, PA, USA

Nitric oxide (NO) acts as a regulator of a number of
vital cellular, physiological and biochemical reactions,
principally by acting as the allosteric activator of
soluble guanylate cyclases in various tissues. Nitric
oxide in the blood is well maintained at a steady-state
level of the order of micromolar by the dynamic balance
between the continuous supply of NO by endothelial NO
syntheses and other sources and the rapid scavenging of
NO by oxy hemoglobin (oxy Hb) in the erythrocytes.
Nitric oxide in the blood rapidly diffuses into
erythrocytes and reacts with oxy Hb to form met Hb
and NOz/NOz- Met Hb so formed is immediately
reduced to deoxy Hb by active metHb reductase in the
erythrocytes. The relative concentration of NO (¢ M in
plasma) with respect to that of Hb (20 mM heme in the
erythrocytes) is very limited in the blood. Under such
conditions, NO converts deoxy Hb preferentially to @ «
-nitrosyl Hbs [ (Fe-NO) a (Fe) 8 (Fe)z or a (Fe-NO);
(Fe)z] (Huang [1979] J. Biol. Chem. 254,11467-11474
and Kosaka et al [1994] J. Am. Physiol. 266, C1400-
C1404) We found it to be an allosteric, low-affinity Os-
carrier (Ps =30 and 70 torr for Hb and a(Fe-NO);
(Fe)s, respectively) under physiological conditions to
facilitate more efficient delivery of Oz to peripheral
tissues. EPR and NMR measurements indicate that
the Fe-His(F8) bonds in the «-subunits of deoxy a-
nitrosyl Hb [ @ (Fe-NO)2 3 (Fe)s] are broken, causing its
quaternary structural transition to Super-T states
having an extremely low Og-affinity, as observed in
other known Super-T Hbs such as HbMwate [ @ (Fe[III]
87His->Try)z B (Fe)2], HbMBposton [ @ (FeIll]3¥His->Tyr): 8
(Fe)zand a (protoporphyrin)z 8 (Fe)s] (Fujii et al [1995]
J. Biol Chem.268, 15386-15393). a (Fe-NO): 3 (Fe)s,
Which is in a predominantly Super T state,
reversibly forms the @ Fe-His(F8) bonds upon
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oxygenation of the S -subunits and shifts its
quaternary structure toward R-states, so that «
(Fe-NO)2 B (Fe)2 becomes an allosterically-sensitive,

low-affinity Oz-carrier, which becomes the deoxy state at
the venous POz= 40 torr by releasing almost all the
bound Oz, where normal Hb remains 75%-oxygenated.
Thus, the NO in the blood facilitates increased oxygen
delivery to tissues through the vasodilation as well as
the formation of an allosteric, low-affinity Hb, a (Fe-
NO): B (Fe)2. Binding of NO to Hb as well as soluble
guanylate cyclase causes the trans-axial breakage of
the Fe-His bond in their heme prosthetic groups,
resulted in alteration of their protein conformation (to
the Super-T low-affinity state in Hb and to the
activated state in soluble guanylate cyclase). Thus, the
unique feature of NO as the physiological regulator
relies solely on its ability to trans-axially break the
heme Fe-His bond upon ligation, due to its preference to
a 5-coordinated heme structure rather than its free
radical nature and/or its high chemical reactivity.
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An Overview on the Use of HemAssist™ in
the Treatment of Hypovolemic Shock in
Animals

Kenneth E. Burhop, Ph.D.

Baxter Healthcare Corpolation, Blood Substitutes
Program, Route 120 & Wilson Road, WG2-3S,
Round Lake IL., 60073. USA

HemAssist™ (also known as diaspirin crosslinked
hemoglobin) is a highly purified, a,a-crosslinked human
hemoglobin solution that is currently under investigation in a
variety of human clinical trials. HemAssist is acellular,
undergoes several viral inactivation steps, has a p50 of
approximately 32mmHg, and is hyperoncotic (42mmHg) at a
concentration of 10 g%.

Following severe, controlled hemorrhage in rats,
resuscitation with HemAssist has been shown to quickly restore
mean arterial blood pressure (MAP), base excess and
subcutaneous and gut PO,; increase oxygen consumption; and
increase blood flow to key tissues and organs such as the gut,
heart, and brain. These physiologic effects have been shown to
result in a decrease in bacterial translocation, a preservation
of the gut mucosal architecture, and a significant decrease in
mortality.

