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Abstract

The aim of the study was to formulate and evaluate in vitro-in vivo 
Chloroquine (CQ)-loaded Solid Lipid Microparticles (SLMs). CQ-loaded SLMs 
were prepared by hot homogenization, lyophilized and characterized using 
particle size, pH stability, Loading Capacity (LC) and Encapsulation Efficiency 
(EE). In vitro release of CQ was performed in SIF and SGF and in vivo study 
done using Peter’s Four day in mice, there after kidney and liver of the mice 
were subjected to histological studies. 

The formulations exhibited high entrapment efficiency and yield. Time-
dependent pH stability studies showed little variations with range from 3.93±0.21-
5, 46±0.23. The release profiles of CQ-loaded SLMs showed a gradual, steady 
release of the drug at various intervals in both SIF and SGF compared to the 
commercial CQ samples for 8 h. The in vivo study showed a high percentage 
reduction in parasitemia with minimal effect on vital organs. The SLMs exhibited 
sustained release with a pH-dependent release profile as the highest release 
was obtained in SIF than in SGF. The results showed that the percentage 
reduction in parasitemia of the optimized SLMs formulation (87.01%) had better 
activity than the commercial sample (84.12%). 

The histological studies revealed that the SLMs formulations have no 
harmful effects on the organs of the mice. SLMs formulations might be an 
alternative for delivery of CQ to patients with parasitemia.

Keywords: Solid lipid microparticles; Chloroquine; Parasitemia; 
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Parasitic diseases are of immense global significance as around 
30 % of world’s population experience parasitic infections. Malaria, 
the most life threatening disease among the parasitic infections 
accounts for 1 to 2 million deaths round the globe every year with 
the estimate each year that more than 200 million people are infected 
with malaria worldwide [5]. Malaria, a common problem in areas 
of Asia, Africa and Central and South America is responsible for 1 
in 5 childhood death in Africa and at least fifty per cent of Nigerian 
population experience one episode of malaria every year [6]. It is the 
cause of 1/5 of death before the age of 5 years and 1/3 of deaths for 
children in urban and rural areas of Nigeria respectively [7]. Malaria 
preferentially affects children younger than 5 years of age, pregnant 
women, and non-immune individuals [8] becoming more difficult 
to treat because of multidrug parasite resistance. In humans, malaria 
is caused by four distinct blood–borne Ampicomplexan parasite 
species: Plasmodium vivax, Plasmodium malariae, Plasmodium ovale 
and Plasmodium falciparum being responsible for almost all malaria 
related deaths as it causes the most severe malaria [9]. Plasmodium 
berghi transmitted by Anopheles mosquitoes are practical model 
organism in the Laboratory for the experimental study of human 
malaria as the symptoms are to a certain degree comparable to 
symptoms of cerebral malaria in patients infected with the human 
malaria parasite P. falciparum [10]. In addition, P. berghei is used in 
research programs for development and screening of anti-malarial 
drugs and for the development of an effective vaccine against 
malaria. The recent call for the elimination and eradication of the 
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C0 is SLMs unloaded with CQ; C1 is SLMs loaded with 3 % of CQ; 

C2 is SLMs loaded with 5 % of CQ; C3 is SLMs loaded with 7 % of CQ

Introduction 
Resistance to antimalarial medicines is a recurring problem 

in recent years, thus parasitic resistance to artemisinins has been 
detected and if this resistance to artemisinins develops and spreads to 
other large geographical areas, the public health consequences could 
be dire. This treatment failure of the new antimalarials have prompted 
the quest to formulate CQ in novel alternative delivery systems as 
it is always the cheapest for the local populace, mostly affected by 
malaria. Solid Reverse Micellar Solutions-based (SRMS-based) SLMs 
is a new formulation field with advantages over other carrier systems 
with high potentials for sustained drug release and gastro-protection 
[1]. Some proposed mechanisms of action of lipid-based systems to 
enhance oral bioavailability of compounds includes; increased rate 
of dissolution into aqueous environment from oil droplets of high 
surface area,  promotion of absorption via intrinsic lipid pathways 
and enhanced thermodynamic activity via supersaturation of the 
aqueous environment of the gastrointestinal tract [2,3]. SLMs attract 
increasing attention in alternative delivery systems as they combine 
advantages of traditional carriers; for example they can be produced 
on a large industrial scale, are toxicologically highly acceptable and 
also allow the control of drug release [4].
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disease requires research from multiple fronts, including developing 
strategies for the efficient delivery of new medicines [11].

