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Abstract--Plasma clearance, urinary excretion and tissue distribution of radiolabeled free (FPQ) and 
liposome-entrapped Primaquine (LPQ) in mice were monitored for 2 hr following intravenous admin- 
istration. FPQ is eliminated very rapidly from the plasma and excreted predominantly in the urine, 
probably largely in a metabolized form. In decreasing order of magnitude, pronounced accumulation 
of label occurs in the liver, kidneys, lungs and skeletal muscle. Less than 1 per cent of the total initial 
dose is recovered in other tissues. Partial erythrocytic sequestration results in drug levels higher and 
more persistent in blood cells than in the plasma. Compared to the free drug form, Primaquine 
entrapped within negatively charged liposomes of the cholesterol-rich multilamellar type exhibits a 
prolonged plasmatic half-life and, within the observation period, excretion is 8-fold reduced. Liver 
accumulation of label is doubled, accounting for close to 50% of the injected dose; splenic uptake is 
tripled, while accumulation in the lungs, kidneys, heart and brain is drastically reduced. These differences 
in pharmacodynamic behaviour may explain why liposomal entrapment leads to diminished acute 
Primaquine toxicity. 

Malaria, one of the most important human diseases 
of the tropics and subtropics, remains a crucial 
endemic problem world-wide. 

Since World War II, a series of chemical classes 
of compounds have been synthesized as potential 
tissue schizontocidal drugs for the treatment of 
relapsing infections. From the 8-aminoquinolines, 
Primaquine (PQ) rapidly emerged as the most sat- 
isfactory candidate [1]. It is still the drug of choice 
for radical treatment, i.e. complete eradication of 
the parasites and prevention of relapses by destruc- 
tion of the exoerythrocytic liver stages of Plasmo- 
dium vivax and P. ovule. Yet, wider use of Prima- 
quine in prophylaxis and therapy is hampered by 
toxic side-effects, especially in individuals with 
glucose-6-phosphate dehydrogenase-deficient eryth- 
rocytes [2]. However, the rise of Plasmodium fal- 
ciparum strains resistant to conventional blood schi- 
zontocides, such as Chloroquine [3], has revived 
considerable interest in PQ and its congeners. Sur- 
prisingly, relatively little is known about the phar- 
macology and metabolism of 8-aminoquinolines. 
Earlier studies on Pamaquine [4-6], Pentaquine 
[7, 8] and PQ [9] indicated rapid elimination of these 
compounds from the body following extensive 
metabolization. Thus, Price Evans et al. [10] found 
only relatively low concentrations of parent PQ in 
human blood and urine and ascribed this observation 
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to rapid tissue sequestration and/or biotransforma- 
tion of the drug involving at least four or five putative 
metabolites. Strother et al. [11] identified 5- and 6- 
hydroxy-PQ in dog urine, as well as a compound 
akin to a 5,6-dihydroxy derivative, after in vitro 
incubation of PQ with mouse liver enzyme extracts. 
Baty et al. [12] demonstrated the presence of the 
6-methoxyquinoline nucleus in human blood. 

Recently, liposomes have gained importance as 
experimental carriers of drugs [13], including PQ 
[14, 15]. Liposomal entrapment thereby modifies the 
tissue distribution pattern as well as, mostly favour- 
ably, the toxic properties of a given chemothera- 
peutic agent. Upon intravenous injection, drug-con- 
taining liposomes are rapidly removed from the 
blood and taken up to a large extent by endocytotic 
reticulo-endothelial system-derived elements of the 
liver and spleen, such as Kupffer cells and macro- 
phages [16--19]. 

A previous investigation produced evidence that 
liposome-encapsulation of PQ results in reduced 
acute drug toxicity with unaltered therapeutic effi- 
cacy against liver stages of murine malaria [14]. 

The present study aims at elucidating the kinetic 
basis of this observation, namely whether, in com- 
parison with free drug, encapsulation of PQ in lipo- 
somes leads to a higher degree of targeting in vivo. 

