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Abstract—In view of the interest in erythrocyte ghosts and carrier erythrocytes as potential drug delivery
systems, this work was undertaken to determine conditions facilitating the retention of entrapped molecules
during cryopreservation. Upon freeze-thaw treatment intact erythrocytes and erythrocyte ghosts displayed
different damage profiles with respect to cryoprotectant concentration. Non-penetrating cryoprotectants
showed optimum protection of intact cells at 0-4-0-5 M; this optimum was not observed with ghosts, in
which damage decreased with concentration up to 1-0 M. The concentration optimum for intact cells was not
abolished by oxidative or reductive treatments suggesting that its absence in ghosts is not due to altered
protein-protein or protein-lipid interactions. The extent of freeze-thaw damage to ghosts was influenced by
the qualitative ionic composition of a cryoprotectant-free suspending medium, with 10-12% haemolysis
observed in the presence of Li* and Mg?*+ but >60% for Na*, Cs*, K* and NH,* with increasing loss
following that order. The release on freezing of entrapped haemoglobin, inulin and sucrose was found to be

inversely proportional to their molecular weights.

Erythrocyte ghosts (cells depleted of haemoglobin) and
carrier erythrocytes (cells made permeable to exogenous
molecules) are currently under investigation as potential
drug delivery systems (Green et al 1980; Deloach & Andrews
1986; Thler & Tsang 1987; Kruse et al 1987; Zocchi et al
1987). Whereas erythrocyte ghosts are prepared by hypoto-
nic lysis, typically at 10-20 m osmol kg~!, carrier erythro-
cytes are made permeable by the gradual imposition, often
by dialysis (Deloach & Ihler 1977; Dale 1987), of hypotonic
conditions, typically 100 m osmol kg~!. Both procedures
generate metastable pores in the cell membrane, the size of
which may be varied according to the pH, temperature and
ionic constitution of the medium (Lieber & Steck 1982a, b;
Deloach & Andrews 1986, 1987) and thus facilitate the
entrapment of pharmacological agents.

We have recently shown that erythrocyte ghosts, like
liposomes, may be efficiently cryopreserved at liquid nitro-
gen temperatures (Brearley et al 1988). The object of this
present study was to determine conditions facilitating the
retention of entrapped molecules of varying molecular size
and to examine the differences between the cryopreservation
of erythrocyte ghosts and intact erythrocytes

Materials and Methods

Washing of erythrocytes

Fresh heparinized human blood from a healthy male donor
was washed by centrifugation three times in isotonic phos-
phate buffered saline (PBS, Oxoid), pH 7-2 and adjusted to
50% haematocrit. After each centrifugation the buffy coat
was discarded.

Preparation of erythrocyte ghosts
Pink erythrocyte ghosts were prepared with modifications to
the hypotonic lysis method of Bjerrum (1979). This involves
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lysis of erythrocytes in ice-cold media at low osmolalities and
ionic strength, restoration of physiological salt concentra-
tion and pH conditions (reversal), followed by annealing at
38°C to effect closure of pores generated during lysis.

During the lysis procedure the cells, solutions and centri-
fuge tubes were maintained strictly at 0°C. Washed celis (2
mL) were added to 20 mL of lysing medium comprising 4 mm
MgSO, and 3-8 mM acetic acid. The lysed cells were kept on
ice for 2 min and the ionic conditions were restored by the
addition of 2 mL of solution comprising 2-0 M KCI and 25
mM tris(hydroxymethyl)aminomethane. The lysed cells were
held on ice for a further 10 min before resealing by
incubation at 38°C for 60 min.

After incubation (annealing) ghosts were pelleted at 27 000
g for 10 min. The supernatant was discarded and the pellet
was washed again by centrifugation in PBS. In some
experiments ghosts entrapping radiolabelled markers were
prepared by lysis of erythrocytes in lysing medium contain-
ing, in addition, either 25 uCi [*Hlinulin or 5 uCi ["*C]sucrose.

Oxidative and reductive treatment of erythrocytes

Washed erythrocytes were suspended in PBS, at a haematoc-
rit of 2-5%. The cells were incubated at 37°C for 1 h with SH-
oxidizing agents (tetrathionate (S40¢)>~, 20 mM; or diamide,
S mM) or with reducing agents dithiothreitol (DTT), 10 mm;
or glutathione (GSH), 10 mM. After incubation the cells were
washed three times in buffer.

