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ABSTRACT 
 
Chloroquine, a once useful therapy, currently faces problems of plasmodial resistance mediated through a number 
of mechanisms, such as P-glycoprotein (P-gp) mediated drug efflux, which makes attainment of adequate drug levels 
impossible. In this work, the inclusion of a P-gp inhibitor, chlorpheniramine, and chloroquine in a lipid-based 
nanoparticle carrier is proposed, with the aim of ensuring that adequate drug levels are attained, so as to overcome 
drug resistance. Methods: The nanoparticles were prepared by a simple method based on hot pre-emulsion. 
Physicochemical characterization involved determination of particle size and zeta potential, drug loading, 
entrapment efficiency and in vitro drug release. Results: The particle sizes varied with ratio of surfactant to lipid 
and also total excipients concentration. Drug encapsulation was higher than 50 % in all cases. Equal lipid-
surfactant systems achieved higher loading than unequal ratios. The nanoparticle dispersion exhibited biphasic 
drug release in buffer.  Conclusions: We conclude that, pending the outcome of in vivo trials and toxicological tests, 
co-formulation of choroquine and chlorpheniramine in lipid-based nanoparticles is feasible using a simple hot 
emulsion-dilution method.  
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INTRODUCTION 

 
Chloroquine was the mainstay of malaria chemotherapy in African countries for decades. Though the burden of 
resistance to chloroquine has been on the increase in the past twenty years with the emergence of many resistant 
strain of Plasmodium falciparum [1], artemisinin-based combination (ACTs) therapies have been used to address the 
problem [2]. Though these new therapies have proved very successful in clinical use, malaria being a poverty-
related disease (PRD), the replacement of chloroquine and older therapies with the more expensive ACTs has 
serious economic implications, and this has raised questions regarding long term sustainability in the absence of 
international aid.  
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Chloroquine is known to interfere with the polymerization of haeme to insoluble haemozoin in the digestive vacuole 
of the protozoan.  The accumulation of the drug to different extents by chloroquine-sensitive and resistant 
phenotypes points to drug efflux   mechanisms. Simply put, drug influx and efflux kinetics or, the amount of 
chloroquine entering and leaving the cell per unit time plays a role in chloroquine resistance. Vacuolar membrane 
transporters, namely P-gh1 and chloroquine resistant transporter (CRT), coded for by the Pfmdr1 and the Pfcrt genes 
respectively, are believed to play important roles in drug efflux in resistant phenotypes, ensuring that they 
accumulate a smaller amount of drug than sensitive ones. P-gh1 is a homologue of Pgp, which is implicated in 
multidrug resistance in cancer [3, 4]. 
 
The underlying philosophy for the use of drugs in combination is that this reduces the probability of resistance. In 
cancer chemotherapy, where resistance due to drug efflux is also encountered, chemosensitizers including verapamil 
[5], chlorpheniramine, phenothiazines [6, 7] and  tricyclic antidepressants [8, 9], are able to both enhance drug 
accumulation and also reduce the effective concentrations (IC50) of the drug in the chemosensitized cells [5]. 
Whereas complete equilibration of drug concentrations in sensitive and resistant cells is possible in cancer, this is 
not exactly so in  P. falciparum malaria, but the IC50 in resistant strains nevertheless fall to levels obtainable for CQ-
sensitive phenotypes [10]. In malaria, The chemosensitizing actions of chlorpheniramine (CPN) and promethazine 
(PMZ) have been demonstrated in clinical trials in Nigeria [11, 12). Both chlorpheniramine and promethazine are 
routinely co-prescribed with chloroquine in order to combat itching, a major side effect of CQ [10]. 
 
The ability of lipid nanosystems to evade P-gp transport has also been exploited in cancer chemotherapy [13-15]. 
While this may seem very appealing, recent discoveries indicate that this potential may not be sufficient by itself to 
reverse multidrug resistance in all cases [16]. If this is the case, it makes sense that a combined approach utilizing 
nanodelivery and the phenomenon of P-gp inhibition is employed. This is called co-encapsulation, meaning that the 
two drugs are trapped in the same or different compartments of a nanoparticle matrix.  
 