MATERIALS AND METHODS 

Phospholipids and drug. Phosphatidylserine (PS) 
(bovine brain, mol. wt = 810) and phosphatidyl- 
choline (PC) (egg yolk lecithin, mol. wt -- 785), chro- 
matographically pure (grade 1), were obtained from 
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Lipid Products Ltd. (South Nutfield, Surrey, U.K.), 
and cholesterol (CH) (99% pure, mol. wt = 387) 
from Sigma Chemical Co. (St. Louis, MO). 

Primaquine diphosphate (PQ) (Gold Label, mol. 
wt = 455.35) was purchased from Aldrich Chemical 
Co. (Milwaukee, WI). 

Labeled products. [14C]-Labeled dipalmitoyl phos- 
phatidylcholine (DPPC), with a specific activity of 
50 mCi/mmole, was obtained from Applied Science 
Laboratories (State College, PA). [3H]-Labeled Pri- 
maquine diphosphate, with a specific radioactivity 
of 8.6 mCi/mg, was prepared by catalytic exchange 
of tritium in aqueous media by Amersham/Searle 
(Arlington Heights, IL). The crude product was kept 
frozen under nitrogen atmosphere and was purified 
before use by thin layer chromatography on silica 
gel [20]. 

Preparation of labeled liposomes. Liposomes con- 
taining PQ (LPQ) were prepared and processed 
essentially according to Bangham et al. [21]. An 
aqueous solution of [3H]PQ (25mg PQ/ml) in 
0.015 M PBS (pH 4.5) was added to the dried film 
of lipids in a 50 ml glass bottle. The initial drug/lipid 
ratio in the preparation was 0.4 mg PQ/#mole total 
lipids equal to 25 mg PQ/62.5/~mole lipids/ml. The 
molar ratio of the lipids used was 1PS:4PC:5CH. 
[14C]DPPC served as phospholipid marker (50 nCi/ 
/gnole of total lipid preparation) at a molar fraction 
of labeled to unlabeled lipid of less than 1%. The 
lipid film was resuspended under nitrogen by vor- 
texing for 10min at 37 °. After sonication for 
10 x 30 sec in a Branson B12 sonifier (Branson Sonic 
Power Co., Dambury, U.S.A.) (75W, 20kHz, 
27.5 mm probe), the vesicles were purified by elution 
with cold 0.15 M PBS (pH7.2) through Sepharose 
4B. Only the fraction corresponding to the void 
volume of the column containing multilamellar ves- 
icles was collected. The degree of drug encapsulation 
and the specific concentration of PQ were measured 
by: (a) absorbance of PQ at 360 in a Gilford 250 
Spectrophotometer using aliquots of fresh prep- 
arations dissolved in a 1:1 mixture of DMSO-n- 
butanol read against freshly prepared standards, and 
(b) respective determination of cholesterol and 
phospholipids with the enzymatic CHOD-PAP and 
colorimetric phospholipid test kits (Boehringer, 
Mannheim, F.R.G.).  

The incorporation rate was 97---11 (S.D.) /tg 
PQ//~mole total lipids. Under the above conditions, 
13.4 --- 1.9% of the total drug in the aqueous phase 
was entrapped within the lipid material. 

Plasma elimination kinetics. [3H]PQ (4.2/~Ci/mg) 
and [3H]PQ in [14C]DPPC-labeled liposomes 
(3.2/~Ci/mg PQ and 50 nCi//.tmole total lipids) were 
injected i.v. via a tail vein into TBEspmale mice. The 
administered dose was 0.25mg PQ and 2.44--- 
0.19/~mole of lipids per 25g mouse given i.v. in a 
volume of 0.4ml. The regimen was adjusted pre- 
cisely to the individual animal weights to obtain 
a homogenous initial plasmatic concentration of PQ. 

At different time intervals (1, 5, 10, 20, 40, 60 and 
120 min post-injection), the blood was collected from 
the femoral vein on EDTA as anticoagulant and 
centrifuged for 2 min at 4 ° in a Beckman Microfuge 
B (Beckman Spinco Division, Palo Alto, CA). 
Radioactivity was measured in a Packard LSC Scin- 

tillation Counter (Packard, Downers Grove, IL) 
after adding 0.1 ml of plasma to 10ml of Lumagel 
(Lumac AG,  Basel, Switzerland). The counts were 
expressed as dpm/ml after correcting for quenching, 
converted into /~g or nmole PQ equivalents and 
nmole total lipids and, finally, into percentages of 
administered dose. 

