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SUMMARY: Covalent attachment of anti-erythrocyte F(ab')2 to the liposome 
surface has recently been shown to considerably enhance the liposome binding 
to erythrocytes in vivo. These antibody bearing liposomes have now been 
found quite effecmeXvehic1es for delivering the antimalarial drug, chloro- 
quine, to erythrocytes in Plasmodium berghei-infected mice. This demonstrates 
the usefulness of antibody targeted liposomes as carriers for site-specific 
drug de1 ivery. 0 1987 Academic Press, Inc. 

Liposomes bearing cell specific ligands on their surface have widely 

been considered quite useful as vehicles for site-specific delivery of drugs 

and enzymes in biophase (1,2). Our earlier studies have shown that binding 

of liposomes to red cells can considerably be enhanced by covalently attaching 

anti-erythrocyte antibody to their surface (3,4). It has further been demons- 

trated that at least 20-30% of the cell-bound liposomes delivered their con- 

tents to the target cells, presumably via membrane-membrane fusion (4). 

To examine whether this method of drug delivery would have any functional 

significance in drug targeting to erythrocytes, we have studied the effect 

of liposomised chloroquine, an antimalarial agent, on P.berghei infection 

in mice. Results of these studies indicate that efficacy of chloroquine 

to control malarial infection is siqnificantly enhanced when delivered in 

anti-mouse erythrocyte F(ab')2 bearing liposomes. 

'CDRI Communication No. 4131. 
2 To whom correspondence should be addressed. 

Abbreviations: PC, Phosphatidylcholine. 
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MATERIALS AND METHODS 

Materials: Egg PC, egg [14Cl PC and gangliosides were prepared as described 
w(3). Cholesterol was bought from Centron Research Laboratory, Bombay, 
and used after crystallizing it three times from methanol. Sodium cyanoboro- 
hydride and pepsin were purchased from Sigma Chemical Company. Sephadex 
G-50 and Sepharose 68 were acquired from Pharmacia Fine Chemicals. Chloroquine 
diphosphate was a kind gift from Walter Reed Army Institute of Research, 
U.S.A. 

I--;;omes : Liposomes were prepared from egg PC (20 pmol), cholesterol (20 
and gangliosides (4 pmol) in 0.8 ml of borate-buffered saline (10 mM 

borate, 60 mM NaCl, pH 8.4) containing chloroquine (350 
r 

mol) by probe sonica- 
tion (5), and fractionated by centrifugation (6). ree chloroquine from 
the liposomised drug was removed by gel filtration over Sephadex G-50 (7). 
The mean outer diameter of these liposomes, as determined by molecular sieve 
chromatography (5), was about 45 nm. 

To test whether chloroquine is entrapped in liposomes or intercalated 
within the liposomes bilayer, the above liposome preparation was resonicated 
and gel filtered again over Sephadex G-50. This treatment was found to release 
over 90% of the initially entrapped drug as free chloroquine in the medium. 

Leakage of the entrapped chloroquine was determined by incubating the 
liposomes with buffer at 37 C for 12 hr, separating free and liposomised 
drug by gel filtration, and then measuring the amount of chloroquine released 
in the medium. No leakage of chloroquine from the ?iposomes was detected 
under these conditions. 

Chloroquine estimation: Chloroquine was estimated by measuring its absorbance 
at 342 nm. The amount of liposomised drug was determined after lysing the 
liposomes with Triton X-100 (1%). The chloroquine absorbance at 342 nm was 
found to remain unaffected by the presence of liposomes and the detergent, 
and was linear at least upto 100 pg quantity of chloroquine. Since protein 
absorbance interfered in accurately determining the amount of chloroquine 
entrapped in antibody bearing liposomes, these amounts were measured prior 
to the liposome coupling to anti-mouse erythrocyte F(ab')2. 

Anti-mouse erythrocyte F(ab')pbearing liposomes: Anti-mouse erythrocyte anti- 
bodies were raised in rabbits and isolated from anti-serum followinq our 
published procedure (3). The F(ab') fragments from the antibody were prepared, 
purified, and covalently attached tg the liposome surface as described earlier 
(3). The liposomes were passed through a millipore filter (pore size, 0.45 

pm) prior to their use in animal experiments. The protein-to-lipid ratio 
(3) in the liposomes was about 65 ,ug protein/'mol lipid P. 

P. berghei infection: P.berghei parasite was obtained from National Institute 
of CommunicableDisease?, New Delhi, and maintained in Swiss male mice (average 
weight, 25 g) through serial blood passage. 