CQ is a 4-aminoquinoline compound for oral administration. It 
is indicated for suppressive treatment and acute attacks of malaria 
due to P. vivax, P. malariae, P. ovale, and susceptible strains of P. 
falciparum including treatment of extra intestinal amoebiasis as it 
is rapidly and almost completely absorbed from the gastrointestinal 
tract [12]. The drug is generally safe and toxicity occurs when very 
high doses are administered via parenteral route.

Previously, formulation and evaluation of halofantrine-loaded 
Solid Lipid Microparticles (SLMs) have been done by our research 
group [13]. The aim of the present work was to formulate CQ-loaded 
SLMs and assess the antimalaria activity of the formulations both in 
vitro and in vivo in P. berghei infected mice and compare their activity 
with commercial CQ sample tablets.

Materials and Methods	
Materials

The materials used were pure CQ sample (Juhel Pharmaceuticals, 
Nigeria), commercial CQ sample (Evans Pharmaceuticals, Nigeria), 
Phospholipon® 90H (P90H) (Phospholipid GmbH, Köln, Germany), 
sorbic acid, sorbitol, polysorbate 80 (Merck, Darmstadt, Germany), 
distilled water (Lion Water, Nigeria), goat fat (obtained from a batch 
processed in our Laboratory). All other reagents and solvents were of 
analytical grade and were used without further purification.  

Parasites: P. berghei NK-65, a strain free of contamination with 
Eperythrozoon coccoides and sensitive to CQ, was used for in vivo anti-
malarial study. This strain is known to induce high mortality in mice, 
providing a good model to estimate antimalarial efficacy in reducing 
parasitemia, and is sensitive to all currently used antimalarial drugs. 
It was obtained from Nigerian Institute of Medical Research (NIMR), 
Lagos, Nigeria. 

Animals: Animal experiments were carried out according to 
the Principles of Laboratory Animal Care and legislation in force 
in Nigeria.  Eperythrozoon-free Swiss albino mice (CD1) weighing 
20 to 25 g were obtained from Department of Pharmacology and 
Toxicology, University of Nigeria.

Methods
Extraction of goat fat: The lipid (goat fat) used in the formulation 

was first extracted from goat fat (Capra hircus) using wet rendering 
method [14]. Briefly, adipose tissue of goat was grated and subjected 
to moist heat by boiling with about half its weight of water in a water 
bath for 45 min. The molten fat was separated from the aqueous phase 
after filtering with a muslin cloth and stored in a refrigerator until 
used.

Preparation of lipid matrix: The lipid matrix was prepared 
using fusion technique according to Friedrich et al. Attama et al. 
[15,16]. Briefly, a 70 g quantity of the prepared goat fat was weighed 
(Adventurer, Ohaus, China), melted in a beaker placed in a water 
bath at a temperature of 60°C. Thereafter 30g of P90H was added 
to the melted goat fat and stirred using a magnetic stirrer and hot 
plate (Jenway 400, EU), until an even mix was obtained. The molten 
lipid matrix was then placed in a cold water bath for 30 min at room 
temperature until solidification to obtain the Solidified Reverse 
Micellar Solution (SRMS).