A significant number of studies in larger animal models
of hemorrhagic shock reinforce these findings in rats. Studies
in swine undergoing controlled hemorrhage have shown that
small doses of HemAssist are able to effectively restore MAP,
base excess and lactate values back near baseline levels,
restore blood flow to key organs and tissues, and decrease
mortality. Following resuscitation from hemorrhage in sheep,
HemAssist has also been shown to restore oxygen consumption
as well as autologous blood.

In uncontrolled hemorrhage models in rats and swine,
despite increased MAP, resuscitation with HemAssist has not
resulted in a dramatic, incremental increase in blood loss.

Therefore, HemAssist appears to be efficacious in a
number of preclinical animal models of hemorrhagic shock.
The results of a variety of animal models demonstrate that
HemAssist produces a self-limiting increase in mean arterial
blood pressure (MAP), increases blood flow to a variety of
critical organs when administered to hypovolemic animals, and
positively affects a number of physiologic indices of peﬁu§ion.
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Stability and Toxicity of Hemoglobin
Solutions

K.Vandegriff
Department of Medicine, University of Calfornia,
San Diego

Several hemoglobin-based red cell substitutes are now in
clinical trials. Nephrotoxicity, a problem with unmodified cell-free
hemoglobin solutions, appears to have been eliminated through
chemical and genetic cross-linking. However, side effects with
modified hemoglobins still persist, and the mechanisms of these
effects are under investigation. The application of these products
requires that large amounts of modified hemoproteins be
introduced free into the circulation. But in the absence of red
blood cell antioxidant systems, there is little protection against
oxidative byproducts of hemoglobin denaturation. Oxidative
intermediates and heme loss present a catalytic environment for
membrane damage through peroxidation of lipids and proteins,
and acute exposure of endothelial cells to methemoglobin or free
heme is cytotoxic. Properties of cell-free hemoglobins that may
lead to in vivo toxicities are heme globin dissociation, protein
denaturation. O2-free radical production, oxidation reactions,
extravasation, inhibition of NO-EDRF activity, or altered Oz
transport properties. None of these potential toxicities have been
addressed fully.

~ Most hemoglobin-based red cell substitutes have been
designed to lower hemoglobin’s intrinsic Oz affinity. In general,
the rate of hemoglobin autoxidation is inversely related to its Oz
affinity so that autoxidation is faster for hemoglobins with lowered
O2 affinity. Once hemoglobin is oxidized to its ferric
form(methemoglobin), a number of undesirable reactions can
take place. For example, oxidation of ferric(Fe®) to ferryl
iron(Fe*) makes the protein more vulnerable to oxidative
damage and provokes tissue injury through lipid peroxidation.
The heme-globin interaction in methemoglobin also is less
stable, accelerating heme-globin dissociation. Free heme, which
is lipophilic, partitions into cellular membranes where it promotes
membrane damage through catalysis of unsaturated lipid
peroxidation. Ferric iron, as either free iron or in heme, further
promotes oxidative damage by catalyzing the production of the
highly reactive hydroxyl radical through the Fenton reaction. In
the presence of free heme, cultured endothelial cells are acutely
susceptible to oxidative injury, and a correlation exists between
the rate of hemoglobin autoxidation, the level of heme uptake,
and endothelial cytotoxicity. The presense of free heme causes
induction of heme oxygenase synthesis either directly by
providing substrate or indirectly by increasing the number of O2-
derived free radicals. Heme oxygenase in turn provides a
protective mechanism against further endothelial cell damage by
making the cells resistant to oxidant damage, but this protective
effect takes place only after a period of hours of exposure to
oxidative stress. It is unknown whether acute injury to
endothelium occurs in vivo upon exposure to cell-free
hemoglobin-based products. The primary side-effects reported
from Phase /Il clinical trials are hypertension and intestinal
dysmotility, both which appear to be vasoactive in origin. The
mechanisms of these effects are unclear, but scavenging of NO
either by binding to cell-free hemoglobin or through conversion of
NO to ONOO through redox reactions are believed to be
involved. Whether other effects come into play are uncertain at
this time.(This work was supported in part by Program Project
Grant HL-48018. USPHS/NIH NHLBI)
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The Pharmacologic, Cardiovascular and
Pressor/Perfusion Properties of
HemAssist™

Kenneth E. Burhop, Ph.D.

