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Introduction  

Mosquitoes have been associated with the transmission of 

many diseases like malaria, filariasis, yellow fever as well as many 

other diseases especially in tropical and subtropical regions. Over the 

years, mosquitoes have been known to be a basis for various diseases 

affecting human beings, especially in the tropical and subtropical 

regions. There are about 3500 species of mosquitoes, but the chief 

genera which serve as vectors for disease-causing pathogens in 

humans includes Anopheles (malaria, filariasis), Aedes (yellow fever, 

dengue fever) and Culex (filariasis).
1
 As a result of this, various 

methods have been developed to control mosquitoes. 

Malaria is one of the world’s leading human killers, with greater 

morbidity and mortality than any other infectious diseases of the 

world.
2
 The mortality is more in children and pregnant women and the 

malaria parasite has continued to developed resistance to drugs used in 

the therapy of malaria including the artemisinins.
3 

Artemisinins (ARTs) are particularly more active than any other 

antimalarial, reducing the number of parasites by approximately 10
4
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per cycle
2
 but despite the potent antimalarial action of ARTs, they 

suffer from poor pharmacokinetic characteristics, short half-life and 

this has necessitated the development of ART-based combination 

therapies (ACTs) to be used in a 3-day therapy comprising ART 

together with a slowly eliminated companion blood-stage 

schizonticide.
4
 Artemether (A) is a potent and rapidly acting 

antimalarial agent, which is enlisted in the WHO List of Essential 

medicines (WHO, 2015) for the treatment of severe multi-resistant 

malaria. It is active against P. vivax as well as chloroquine-sensitive 

and chloroquine-resistant strains of P. falciparum and is also indicated 

in the treatment of cerebral malaria, however, its poor aqueous 

solubility significantly hampers its therapeutic efficacy.
5
 At present, 

artemether is available as tablets for oral therapy and as an 

intramuscular (IM) oily injection for the treatment of severe malarial 

infections. The oral bioavailability of artemether is low (≈40%) due to 

its poor aqueous solubility and degradation in stomach acids,
6 

whereas 

the current oily intramuscular injection suffers from disadvantages 

such as pain on injection site, slow and erratic absorption when 

administered.
7
 Lumefantrine (L), a highly lipophilic (BCS, Class II 

drug) flourene derivative, is a blood schizonticide. It acts by inhibiting 

detoxification of heme which in combination and free radicals induce 

parasite death.
8
 Balancing the irregular dosage regimen and 

insufficient availability of these APIs through improvement in the 

solubility is done with co-administration of milk or any other fatty 

meal. WHO recommended these five ACTs; artemether plus 

lumefantrine, artesunate plus amodiaquine, artesunate plus 

mefloquine, artesunate plus sulfadoxine-pyrimethamine, and 

dihydroartemisinin plus piperaquine and the choice of the ACT is 

based on the therapeutic outcome of the combination in the country or 

region of intended use.
9 

Studies have demonstrated favourable results using Capra hircus (goat 

- fat extracted from adipose tissues of goat)-based lipid matrices in 
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Owing to the low solubility of artemether which reduces its bioavailability, the study aimed at 

improving the solubility of artemether, in combination with lumefantrine loaded in a solid lipid 

microparticles (SLMs) using Capra hircus as the delivery carrier. Artemether-lumefantrine-

loaded SLMs [(AL-loaded; AL0, AL1, AL2 and AL3 are 0, 3, 5 and 7% AL loaded 

respectively)] were prepared using hot homogenization, thereafter lyophilized and characterized. 

In vitro release of A-L was performed in simulated intestinal fluid (SIF) and simulated gastric 

fluid (SGF) while the in vivo study was carried out using Peter’s Four days protocol after which 

the mice were subjected to histological studies. A pH stable SLMs, particle size of 9.15 ± 0.18 -

23.67 ± 0.45 µm with high entrapment efficiency of lumefantrine than artemether was obtained. 