Preparation of SLMs: The Solid Lipid Microparticles were 
prepared to contain: lipid matrix (17 % w/w), CQ (0, 3, 5, 7 %w/w), 
polysorbate 80 (1.5 %), sorbic acid (0.05 %), sorbitol (4 %w/w) and 
water (to 100 %w/w). The lipid matrix consisted of goat fat and P90H. 
For each batch, the lipid matrix was placed in a stainless steel bowl 
and heated at 60°C until it had melted completely. The remaining 
excipients were weighed out appropriately and mixed with the 
corresponding quantity of water at 70 °C. The excipients mixture 
with water at 70oC was poured into the lipid matrix to form the lipid 
matrix-mixture and homogenized at 5000 rpm for 10 min with an 
Ultra-Turrax homogenizer (IKA® T25, Basic Digital, Germany). The 
hot emulsion was then poured into a bottle and allowed to recrystallize 
at room temperature for 24 h and the resultant unloaded SLMs batch 
C1 obtained. The same procedure was adopted for the CQ-loaded 
SLMs with varying quantity of the drug (concentrations of 3 %, 5 %, 
and 7 % for batches C2, C3, and C4 respectively) as shown in (Table 1), 
except that the drug was poured into the melted matrix and mixed, 
thereafter the excipients mixture was poured into the lipid matrix-drug 
mixture. The SLMs obtained after cooling at room temperature were 
lyophilized to obtain water-free SLMs using a freeze-dryer (Amsco/
Finn-Aqua Lyovac GTZ, Germany) [13,17]. Briefly, lyophilisates of 
the SLMs are obtained by freezing the formulations at a pressure of 
2.7 Pa and temperature of -30 °C; followed by sublimation and drying 
at 15-25 °C. All these operations took 6-12 h. 

Characterization of the formulated SLMs
Particle size analysis: Particle size analysis was carried out on the 

SLMs after formulation according to Ogbonna et al. [13]. A 5 mg of the 
SLMs from each batch was dispersed in distilled water and smeared 
on a microscope slide using a glass rod. The mixture was covered with 
a cover slip and viewed using a polarized photomicroscope (Hund®, 
Weltzlar, Germany), attached with a Motic image analyser which is 
an Automated imaging system at a magnification of ×400. Triplicate 
readings were taken.

Determination of the loading capacity of the formulated SLMs: 
Loading capacity (LC) expresses the ratio between the entrapped 
Active Pharmaceutical Ingredient (API) and total weight of the lipids 
[18]. The loading capacity of the formulated SLMs was determined 

Code CQ (%) Lipid matrix (%w/v) Polysorbate 80 (%) Sorbitol (%) Sorbicacid (%) Distilled water q.s (%)

C1 0 17 1.5 4 0.05 100

C2 3 17 1.5 4 0.05 100

C3 5 17 1.5 4 0.05 100

C4 7 17 1.5 4 0.05 100

Table 1: Formula and composition of chloroquine phosphate SLMs.

*Key: C1, C2, C3 and C4 are 0 %, 3 %, 5 % and 7 % CQ-loaded SLMs respectively
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using the formula below:
a

1

WLoading capacity ×100
W

=                  		  (1)

Where,W1 = weight of lipid added in the formulation and Wa= 
amount of API entrapped by the lipid

Determination of the percentage yield of the SLMs: After 
lyophilization, the water-free SLMs from all the batches were weighed. 
The yield of SLMs (%w/w) was calculated according to the following 
formula [14].	

1

2 3

% recovery 100
( )

W
W W

= ×
+

 			   (2)

Where, W1= weight of SLMs formulated (g), W2 = weight of 
drug added (g), W3 = weighed of the lipid matrix + polysorbate 80 + 
sorbitol + sorbic acid (g).    

Determination of encapsulation efficiency of the SLMs: A 
100 mg of the SLMs from a batch was placed in a beaker containing 
100 ml of distilled water.  The dispersion was shaken properly and 
then filtered. The filtrate was then analysed spectrophotometrically 
at a wavelength of 254 nm using a UV-VIS spectrophotometer 
(Unico 2102 PC UV/Vis Spectrophotometer, USA). The 
encapsulation efficiency EE % was calculated using the formula [19]. 

actual drug contentEnacapsulation efficiency(%)= ×100
theoritical drug content

              

						              (3)

Time dependent pH stability studies of the formulations: The 
formulations were subjected to pH analysis using a pH meter (Jenway 
3510, EU) on days 0, 7, 60 and 90 to check the effect of storage with time 
on the pH stability of SLMs. The particles were stored as lyophilized 
powder and resuspended at the programme time point. Briefly, pH 
of 20 ml dispersion of SLMs from each batch was determined and 
triplicates readings taken.