Freezing and thawing
Samples (350 uL) of red cell or ghost suspensions were
dispensed into polypropylene tubes (internal dimensions
38 x4 mm), which were placed in an alloy tube holder and
immersed directly in liquid nitrogen. Samples were held at
—196°C for 10 min and thawed to room temperature (20°C)
by immersion of the tubes directly in a water bath at 55°C.
Temperature profiles were recorded with a copper con-
stantan thermocouple placed in one of the freezing tubes and
connected to a chart recorder. The cooling rate which was
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determined from the linear part of the temperature profile
between —15° and —45°C was 2600°C min .

The extent of freeze-thaw damage (percentage lysis) was
determined from the haemoglobin content of the super-
natant following centrifugation (11000 g for 5 min) of the
sample. Samples of the supernatant were diluted as appro-
priate and the absorbance at 540 nm determined. Controls
were prepared by dispensing samples into tubes which were
left at room temperature for the duration of freeze-thawing
and treated thereafter as freeze-thawed samples. Total
(100%) lysis controls were provided by lysing aliquots of
ghost suspension in an appropriate volume of 0-01% Triton-
X-100.

Results

Cryoprotection of intact cells and erythrocyte ghosts

Fig. 1 details the loss of entrapped haemoglobin from intact
erythrocytes and from erythrocyte ghosts as a function of
concentration of three cryoprotective agents. Intact erythro-
cytes and ghosts show very different damage profiles with
respect to the concentration of cryoprotective agent. All of
the ten non-penetrating agents tested on erythrocytes (data
not shown) showed an optimum for cryoprotection at 0-4-
0-5M. The non-penetrating agents tested included mono- and
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FiG. 1. Effect of cryoprotectant concentration on haemolysis of
erythrocytes (a) and erythrocyte ghosts (b) following a freeze-thaw
cycle (s.d. less than 5% of the mean, n=4). Betaine 0J; glycerol O;
galactose aA.

disaccharides and the N-methyl substituted amino acids,
sarcosine (monomethylglycine), dimethylglycine and betaine
(trimethylglycine). Of the saccharides, galactose, sucrose and
trehalose (data not shown) were particularly effective giving
less than 10% haemolysis at their respective optima whilst
the amino acid derived cryoprotectants were less effective.

In contrast, the penetrating agents glycerol and dimethyl-
sulphoxide (not shown) afforded a progressive increase in
protection with increasing concentration.

Erythrocyte ghosts frozen in the absence of any cryopro-
tective additive appeared to be less stable than their erythro-
cyte counterparts and exhibited approximately 98% lysis
compared to approximately 80% for the intact cells. Ghosts
frozen in the presence of cryoprotectants showed a progres-
sive increase in protection irrespective of the penetrating or
non-penetrating nature of the additive. The extent of
protection afforded by the various agents was comparable to
that afforded to intact cells.

Oxidative and reductive modification of the erythrocyte
membrane

One hypothesis that we have considered to account for the
difference in the response of ghosts and intact cells to freeze-
thaw stress is that the ghosts show altered cytoskeletal-
membrane interactions which render the membrane less
sensitive to such stress at high cryoprotectant concentra-
tions. The erythrocyte membrane comprises the lipid bilayer,
integral membrane proteins and a filamentous network of
proteins, predominantly spectrin, or cytoskeleton. The
cytoskeleton through its interactions with other membrane
components has an important role in the maintenance of
mechanical stability of the membrane (Wolfe 1985).
Although the nature of these interactions is only now being
unravelled, it is apparent (Haest et al 1978; Smith & Palek
1983; Streichman et al 1988) that the oxidation state of
spectrin thiol groups is a critical factor in the thermal
stability of the membrane.

The results presented in Fig. 2 and Table 1 show the effect
of oxidative and reductive treatment of intact cells on their
subsequent response to freeze-thaw stress. Cells treated with
oxidizing agents (tetrathionate or diamide) which cause
complete crosslinking of spectrin at the concentrations
employed here (Haest et al 1978) show greater percentage
lysis than their control and reducing agent treated counter-
parts (Table 1). All the cells showed a qualitatively similar
response to cryoprotectant, that is they all demonstrated
optimal recovery at a cryoprotectant concentration of 0-4 M
(Fig. 2). Thus, it appears that the nature, though not the
magnitude, of the stress imposed by freezing and thawing is
the same for control and treated membranes. Reducing

Table 1. The effect of oxidative and reductive treatment on freeze-
thaw survival of erythrocytes in 0-4 M betaine.