The release profile of the SLMs were pH-dependent, SGF (90%) and SIF (50%). The optimized 

SLMs had percentage parasitemia reduction (87.01%) that is significantly different from the 

commercial samples (80%) in Plasmodium berghi infected mice albeit not to a significant 

extent. Post-treatment haematological parameters showed that there was a significant difference 

(p ˂ 0.05) only in the PCV of group A (SLMs containing 3% of AL treated) and group B 

(commercial sample treated). The histological studies revealed that the SLMs formulations had 

no deleterious effects on the kidney and liver of the mice. Therefore, SLMs formulation might 

be an alternative means of delivering artemisinin combinations as stability and therapeutic 

efficacy were achieved without any significant harmful effect on the vital organs. 
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formulating solid lipid microparticles (SLM) and solid lipid 

nanoparticles (SLN) formulations owing to its safety and outstanding 

qualities as a good solid lipid material.
10-12 

There is need to develop new strategies urgently as there are 

increasing cases of resistance to current antimalarial agents even the 

ARTs especially in zones in which P. falciparum is endemic, and calls 

for combined therapy approaches.
13 

Owing to the challenge of 

delivering accurate doses of these therapeutic agents to a specific site 

at the right time in safe and reproducible manner; various mechanisms 

have been devised to provide control release including transdermal 

patches, implants, inhalation systems, bioadhesive systems, and 

nanoencapsulation but few of these have been specific.
14

 Owing to the 

peculiarities of Plasmodium-infected RBCs (pRBCs), lipid-based 

nano/microcarriers have been one of the most promising approaches 

for the targeted delivery of antimalarial drugs for example, 

formulation of halofantrine-loaded solid lipid microparticles (SLMs), 

and chloroquine-loaded solid lipid microparticles (SLMs) have been 

developed by our research group where we observed that SLMs are 

suitable carriers for anti-malarial formulations.
11,15

 These lipid-based 

strategies have eliminated the co-administration of milk or any other 

fatty meal with these APIs thereby reducing the cost of treatment. 

P. berghei which shows high similarity both in structure and gene 

content with the genome of the P. falciparum is the model malaria 

parasite used in research studies for the development and screening of 

antimalarial drugs and the development of an effective vaccine against 

malaria. It also shows pathological symptoms which are comparable to 

symptoms of cerebral malaria in patients infected with the human 

malaria parasite, however P. falciparum can generate genetically 

attenuated parasites (GAP) and they are used to induce protective 

immune responses by vaccination with GAP.
16

  

In the present investigation, AL-loaded SLMs has been formulated 

using biocompatible excipients and evaluated for its potential both in 

vitro and in vivo for improving antimalarial efficacy in P. berghei 

infected mice and their activity compared with commercial sample 

tablets (reference tablets). 

 

Materials and Methods 

Materials 

The materials used were goat fat (obtained from a batch processed in 

our Laboratory), Artemether pure powder, lumefantrine pure powder 

(Juhel Pharmaceutical, Awka, Nigeria), Coartem
®
 (Glaxosmithkline, 

Nigeria), Phospholipon
® 

90H (Phospholipid GmbH, Köln, Germany), 

sorbic acid, sorbitol, Polysorbate 80 (Merck, Darmstadt, Germany), 

distilled water (Lion Water, Nigeria). All other reagents and solvents 

were of analytical grade and were used without further purification. 

 

Parasites  

The in vivo antimalarial evaluation was carried out with P. berghei 

NK-65, a strain free of contamination with Eperythrozoon coccoides 

and sensitive to chloroquine. This strain is sensitive to all currently 

used antimalarial drugs and is known to induce high mortality in mice, 

providing a good model to estimate antimalarial efficacy in reducing 

parasitemia. It was supplied from the Nigerian Institute of Medical 

Research (NIMR), Yaba, Lagos. 