The kinetic parameters were computed from the 
above plasma concentrations in the 1-120 min inter- 
val, using a two-compartment iterative model [22]. 

Blood, urine and tissue distribution. In separate 
experiments under the above conditions, drug and 
liposome-derived lipids were determined in the liver, 
spleen, brain, heart, lungs, kidneys, stomach, duo- 
denum, rectum and muscles, as well as in the blood 
and urine. 

At each time point, six animals were decapitated; 
their organs, blood and urine were collected immedi- 
ately and kept at 0 °. The tissues were taken up in 
1-2 ml cold saline and homogenized in a Potter- 
Elvehjem glass homogenizer with a tightly fixed 
Teflon pestle. 

After rinsing with an equal volume of fresh saline, 
the pooled suspensions were sonicated for 30 sec at 
50 W. Blood was collected on EDTA as anticoagu- 
lant and sonicated similarly. 

Aliquots of tissue homogenates, blood and urine 
samples (100 gl or 250-500/zl for tissues showing low 
uptake) were digested at 60 ° in l ml of a 
Lumasolve-Isopropanol mixture (10 : 3), discoloured 
for 15 min by the addition of 0.2 ml H202 (0.5 ml for 
blood and urine) and finally added to 10ml 
Lumagel- lN HC1 (10:1) (15 ml for blood). Luma- 
solve and Lumagel were obtained from Lumac AG, 
Basel. Radioactivity was measured in a Packard 
liquid scintillation counter and corrected for quench- 
ing. Tissue and blood protein were measured by the 
fluorescamine method [23]. The gross values for 
tissue concentrations of PQ, lipids and protein were 
corrected for blood contaminating the tissue samples 
by assaying immunologically for serum albumin 
according to Mancini et al. [24]. 

The corrected values are expressed as pmole PQ 
equivalents and pmole lipids per mg protein. The 
total amounts per organ are given in percentages of 
administered dose. 

In a separate experiment, groups of six mice were 
injected in oioo with [14C]-labeled PQ in the nucleus 
(quinoline-2,4-14C diphosphate, 1.55 mCi/mmol; 
New England Nuclear, Boston, MA) at a concen- 
tration of 10mg/kg (1/~Ci/mg). At different times 
after injection (between 5 min and 4 hr), blood and 
plasma are collected from the same animal and the 
haematocrit was determined in a microhaematocrit 
MC centrifuge (Damon, I.E.C.,  Needham Heights, 
MA). The radioactivity was checked on aliquots of 
blood and plasma treated in the same condition and 
as described before. The drug concentration is 
expressed as/~g PQ equivalent per ml of blood and 
volume of plasma (based on the respective haema- 
tocrit value for each blood sample). 

In vitro study of Primaquine release from lipo- 
somes. A volume of 0.2 ml of the doubly-labeled 
LPQ, prepared as described above, was added to 
three tubes containing, respectively, 4.8 ml of buffer 
(PBS), fresh mouse blood on EDTA as anticoagulant 
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and serum (50 and 100%) to obtain a final concen- 
tration of 2 /anole  lipids/ml. At  different times of 
incubation at 37 °, between 0 and 5 hr, duplicate 
samples (0.250 ml) were taken and directly cooled 
at 0 °. The blood samples were centrifuged 1 • i n  in 
a Beckman microfuge B to remove the red blood 
cells. The released PQ was separated from that 
remaining into liposomes by centrifuging the samples 
on a modified Sephadex G25 M column, as described 
by Layton and Trouet [25]. By this method, the free 
drug was entirely retained on the column, while 
more than 95% (97.1 -+ 1.3%; S.D., n = 168) of the 
original lipid added was recovered in the liposome 
eluant. Lipids and Primaquine concentrations were 
assessed by the radioactivity after adding 0.1 ml of 
eluant to 10 ml of Lumagel. The results of three 
separated experiments were expressed as percent- 
ages of the initial PQ load at time O. 