Percentage lysis

Treatment (mean+s.d.)
Control 28-34+0-8
Diamide 439+ 1-0
Tetrathionate 442+ 1-4
Dithiothreitol 332420
Glutathione 31'9+£09
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F1G. 2. Effect of oxidative and reductive treatment of erythrocytes on
haemolysis after a subsequent freeze-thaw cycle (mean +s.d., n=4).
Control O; dithiothreitol O; tetrathionate A.

treatments (DTT and GSH) only slightly increased lysis at
the optimum cryoprotectant concentration (Table 1). At
superoptimal cryoprotectant concentration lysis was
reduced by DTT but not by GSH (data not shown).

The effect of ionic species
The ionic constitution of the medium is an important factor
in determining pore size in erythrocyte ghosts (Lieber &
Steck 1982 a, b). We have tested (Table 2) the effect of various
chloride salts added to ghost suspensions on the recovery of
entrapped haemoglobin after freeze-thawing. For this exper-
iment erythrocyte ghosts were suspended in media compris-
ing 200 mwm salt and 10 mm HEPES, pH 7-2. The extent of
leakage of haemoglobin from the ghosts is indicated in the
Table. Of the Group I metal chlorides tested, K was the most
damaging giving 88% loss of haemoglobin, and Li the least
(12%). The extent of damage decreased in the order
K > Cs> Na > Li. Magnesium chloride (11%) was the least
damaging of all the salts tested and NH,Cl (90%) the most.
In all cases the loss of haemoglobin from control (non-
frozen) samples was less than 5% of the total haemoglobin.
When erythrocyte ghosts were freeze-thaw treated in the
additional presence of 300 mM sucrose as cryoprotectant
(Table 2) the effect of the salts was abolished, the loss of
haemoglobin being reduced to less than 3% of the total
haemoglobin irrespective of the nature of the ionic species.

Table 2. The effect of ionic species (200 mm) on freeze-thaw damage
to erythrocyte ghosts.

Percentage lysis (mean +s.d.)

Buffer Buffer plus
Ionic species alone + 300 mM sucrose
NH,C! 90-1+54 55414
LiCl 12-14+43 62421
NaCl 62:3+47 59418
KCl 88-4+6-7 59420
CsCl 73-0+6-0 61420
MgClz 10-8+3-9 49+1-8
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FiG. 3. Percentage release of markers of varying molecular size from
erythrocyte ghosts during a freeze-thaw cycle (mean+s.d., n=4).
Sucrose O; inulin B; haemoglobin O.

Nature of entrapped marker

Considering the nature of the haemolytic hole and the
potential of erythrocyte ghosts as agents of drug delivery it is
pertinent to inquire of the permeability of freeze-thawed
ghosts to solutes of differing molecular size. To this end
glycine betaine, as a typical non-penetrating agent, was
tested as a cryopreservative of erythrocyte ghosts entrapping
sucrose; mol.wt 342, Stokes radius 5-2 A (Schultz & Solomon
1961), inulin; mol. wt 5200, Stokes radius 20 A and
haemoglobin; mol wt 66 000, Stokes radius 40 A (Deloach &
Andrews 1987).

The release of markers from control (unfrozen) ghosts was
dependent upon the nature of the marker but independent of
cryoprotectant concentration. Sucrose release from control
ghosts was between 9 and 11%, inulin release was between 3
and 6% whilst haemoglobin showed the least leakage, less
than 2% irrespective of cryoprotectant concentration.

Upon imposition of freeze-thaw stress sucrose loss was
progressively reduced from 98% in the absence of cryopro-
tectant to 17% at 1 M betaine (Fig. 3). Inulin release was
similarly reduced from 95 to 8% whilst haemoglobin release
was the lowest of the three markers, 68% in the absence of
betaine and less than 7% at 0-3 M and above.