 

Animals  

Eperythrozoon-free Swiss albino mice (CD1) weighing 20 to 25 g were 

obtained from the Department of Pharmacology and Toxicology, University of 

Nigeria, Nsukka. Animal experiments were done according to the Principles of 

Laboratory Animal Care and legislation in force in Nigeria.   

  

Extraction of goat fat 

The lipid used for the experiment was extracted from goat fat (Capra 

hircus) using wet rendering method,
17

 after which fusion technique 

was used to prepare the lipid matrix. Briefly, extraneous materials 

were removed from the adipose tissues of the C. hircus, which were 

then cut into smaller pieces and subjected to moist heat by boiling in 

about half its weight of water on a water bath for 45 min. The molten 

fat was separated from the aqueous phase by filtering with a muslin 

cloth and the extracted lipid purified using 2% suspension of activated 

charcoal and bentonite (1:19) at 80°C for 1 h. The mixture was then 

filtered using a Buchner funnel. 

 

Preparation of lipid matrix 

The lipid matrix was prepared according to Friedrich et al and Attama 

et al.
18.19

 Briefly, about 70 g of the prepared goat fat was weighed and 

melted in a beaker placed in a water bath at a temperature of 60°C. A 

30 g of Phospholipon
®
 90H, 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 solutions (SRMS). The lipid 

matrix therefore consisted of goat fat and Phospholipon
®
 90H.  

 

Preparation of SLMs  

The solid lipid microparticles were prepared to contain: lipid matrix 

(17% w/w), artemether-lumefantrine in the ratio of 1:6 respectively (0, 

3, 5, 7% w/w), polysorbate 80 (1.5%), sorbic acid (0.05%), sorbitol 

(4% w/w) and water (to 100% w/w) (Table 1) according to Ogbonna 

et al and the SLMs lyophilized according to Jaspart et al.
11,20 

 

Characterization of the formulated SLMs 

Morphology and particle size analysis 

Particle size analysis was carried out on the SLMs after formulation 

according to Ogbonna et al.
11

 A specified quantity of sample from 

each batch was placed on a glass slide and viewed with a 

photomicroscope (Hund
®
, Weltzlar, Germany) attached with an 

electronic image analyzer (Moticam, Xiamen, China) at a 

magnification of 100 times. The size of particles of the SLM from 

each batch were measured (n =100), and the mean value was 

determined. The morphologies were also observed from the 

photomicrographs. Triplicate readings were taken. 

 

Determination of the percentage yield of the SLMs  

Each of the batches of the water-free SLMs was weighed after 

lyophilization. The yield of SLMs (% w/w) was calculated according 

to the following formula (17). 

 

% recovery= 
     

(     )
× 100  ………………………………….     Eqn 1 

 

Where W1= weight of water free SLMs formulated (g), W2 = weight of 

added drug (g), W3 = weight of the excipients (lipid matrix + 

polysorbate 80 + sorbitol + sorbic acid) (g).     

 

Time-dependent pH stability studies 

The pH of dispersions of the SLMs were determined over time (at day 

0, 30, 60 and 90), using a pH meter (pH ep
®
 Hanna instrument, 

Padova, Italy). 

 

Determination of the loading capacity and encapsulation efficiency 

Loading capacity (LC) expresses the ratio of the entrapped active 

pharmaceutical ingredient (API) to the total weight of the lipids.
22

 The 

LC of the SLMs was determined using the formula; 

 

Loading capacity = 
  

  
×100  ……………………………...     Eqn 2 

 

Where W1= weight of lipid in the formulation and Wα = amount of 

API entrapped by the lipid 

 