Preparation of calibration plot: The wavelengths of maximum 
absorption were determined at 254 nm by scanning some samples in 
the various media; distilled water, simulated intestinal fluid (SIF, pH 
= 6.8) and simulated gastric fluid (SGF, pH = 1.2). A calibration curve 
was obtained at ten concentration levels of a standard CQ solution 
(1.00- 10.00 mg/ml). The calibration plots of CQ obtained in these 
media were used to calculate the corresponding concentrations of 
drug released in each medium. Linearity was analyzed using the least 
square regression method in triplicate at each concentration level.

In vitro release studies: The dissolution medium consisted of 
200 ml of freshly prepared simulated gastric fluid (SGF, pH = 1.2) 
37± 1°C. The dialysis membrane (MWCO 6000-8000 Spectrum Labs, 
The Netherland) was pre-treated by immersing it in the dissolution 
medium for 24 h, prior to the commencement of each release 
procedure. In each case about 500 mg of the formulation containing 3 
%, 5 % of CQ and the commercial CQ sample was enclosed in a dialysis 
membrane containing 3 ml of the dissolution medium securely tied 
with a thermo-resistant thread and immersed in the dissolution 
medium containing 100 ml SGF, under agitation by a stirrer at 100 
rpm. At predetermined time intervals, 5 ml aliquots of the dissolution 
medium (SGF, pH = 1.2) was withdrawn and immediately replaced 
with 5 ml of fresh SGF and analyzed spectrophotometrically (Unico 
2102 PC UV/Vis Spectrophotometer, USA) at 254 nm. The amount of 
drug released at each time interval was determined using the standard 

Beer’s plot for chloroquine phosphate at 254 nm. The same procedure 
was repeated using formulations containing 3 %, 5 % of CQ and the 
commercial CQ sample with simulated intestinal fluid (SIF, pH =6.8) 
as the dissolution medium. Triplicate readings were done in each 
case.

In vitro release kinetics: The dissolution data for the SLMs were 
analyzed to determine the in vitro release kinetics using Higuchi 
square root equation kinetic models.

According to Higuchi relationship, the amount of drug released 
per unit surface area is proportional to the square root of time. This 
equation explains diffusion release rate as indicated below:

Qt = KHt1                                                           			    (4)                                     

Where KH is Higuchi rate constant, Qt is the quantity of drug 
released at specific time interval [20].

Evaluation of anti-malaria activity
Preparation of the animals: The animal experimental protocols 

were in accordance with the guidelines for conducting animal 
experiments stipulated by our Institution’s Animal Ethics Committee 
and in compliance with the Federation of European Laboratory 
Animal Science Association and the European Community Council 
Directive of November 24, 1986 (86/609/EEC) [21]. Twelve healthy, 
non-pregnant adult Swiss albino mice were selected and divided into 
three groups of four mice per group. The mice were allowed water 
and food ad libitum and allowed to acclimatize for seven days.

In vivo antimalarial studies: The parasite, a CQ-sensitive strain 
of Plasmodium berghei NK 65 which was maintained in mice was 
obtained from the Nigerian Institute of Medical Research (NIMR), 
Yaba, Lagos. The 4-day test was performed as described by Peters 
et al. [22]. Each mouse was inoculated intraperitoneally (i.p) with 
0.2 mL of infected blood containing about 10,000,000 Plasmodium 
berghei parasitized erythrocytes and left for four days. On day 4 after 
parasitic inoculation, parasitemia levels were measured and average 
parasitemia calculated for each group. Oral administration of the drug 
was carried out as follows: Group A received SLMs containing CQ 
(C1); group B received commercial CQ sample and group C received 
no treatment at all, group D was not inoculated with the parasite and 
the treatment doses were based on body weights. The baseline Packed 
Cell Volume (PCV), Haemoglobin content (Hb), White Blood Cell 
Content (WBC) and Red Blood Cell Content (RBC) were taken. These 
parameters were also determined before treatment, after parasite 
inoculation and post treatment. The parasite count was done 4 days 
after infection and also post treatment from thin blood smears of the 
tail blood of mice, fixed with methanol and stained with Giemsa’s 
stain. The efficacy of the developed formulations was determined by 
monitoring the mean percentage parasitemia suppression activity 
against time.

