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Recently, many reports have been published on the red cell substitutes
(1,2). Still more recently, several attempts have been made to prepare
highly biocompatible liposomes containing hemoglobin solution as a red
cell substitute (3).

In the present work, sheep hemolysate-loaded liposomes are pre-
pared by using a modified interfacial deposition technique with which
the liposomes are strengthened by a tightly combined polysaccharide,
carboxymethylchitin. The hemolysate-loaded liposomes are called artifi-
cial red blood cells (ARBC).

When the ARBC are prepared by using our technique, the percent-
age of hemoglobin solution encapsulated into liposomes appears to be
dependent on the pH and ionic strength of the medium, the concentra-
tion of carboxymethylchitin, the volume ratio of aqueous phase to oil
phase, and temperature. The percentage of encapsulation is found to de-
crease with increasing pH and ionic strength of the medium if the
carboxymethylchitin concentration (0.2%, w/v) and the volume ratio (1:1)
are constant. For example, the percentage of encapsulated hemoglobin
solution into liposomes is about 45% at pH 7.5.
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Fig. 1. Zeta-potential of the ARBC as a function of pH of the buffer solu-
tion (ionic strength, 0.01) at 25°C.

Figure 1 shows the zeta-potential of the ARBC as a function of pH of
the medium (ionic strength, 107). The zeta-potential of the ARBC is
gradually increased with increasing pH of the medium. This is because of
the dissociation of carboxymethyl groups from carboxymethylchitin on
the ARBC surface.

Figure 2 illustrates the relationship between relative viscosity and
mixing ratio for mixed suspensions in human plasma of the ARBC and
human red blood cells (HRBC).

The total particle concentration in the mixed suspensions is kept at
40%. It is recognized that the effect of the ARBC on the flow properties of
the mixed suspension becomes remarkable when the mixing ratio of the
ARBC to HRBC exceeds 50%. This decrease of relative viscosity in the
mixed suspension could be caused by a reduction in the particle-particle
interaction in shear flow caused by the strong hydration forces of
carboxymethylchitin.

Hence, the hemolysate-loaded liposomes can be said to come close
to one of the red cell substitutes clinically usable in that they are modified
with respect to their biophysical properties by carboxymethylchitin.
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Fig. 2. The relationship between relative viscosity and mixing ratio for
mixed suspensions in human plasma of the ARBC and HRBC at 37°C.
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