The determination of encapsulation efficiency (EE) was done 

according to Ogbonna et al with little modifications.
22

 A 200 mg each 

of the lyophilized SLMs batches AL1, AL2 and AL3 containing 3%, 

5% and 7% of AL respectively was crushed and soaked in 10 mL 

methanol for 24 h. Thereafter, the following procedures were carried 

out.  A 0.5 mL of the filtrate in each batch was diluted to 5 mL using 

methanol. The dilutions were filtered through Whatman No. 1 filter 

paper and analyzed spectrophotometrically at a predetermined 

wavelength of 296 nm for lumefantrine using methanol as blank. Also, 

2 mL of the filtrate from each batch was diluted to 10 mL using 0.2% 

NaOH in a 25 mL volumetric flask.  
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Table 1: Composition and drug content of artemether-lumefantrine SLMs 
 

Codes A (g) L (g) LM (%) P80 (%) S (%) SA (%) W q.s (%) DC of A (%) DC of L (%) MPS (µm) *,† 

AL0 - - 17 1.5 4 0.05 100   9.15 ± 0. 18 

AL1 0.429 2.571 17 1.5 4 0.05 100 76 64 14.20 ± 0.38 

AL2 0.714 4.286 17 1.5 4 0.05 100 71 55 15.35 ± 0.72 

AL3 1.000 6.000 17 1.5 4 0.05 100 69 97 23.67 ± 0.45 

Key: MPS is Mean particle size, A-L is artemether-lumefantrine, SA is sorbic acid, DC is drug content, P80 is Polysorbate 80, LM is Lipid matrix, S is 

sorbitol, W is water, *Mean SD. *,†. 

 

The solution was heated in water bath at 50°C for 30 min after which 

the content was cooled and diluted further to 20 mL using 2 mL of 

methanol and 8 mL of 0.2 M acetic acid. The content of the 20 mL 

volume in the flask was filtered using Whatman No. 1 filter paper and 

analyzed spectrophotometrically using a UV-Vis spectrophotometer 

(Unico 2102 PC UV/Vis Spectrophotometer, East Norwalk, CT, USA) 

at a predetermined wavelength of 242 nm using methanol and 0.2 M 

acetic acid mixture in the ratio of 1:4 respectively as the blank to 

determine the drug content of artemether. Triplicate readings were 

taken. The encapsulation efficiency EE % was calculated using the 

formula.
23 

The procedures were repeated for all the unlyophilized batches except 

that 2 mL in each case was centrifuged and the supernatant used for 

the encapsulation efficiency of lumefantrine and artemether.  

 

 EE =  
                   

                        
     x 100     ………….    Eqn 3

   

In vitro drug release  

A 400 mL of the dissolution medium comprised Tween 80 and 

simulated gastric fluid (SGF pH = 1.2 ± 0.2) in the ratio 1:49 

respectively maintained at 37   1°C.The 9 cm x 4.5 cm, 

polycarbonate dialysis membrane (MWCO 6000–8000, Spectrum 

Labs, Breda, The Netherlands) was pre-treated by immersing it in the 

dissolution medium for 24 h, before the in vitro release study 

commenced. For each batch of the formulations (AL1 and AL2 

containing 3% and 5% of the artemether-lumefantrine respectively), 

50 mg of the formulations was enclosed in the dialysis membrane 

containing 3 mL of the dissolution medium. The dialysis membrane 

was securely tied with a thermo-resistant thread, immersed in the 

dissolution medium and agitated by a stirrer at 100 rpm. At intervals 

of 15, 20, 30 min, and subsequent 1 h intervals for 8 h, 5 mL aliquots 

of the dissolution medium were collected and immediately replaced 

with 5 mL of fresh medium. The withdrawn samples were analyzed 

spectrophotometrically using a UV-Vis spectrophotometer (Unico 

2102 PC UV/Vis Spectrophotometer, East Norwalk, CT, USA) at 

predetermined wavelength of 296 nm for lumefantrine using Tween 

80 and SGF in the ratio 1:49 as blank. The amount of drug released at 

each time interval was determined using the standard Beer’s plot for 

lumefantrine. According to Ogbonna et al;
22

 Niesko et al.
24

 with little 

modification, the artemether was derivatized and the drug released 

determined. The same procedure was repeated using SIF and Tween 

80.
22,24

  

 

Kinetics and mechanism of drug release  

The kinetics and mechanism of drug release from the SLMs were 

studied using the following models: zero order kinetics, first order 

kinetics, Higuchi, Korsmeyer and Hixson-Crowell cube root models. 