Percentage parasitemia was calculated based on the parasite 
count pre-treatment and post-treatment using the formula;

(Av pretreatment-Av posttreatment)parasitemia%parasitemia= ×100
Average pretreatment parasitmia

     (5)   

Histological studies: The mice were sacrificed seven days post 
treatment and the liver and kidney of a mouse from each group 
subjected to histological studies. Tissue sections of the liver and kidney 
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of mouse from each group (A, B and C) were fixed in 10 % normal 
saline and dehydrated in ascending grades of ethanol.  Thereafter, 
the tissues were cleared in chloroform overnight, infiltrated and 
embedded in molten paraffin wax.  The blocks were later trimmed 
and sectioned at 5-6 µm. The sections were deparaffinized in xylene, 
rinsed with water and subsequently stained with Haematoxylin and 
Eosin (H and E) and fixed for viewing which was done with a moticam 
(D-MOTICAM 580, U.S) fitted to the polarized photomicroscope 
attached with a Motic image analyser which is an Automated imaging 
system at a magnification of ×400

Statistical analysis
Statistical analysis was done using SPSS version 14.0 (SPSS Inc. 

Chicago, IL, United States). All values were expressed as mean ± 
SD. Data were analyzed by one-way ANOVA. Differences between 
means were assessed by a two-tailed Student’s T-test. P < 0.05 was 
considered statistically significant.

Results
Percentage recovery of SLMs

The results of percentage recovery of the SLMs presented in Table 
2 showed that percentage recovery values of SLMs (batches C1, C2, C3 
and C4) ranged from 73.65 to 78.28 %.

Mean particle diameter and morphology of SLMs
The photomicrographs of SLMs Figure 1 (A-D) showed that the 

shapes of CQ-loaded SLMs formulated were fairly spherical. The 
values of mean particle diameter presented in Table 2, showed that 
unloaded SLMs (C1) exhibited the lowest mean particle diameter, 
while CQ-loaded SLMs containing 5 and 7 % CQ i.e., batches C3 
and C4 had the largest mean particle diameter of 19.25±0.56 μm and 
22.75±1.20 μm respectively.

Time-dependent pH stability studies of the formulations
The pH of the SLMs presented in Table 2, showed that the unloaded 

SLMs containing no drug (C1) exhibited a significant reduction in pH 
from approximately 5.40±0.23 to 4.72±0.20 at 3 months (p < 0.05). 
However, the pH of the SLMs formulated with SRMS (CQ-loaded 
SLMs) showed a slight variation in pH with time thereby exhibiting 

insignificant reduction in pH at 3 months (p > 0.05).

Encapsulation efficiency (EE %) and loading capacity (LC)
Table 2 also showed the EE % and the LC of various batches of 

formulated CQ-loaded SLMs. EE % ranged from 48.66 % for batch 
C4 SLMs to 63.72 % for batch C3 SLMs. However, LC increased with 
increase in drug loading as shown in Table 2. Batch C4, with 7 % CQ, 
exhibited the highest loading capacity of 23.42 g of CQ/100 g lipid.

Preparation of calibration plot
According to Beer-Lambert’s law, 

A = KlC                                                                     	   (6)

Where A is the absorbance, K is Beer-Lambert’s constant, l is the 
path length and C is the concentration of the drug. Calibration plots 
indicated linear relationships between absorbance and concentration 
of CQ with all the solvents used. 

In vitro release of chloroquine
The results of in vitro release presented in Figure 2 showed that 

CQ-loaded SLMs had sustained release properties in SIF (pH =6.8). 
At 1 h, SLMs of C2, C3 and commercial CQ sample showed 10, 5 and 
20 % release respectively. At 8 h, SLMs of C2, C3 and commercial CQ 
sample showed 34, 30 and 65 % release respectively. The SLMs batches 
could not reach maximum release at 8 h; they only exhibited about 
30-34 % of drug release while the commercial CQ sample released 
most of the CQ (65 %) in 8 h.