Drug treatment: Chloroquine in free or liposomised form (0.2 ml) was given 
intravenously to mice 3 days after infecting them with P.berghei. The animals 
were kept under observation to3record parasitaemia and mortality. Parasitaemia 
was determined by counting 10 red cells in a thin blood smear stained with 
Giemsa, and expressed as number of parasitized cells/l00 erythrocytes. The 
animals given only Tris-buffered saline (0.2 ml) were used as controls, and 
referred to as untreated animals. The parasitaemia level on the day of chloro- 
quine treatment was l-2%, excepting one experiment where the level was 2- 
4%. 
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RESULTS AND DISCUSSION 

The antimalarial drug chloroquine was entrapped in liposomes consisting 

of PC, cholesterol and gangliosides. Free drug from the liposomised chloro- 

quine was removed by gel filtration. Most of the liposomised chloroquine 

resided in the liposomes internal aqueous phase rather than the phospholipid 

bilayer, as resonication of liposomes was found to release over 90% of the 

entrapped drung in the external aqueous medium. These liposomes were covalently 

coupled to anti-mouse erythrocyte F(ab')2, and used in subsequent experiments 

after filtering them through a millipore filter (pore size, 0.45 pm). 

Chloroquine is a very effective antimalarial drug when given orally 

at 20 mg/kg dose for three consecutive days. Since liposomes are knwon to 

be ineffective by oral route (8), we analysed the efficacy of liposomised 

chloroquine after its single intravenous administration to mice infected 

with P.berghei. The efficacy was determined from the ratio of the mean para- 

sitaemia in drug-treated mice to the mean parasitaemia in untreated mice. 

These ratios were calculated at various intervals (e.g. day 1, day 2, day 

3, etc.) after the drug administration, and compared to ascertain the relative 

efficacy. 

A marked difference between the efficacies of free chloroquine and the 

chloroquine entrapped in anti-mouse erythrocyte F(ab')2 bearing liposomes 

was observed on day 1 after the drug treatment (Fig. 1). Chloroquine entrapped 

in antibody targeted liposomes was at least 5-10 times more effective as 

compared to free chloroquine in controlling P.berghei infection in mice. - 

The enhanced drug efficacy observed here is mainly due to targeted delivery 

of chloroquine to erythrocytes in vivo, since the antimalarial activity of 

chloroquine delivered in antibody-free liposomes was similar to that of the 

free drug (Fig. 1). 

These results indicate that ability of chloroquine to suppress para- 

sitaemias in P.berghei-infected mice is considerably enhanced by its encapsula- 

tion in anti-mouse erythrocyte F(ab')2 bearing liposomes. this suppression 
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Fig. 1 

Fig. 2 

Chloroquine dose (q/kg) Chloroqulne dose (mglkg) 

Efficacy of free and liposomised chloroquine in controlling parasitaemias 
in P.berghei-infected mice. x, free chloroquine; o, chloroquine entr- 
apped in antiboy-free liposomes; l , chloroquine entrapped in anti- 
mouse erythrocyte F(ab'12 bearing liposomes. Chloroquine was adminis- 
tered intravenously on day 3 after the infection, and parasitaemia 
measured after 24 hr of the treatment. 
animals. 

Each point is a mean of 4-6 
The number of points shown at a given chloroquine dose 

denotes the number of experiments carried out at that dose. 

Effect of chloroquine treatment on survival of P.ber hei-infected 
mice on day 8 after the infection. x, free chloroqulne; a, c --Yi 
entrapped in anti-mouse erythrocyte F(ab') 

loroquine 
All 

the infected animals in untreated group die 2 
bearing liposomes. 

ion. 
by day 8 after the infect- 

The number of animals for each chloroquine dose was 10-15. 

though not significant on day 2 (or 3) after the drug administratiQn, was 

quite marked on day 1 after the treatment. However, only marginal differences 

were observed in the numbers of animals which survived in free chloroquine 

and antibody bearing liposome-encapsulated chloroquine treated groups (Fig.2). 

Several studies have shown that liposomes coupled to cell-specific anti- 

body are very effective as vehicles for delivering bioactive substances to 

specific cells in vitro (9-12). -- The present study further extends the scope 

of this drug delivery method by demonstrating its usefulness in delivering 

drugs to target cells in vivo. -- It may be noted that inspite of the facts 

that only 15-20% of the injected dose of liposomes bind to the ery-throcytes 

(4) and of these cell-bound liposomes, only 20-30% deliver their contents 

to the target cell (41, the chloroquine entrapped in antibody bearing liposomes 

is at least 5-10 times more effective than the free chlnroquine in controll- 

ing malarial infection in animals. We, therefore, conclude that antibody 
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bearing liposomes could prove highly useful as carriers for targeting of 

drugs/enzymes to specific cells in vivo. -- 
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