The zero-order kinetics describes the cumulative percentage of the 

amount of drug released from formulated SLMs (Q) versus time ‘Q vs 

t’,
25

 first-order kinetics model using log cumulative of percentage of 

drug remaining versus time or ‘log (100-Q) vs t’,
26

 Higuchi model 

using the cumulative percentage of drug release versus square root of 

time or Q vs t
1/2

.
27-28

 Korsmeyer model was plotted using the log 

cumulative % drug release versus log time or ‘log Q vs log t’ while 

Hixson-Crowel cube root model was plotted using cube root of 

percentage drug remaining in polymer matrix versus time or ‘(100-

Q)
1/3

 vs t’. The Korsmeyer plot characterizes drug release from 

cylindrical shaped matrices.
29

 Hixson-Crowel cube root model 

describes the release from systems where there is a change in surface 

area and diameter of particles.
30

 The linearity of these plots was 

determined by their R
2 

values and the plot (model) with the highest 

linearity was taken as that which describes the kinetics and mechanism 

of drug release. 

The release exponent n ≤0.5 for Fickian diffusion release from slab 

(non-swellable matrix), 0.5 < n < 1.0 for non-Fickian release 

(anomalous). This means that drug release followed both diffusion and 

erosion-controlled mechanisms and n = 1 (zero order release), where 

drug release is independent of concentration and n ˃1.0 indicates a 

super case-ІІtransport relaxational release.
31

 Also, 0.45 < n < 1.0 is for 

non-Fickian release (anomalous) from cylinders (non-swellable 

matrix) and 0.43 < n < 1.0 for non-Fickian release (anomalous) from 

non-swellable spherical samples. 

 

In vivo release studies using Peter’s Four days suppressive protocol 

Preparation of the animals 

Twelve healthy, non-pregnant adult Swiss albino mice were selected 

and divided into three groups of four mice per cage. The mice were 

allowed water and food ad libitum and allowed to acclimatize for 

seven days. The experimental protocols were in accordance with the 

guidelines for conducting animal experiments stipulated by our 

Institution’s Animal Ethics Committee with ethical approval number 

FPSRE/UNN/20/0037. The protocols were also in compliance with 

the Federation of European Laboratory Animal Science Association 

and the European Community Council Directive of November 24, 

1986 (86/609/EEC) (EEC, 1986).
32 

 
In vivo studies 

The 4-day test was performed according to Peters et al.
33

 Briefly, each 

mouse was inoculated intraperitoneally (i.p) with 0.2 mL of infected 

blood containing about 10,000,000 P. berghei parasitized 

erythrocytes. The animals were left for four days. On day 4 after 

parasitic inoculation, parasitemia levels were measured and average 

parasitemia determined for each group. Group A received optimized 

SLMs (AL1 containing 3% artemether-lumefantrine), group B 

received a commercial sample of artemether-lumefantrine (reference 

tablet), group C received no treatment at all and the treatment doses 

were based on body weight. Group D was not infected with P.berghei 

and therefore left untreated. The base line of the following parameters 

[packed cell volume (PCV), haemoglobin content (Hb), white blood 

cell content (WBC) and red blood cell content (RBC)] were 

determined and their values also were taken before treatment, after 

parasite inoculation and post treatment. Four days after infection and 

also post treatment the parasite counts were taken from thin blood 

smears of the tail blood of mice, fixed with methanol and stained with 

Giemsa’s stain. The efficacy of the SLMs and reference tablets was 

determined by monitoring the mean percentage parasitemia 

suppression activity against time as well as the animal survival period. 