Discussion

In the absence of major functional differences between
erythrocyte ghosts and intact cells (Bjerrum 1979) we have
considered two possible explanations of the different re-
sponse (Fig. 1) of ghosts and intact cells to freezing stresses at
high cryoprotectant concentration. One hypothesis is that
the presence of stable pores within the ghost membrane
attenuates the extent of osmotic stress imposed by the
hypertonic cryoprotectant solution during freezing and
thawing. This hypothesis is not easily tested for ghosts
because of the incomplete closure of the pores generated
during ghost preparation. The conditions required to effect
complete closure of the pores have not been identified;
rather, the evidence (Lieber & Steck 1982a, b) suggests, to the
contrary, that the pores, though variable in size, are stable
and permanent features of erythrocyte ghosts.

An alternative hypothesis is that the generation of ghosts
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by osmotic lysis of intact celis causes some aberration of
membrane component interactions. We have also considered
that the disruption of these interactions may be mimicked by
oxidative or reductive treatment of the membrane. It has
been shown (Haest et al 1978) that treatment of intact cells
with thiol oxidizing agents releases constraints imposed by
spectrin upon phosphatidylserine and phosphatidylethano-
lamine such that the phospholipids may move from the inner
half of the bilayer to the outer half. These effects can be
blocked by thiol alkylating agents such as N-ethylmaleimide.
Furthermore, the thermal stability of the membrane can
similarly be manipulated by oxidative or alkylating treat-
ment of spectrin thiol groups (Smith & Palek 1983; Streich-
man et al 1988).

Our inability to abolish the concentration dependent
optimum of cryoprotection of intact erythrocytes by oxida-
tive and reductive treatments of the cells (Fig. 2) suggests that
the absence of such an optimum in erythrocyte ghostsisnota
consequence of altered protein-protein or protein-lipid inter-
actions. In the absence of other likely functional differences
between intact cells and erythrocyte ghosts, we suggest that
the optimum of cryoprotection observed in intact cells is a
consequence of critical osmotic stresses imposed during the
freeze-thaw cycle upon intact cells, but which are not
imposed upon ghosts presumably because of the presence of
stable pores in their membrane.

The nature of pores generated in erythrocyte ghosts has
been studied by Lieber & Steck (1982a, b) who determined
the size of pores in ghosts prepared by the method of Bjerrum
(1979) to be 9 A in size. In their exhaustive study the authors
concluded that the size of the pores was controlled by the
balance between opposing forces within the membrane. Hole
closure was enhanced by the binding of cations to anionic
groups in the membrane.

It is well known that the surface areas and hence pressure
of monolayers of phospholipids is controlled to some extent
by the charge repulsion of like-charged groups in neighbour-
ing phospholipid headgroups.The strength of such interac-
tions is dependent on the charge shielding properties of the
medium between neighbouring phospholipid headgroups.
The ability of different electrolytes to structure or destruc-
ture water (Verral 1973; Franks 1983) in the immediate
vicinity of phospholipid headgroups or other charged groups
on the membrane surface may thus influence the nature of
the haemolytic hole and the subsequent freeze-thaw stability
of the membrane. The extent of these effects might be
expected to follow a lyotropic series (Record et al 1978)
related to the hydrated ion radii of the Group I cations
(Franks 1983). It is of some note, therefore, that the efficacies
of the monovalent ions (Table 2) do not follow the hydrated
ionic radi Li>Na>K > Cs of these ions.

Alternatively, there is growing evidence that cations
interact directly with membrane components (Cunningham
et al 1988). Divalent and trivalent cations are known to bind
to both zwitterionic and charged phospholipids (Hauser et al
1975, 1977a; Lis et al 1981). Monovalent ions also appear to
bind to negatively charged surfaces (Hauser et al 1977b;
Jacobson & Pahapadjopoulos 1977) and furthermore, there
is evidence of interactions with phosphatidylcholine bilayers
(Lis et al 1975; Chapman et al 1977).

There are also theoretical treatments of the selectivity of

equilibrium binding of cations by ion exchangers reviewed
by Eisenman (1969). These treatments predict a whole range
of selectivity isotherms for binding of monovalent cations,
the specific sequence depending upon the sizes of the
interacting species and their resultant charge densities.

Interestingly, the specific sequence Li>Na>Cs>K is
also afforded by an analysis of the free energy of transfer of
monovalent cations from water into a ligand structure giving
cubic co-ordination (Conway 1981, and references therein).
The binding of cations to a membrane surface could readily
be considered in such terms. The relevance of the application
of such theories to ion-phospholipid membrane interactions
is further suggested by the results of a recent study by Eklund
et al (1989). In this study the elevation of the thermotropic
subtransition of dipalmitoylphosphatidyglycerol bilayers by
monovalent ions followed the precise sequence
Li>Na>Cs>K which we have described. In a similar
manner the ability of monovalent cations to cause aggrega-
tion of digalactosyldiacylglycerol vesicles followed the same
sequence at low turbidity values (Webb et al 1988).