R E S U L T S  

In vitro release of Primaquine from liposomes 
When liposomal Primaquine was incubated in vitro 

for a period of 5 hr in the presence of whole mouse 
blood, 20% of the PQ originally present was 
released. This loss of PQ predominantly occurred 
during the first 30 min of contact with the blood (Fig. 
1). When total blood was replaced by 100% serum, 
only 54% of the PQ was retained by the liposomes, 
whereas with 50% serum results quite similar to that 
obtained for whole blood were found. In buffer alone 
the liposomes remained intact, and lost PQ pro- 
gressively and linearly with time, a reflection of a con- 
stant diffusion phenomenon. 

Pharmacokinetics and urinary excretion of total 
radioactivity after injection of free and liposomal 
Primaquine 

The total plasma radioactivity after a single i.v. 
injection of labeled free PQ (FPQ) and doubly- 
labeled Primaquine-liposomes (LPQ) are depicted 
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Fig. 1. Release of [aH]Primaquine from liposomes induced 
by incubation at 37 ° in different media. The final concentra- 
tion of the PQ-liposome preparation is 2/4mole lipids and 
190/4g PQ per ml of incubating mixture. The results (means 
-+ S.E., n = 3) represent the amount of PQ remaining 
entrapped inside liposomes expressed as per cent of 
the initial PQ concentration. (O O) Phosphate 
buffer; (0----------0) whole mouse blood with 10/41 EDTA; 

(I-q [2) 50% and ( •  • )  96% final mouse serum. 
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Fig. 2. Plasma levels of [3H]Primaquine and [14C]DPPC- 
labeled lipids after intravenous administration (means- 
S.E., n = 9). 0----------0 Free and • • liposomal PQ 
equivalent (10 mg/kg); • • liposomal lipids 

(97.2/4mole/kg). 

in Fig. 2. The respective values are expressed as the 
percentage of the administered dose. 

One minute after administration of FPQ, less than 
15% of the initial load is detected in the plasma. The 
remaining label is then eliminated slowly with a T ~ 
of 105 min. 

When the drug is administered as LQP, drug dis- 
appearance is slower, reaching 42% of its initial 
concentration within the first minute (T i - 5.2 min), 
whilst the remaining label disappears faster than free 
drug ( T t - 6 7 m i n ) .  The LPQ-derived lipid label 
behaves similarly, involving 45 % of the lipids. After 
that, the liposomes are eliminated more slowly 
(T t - 4.6 hr). Elimination of LPQ is similar in the 
plasma and the blood (Fig. 4B). The difference 
between the respective PQ and labeled lipid con- 
stituents 1 min after the administration indicates that 
some 15% of the total PQ entrapped initially within 
the liposomes dissociate rapidly upon i.v. injection. 
Primaquine mixed with empty liposomes (not shown 
here) at concentrations equivalent to LPQ disap- 
pears exactly as free drug. For free and liposomal 
PQ respectively, the estimated apparent distribution 
volume is 19.4 and 7.0 ml, while the total clearance 
is 0.143 and 0.168 ml min-L 

In individual animals, the FPQ concentration was 
consistently higher in the whole blood than in the 
plasma (volume based on the haematocrit value of 
each blood sample), as assessed by the Student's t- 
test for two-tailed hypotheses, Pit] < 0.001 between 
5 and 180 min (Table 1). The discrepancy between 
the respective concentrations for each sampling point 
corresponds to 36.2 +--1.3% (S.E., n = 5 points) 
within 120min. The largest difference occurs at 
180 min and accounted for 67% of the blood con- 
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Table 1. Respective blood and plasma concentrations of 
Primaquine-derived radioactivity 

Time Primaquine concentration* (#g) Differencet 
(min) in blood in plasma (%) 

5 13.8 (0.15) 9.2 (0.14) 33.2 
15 9.6 (0.11) 5.7 (0.28) 40.4 
30 7.6 (0.16) 5.0 (0.22) 33.9 
60 5.9 (0.09) 3.8 (0.13) 36.3 

