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with a solution (7 mg protein/ml, 3 ml each time)
of Fab' fragments of anti-ant i-rat erythrocyte
F(ab' h antibody. Only 25- 30CIJoof the cell-bound
liposomes could be eluted by this method. The
maximum amount of liposomes was eluted in the
first and second washings whereas the last washing
was completely free of radioactivity. Secondly, we
attempted to measure the amount of free
[14C]sucrose (or eH]inulin) delivered to the. cells
by the liposomes, as it should allow us to ascertain
the degree to which liposomes fuse with the cells
[20]. The Fab' -washed cells (about 0.2 ml packed
volume) were transferred to a 3 ml centrifuge tube,
and lysed at O°C by adding 9 vols precooled dis-
tilled water. It was centrifuged at 25000 x g for
30 min at 4°C. The supernatant was carefully
transferred to a glass tube. The pellet was washed
with water (2 ml), and the washing was mixed with
the first supernatant. The washed pellet was
diluted 'with an equal volume of water and
measured aliquots of both the supernatant and the
pellet were analysed for radioactivity. The
liposomal membrane radioactive markers (viz.
1251-labelled F(ab' h and egg [14C]pC) were ex-
clusively (> 98ClJo)associated with the cell pellet
whereas a considerable proportion (23-38ClJo)of
the entrapped markers (viz. [14C]sucrose and
[3H]inulin) was also present in the supernatant.
These amounts of the liposomal solutes in the
cytosol were not due to leakage of the entrapped
solutes from the cell-bound liposomes, as loo-fold
dilution with distilled water was found not to in-
duce any leakage « lCIJo)from the liposomes that
were not bound to the cells. Moreover, no
[14C]sucrose (or [3H]inulin) could be detected in
the supernatant even upon overnight storage of the
Fab' -washed liposome-bound cells in buffer at
4°C. From these findings, we infer that of the
erythrocyte-bound liposomes, at least 25-30CIJoin-
teract with the cells via adsorption, 20-30CIJoprob-
ably via membrane-membrane fusion, and the
rest may have interacted with the cells via some
other mechanisms [20,21].

Interactions of red cells with liposomes are
known to alter their membrane deformability [22],
which in turn could accelerate their destruction by
the spleen [23]. Therefore, to examine whether the
liposome binding has influenced the survival times
of erythrocytes in the circulation, we measured the
51Cr levels in the circulation after injecting 51Cr_

labelled liposome-bound erythrocytes in rats, as
described in section 2. The normal rat erythrocytes
which did not receive any treatment with liposomes
were used as controls in these experiments. Fig.4
shows that the amounts of the control liposome-
and antibody bearing liposome-treated cells in the
circulation are similar to that of the control cells.
Also, the fractions of the liposome-treated cells
associated with the various organs (fig.5) were
almost identical to those of the liposome untreated
erythrocytes. These results strongly indicate that
the interaction of the red cells with liposomes does
not alter their stability or survival time at least up
to 3 h in the circulation. Further, it may be noted
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FigA. Survival of liposome-treated red cells in
circulation of rats. (A) Cells not treated with liposomes
(solid circles, 5ICr); (B) cells treated with egg [14C)PC_
containing control liposomes (solid circles, 51Cr; open
circles, 14C); (C) cells treated with anti-rat erythrocyte
F(ab' h bearing liposomes containing egg [14C)pC (solid
circles, 51Cr; open circles, 14C). Values are mean of 4

animals :t SD.
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Fig.5. Distribution of radioactivity in various organs at
3 h after injecting slCr-labelled liposome-treated (or
untreated) red cells in rats. (A) Cells not treated with
liposomes (open bars, SICr); (B) cells treated with egg
(14C]pC-containing controlliposomes (open bars, SICr;
shaded bars, 14C); (C) cells treated with anti-rat
erythrocyte F(ab' h bearing liposomes containing egg
(14C]pC (open bars, SICr; shaded bars, 14C).Values are

mean of 4 animals :t SD.

in fig.4 that about 20070of the control liposomal
14C and about 10% of the antibody bearing
liposomal 14C disappeared from the circulation.
These fractions may represent those liposomes
which were loosely bound to the cells, and readily
eluted from the cell surface by the plasma proteins
in blood circulation.

This study clearly shows that covalent attach-
ment of cell-specific antibody to liposomes
specifically enhances their binding to the target
cells in vivo. Also, it demonstrates that a signifi-
cant fraction of the cell-bound liposomes can
deliver their contents even to an inert cell like the
erythrocyte. We, therefore, conclude that
liposomes coupled to cell-specific antibody may
prove quite suitable for drug/enzyme delivery to
specific cells in the biophase.
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