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Oxygen Carriers in the Form of Modified Hemoglobin for Blood Substitute

T.M.S. Chang
Artficial Cells and Organs research Centre, McGill University, Montreal, CANADA

Oxygen carriers for blood substitutes include modified hemoglobin, perfluorochemicals and synthetic heme. Modified hemoglobin
consists of: (1) encapsulated hemoglobin & (2) cross-linked hemoglobin (polyhemoglobin, intramolecularly cross-linked
hemoglobin and conjugated hemoglobin). Important progress has been made in research on new crosslinkers, new cofactors, new
sources of hemoglobin and new in-vitro and in-vivo studies. Animal studies have showed the efficacy of modified hemoglobin in
hemorrhagic shock. However, the effects of trauma, anesthesia, dehydration and other factors still needs exploration. In safety
studies, one of the problems is that animal safety studies are not always applicable to human response, especially in immunological
and hypersensitivity type of reactions. A preclinical screening test using human plasma proposed by us and the use of human
macrophages proposed by other groups may help to bridge the gap between animal safety studies and injection into human. Very
recent reports in a Blood Substitute Conference (Sept 1993) included phase I clinical trials and the initiation of phase II clinical trials.
Crosslinked hemoglobin is likely the first generation modified hemoglobin blood substitutes for clinical application. However,
microencapsulated hemoglobin may well be the second generation blood substitutes. In the microencapsulated form, hemoglobin is
not exposed to outside environment. This may solve some of the potential effects of unprotected hemoglobin. The most widely
explored microencapsulated hemoglobin is lipid vesicle encapsulation. These may be the second generation modified hemoglobin
blood substitutes. Some of the potential new sources of hemoglobin included bovine hemoglobin, recombinant human hemoglobin,
transgenic human hemoglobin and synthetic heme may need to be microencapsulated. For those hemoglobins which are not
completely devoid of antigenic activities in human they may require immunoisolation with microencapsulation. Since lipid vescicles
have been used as adjuvants for vaccine, we are exploring the use of another approach which may not act as adjuvant for potentially
antigenic materials. Thus we are exploring the use of ultrathin biodegradable polymer membrane (e.g. polylactic-co-glycolic acid)
nanocapsules containing hemoglobin. These biodegradable membranes are degraded in the body finally to water and carbon dioxide.
The rate of biodegradation can be adjusted by a number of factors (ratio of the 2 types of polymers, membrane thickness, molecular
weights and other factors). These can now be prepared in the form of hemoglobin nanocapsules of mean diameters from 90-160
nanometer (0.090-0.160 microns). The P, of the hemoglobin remained unchanged. We are just starting our in-vivo studies.
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Hemoglobin-Based Red Cell Substitutes: Efficacy, Evaluation and Clinical Models

R. M. Winslow

University of California, San Diego, and Hematology/Oncology Section, Veterans Affairs Medical Center, San Diego, Californi:
USA

Many important advances have occurred in recent years which bring hemoglobin-based red cell substitutes closer to clinical use
These include greater purity, stability, specific cross-linking (both chemical and genetic), longer shelf-life and plasma retention, an
better understanding of the interacting effects of hemoglobin and endotoxin. A number of products are now in clinical trials. Still, i
spite of impressive advances, side effects, ranging from minor to moderate in severity, have occurred. Whether or not a red ce
substitute will be used successfully will be determined by the balance of benefit/risk. In other words, if there are significar
insurmountable side effects, compared to those expected with blood transfusion, then their benefits must be compelling.

As products have become better characterized, a propensity to cause vasoconstriction in vivo has been identified. Although not y«
proven conclusively, this may be related to the known property of hemoglobin to bind nitric oxide (NO), the endothelium-derive
relaxing factor. NO binds to hemoglobin at the heme sites, as does O,. To date, no strategy has been proposed or developed to restric .
NO binding without also restricting O, binding.

In intact rats, administration of 64.000 MW cross-linked hemoglobin raises mean arterial pressure. In the shock pig, augmente
blood O, content resulting from resuscitation with cross-linked hemoglobin is offset by increased vascular resistance and low cardiz
output. The net result is that O, transport is the same as when resuscitation is with albumin or Ringer's lactate. Similar findings hav
been reported in the dog, and NO donors (e.g. sodium nitroprusside) may alleviate the vasoconstrictive effect of hemoglobin. Som
evidence suggests that these effects are less significant when larger polymers of hemoglobin are used.

Now that solutions are in human clinical trials, the efficacy question must be addressd. There has been little doubt that cell-fre :
hemoglobin can carry O, in the circulation, and early literature demonstrated that hemoglobin solutions could salvage anima .
hemorrhaged to lethal levels. However, since anticipated use as a blood replacement will involve administration in clinical setting .
which are not lethal, survival is not a useful endpoint for clinical efficacy testing, and new endpoints must be developed. Thus, whil :
research and regulatory workers have tentatively agreed that increased arterial O, content after infusion of blood substitutes ma
constitute efficacy, clinicians will demand clear demonstrations of efficacy before using these new agents which may be costly an |
have specific toxicities.
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Development of a Blood Substitute: Regulatory Perspectives
J. C. Fratantoni
Food and Drug Administration, USA

The U. S. Food and Drug Administration (FDA) is required to ensure that all drugs and biologics are pure, potent, safe and
effective. Red blood cell substitutes are a new class of agents and present some unique regulatory problems.

Safety concerns have occupied considerable time and attention of investigators and regulators. These concerns have several bases:
the biology of the interactions between a naked oxygen carrier and the host organism is largely unexplored; the nature and
mechanism(s) of observed adverse reactions are not well understood; safety must be considered using existing products as a standard,
and the existing products (red cells) are quite safe. In order to permit development of blood substitutes, the FDA has examined the
probable sources of toxicity and has proposed schemes of in vitro and animal testing which have led to some limited clinical trials.

While safety and efficacy are often discussed as distinct items, they cannot be separated in reality. The acceptability of any agent
will ultimately be based on an assessment of risk versus berefit. This assessment will vary depending upon the nature of the clinical
condition which requires treatment with a blood substitute. Therefore, the clincal indication for which a specific blood substitute is
intended must be considered when we evaluate safety, efficacy or the risk / benefit ratio.

These general principles, and the specific systems used by the FDA for regulation, will be discussed.

Preclinical Data and Clinical Trials with Diaspirin-Crosslinked Hemoglobin

M. C. Farmer
Baxter Healthcare Co., USA

Diaspirin-crosslinked hemoglobin (DCLHb™) is a stabilized tetramer of human hemoglobin with oxygen-carrying properties
similar to fresh blood. Efficacy in preclinical animal models of hemorrhagic shock is summarized to present that this product
possesses potentials in a variety of indications. Current status of product development including Phase I clinical results from healthy

volunteers will also be given.
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