Baxter Healthcare Corpolation, Blood
Substitutes Program, Route 120 & Wilson Road,
WG2-3S, Round Lake IL., 60073. USA

‘During extensive preclinical testing of hemoglobin
based blood substitute solutions, it was discovered that all of
the products evaluated possessed pharmacologic properties in
addition to their other inherent physical (e.g., low viscosity)
and chemical properties (e.g., high oxygen carrying capacity).
HemAssist™ (also known as diaspirin crosslinked hemoglobin)
is perhaps one of the most extensively studied members of this
new class of products.

HemAssist is a highly purified, a,a-crosslinked human
hemoglobin solution that is currently under investigation in a
variety of human clinical trials. Infusion of even small doses of
HemAssist into animals and humans typically results in an
increase in mean arterial blood pressure. A variety of
preclinical studies have demonstrated that the vascular
response to HemAssist is reproducible, can vary from tissue-to-
tissue, can vary within a given tissue, and can vary depending
on the state of tension/tone of a tissue. The pressor response is
species dependent, has a rapid onset, is of limited magnitude
and duration of action, can be observed in various in vitro and
in vivo preparations, and can be mitigated by some anesthetics
and by many commonly used antihypertensive agents. Perhaps
most importantly, however, is the fact that a host of studies in
a number of different clinically relevant animal models have
suggested that vital organ perfusion is maintained or even
enhanced following administration of HemAssist.

It is now known that several endogenous physiologic and
pharmacologic mechanisms seem to mediate this pressor
response. HemAssist can clearly interact with nitric oxide (an
endogenous vasodilator), stimulate the release and/or increase
the activity of endothelin (a potent natural vasopressor agent),
up-regulate alpha receptors in the adrenergic system, and can
differentially affect vasomotion in blood vessels.

The purpose of the current presentation will be to
provide a comprehensive summary of the pharmacologic
properties of hemoglobin solutions such as HemAssist.
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An Overview on the Use of HemAssist™ in
the Treatment of Acute Ischemic Stroke in
Animals

Kenneth E. Burhop, Ph.D.

Baxter Healthcare Corpolation, Blood
Substitutes Program, Route 120 & Wilson Road,
WG2-3S, Round Lake IL., 60073. USA

HemAssist™ (also known as diaspirin crosslinked
hemoglobin) is a highly purified, a,a-crosslinked human
hemoglobin solution that is currently under investigation in
human clinical trials in stroke. In an effort to collect
preclinical data to support this testing in man, HemAssist was
examined in four separate animal models of acute cerebral or
spinal cord ischemia/reperfusion.

HemAssist was examined in a number of separate studies
in two different rat models that incorporate ischemic cortical
lesions. In a spontaneously hypertensive rat model,
hypervolemic hemodilution with HemAssist prior to middle
cerebral artery occlusion, followed by reperfusion, resulted in
a dose-dependent decrease in the amount of damage seen in the
ischemic hemisphere of the brain as assessed by TTC staining
and also resulted in a decrease in the amount of brain edema as
measured by specific gravity. In a second rat model,
hemodilution to 30% Hct with HemAssist prolonged the time
required to produce half maximal lesion size in the brain by
68%. In both models, HemAssist increased cerebral perfusion.

In a feline model of focal cerebral ischemia, isovolemic
exchange/transfusion with 15 mbi/kg of HemAssist 1 hour
following stroke induction, resulted in a significant increase in
the oxidation state of cytochrome aas (as assessed by multi-
wavelength differential, near-infrared spectrophotometry) and
produced a 73% reduction in cerebral edema compared to non-
treated controls (as assessed by magnetic resonance imaging).

In a rabbit model of spinal cord ischemia (aortic
occlusion), isovolemic exchange/transfusion with HemAssist at
doses as low as 10 ml/kg resulted in an increase-in the
effective time to induce paralysis from 27.1£3.6 min
(control) to 43.26+3.35 min in HemAssist treated animals.