The presence of stable pores in ghost and carrier erythro-
cyte is a matter of great importance considering the appli-
cations of such systems as agents of delivery of a wide range
of pharmaceutical agents including drugs (Kruse et al 1987)
and enzymes (Deloach & Ihler 1977; Morelli et al 1979; Dale
1987). We have demonstrated that the pores generated
during the preparation of erythrocyte ghosts can be main-
tained at liquid nitrogen temperatures and be subsequently
restored on thawing in a cryoprotectant concentration
dependent manner. Liquid nitrogen storage may similarly be
possible for carrier erythrocytes. We have ascertained that
the extent of damage incurred by erythrocyte ghosts in the
absence of cryoprotectants during a freeze-thaw cycle is
strongly dependent upon the cationic constitution of the
suspending medium, and in a manner which is not explained
simply by consideration of the hydrated ionic radii.

References

Bjerrum, P. J. (1979) Haemoglobin-depleted erythrocyte ghosts:
characterisation of morphology and transport functions.
J. Membr. Biol. 48: 43-67

Brearley, C. A, Lloyd, A. W., Hodges, N. A, Olliff, C. J. (1988) A
comparative study of the cryopreservation of human erythro-
cytes, ghosts and liposomes. Biochem Soc. Trans. 16: 354

Chapman, D., Peel, W. E., Kingston, B., Lilley, T.H. (1977) Lipid
phase transitions in model biomembranes: the effect of ions on
phosphatidylcholine bilayers. Biochim. Biophys. Acta 464: 260
275

Conway, B. E. (1981) lonic Hydration in Chemistry and Biophysics.
Studies in Physical and Theoretical Chemistry. Vol. 12, Elsevier,
pp. 670-693

Cunningham, B. A., Gelerinter, E., Lis, L. J. (1988) Monovalent ion-
phosphatidylcholine interactions: an electron paramagnetic reso-
nance study. Chem. Phys. Lipids 46: 205-211

Dale, G. L. (1987) High efficiency entrapment of enzymes in resealed
red cell ghosts by dialysis. In: Green, R., Widder, K. J. (eds),
Methods in Enzymology. Vol 149, Academic Press, London, pp.
229-234

Deloach, J. R., Thler, G. M. (1977) A dialysis procedure for loading
erythrocytes with enzymes and lipids. Biochim. Biophys. Acta,
496: 136-145

Deloach, J. R., Andrews, K. (1986) Stability of membrane pores in
hypotonically dialyzed erythrocytes: coencapsulation of different
Stokes radius probes can occur for at least 21 days in human
erythrocytes. Biotechnol. Appl. Biochem. 8: 537-545



MOLECULES IN ERYTHROCYTE GHOSTS DURING CRYOPRESERVATION 301

Deloach, J. R., Andrews, K. (1987) Carrier erythrocytes from cattle
can be prepared from cells stored in a hypotonic, porous, dialyzed
state. Ibid. 9: 443-449

Eisenman, G. (1969) Theory of membrane electrode potentials: an
examination of the parameters determining the selectivity of solid
and liquid ion exchangers and of neutral ion sequestering
molecules. In: Durst, R. A. (ed.) Ion Selective Electrodes. United
States Department of Commerce, National Bureau of Standards
Special Publication 314, pp 1-56

Eklund, K. K., Salonen, I. S., Kinnenun, P. K. J. (1989) Monovalent
cation dependent phase behaviour of dipalmitoylphosphatidyl-
glycerol. Chem. Phys. Lipids 50: 71-78

Franks, F. (1983) Water. Royal. Soc. Chem. London, p 65

Green, R., Lamon, J. L., Curman, D. (1980) Clinical trial of
desferrioxamine entrapped in red cell ghosts. Lancet ii: 327-330

Haest, C. W. M, Plasa, G., Kamp, D., Deutick, B. (1978) Spectrin as
a stabiliser of the phospholipid asymmetry in the human erythro-
cyte membrane. Biochim. Biophys. Acta 509: 21-32