Besides bypassing Pgp, this approach can find application in solving the barrier problems encountered in cerebral 
malaria, as is the case with brain tumour where P-gp efflux in the blood brain barrier is encountered. This 
anatomical barrier also has physiological barrier features like P-gp mediated efflux, and these combine to make it 
the most challenging issue in drug delivery to the brain [17].   
 
The aim of this work is to co-encapsulate chloroquine and chlorpheniramine in a lipid matrix which is solid at room 
temperature, and to provide preliminary physicochemical characterization of the dosage form. The activity of any 
drug or drug combination will depend on its formulation in a safe thermodynamically stable and kinetically-
unhindered   dosage form. Lipid-based systems have favourable pharmacokinetics because of substantial lymphatic 
absorption, which can help bypass first pass hepatic effects. Even though the oral bioavailability of chloroquine is 
fairly high (90 %), nevertheless, nanodelivery can lead to miniaturization of regimen by achieving equal activity at 
lower dose, and can also reduce dosing frequency if sustained release profile is attained. Chlorpheniramine has a 
much lower bioavailability than chloroquine and so its pharmacokinetics may be more favourably modified by 
nanodelivery than that of chloroquine. Stearic acid, being a simple fatty acid, is better suited in the formulation 
because triglyceride systems are much more susceptible to lipase activity, wherein they are broken down to fatty 
acids and glycerol.  
 
It is hoped that the simple method used here can be optimized and scaled up for use, since is solvent free and has no 
necessity for high pressure homogenization equipment.   
  

EXPERIMENTAL SECTION 
 
Materials 
Stearic acid Sigma and Tween 80 were purchased from Sigma-Aldrich. Chloroquine phosphate and 
chlorpheniramine maleate were kindly donated by Juhel Nigeria Limited. All other reagents were of analytical grade 
and were used as such without further processing. 
 
Methods 
Formulation of chloroquine-loaded solid lipid nanoparticles (SLN) 
The different batches of solid lipid nanoparticles (SLNs) were prepared using an adapted protocol, with modification 
[18]. The proportions of ingredients used in the preparation are presented in Table 1. Stearic acid (1 g) was melted at 
71.2 oC after which the powdered drug sample was gently incorporated into the molten lipid, with mixing. The 
surfactant-water mixture was brought to the same temperature as the lipid melt. Then with rapid stirring, the water-
surfactant system was added to the lipid melt, and the mixture homogenized at 2000 rpm for 10 min using a high 
shear homogenizer (L4R, Silverson Machines Ltd., Buckinghamshire UK). Whilst homogenizing, the temperature of 
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the system was kept above the melting point of the lipid by placing the beaker on a hot-plate. Subsequently, the pre-
emulsion was introduced in drops into 500 ml of cold water at 2 oC.  While addition ensued, stirring was provided 
using a magnetic stirrer assembly. This was intended to keep the particles dispersed, but not to shear further into 
smaller particles. Three batches of solid lipid nanoparticles (SLN A, SLN B and SLN C) were prepared according to 
the quantities presented in Table 1.  
 

Table 1: Actual quantities of ingredients used in preparing the solid lipid nanoparticles 
 

Ingredient 
Batches of SLN 
A B C 

Stearic acid (g) 1 2 2 
Tween 80 (g) 1 1 2 
Chloroquine phosphate  (mg) 500 500 500 
Chlorpheniramine maleate (mg) 16 16 16 
Water to... ( g) 100 100 100 

 
Determination of hydrodynamic size  
The hydrodynamic sizes of the particle were determined after one week of preparation. The preparations were 
unlyophilized and 1 ml samples were first withdrawn from the bulk without shaking the dispersion, and then after 
shaking to redisperse any sedimented coarse particles. Measurements were done by photon correlation spectroscopy 
at 25 oC using a particle size analyzer (Zetasizer Nano ZS, Malvern Instruments Ltd., Worcestershire, UK) equipped 
with v7.03 software. The detection was performed at a scattering angle of 90o at an accumulation time of 180 s. 
Samples were diluted with ultrapure water (resistivity of 18.2 mΩ.cm) and data were analysed by the cumulants 
method.   
 