These studies in various animal models of acute cerebral
and spinal cord ischemia/reperfusion demonstrate that
HemAssist increases brain blood flow and oxygen delivery and
decreases tissue injury.
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MmEZEBMYEEBHEANEITOE DO TRSFE
Endothelial Permeability and Lower Limit of
Modified Hemoglobin Size

=EZ

Hideki Miyao

Although the weight of whole body endothelium is as large as that of liver, it is difficult to recognize the endothelium as an organ. Because of its
organ specificity, it is impossible to discuss the nonspecific characteristics of the endothelium, especially its permeability. Plasma oncotic pressure
is, then, different from each organ or from various pathological conditions such as sepsis and burn which can increase the permeability of the
endothelium. It may be useless to measure the oncotic pressure of synthetic colloids, since the semipermeable membrane of oncometer is made for
albumin which has no distribution of molecular weight but has only one molecular weight (69,000). Yet, a synthetic colloid has a wide distribution
on its molecular weight. An electric charge of colloid also contributes to the permeability as well as the size of molecule. It is said that one third of
oncotic pressure is originated from the electric charge. Since each electric charge of luminal surface of endothelium, basement membrane, and
subendothelium is different and also has an organ specificity, then this problem also makes the interpretation of endothelial permeability confused.
Hemoglobin has an advantage of having more significant oncotic pressure than other synthetic colloids when it is used as an artificial blood, because
the molecular weight of hemoglobin is large enough to produce effective oncotic pressure as albumin does. The leakage of hemoglobin through
endothelium, however, can inhibit nitric oxide and result a vascular constriction, consequently this phenomenon is in contradiction to the aim of the
therapy. Then, hemoglobin should be modified chemically so that it cannot leak out of the vascular space. There are some studies of a new synthetic
colloid, which may suggest the lower limit of molecular weight of the modified hemoglobin. According to this understanding and morphological

- speculation, we may safely say that lower limit of the molecular weight and the size of modified hemoglobin is thought to be greater than 300,000
* dalton and 30nm, respectively.—Key Words: Modified hemoglobin, Endothelium, Permeability, Artificial blood, Artificial organ, Hemoglobin

vesicle.
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Fig. 1. Structure of the capillary wall.
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Fig. 2. Logarithmic graph of Table 1.
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Table 1. Relative permeability of muscle capillary pores to
different-sized molecules"

Molecular Weight Permeability
water 18 1
NaCl 58.5 0.96
Urea 60 0.8
Glucose 180 0.6
Sucrose 342 0.4
Inulin 5,000 0.2
Myoglobin 17,600 0.03
Hemoglobin 65,000 0.01
Albumin 69,000 0.0001

5% 7%, Fig. 1 iZcontinuous capillary DB MIfE T 5. Mk
BIFT ISR & % ik (1 P B2 ML BT B 1 X Fig. 1 @intercellular cleft
Hitight junctionk 2o TWVWAELOICERELHHISEBRTE L
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Flg. 3. INustration of the sizes of various endothelial gap junctions, albumin, SFH, and hemoglobin vesicle'-2.
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SFHIX % FE65,000Td % D B A & O AR VoIl 4

Table 2. Molecular weight ranges of modified hemoglobins™ ¢

Range of Molecular Weight

SFH 65,000
Baxter Healthcare 65,000
Somatogen 65,000
Biopure 68,000-650,000
Northfield 64,000-400,000
Ajinomoto PHP 78,000-263,000

47




Molecular weight distribution of a colloid
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Fig. 4. Molecular weight distribution of a colloid and albumin. a, fractionating point
of colloid osmometer; b, fractionating point of normal capillary
endothelium; c, fractionating point of septic patient's capillary endothelium.
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X, TFEFKREL DI ERFORIIAV L 25 720BERE
ENOFSIINEL b, BEOES HTFOHTE - /- BATE
HPKFHTFET, TSHTF—EOEES &Rk L 5T
EVEETHNFETH L, BFEYFFRIIBERELICHE
PRLEEFHSFEIIEICERTL EEbIL TS, k)
KIEWSFESH* 2304 FOBEREENEIIZZFDOE
OFHEIITERTRE AL OPHFET B, 9 F 89,0000 7
VT3 2 RS FE30,000DEERECH U LOGTFEEFOY
HIZZBLZWEAWTBEBRELEZHE LB IIBERE
FIRERICETE S, 2EL203AUTOTLV7I VIZFEEL
ZWHHLTHAE, EIANLEVWDFESMEFOITAL FEHIE
THRGIIERLE AL, Fig dlZRT ) CBERETEEER
DB’ % Pointa, NEMOSE S FEZPointbl T5&
B+ @O WA B EREEFLEREORELICHES T2
H, EERNTOREEIIES T 5DIIBEBO+OOE S TH 5.
EHIHIMAED & 9 (CMEZBEDOTLE L 7RREIC B W TR
OO AHFREEIBEESTHW,
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3.4. BHREE25mmHg D Bk (£ 1R & iR