Hauser, H., Philips, M. C., Levine, B. A., Williams, R. J. P. (1975)
Ion-binding to phospholipids. Interaction of calcium and lantha-
nide ions with phosphatidylcholine (lecithin). Eur. J. Biochem. 58:
133-144

Hauser, H., Hinkler, C. C., Krebs, J., Levin, B. A., Philips, M. C,,
Williams, R. J. P. (1977a) The interaction of ions with phosphati-
dylcholine bilayers. Biochim. Biophys. Acta 468: 364-377

Hauser, H.,Finer, E. G., Darke, A. (1977b) Crystalline anhydrous
Ca-phosphatidylserine bilayers. Biochem. Biophys. Res. Com-
mun. 76: 267-274

Ihler, M. G., Tsang, H. C-W. (1987) Hypotonic hemolysis methods
for entrapment of agents in resealed erythrocytes. In: Green, R.,
Widder, K. J. (eds), Methods in Enzymology. Vol 149, Academic
Press, London, pp 221-229

Jacobson, K., Pahapadjopoulos, D. (1977) Phase transitions and
phase separations in phospholipid membranes induced by
changes in temperature, pH and concentration of bivalent cations.
Biochemistry 14: 152-161

Kruse, C. A., Feehauf, C. L., Patel, K. R., Baldeschweiler, J. D,
(1987) Mouse erythrocyte carriers osmotically loaded with metho-
trexate. Biotechnol. Appl. Biochem. 9: 123-140

Lieber, M. R, Steck, T. L. (1982a) A description of the holes in
human erythrocyte membrane ghosts. J. Biol. Chem. 257: 11651-
11659

Lieber, M. R., Steck, T. L. (1982b) Dynamics of the holes in human
erythrocyte membrane ghosts. Ibid. 257: 11660-11666

Lis L. J., Kauffman, J. W_, Shriver, D. F. (1975) Effects of ions on
phospholipid layer structure as indicated by Raman spectroscopy.
Biochim. Biophys. Acta 406: 453-464

Lis, L. J., Parsegian, V. A., Rand, R. P. (1981) Binding of bivalent
cations to dipalmitoylphosphatidylcholine bilayers and its effect
on bilayer interaction. Biochemistry 20: 17611770

Morelli, A.,Benatti, U., Salamino, F., Sparatore, B., Michette, M.,
Melloni, E., Pontremoli, S., Deflora, A. (1979) In vitro correlation
of erythrocyte glucose 6-phosphate dehydrogenase (G6PD) defi-
ciency. Arch. Biochem. Biophys. 197: 543-550

Record, M. T., Anderson, C. F., Lohman, T. M. (1978) Thermody-
namic analysis of ion effects on the binding and conformation at
equilibrium of proteins and nucleic acids: the roles of ion
association or release, screening, and ion effects on water activity.
Q. Rev. Biophys. 11: 103-178

Schultz, S. G., Solomon, S. K. (1961) Determination of the effective
hydrodynamic radii of small molecules by viscometry. J. Gen.
Physiol. 44: 1189-1199

Smith, D. K., Palek, J. (1983) Sulfhydryl reagents induce altered
spectrin self-association, skeletal instability and increase thermal
sensitivity of red cells. Blood 62: 1190-1196

Streichman, S., Hertz, E., Tatarsky, 1. (1988) Direct involvement of
spectrin thiols in maintaining erythrocyte membrane thermal
stability and spectrin dimer-self association. Biochim. Biophys.
Acta 942: 333-340

Verral, R. E. (1973) Infrared spectroscopy of aqueous electrolyte
solutions. In: Franks, F. (ed.) Water, A Comprehensive Treatise,
Vol 3, Plenum Press, New York pp 211-264

Webb, M. S, Tilcock, C. P. S., Green, B. R. (1988) Salt-mediated
interactions between vesicles of the thylakoid lipid digalactosy!-
diacylglycerol. Biochim. Biophys. Acta 938: 323-333

Wolfe, L. C. (1985) The membrane and the lesions of storage in
preserved red cells. Transfusion 25: 185-203

Zocchi, E., Guida, L., Benatti, U., Canepa, M., Borgiani, L., Zanin,
T., DeFlora, A. (1987) Hepatic or splenic targeting of carrier
erythrocytes: a murine model. Biotechnol. Appl. Biochem. 9: 423
434