Determination of Zeta potential 
The zeta potentials of the formulated SLN were similarly determined after one week of preparation. Each sample 
was diluted with ultrapure water and at 25 ◦C and read in a Zetasizer Nano ZS (Malvern Instruments Ltd., UK) at 
refractive index and pH settings of 1.33 and 7 respectively. For spherical colloidal particles of high ratio of radius to 
double layer thickness, the Henry function approximates 1.5 and the electrophoretic mobilities may be converted 
related to the zeta potential values via the Smoluchowski relation:  
 
�	 = 	��/	�                                                                               (1) 
 
U is the electrophoretic mobility; ε is the dielectric constant, and η the viscosity of the medium 
.  
Determination of entrapment efficiency 
Entrapment efficiency was determined using an indirect method. This involved determination of the concentration of 
the free unloaded drug in the supernatant after the nanoparticles were pellet by centrifugation. Briefly, 
approximately 2.5 mL of the nanoparticle dispersion was centrifuged at 4000 rpm for 60 min at 37 oC in a 
microcentrifuge (800-B, Hunan, China). A sample of the clear supernatant was withdrawn and the amount of free 
chloroquine was determined by taking absorbance readings at 330 nm in a UV-Vis spectrophotometer (Jenway 
6505, Bibby Scientific, Essex, UK). In addition, quantification of encapsulated chlorpheniramine was attempted 
using both isocratic and gradient methanol-acetonitrile systems on a Shimadzu Prominence HPLC (Shimadzu 
Corporation, Kyoto, Japan) equipped with a diode array detector and Phenomenex Gemini C18 column (5 µm x 250 
mm x 4.6 mm). 
 
The entrapment efficiency (EE) was calculated using the relationship: 
 

�. �. = 		 
 �����	�	����	���������	��	���
����������	����	�����	�	����	�����	�	��� × 100																																																																																																	(2)	                 

 
The amount of drug entrapped was calculated by subtracting the amount of free drug from the theoretical amount of 
drug added to SLN. 
 
Determination of loading efficiency 
The loading efficiencies (LE) of the three formulations were determined from the entrapment efficiencies by, 
calculating the ratio of the entrapped amount of drug to total formulation mass. 
 

  '� = ���	�	����	���������
����	��((	�	�����������( 	× 100																																																																																																																																						(3)   

                                                      
The total mass of nanoparticles was obtained by summing the mass of lipid and trapped drug.                                            
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In vitro release from unlyophilized nanosystems 
An in vitro release study was conducted over 3 hours separately using phosphate buffered saline.  For this study, 
0.5 ml of the nanodispersion was placed in dialysis membrane of 10 kDa molecular weight cut off and immersed in 
40 ml of release medium contained in a chamber of the dissolution testing apparatus [RC-6 dissolution]. The 
operating conditions were 22 rpm at a temperature of 37 °C. At predetermined time intervals, 2 ml of buffer solution 
outside the dialysis bag was removed and replaced with 2 ml of fresh medium. The amount of drug released was 
determined by taking absorbance readings against the standard calibration curves prepared previously.  
 
Statistical analyses 
Unless otherwise stated, results have been presented as mean ± standard deviation of replicate measurements (n = 3). 
Statistical analysis was done using Microsoft Excel 2007 and statistical significance was measured using the Welch 
two-sample t-test. A probability value of 0.05 or less was considered significant. 
 

RESULTS AND DISCUSSION 
 
The solid lipid nanoparticle systems were translucent systems. The mean hydrodynamic diameters of the 
formulations are presented in Table 2. As indicated, the preparations had roughly the same size distribution, with an 
average polydispersity index of about 0.4 in each case.  Though the dispersions remained largely stable even after 
one month, a light deposit was nonetheless evident after one week as some of the macro-sized particles settled under 
gravity. Though C and A had the same ratio of surfactant to lipid, the hydrodynamic size of C is higher than A, 
pointing to the influence of content of lipid on efficiency of homogenization.   
 