a0 F2E&E2VIiETOREREE2SmmHg: V5 #
HiigE ATonIHsBREECATOBEREEL B L TV
2rEZONE, AU FEEBNELLSE, BEREE
25mmHgl3 £ OREOBRRIFEELZET S, BESHEEOB VL
EbN TV DEWescoett DBERELFHINESFEAIHTH
D, WIEHE25mmHgIiFig ADEB+O+ODEEITH Y, E£HA
TIHEEOORHS IR EREICEE L WD, EBOEMENTO
BEEIX LBV EZEZONS, TR0 L) ICNEMBO
PRI L ), fETid40mmHg, FFBEClEOmmHge V9 2
ELEZOND, SHIHIMETIZISmmHg, b L zw, 20
L) ICBEEETIIHER, BE BRICIVR2LVWHIZLE
T RETH D,

35. BMNE/OE DS FRTERIZ?
TATIVEPLELZEEITS, FORTFHSFRLERT

Table 3. Number average and Weight average molecular weight
of various colloids

Number average
molecular weight

Weight average
molecular weigh

Dextran 40 25,000 40,000
Dextran 70 39,000 70,000
Hespander (Japan) 19,000 70,000
Hetastarch (USA) 70,000 450,000
Pentastarch 63,000 264,000
Pentafraction 120,000 280,000
Albumin 69,000 69,000
Hemoglobin 65,000 65,000
Ajinomoto PHP 90,000 )
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Fig. 5. Rat myocardium. Blood capillary made up of a single
endothelial cell (e). bl, Basal lamina; j, endothelial junction; 1,
lumen; m, muscle; p, pericyte; ps, pericapillary space; rb, red
blood cell; v, plasmalemmal vesicles (X 34,000, from
Simionescu?).

BOFEXTable 3IR T, FXA T V700 ANRSY ¥ —IFHA
T LN ARAMERTH S0, EEFHFFRIIT VT
Y ERIZHMTH A PEFEITFRIIT VT IV & A TEERIC
IEV, FThbbFER LT UT0RANRINY Y — N FRES
2L EUOTHEMTEY TH LB TFHFTFRERIVNES 2D, o
THENNBHETARSDBEN E2EL, EEHRTOREKEE
FExpe D /NS b L EERT S, —HRKTRD L (fEb
NTWBENS FOFIIFNAI—FTHINI A —FIIER
PG FEIST ELEZYVKREL, KSTFEERSES(EL. 7
VT IVHNETRE Y YT FREERTHITTENEL
, B—3FBTHHILIDD L. ROEOEFFHEEANES
0¥ THAPHPIIKFHFTENITTH h EEFHHFTFED
BWALWATNTI VLD REL, MENBHDDZWEED
N, RV%7523ayi3INA FRaEs I FVRY —FO—H
THLIPBSTFELEBHSTRORSEBREL/EKR 2T
T, ZOLOIIKPTFEIROKREL, EETHFTFELE
FRHTFROEEN L2, FFERIMIIINIEEZRLT
Wa, Zoauf FiIMEEEEDOTTE LRREICH L THmE
ML -V LT, HEEOTVT IV ORHEMZ AHENE
BEEDLNTWS, ZORYITITI I aVIlETAHLVAIR
PEMANE/ DL OFFEREICHENFHSL EBbhb. 1988
£ \2Zikriald 7 v P O/NBOBBEBR TN, FOF I TF VR
F—FDOFTFEEIBHIILITTINVTII VORHEEE®TT-
7212, Zikrialdsealing effect & \» ) SET10-305 D3 TFE R FD
N FOx T TF VRS —FAHEMIEMEE > — v L TEYE
DTNVT Iy OREEB CEREZRBLL. Fhih/hSngT
BEENBHL, #RIDVAKEVWSFIIO—1) > 72X ) IMEA
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WEEED, 1992 Trabertd T2 F M ¥ v Ll V3 BEDOR
REMEE, RVIAY—F, RVF TS5 a yTHREL, ~V
Y7527 a kB Y NREOFRLET 2807 Lt
L7zD, RUFTI7 a3y ¥ RS —F FdiafilteriZ T/
DFERGTFERZLIBHTH S, RVFRI—FIISTFE
204 FEEAMENDRBENZNEEZOND., RV 57T
7varPry F MRV EBMOTLE L A MEMME 2
LORBEHNTWS LERML TS, D L) RARIIEHA
ETUE YOG FETROREIRENZFRERFD, ~NES O
Y omEHBEEMENMERI T LE2E2D L, ThES
A3 Eb1030 U LD FEEROVLENS S
EBbha, La LIMER R HRLE B Osealing effect!Z B L Tid
HETHETHD, BFEBETIHEHSINZOITITIEEY,
Permeability &\ 9 SR B EN LR =2 7 Y A2 &N, HRi
EETHY, SRYEHXIIIEEEPEET 5. IEAND
Y B4R 5 B L uranscytosis & FHEMFig LICR 5N 5 £ 9
Zvesicle®vesicular channel % /3 2 P HEE THB. TV T I
DIMEN~OEREILZ 9 L 2transcytosis & M L 728k ASETH b
WBERANETDE VDO AT 5 L BbID, Simionescu
BEFEBERICL2TIE0 LOWEFLBE CRL TV A4S, Fig.s
ZratD. LA OEMINE % 7~ 32, ARMAROHEIRERNICSED
vesicleEEDH b, ZOEFEIHONmTHA. TVTIVOER
PHnmTH DI L2 EZ S E105DKE S THDH. Simionescu
132 DERD P TyesicleRvesicular channel (Fig.1)% 43 %
transcytosis ¥ 51} 5 3 F D& %2-30nm, FFET~307L& L
TWwb, Zikriak SimionescuDFT R & ¥+ % L Efii~NE/ O
Y OTHRSFEIZIN, ¥4 A330mmA@ L & E2 6N 5,
COMMEIBT ABHAEIOE Y IRBWY, SFHRERIE
bEN LB TH S L E DN B (Table 2).