In SGF the CQ-loaded SLMs also had good sustained release 
properties (Figure 3). At 1 h, SLMs of C2, C3 and commercial CQ 
sample exhibited 9, 5 and 18 % release respectively. At 8 h, SLMs of 
C2, C3 and commercial CQ sample showed 29, 22 and 58 % release 
respectively. The SLMs batches could not reach maximum release at 8 

 

Figure 1(A-D): Photomicrographs A to D showing SLMs of unloaded, 3 %, 5 
% and 7 % CQ-loaded SLMs respectively.

Code MPS (µm) *,† Yield (%)*,† LC (%)*,† EE (%)*,†
pH stability studies *,†

1 week 2 month 3 months

C1 16.52±0.27 77.41±0.17 5.40±0.23 4.89±0.15 4.72±0.23

C2 17.69±1.33 78.28±1.25 6.87±0.51 61.81±2.71 4.54±0.21 4.60±0.22 4.72±0.28

C3 19.25±0.56 77.54±1.65 18.30±0.75 63.72±0.38 4.20±0.20 4.38±0.19 4.51±0.24

C4 22.75±1.20 73.65±2.01 23.42±1.05 48.66±1.18 3.93±0.21 4.00±0.27 4.22±0.20

Table 2: Particle size, yield, loading capacity, Encapsulation efficiency and pH stability studies.

*Key: MPS is Mean particle size, LC is Loading capacity, EE is Encapsulation efficiency
*Mean_SD. † n= 3

Figure 2: Release profile of the SLMs formulated and the commercial sample 
in SIF (pH = 6.8).
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h; they exhibited about 22-29 % of drug release while the commercial 
CQ sample released most of the CQ (58 %) in 8h.

In vitro release kinetics
The drug release kinetics was studied using Higuchi kinetic model 

as shown in Table 3. Higuchi plot of amount of drug release against 
square root of time for all the batches of CQ-loaded SLMs were linear 
(r2 ≈ 0.9). However, plot of log Q against log t according to Higuchi 
in the SLMs (C1 and C2) gave n value of > 0.5 in SIF (pH = 6.8) and 
SGF (pH = 1.2) media. 

In vivo antimalarial studies
In vivo studies: The Figures 4, 5, 6 and 7 showed variations in 

percentage packed cell volume (PCV),  percentage haemoglobin 
(Hb), red blood cell (RBC) and white blood cell (WBC) respectively 
of the mice in groups A, B and C while Figure 8 (percentage 
parasitemia reduction) showed that group A mice which received 
SLMs containing CQ had 87.10 % parasite clearance; group B 
which received commercial formulation of CQ had 84.12 % parasite 

clearance and group C which received no treatment had 14.89 % 
parasite clearance.

Histological studies: The photomicrographs from the histological 
studies of the liver are shown in Figures 9&10 while that of the kidney 
are shown in Figures 11&12. The pictograms of red blood cells of 
infected and treated mice in groups A, B and C are shown in Figures 
13&15 respectively.

Discussion
Chloroquine has been used for decades as the primary and most 

Figure 3: Release profile of the SLMs formulation and commercial sample 
in SGF (pH = 1.2).

Batches
SIF SGF

KH r2 n KH r2 n

C1 1.904 0.980 1.510 1.685 1.969 1.473

C2 2.338 0.899 1.406 1.840 0.983 1.314

Table 3: Higuchi Kinetic model for the release studies.

*key: r2 =regression coefficient, KH= Higuchi rate constant, n = constant

Figure 4: Percentage packed cell volume (PCV) of the mice in groups A, B 
and C.

Figure 5: Percentage haemoglobin (Hb) of the mice in groups A, B and C.

Figure 6: Red blood cell (RBC) of the mice in groups A, B and C.

Figure 7: White blood cell (WBC) of the mice in groups A, B and C.
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successful drug against malaria. Concomitant with the emergence of 
chloroquine-resistant Plasmodium strains, there is need to formulate 
CQ as novel SLMs and evaluate their activity. In this study, an SLMs 
delivery system of CQ was developed and evaluated both in vitro and 
in vivo for enhanced oral delivery of CQ.