Table 2: Average size and zeta potential values of chloroquine-loaded solid lipid nanoparticle systems prepared using varying quantities 

of stearic acid and Tween 80* 
 

Batch 
Batches of SLN 

A B C 
Z-average size (d.nm) 
Without redispersion 
With redispersion 

 
192.80 ± 18.1 
591.30 ± 14.5 

 
287.20 ± 6.3 
498.50 ± 12.1 

 
211.80 ± 32.90 
663.80 ± 13.60 

Mean polydispersity index 
Without redispersion 
With redispersion 

 
0.38 ± 0.08 
0.40 ± 0.02 

 
0.31 ± 0.03 
0.37 ± 0.01 

 
0.49 ± 0.13 
0.38 ± 0.02 

zeta potential (mV) All samples had extremely small zeta potentials values of about -0.3 mV 
* Statistical differences were tested at 5 % level. Particle sizes were determined one week after preparation without lyophilisation using a small 

volume (1 ml) withdrawn from the bulk of the sample, first without shaking, and then after shaking to redisperse sedimented particles or 
aggregates. 

 
Figure 1: Uv-Vis scan of chloroquine phosphate and chlorpheniramine maleate in water 
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The ultraviolet-visible spectra of the drug samples are presented in Figures 1. In view of the fact that the single 
extinction peak of 261 nm for chlorpheniramine significantly overlapped the 256 nm band of chloroquine, appearing 
roughly as a single peak in the spectrum of a mixture of the two drugs, the UV-Vis spectroscopy was incapable of 
reliably and accurately quantifying untrapped chlorpheniramine. In addition, HPLC-UV, which was attempted with 
both isocratic and gradient elution methods and varying combinations of methanol and acetonitrile as mobile phases, 
did not achieve significant peak resolution. In view of this, only the trapping efficiencies and loading values 
obtained for chloroquine are displayed (Table 3). 
 
The release curves (Figure 2) of the unlyophilized nanodispersions point to a repeat action (biphasic release) with an 
initial burst action due to untrapped drug, followed by rapid drug release after approximately 150 min from lipid 
matrices.  
 

TABLE 3: Entrapment efficiencies of different batches of solid lipid nanoparticle system 
 

Batch of SLN Entrapment Efficiency (%) Loading efficiency (%) 
A 61.45 23.05 
B 53.98  11.9  
C 63.49 26.34 

 

. 
 

FIGURE 2: In vitro release studies of chloroquine phosphate in buffer from batches of solid lipid nanoparticles 
―□― SLN A, ―○― SLN B, ―∆― SLN C. SLN A contains 1 g each of both lipid and surfactant. SLN B contains 2 g of lipid and 1 g surfactant. 

SLN C contains 2 g each of both lipid and surfactant. 

 
The design of an anti-malarial formulation is influenced by the route of administration, the intravenous route being 
the preferred route in cerebral malaria [19]. In acute uncomplicated malaria, the oral route is preferable. The 
administration of drugs by the intravenous route imposes a low particle size cut off of about 5 microns, in order not 
to cause occlusion of small blood vessels. This generally excludes the use of coarse emulsions and most 
microparticle systems. The particle sizes obtained on standing the nanodispersions for one week were all less than 
290 nm. On shaking and redispersion, particle sizes obtained were all lower than 640 nm. Erythrocytes are roughly 
10 times bigger than this and so the particles have a size advantage over microparticle systems and may be used for 
targeted delivery inside erythrocytes (averaged 6 microns in size). In fact, anti-malarial drug carriers in this size 
range can be used in targeting the plasmodial schizonts and merozoites or their organelles, since the diameter of 
these blood forms (generally about1 µm) is significantly higher than the particle size. 
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However, because erythrocytes generally do not have phagocytic capacity, tertiary targeting of nanocarriers 
entailing delivery to intra-erythrocytic bodies is very difficult. Rather, particles which are small enough in size may 
pass through the new permeability pathways (NPPs) which occur on infected red blood cell membranes shortly after 
invasion by the parasite [20, 21, 22, 19]. For this to occur, the sizes need be less than 80 nm in size, which has been 
determined as the particle size cut off for passage. This may not be achievable in the present case. It is actually much 
more difficult to achieve such low sizes in conditions in which the drug is not dissolved, due to influences of drug 
crystals sizes themselves, particularly in co-formulation.  To further reduce particle size of anti-malarial drug 
nanoformulations to attain sizes in the desired range for passage through the NPP, high pressure homogenization 
may be utilized. However, even after high pressure homogenization, solid lipid nanoparticles produced from 
Softisan® by hot pre-emulsion had particle sizes in this range (~ 550 – 700 nm) [23].  
 