120 5.1 (0.05) 3.2 (0.21) 37.4 
180 4.7 (0.51) 1.5 (0.38) 67.5 
240 1.2 (0.04) 1.1 (0.09) 5.8 

* The values (means --- S.E., n = 6) are expressed in 
#g of [14C]Primaquine equivalents per ml of blood and per 
volume of plasma based on the haematoerit value corre- 
sponding to 1 ml of each blood sample. 

t For each time, the difference between the respective 
blood and plasma concentrations of Primaquine equivalents 
is expressed as the percentage of the blood level and rep- 
resents the amount of drug associated with the red blood 
cells. 

centration, whilst the two respective levels become 
quite similar after 4 hr. It is interesting to note that 
the disappearance of the [14C]-labeled and tritiated 
PQ are close together in the plasma and also in blood 
(elimination half-lives of 2.32 and 2.66 hr, 
respectively). 

For FPQ, urinary excretion of total radioactivity 
peaks at 40min post-injection whereas the LPQ- 

derived label in the drug has its maximum between 
40 and 60 rain. Liposome encapsulation lead to a 
8-fold reduced PQ excretion peak. The label from 
the drug recovered in the urine within 2 hr after i.v. 
administration is equivalent to about 16% of total 
FPQ and to 2% of total entrapped PQ radioactivity 
injected. 

Tissue distribution of free and liposomal Primaquine 
Tissue concentrations of drug and lipid label 20 

and 120 min after injection are summarized in Fig. 
3. Their disposition in blood, liver and spleen over 
120 min is depicted in Fig. 4. The amount of tritium 
recovered is assumed to be proportional to the level 
of Primaquine and/or of its putative metabolites. 

Major  sites of FPQ-derived radioactivity are the 
liver, lungs, kidneys and skeletal muscle. 
Primaquine-derived radioactivity thereby accumu- 
lates progressively in the liver until 30% of the dose 
is localized there 20 min after administration. Skel- 
etal muscle accounts for more than 8% within the 
first 20 min but for only 1% of th~ initial dose at 
120 min. Four to five per cent are found in the 
kidneys and lungs between 20 and 120 min. Not more 
than 1% is taken up by spleen, heart,  brain, stomach, 
duodenum and rectum. 

Alternatively, when PQ is entrapped in liposomes, 
the amount of drug-derived radioactivity 20 min after 
administration, is increased for liver (1.6×) and 
spleen (4×) and is equal to 50 and 4% of the total 
dose, respectively, whereas the levels found in kid- 
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Fig. 3. Tissue distribution of free [3H]pQ (white area) and liposome-entrapped Primaquine, [3H]PQ 
(black area) + [~4C]DPPC-labeled lipids (dotted area), 20 and 120 min after i.v. injection. The histograms 
(means -+ S.E. of 6 experiments) represent percentages of the initial drug dose (10 mg PQ + 101.2/~mole 
lipids/kg) recovered in the whole organs. Concentrations in muscles are expressed per g tissue (hatched). 
Values for total skeletal muscles are approximated, assuming that their mass corresponds to ~40% of 

the body weights. (0) No detectable radioactivity. 
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Table 2. Concentra t ion of  [3H]Primaquine equivalents and [~4C]DPPC-labeled l iposomes in selected 
tissues after i.v. administrat ion of free and entrapped drug 

Liposomes-Primaquine 
Tissues Time* Free Pr imaquine t  P r imaquine t  Lipids~: 

Liver 20 589 -+ 113 907 _+ 53 4.057 -+ 702 
120 530 -+ 62 882 -+ 56 3.675 -+ 436 

Spleen 20 616 -+ 65 1.960 -+ 430 18.509 -+ 3.670 
120 364 -+ 26 1.400 -+ 120 11.355 -+ 1.840 