Percentage recovery of SLMs
The results of percentage recovery of the SLMs presented in 

Table 2 showed that all the CQ-loaded SLMs exhibited overall 
higher percentage recovery values than the unloaded SLMs (batches 
C1) except batch C4 which had yield of 73.65 %. High values of the 
percentage recovery of the SLMs indicated that the formulation 
technique adopted was reliable [1].

Mean particle diameter and morphology of SLMs
There was an increase in particle size as the quantity of drug 

loaded in the SLMs increase. This increase in the particle size was 
proportional to the amount of drug entrapped in the formulation 
[23]. The particle sizes also showed variations which may have been 
dependent on the orientation of the particles on observation. Even 
though it is expected that only spherical particles would be present 
in all formulations (not shown), it should also be realized that the 
polymorphic nature of the lipid matrices used could determine the 
shape of the particles as some of the formulations have irregular 
shape and fluffy feel. 

Time-dependent pH stability studies of the formulations
The pH of all the batches of SLMs was in acidic region throughout 

the study. Change in pH of a liquid drug formulation could be a 
function of degradation of the drug or the excipients. A prior stable 
drug may be affected by degradation of excipients with storage 
through generation of an unfavorable pH (increase or decrease) or 
reactive species for the drug [16]. However, there was slight decline 
in the pH values in the drug unloaded SLMs formulation may be due 
to release of free fatty acids from the lipid matrix [24]. 

It would, therefore, be reasonable to infer that the rise in pH of 
the CQ-loaded SLMs is due either to a rise in the particle surface pH 
or the likely interaction of the ions present in the medium with the 
components of the formulation [25]. The little increase in pH of the 
CQ-loaded SLMs indicated that the preparation would need a buffer 
to keep the pH more stable [13].

Encapsulation efficiency (EE %) and loading capacity (LC)
The ability of the SLMs to accommodate active molecules is an 

important property and this can be expressed by the entrapment 
efficiency (EE %) and loading capacity. The EE% and LC were affected 
by the total amount of drug in the formulation. Lipid matrices 
containing 3 % of CQ exhibited the highest encapsulation efficiency 
while the lowest loading capacity is exhibited by C4. Both EE % 
and LC are dependent on several parameters such as the lipophilic 
properties of the CQ (API), the screening of the most appropriate 
lipid composition/ratio and surfactant combination, as well as the 
production procedure used; this could be as a result of saturation of 
the lipid matrix [16,26]. Loading capacity increased with increased 
drug loading. Owing to the higher EE % and LC of C2 and C3 batches, 
their formulations were optimized for in vitro and C1 for in vivo 
studies.

Preparation of calibration plot
The regression coefficients (r2) in distilled water, SIF and SGF 

were 0.983, 0.954 and 0.935 respectively thereby indicating linear 
relationships.

In vitro release of chloroquine
Resistance to antimalaria are occurring as a consequence of 

several factors, including poor treatment practices, inadequate patient 
adherence to prescribed antimalarial regimens and substandard forms 
of the drug [27-29]. The results of in vitro release are presented in 
Figure 2&3. The release profiles of CQ-loaded SLMs based on SRMs 
showed a gradual, steady release of the drug at various intervals in 
both SIF and SGF compared to the commercial CQ samples which had 
greater release per time interval in both media. Therefore commercial 
CQ sample showed the fastest drug release throughout the 8 h in both 
SIF and SGF; this may be due to presence of non-encapsulated drug 
while the CQ-loaded SLMs (C2 and C3) showed more sustained release 
of the drug significantly different from commercial CQ sample (p < 
0.05). This may be due to presence of encapsulated drug in the inner 
core of the SLMs [1]. The batches of CQ-loaded SLMs based on SRMS 
exhibited sustained release properties for once daily administration. 
Therefore the SLMs formulations could better be used for sustain 
release delivery of CQ as once daily dosing can be administered as 
about 35 % of the SLMs in both media were release after 8 h.

