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Polymeric liposomes containing a synthetic porphinato-iron-imidazole complex (hemoglobin or red blood 
cell model) were labeled by introducing 1,2-di[1-14C]palmitoyl-sn-glycero-3-phosphocholine into their po- 
lymerized bilayers. After intravenous injection into rats, their clearance from a blood stream was measured. 
The apparent half-life time (50% disappearance time) was about 14 + 2 h. Their tissue distribution was 
determined with time by whole autoradiographic measurement. 

Liposomes (vesicles) are expected to be useful 
as carriers for biologically active materials [1-3] 
and their behavior in the blood stream in vivo has 
been studied using labeled compounds loaded on 
or in the liposomes [4-8]. The role of plasma high 
density lipoprotein (HDL) on liposome degrada- 
tion/integration has been also elucidated in vitro 
or in vivo [8,9]. It has been reported also that a 
type of a marker scarcely affects the apparent 
clearance rate of liposomes from a blood stream in 
vivo [5]. To make liposomes more stable in vitro 
and/or  in vivo, a method has been suggested to 
polymerize lipids in bilayers to give liposomes of 
cross-linked membranes. These polymeric lipo- 
somes have been found mechanically stable [10] 
and to be stable against enzymes (phospholipases) 
[11,12]. Thus we may reasonably expect the poly- 
meric liposomes to be stable in vitro and/or  in 
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vivo, perhaps in the interaction with HDL. But 
few reports have appeared on their behavior in 
vivo, although the interactions in vitro have been 
recently studied [12-14]. 

In a recent investigation on functionalized lipo- 
somes, we used them as carriers of a synthetic 
heme-imidazole complex and demonstrated that a 
stable oxygen carrier can be prepared by embed- 
ding a heine complex into the hydrophobic region 
of their bilayers [15-17]. The use of polymeric 
liposomes as carriers gave mechanically stable and 
concentrated heme solutions [12,18]. We have also 
reported their interactions with blood components 
in vitro [12]. To elucidate the possibility of the 
functionalized liposomes as a model of red blood 
cells, the behavior in the blood stream and the 
tissue distribution in vivo are studied in this report 
by the use of a 14C-labeled phospholipid as a 
marker. 

Labeled and single unilamellar polymeric lipo- 
somes were prepared as follows: 1,2-bis(octadeca- 
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2,4-dienoyl)-sn-glycero-3-phosphocholine (4.0 g, 
5.0 mmol) [19], hemin (tetra-meso-(o-[2',2'-di- 
methyl-20'-(2"-trimethylaminoethylphosphonat- 
oxy)eicosanamido]phenyl}porphinato iron (292 
mg, 0.1 mmol), 1-dodecylimidazole (70.5 mg, 0.3 
mmol) and 1,2-di[1-14C]palmitoyl-sn-glycero-3 - 
phosphocholine (2.5 mg, 400/~Ci) purchased from 
Amersham Japan Co. were dissolved in 
benzene/methanol and freeze-dried. The powder 
obtained was suspended in oxygen-free saline 
(0.9% NaC1 (w/v%), 150 ml) and ultrasonicated 
under Ar by a probe-type sonicator (80 W, 40 
min). The suspension was filtered through mem- 
brane filters of 0.45/~m pore size and then irradia- 
ted by ultraviolet light at 40°C for 7 h. The 
solution was concentrated by ultrafiltration [12,18]. 
The concentrated solution (21.5 (w/v%), pH 7.2) 
was finally filtered through membrane filters of 
0.22 /~m pore size into a sterile glass bottle. The 
yield of the solution was 19.5 ml. The specific 
activity and the total radioactivity were 19.0 
/~Ci/ml and 0.37 mCi, respectively. The solution 
was diluted with a solution, which had been pre- 
pared by the same way without the labeled com- 
pound and had the same concentration of the 
functionalized liposomes, to prepare the solution 
for injection (the final specific activity was 10.34 
/~Ci/ml). Radioactivity measurements were done 
with a liquid scintillation counter (Mark III, Tracor 
Analytic) [20]. The weight-averaged diameters were 
20 nm by a laser particle analyzer [12,18]. 

All experiments were performed with male 
Wistar rats (8 weeks) weighing 220-230 g. Three 
rats received intravenously the polymeric liposome 
solution through the tail veins with an infusion 
pump. The injection volume (amount was 10 ml 
(2150 mg)/kg body weight per rat. The animals 
were given food and water ad libitum through the 
experiment. Blood (80 /xl) was drawn through 
external jugular vein for measuring time-depen- 
dence of the level of the particles. The sample 
were absorbed on Combust-Pad and after drying 
they were analyzed in a Packard Tri-Carb liquid 
scintillation counter. 