An increase in the ratio of surfactant to lipid would be expected to reduce particle size [24, 25]. From the results 
obtained, however, Batch A with a surfactant to lipid ratio of 1: 1 exhibited mean particle size higher than Batch B 
with a 1: 2 ratio, after shaking. The explanation offered is that since the preparation was unlyophilized and also size 
determination was done after one week of preparation, the sizes quoted represent the combined influences of 
homogenization efficiency and particle size growth at room temperature storage. From the viewpoint of particle size 
growth, low concentration (viscosity) systems such as Batch A suffer more particle size because of higher mobility, 
unless they are incorporation into gels or creams for increased stability. Batch C has significantly higher particle 
sizes (*p < 0.05) than A or B, which may result from difficulties in homogenizing the high concentration of 
ingredients. The particle sizes obtained before shaking were less different between the three batches: statistical 
difference existed only between batches A and B (*p = 0.006786). The polydispersity indices were not statistically 
different in either case, suggesting that the method of preparation used achieved very narrow particle size 
distribution. The inference drawn from particle size analysis is that particle size depends not only on surfactant to 
lipid ratio, but on total concentration of particles, which would affect homogenization efficiency. 
 
For the most part, nanotechniques employed in malaria research do not seek  to traverse the red cell membrane 
(generally because of lack of phagocytotic activity as previously mentioned), but to keep the nanoparticle in contact 
with the red blood cells for long enough to achieve suitable local concentrations of the entrapped drug in the 
neighbourhood of the red cell (19). Whereas lipid-based systems are quickly removed by the reticuloendoethelial 
system unless suitable hydrophilic coatings are applied, common “hydrophilization” methods like PEGylation 
seriously limit absorption through the lymphatic system and could predispose the particles to portal absorption and 
first pass hepatic metabolism. This would be a disadvantage with chlorpheniramine which undergoes significant first 
pass hepatic metabolism [26]. This explains why the nanoparticles were not PEGylated. Rather than PEGylate, 
cytoadherence should be sought. 
 
There were no differences in the zeta potential values. The low negative values obtained would be expected from the 
poor ionization of stearic acid. In the absence of steric and entropic stabilization effects, fairly high values of zeta 
potential (± 30 mV) are needed to keep the particle apart in a colloid of this nature [27]. This low potential value is 
incapable of preventing close particle-particle approach, and may partly explain why the mean one-week particle 
sizes after agitation of the container differed significantly from the value obtained without agitation (sampling was 
done in the middle of the container). This suggests that multi-particle aggregates had started forming, which settled 
out under the influence of gravity, redispersed only on shaking. As mentioned before, these systems can be 
significantly stabilized by introducing viscosity enhancers, embedding into creams or gels, or by lyophilization in 
the presence of a cryoprotectant. Nevertheless, because surfactant-stabilized lipid systems of this nature, due to the 
content of viscosity-modifying lipid, can still be considerably more stable than aqueous suspensions of comparable 
zeta potential values.  
  
