
�������� ��	
�����

Immunoliposome-mediated drug delivery to Plasmodium-infected and non-
infected red blood cells as a dual therapeutic/prophylactic antimalarial strategy

Ernest Moles, Patricia Urbán, Marı́a Belén Jiménez-Dı́az, Sara Viera-Morilla,
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Busquets, Immunoliposome-mediated drug delivery to Plasmodium-infected and non-
infected red blood cells as a dual therapeutic/prophylactic antimalarial strategy, Journal
of Controlled Release (2015), doi: 10.1016/j.jconrel.2015.05.284

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.jconrel.2015.05.284
http://dx.doi.org/10.1016/j.jconrel.2015.05.284


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

1 
 

Immunoliposome-mediated drug delivery to Plasmodium-infected and non-infected red blood 

cells as a dual therapeutic/prophylactic antimalarial strategy 

 

Ernest Moles 
a,b,c

, Patricia Urbán 
a,b,c

, María Belén Jiménez-Díaz 
d
, Sara Viera-Morilla 

d
, Iñigo 

Angulo-Barturen 
d
, Maria Antònia Busquets 

c,e
, and Xavier Fernàndez-Busquets 

a,b,c,
* 

 

a 
Nanomalaria Group, Institute for Bioengineering of Catalonia (IBEC), Baldiri Reixac 10-12, ES-

08028 Barcelona, Spain 
b 

Barcelona Institute for Global Health (ISGlobal, Hospital Clínic-Universitat de Barcelona), 

Rosselló 149-153, ES-08036 Barcelona, Spain 
c 
Nanoscience and Nanotechnology Institute (IN2UB), University of Barcelona, Martí i Franquès 1, 

ES-08028 Barcelona, Spain 
d 

Tres Cantos Medicines Development Campus, GlaxoSmithKline, Severo Ochoa 2, ES-28760 Tres 

Cantos, Spain 
e 
Departament de Fisicoquímica, Facultat de Farmàcia, University of Barcelona, Av. Joan XXIII, s/n, 

ES-08028 Barcelona, Spain 

*e-mail: xfernandez_busquets@ub.edu 

 

Abstract 

One of the most important factors behind resistance evolution in malaria is the failure to deliver 

sufficiently high amounts of drugs to early stages of Plasmodium-infected red blood cells (pRBCs). 

Despite having been considered for decades as a promising approach, the delivery of antimalarials 

encapsulated in immunoliposomes targeted to pRBCs has not progressed towards clinical 

applications, whereas in vitro assays rarely reach drug efficacy improvements above 10-fold. Here 

we show that encapsulation efficiencies reaching >96% are achieved for the weak basic drugs 

chloroquine (CQ) and primaquine using the pH gradient loading method in liposomes containing 

neutral saturated phospholipids. Targeting antibodies are best conjugated through their primary 

amino groups, adjusting chemical crosslinker concentration to retain significant antigen recognition. 

Antigens from non-parasitized RBCs have also been considered as targets for the delivery to the 

cell of drugs not affecting the erythrocytic metabolism. Using this strategy, we have achieved 

unprecedented complete nanocarrier targeting to early intraerythrocytic stages of the malaria 

parasite for which there is a lack of specific extracellular molecular tags. Immunoliposomes studded 

with monoclonal antibodies raised against the erythrocyte surface protein glycophorin A were 

capable of targeting 100% RBCs and pRBCs at the low concentration of 0.5 µM total lipid in the 

culture, with >95% of added liposomes retained on cell surfaces. When exposed for only 15 min to 

Plasmodium falciparum in vitro cultures of early stages, free CQ had no significant effect on the 

viability of the parasite up to 200 nM, whereas immunoliposomal 50 nM CQ completely arrested its 

growth. In vivo assays in mice showed that immunoliposomes cleared the pathogen below 

detectable levels at a CQ dose of 0.5 mg/kg, whereas free CQ administered at 1.75 mg/kg was, at 

most, 40-fold less efficient. Our data suggest that this significant improvement is in part due to a 

prophylactic effect of CQ found by the pathogen in its host cell right at the very moment of 

invasion. 
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