Hear t  20 257 + 64 52 -+ 29 596 -+ 50 
120 286 - 62 42 -+ 19 945 -+ 190 

Kidney 20 382 -+ 58 103 -+ 21 364 -+ 17 
120 523 -+ 57 114 -+ 9 258 -+ 42 

Lungs  20 3.706 -+ 1.250 267 -+ 36 6.139 -+ 450 
120 3.538 -+ 1.560 118 -+ 24 2.217 -+ 330 

Stomach 20 63 -+ 16 62 -+ 16 51 -+ 20 
120 37 -+ 5 84 -+ 31 122 -+ 40 

D u o d e n u m  20 38 -+ 9 38 -+ 10 97 -+ 20 
120 15 -+ 3 54 -+ 30 144 -+ 50 

Rec tum 20 131 -+ 79 22 - 8 655 -+ 270 
120 35 -+ 24 45 -+ 21 296 -+ 50 

Brain 20 23 -+ 2 6 0§ 
120 4 -+ 1 4 0 

Muscles 20 28 -+ 2 0 0 
120 5 -+ 1 0 0 

Blood 20 68 -+ 9 78 .+ 13 657 + 140 
120 44 -+ 7 11 -+ 2 57 -+ 5 

* Sampling t ime in minutes  after i.v. administration of the drug. 
t Resul ts  are expressed in pmole Primaquine equivalenteJmg protein. Means  _+ S.E. of  6 

exper iments .  
~: Resul ts  are expressed in pmole total lipids/mg protein. Means  -+ S.E. of  6 experiments .  
§ Not  detectable. 

j J  
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ney, lungs and brain are drastically decreased. Only 
marginal radioactivity is present in muscle. The dis- 
tribution of the drug administered as LPQ is largely 
comparable to that of the lipids, indicating that ves- 
iculation modifies PQ distribution. Interestingly, the 
drug-lipid ratios are relatively low for the spleen and 
lungs. 

The concentrations of PQ or lipids per mg protein 
represent tissue-specific uptake. Hence this par- 
ameter is a more reliable measure of the specificity 
of drug delivery. Figure 4 illustrates the specific drug 
levels in blood, liver and spleen over 120 min after 
i.v. injection of FPQ and LQP, and Table 4 shows 
the concentrations reached in all tissues after 20 and 
120 min. 

For FPQ the highest concentration is reached in 
the lungs (-3700pmole/mg protein), followed by 
the liver and spleen (-600 pmole/mg protein). For 
the entrapped drug, the major uptake is found for 
the spleen (-1900pmole/mg protein) and liver 
(~900 pmole/mg protein), while the concentrations 
in the other tissues are below 300 pmole/mg protein. 
The specific uptake pattern of liposomal lipids is 
essentially similar to that of encapsulated drug 
(~18nmole/mg protein for the spleen and 
- 4  nmole/mg protein for liver), except for the lungs 
(~6 nmole/mg protein) where the lipid concentration 
is proportionally much higher. It can also be noted 
that the amount of vesicular lipids accumulating in 
the spleen, lungs and liver varies with time. At 
20 min, the specific lipid concentration was higher 
in the spleen that in the lungs and liver. By 120 min, 
levels are considerably decreased for the lungs (3 x) 
and spleen (1.5×), while remaining unchanged in 
the liver. 

DISCUSSION 

Fate of free Primaquine 
This investigation shows that free Primaquine is 

removed very rapidly from the circulation, as has 
previously been described in the case of 8-amino- 
quinolines [4-12]. The half-life of elimination from 
blood and serum of labeled PQ reported here is close 
to those found for species other than the mouse 
[10, 11]. Our observations in Table 2 indicate that 
the elimination of PQ from plasma is more rapid 
than from total blood, and therefore suggests that 
FPQ might partially be taken up or bound by red 
blood cells. This sequestration occurs very rapidly 
upon injection and is in agreement with investiga- 
tions by others on dog [11] and human [12] red cells. 

The PQ-associated radioactivity, upon i.v. injec- 
tion, accumulates rapidly in organs, mostly in liver, 
followed by the kidneys, lungs and skeletal muscle. 
A similar tissue distribution has been reported in the 
case of the rat [26], where also the highest concen- 
tration of drug per g of tissue was found in the lungs. 
Major uptake by liver and lungs was already dis- 
played by Pamaquine [4, 5] and derivatives [4]. This 
property seems to be common to all 8-aminoqui- 
nolines. It is possible that the organs which prefer- 
entially take up PQ label do so by free diffusion of 
the drug from the body fluids, since they have a large 
blood flow capacity. 