The entrapment efficiency for chloroquine was moderately high for a water-soluble drug, since high aqueous 
solubility leads to low entrapment [28]. The suspension of the drugs in solid form in the lipid matrix before mixing 
with the oil prevented complete migration of the drug into the aqueous compartment. The trapping efficiencies are in 
the order of particle hydrodynamic diameters, which should be the case in a matrix system in which the drug is 
dispersed evenly as crystals throughout the lipid matrix. Trapping may be promoted by heating to above the melting 
point of the drug to encourage the formation of mixed drug-lipid crystals, if the drug is thermostable. This 
temperature is rather high for chloroquine (up to 193 oC) (26).  Another way of improving particle trapping would 
be to use a mixed lipid as matrix, whose lower degree of crystalline order would be an advantage over monoacids 
[23]. Mixtures of lipids of different structural compositions may also be used, such as blending mono and 
diglycerides with triglycerides, or solid lipids and liquid oils as with nanostructured lipid carrier systems [29]  
However, because of an inverse relationship between lipid solubility of the drug and drug release, enhanced trapping 
does not always lead to desirable release profiles. Moreover, use of di- and triglyceride systems remarkably 
enhances lipase susceptibility. 
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High loading capacities were achieved in the formulations having equal ratios of lipid and surfactant, as previously 
reported [30]. The extent of drug loading seen in Batch C means that to prepare chloroquine phosphate injection 
containing 200 mg/5ml, only 760 mg of lyophilized Batch C particles would be needed per 5 ml ampoule. This is 
fairly high for a drug which does not dissolve in the lipid melt [28]. Loading is very important for scale up. 
 
All release profiles show an initial a diffusion-driven period due to untrapped drug. As expected, the relative peaks 
attained at this point (30 minutes) inversely correspond to the trapping efficiencies, with Batch C (with highest drug 
trapping) having the least magnitude. However, the total percentage drug release at this point (30 minutes) far 
exceeds the untrapped drug content, and explanation offered is that a significant fraction of the trapped drug resides 
on the surface of the nanoparticles, wherein it behaves like untrapped drug and is released fairly rapidly.  From 150 
minutes, erosion of the non-swelling matrix is initiated leading to second phase of drug release. Batch B, having a 
smaller particle size (higher surface area), would be expected to exhibit the fastest release rate (31). This is not the 
case, and we infer that the viscosity of the system (lowest in A due to lower concentration of ingredients) must have 
been a factor in the higher rate of drug diffusion across, as against release.  
 
In future, treatment can be considerably influenced by this pattern of biphasic drug release achieved by using a 
mixture of trapped and untrapped drugs. Due to the high crystallinity of the lipid matrix, drug release from the 
system is predictably different from nanoemulsions of equivalent concentration. Because of its lipid nature, the 
lyophilized and reconstituted dispersion may be used in intramuscular depot medication. However, for this to 
happen, it may be necessary to ensure that the surfactant does not remain in sufficiently high levels after recovery of 
the nanoparticles and lyophilisation.  
 

CONCLUSION 
 
This work is based on clinical evidence of the superiority of chloroquine-chlorpheniramine co-administration in 
overcoming drug resistance, due possibly to effects on P-gp mediated drug efflux. We conclude that solid lipid 
nanoparticles co-encapsulating chloroquine and chlorpheniramine can be prepared to particle size specifications 
smaller than the diameter of both human capillary systems and red blood cells and merozoites, by the hot 
homogenization- dilution method. Equal lipid-surfactant ratios ensure high trapping and loading, but particle size is 
dictated by both this ratio and total system concentration, as this would affect viscosity and homogenization 
efficiency. In vitro release studies conducted with the unlyophilized dispersion exhibited a two-phase drug release 
due to untrapped and trapped drugs. Due to the limited assay methods available, the data on trapping and release of 
chlorpheniramine are not reported, since its spectral peak overlaps significantly with that of chloroquine. Further 
studies will be devoted to overcoming this problem, and also in vivo testing in both resistant and sensitive strains of 
Plasmodium falciparum. Studies will also be conducted to establish the toxicity profile of the formulation.  
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