In vitro release kinetics
According to Higuchi relationship, the amount of drug released 

per unit surface area is proportional to the square root of time. The 
drug release kinetics showed that Higuchi plot of amount of drug 
release against square root of time for all the batches of CQ-loaded 
SLMs were linear (r2 ≈ 0.9). The batches C1 and C2 SLMs have n 
values > 0.5 indicating that diffusion was not the only predominant 
mechanism of drug release in these batches [30] as shown in Table 3. 
Therefore, the release mechanisms studied showed that CQ-loaded 
SLMs exhibited mixed mechanisms of release; release mechanism 
involving both diffusion and erosion controlled release.

In vivo antimalarial studies
In vivo studies: The Figures 4-7, pretreatment and post treatment 

hematological parameters showed the variations in PCV, Hb, RBC 
and WBC were significant except for WBC in group B. Figure 8 
showed that group A mice which received SLMs containing CQ had 
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Figure 8: Percentage parasitemia reduction where Pre-TP is pre-treatment 
parasitemia, Post-TP is posttreatment parasitemia, PP (%) is percentage 
parasitemia reduction (%).
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the highest parasite clearance followed by the commercial CQ sample 
(group B). Group C which received no treatment had negligible 
parasite clearance. The CQ-loaded SLMs and commercial CQ sample 
showed more parasite clearance significantly different from Group 
C which received no treatment (p < 0.05) while the CQ-loaded 
SLMs and commercial CQ sample showed parasite clearance not 
significantly different (p > 0.05)

 A B

Figure 9: Photomicrograph of liver section of mice treated with SLMs of CQ 
and commercial sample of CQ, groups A and B respectively. H and E x 400.

   

P

 

P

 

D 
C 

Figure 10: Photomicrograph of liver section of mice with no treatment and no 
parasite innoculation, groups C and D respectively. H and E x 400.
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Figure 11: Photomicrograph of kidney section of mice treated with SLMs of 
CQ and commercial sample of CQ, groups A and B respectively. H and E x 
400.
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Figure 12: Photomicrograph of kidney section of mice with no treatment and 
no parasite innoculation, groups C and D respectively. H and E x 400.

Histological studies: Figure 9 of groups A and B showed varying 
degrees of periportal hepatitis (mainly mononuclear cell infiltration 
of the portal area-P). Note the infiltrating cells (arrow). Figure 10 
of groups D showed varying degrees of periportal mononuclear 
infitration of cells-periportal hepatitis (arrow) while the group H 
shows normal portal area and hepatocytes. Figure 11 of groups A and 
B showed tubular dilatation and mild areas of tubular degenerations-
black arrow. Figure 12 of group D showing apparently normal 
Glomerulus (GM) and renal tubules (white arrow) but mild tubular 
degeneration in group C (black arrow).

The observation from the histological studies conducted on the 
liver of the mice from various groups, showed varying degrees of 
hepatitis on the liver and varying degree of tubular dilatation of the 
mice in groups A, B and C while group D showed normal portal area 
and hepatocytes. The studies on the kidneys of various animals from 
various groups revealed cases of mild tubular dilatation and very mild 
tubular degeneration.

The red blood cells of mice in groups A, B (Figure 13-15) showed 
that blood cells that have been infected with the parasites (black 
arrow), but the number infected decreased in number owing to 
treatment with SLMs formulation while the red blood cells on parasite 
infected but untreated mice (Figure 15) showed more black arrows 
which demonstrated that the number of infected cells increased in 
number.

Conclusion
SLMs formulations of CQ might be an alternative for delivery of 

CQ to patients with parasitemia as the dose orally administered once 

           

Figure 13: Red blood cells of mice treated with SLMs containing CQ, Group 
A.

           
Figure 14: Red blood cells of mice treated with commercial CQ, Group B.

          
Figure 15:  Red blood cells of mice infected with parasite without treatment, 
group C.
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daily did not reached 50 % of the in vitro drug release both in SIF and 
SGF after 8 h. The SLMs formulation had high parasitemia clearance 
for the in vivo study using mice coupled with absence of harmful 
effects on vital organs of the mice there by establishing guaranteed 
safety of the SLMs formulations.
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