Primaquine acts predominantly against plasmodial 
exoerythrocytic stages in liver. The high hepatic lev- 
els of PQ would be consistent with the drug effi- 
ciency, since the bulk of PQ sequestered by rat liver 
[27] is localized in parenchymal cells when malaria 
parasites develop as schizonts. 

The catabolic state of the compound has not been 
determined in this study, and total radioactivity 
therefore represents both unchanged and metab- 
olized PQ, since a rapid and extensive biotransfor- 
marion of Primaquine has been demonstrated 
[26, 28, 29]. Urine excretion of labeled compound 
appears early and is important not only in mice, but 
also in the rat [29] and dog [11]. 

Fate of liposomal Primaquine 

The most important effect of encapsulation is a 
complete change in the distribution pattern of the 
antimalarial drug in mice, with an enhanced accu- 
mulation of PQ-radioactivity in reticulo-endotheliai 
cell-rich tissues, such as liver and spleen, while the 
amount of label is drastically reduced in other tissues, 
such as lungs, kidney, heart and brain. This is in 
agreement with data from other authors [16, 17], 
showing a selective uptake of liposomes by liver and 
spleen, predominantly captured by the reticulo- 
endothelial cells [18, 19, 30]. The specific tissue con- 
centration of LPQ is consistently higher in the spleen 
than in the liver. This observation, also characteristic 
of other drug-liposome preparations [31,32], 
reflects the high phagocytic activity of the spleen 
involved in the elimination of vesicles from the 
bloodstream. 

The negatively charged multilamellar liposomes 
(MLV) which are used in this study are known to 
be rapidly removed from the circulation [19, 33, 34]. 
These vesicles partially modify the fate of Prima- 
quine in mouse plasma but are not able to prolong 
the blood retention of the drug. The radioactivity 
of LPQ after i.v. injection falls more slowly, while 
its elimination is more rapid. Also the total level of 
LPQ present during the 2-hr period is less than that 
of FPQ, as reflected by the area under the plasma 
concentration tissue curve (Fig. 2). 

The urine excretion of label is highly reduced 
within the same time period, as previously reported 
for liposomal antitumoral agents, by their reduced 
renal clearance as well as metabolic degradations 
[31,351. 

Incorporated PQ partially dissociates from the 
liposomes in blood both in vitro (Fig. 1) and in vivo 
(Fig. 2), but the loss of PQ appears to be faster upon 
injection, as noted elsewhere [36]. The stability of 
our PQ-liposomes greatly depends on the serum 
concentration (Fig. 1), as also reported by Grego- 
riadis and Davis [36]. The cholesterol increases the 
stability of liposomes and reduces considerably the 
bilayer permeability towards solutes by preventing 
phospholipid loss to high density lipoproteins present 
in serum, both in vitro [37, 38] and in vivo [30, 36]. 
This effect is a function of the cholesterol concen- 
tration and is optimal at 50 mole % of cholesterol 
as in our case. Our results on the blood stability in 
vitro and the improvement of the tissue distribution 
of LPQ, as well as the comparable disposition of PQ 
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and lipid labels f rom LPQ,  indicate that the bulk of 
PQ is t ransported in intact l iposomes. 

In conclusion, the main consequence of  incorpor- 
ating PQ into l iposomes is a reduced access of the 
drug to non-target  tissues, such as the lungs, heart,  
kidneys and brain, which is the primary cause of 
subacute PQ toxicity in animals [39]. Thus more 
specific homing may be the basis for a 3.5-fold 
diminished acute toxicity observed earlier, which 
enables a single dose curative t rea tment  [14]. Fur ther  
studies should aim at identifying the metaboli tes  of  
[3HI-labeled PQ to enable our  data to be related to 
the toxic and therapeutic  effects of  free and liposomal 
drug. 
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