-3 P el
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RECITMNEEAE O Y LESIiNEZ O VOB AL BN H
AEERTHSH LHICBbNS,
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Platelets and Platelet Substitutes in Transfusion Medicine> ~ R
LY RSN, COFTBHOHELED I Y Thol R
ICHHET B EHNTE, BLOMEZEDRELH (BALES
DT, TOEEEBEY LTHREL-VWERS,

1. MAMREMRAREOEEY

SRDOY Y RTY AOSEHHBEREIEET 5 —E TS
h-2 &, O DOREKEHRutherford BiEE Ak CHIBRLH &
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7Oy g AHEEEN, BIALEORHR, % BBTOEH
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2, Bnal, RENSELZE, REBIUHMENEETHLE
&, FLTHMIICEELTHIORES LW TEbIE, Rk
ZZbh T, ZFORMMICHEVIVMEOFERE, Hise
#, BEIVMR, M/MKEOFIRZ LA s h, SERFESR
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2. REEM/MROBEERTE

I — )V kK% Sinder EL & Y B M/IMED AN 2 RS 7200 55
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BInl, MABRORERICET 215 DOLDHIZ # DiLOIgEE
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EXHY, WMIPBEMELER*RELTVLZ L, BN
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WA, M/AMRHRERICBELT 7 F - OEREHTH Ssp-
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Tz, FEEM/MUIREEIEMIERARE ZZ 5h, 8
HOMEBRROEELTF—<LEILND,

In vivolREIZIXA Y VT 4111, 7039451128 BIVMRS
NI TE DA, BIZHRHEICIRTRBRITbI A< E
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ts and Platelet Substitutes in
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BT+ FIE > 5 — L8

THb. TMWIEM/MEEIIECC) b M/MTEIRE DIGE & %
D, ERICHMAETAEZ EbinvivoTCDIZEL 72 5.

3. M/IMRRFID S ¢ W AFRE(E

Za—3— 7 M+t ¥ —Horowitz BL b M/ MEEF DY 4
ANELDOBKRDFER SNz V5L U HEKAMD) & Bk ESE
SHRUVA)DMAESHLETRD L D %M, 74 VR, BHOR

iH{bog) S LN B
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d77-—-o 73
R1777—7 25
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sindbis™7 4 JL A 7.0
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HIV(cell-free) 6.7 log
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Duck hepatitis B virus(DHBV) 6.8
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Klebsiella pneumonia 5.6
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