Fig. 1 shows the clearance of the labeled poly- 
meric liposomes after intravenous injection into 
rats. The apparent half-life time (50% disap- 
pearance time) in the blood stream was de- 
termined to be 14 + 2 h. If we assume the blood 
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volume of a rat is 6.5 ml/100 g body weight [21], 
the initial level of the polymerized liposome par- 
ticles in blood can be calculated to be 2.9 g/dl. At 
such high dosage of the injected compounds, 
blockade of the reticuloendothelical system may 
contribute to the half-disappearance time [22]. 
Half-life times of blood substitutes in the blood 
stream are estimated in the initial plasma level of 
2-6 g/dl  in the cases of modified and/or  po- 
lymerized hemoglobin solutions [23-25]. Under 
these conditions, the life-time is about 15-25 h 
corresponding to that of the present polymeric 
liposome particles (14 h). The curvilinear disap- 
pearance shown in Fig. 1 may indicate no satura- 
tion of the clearance mechanisms because a linear 
disappearance at high dosage is considered to be 
caused by saturation of organs [24,26]. 

In the present study, we used a 14C-phospholi- 
pid as a marker. In this case phospholipid transfer 
to HDL may be caused in vivo. Two processes for 
the transfer from non-polymerized liposomes are 
known [9]. One is the transfer from cholesterol-rich 
liposomes involving an exchange process with high 
retention of entrapped solute and another is a 
unidirectional process leading to liposome de- 
gradation in vitro. Nevertheless, incorporation of 
cholesterol or sphingomyelin effectively reduces 
the transfer to plasma HDL [9]. But in vivo stud- 
ies showed that in lipoprotein-deficient mice the 
clearance rate from the blood stream was reduced 
considerably in comparison with normal mice and 
in vitro only HDL was detrimental to liposome 
stability [8]. Because, in the present polymeric 
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Fig. 1. Clearance of polymeric liposomes loaded with 1,2-di[1- 
14C]palmitoyl-sn-glycero-3-phosphoeholine in their polymer- 
ized bilayers. The bars represent standard deviations. Details 

are described in the text. 
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Fig. 2. Autoradiograms of rats at 15 rain (a), 8 h (b), 24 h (c) and 96 h (d) after the intravenous injection of 14C-labeled polymeric 
liposomes. 
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liposomes, the membrane embedding 14C-phos- 
pholipid is cross-linked, we may reasonably expect 
the liposomes to prevent the marker lipid from 
transferring to HDL. But this will have to be 
examined and discussed elsewhere. 

It is known that the life-time of non-polymer- 
ized liposomes is rather short and strongly de- 
pends on the composition of membrane lipids 
[4,5,27]. Firstly, the important role of cholesterol 
on the stability of liposomes in vitro and in vivo is 
well known [27]. Cholesterol makes the bilayer 
more stable by lowering the membrane fluidity of 
egg yolk phosphatidylcholine liposomes. The poly- 
merization (cross-linking) in bilayers is reasonably 
expected to give the same effect for membrane 
stabilization physically. Secondly, positivdy 
charged liposomes are retained in the circulation 
longer than neutral or negatively charged ones [4]. 
Thus stearylamine as one of membrane lipids pro- 
longed the half-life time most effectively [4]. The 
amine membrane component, 1-dodecylimidazole 
(5.6 mol%), which binds to the fifth coordination 
position of a heme and makes a heme complex 
bind oxygen reversibly [16-18], may have the same 
effect and contribute partly to the prolongation of 
the life-time. 

For autoradiographic measurements, rats were 
killed at 15 min, 8 h, 24 h and 96 h after injection. 
Whole body sections (20/~m thickness) were pre- 
pared according to the modified method of Ull- 
berg [28] and exposed to 3H-type X-ray film 
(Konishiroku Photo Co.) for 10 days at 5 ° C. A 
pair of sections had to be prepared because it was 
impossible to observe the distribution of all the 
organs concerned in one section. Fig. 2 shows the 
representative photos. Immediately after the injec- 
tion, at 15 min, the radioactivity was observed 
largely in the vascular system, whereas no activity 
was found in the heart because the section was 
mistakenly prepared on the whole heart muscle. 
At 8 h the activity in hepatic cells increased 
simultaneously with the decrease in activity in the 
vascular system. The spleen also showed high ac- 
tivity at 8 h, especially in its red pulps. At 24 h the 
activity decreased in all the organs except the 
spleen, in which some activity remained even at 96 
h after the injection. The cumulative excreted 
amounts of radioactivity were found to be: time = 
24 h: respiration (22.4%), urine (0.7%), feces 

(0.2%); 48 h: 48.1%, 1.5%, 0.6%; 72 h: 63.1%, 
2.0%, 0.9%; 168 h: 73.8%, 2.4%, 2.2%. 

Thus it was found that the functionalized poly- 
meric liposomes with a marker (14C-phospholipid) 
were cleared from the blood stream of rats with a 
half-disappearance time of 14 + 2 h and that these 
labeled particles were found largely in the re- 
ticuloendothelical system or related organs. 
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