Percentage parasitemia was calculated based on the parasite count pre-

treatment and post-treatment using the formula; 

 

               
 

 
(                                )           

                                
           ---------   Eqn 4 
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Histological studies 

The mice were sacrificed seven days post treatment and histological 

studies carried out on the liver and kidney of a mouse from each 

group. From each group (A- C), tissue sections of the liver and kidney 

of the mouse were taken, fixed in 10% normal saline and dehydrated 

in ascending grades of ethanol. The tissues were thereafter, cleared in 

chloroform overnight, infiltrated and embedded in molten paraffin 

wax.  The blocks were later trimmed, sectioned at 5-6 µm, 

deparaffinized in xylene and rinsed with water. Subsequently, the 

sections were stained with Haematoxylin and Eosin (H and E) and 

fixed for viewing under a moticam fitted to the polarized 

Photomicroscope. 

 

Statistical analysis 

Statistical analysis was done using Graphpad Software (Model). All 

values were expressed as mean ± SD. Data was 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 and Discussion 

Owing to the emergence of chloroquine-resistant Plasmodium strains, 

there is a need to formulate ACTs as novel SLMs and evaluate the in 

vitro-in vivo activity. This novelty is necessitated because of the 

reported cases of resistance even in the ACTs presently marketed in 

Nigeria. Furthermore, most of the marketed artemether-lumefantrine 

requires the use of fatty meal as an instruction to increase oral 

absorption and bioavailability. By formulating the drugs as SLMs such 

caution and advice which the patients most often ignore will no longer 

be required as the drug is already present in lipid core. In the present 

study, control release SLMs delivery system of A-L was developed 

and evaluated both in vitro and in vivo for oral delivery of artemether-

lumefantrine. SLMs are a suitable carrier for A-L with high drug 

content especially AL1 with entrapment efficiency of 55, 42, 74, and 

69 for lyophilized artemether, unlyophilized artemether, lyophilized 

lumefantrine and unlyophilized lumefantrine respectively. 

 

Morphology and particle size  

Figure 1 shows the morphological characteristics of the drug unloaded 

SLMs, SLMs containing 3, 5 and 7% of AL SLMs were mostly 

irregular in shape and the particle size ranged from 9.15 ± 0.18µm 

(unloaded SLMs) to 23.67 ± 0.45 µm (7 % drug loaded SLMs). It can 

be deduced that as the concentration of drug increased the particle size 

increased which collaborated the works of Uronnachi et al and 

Ogbonna et al.
11,34

 Differences in sizes of the individual particles may 

be related to the orientation of the particles during imaging. Successful 

SLMs were prepared with the lipid matrices. They were discrete, 

polydispersed, poorly flowable and mostly irregularly shaped with 

varying size ranges might have been adduced to the surface of viewing 

which could have been ‘edge on’ or ‘side on’. The particle sizes of the 

unloaded SLMs (AL0) were significantly lower than those of the AL-

loaded SLMs (p ˂ 0.05).  

The particle sizes of the SLMs were within the micrometer limits for 

SLMs.  Particle size of SLMs determines the site of applicability and 

the bioavailability of the drug. Large particle sizes (˂ 50 𝜇m) are 

much more reactive owing to attractive forces such as Van der Waals 

whereas small particle sizes of lipid formulations (˂ 20 𝜇m) are 

theorized to be well tolerated by a single cell contact.
35

 Therefore, 

owing to the size ranges, the SLMs might be administered through 

parenteral reconstitution. 

 

Determination of encapsulation efficiency and loading capacity  

The results in Table 2 showed that the batch, AL1 containing 3% of 

the active pharmaceutical ingredient had the highest encapsulation 

efficiency, (74% and 55% of lumefantrine and artemether 

respectively). Suffice to say that after lyophilization, the quantity of 

drugs entrapped for the batch containing 3% of the active 

pharmaceutical ingredients increased while for the batches AL2 and 

AL3 containing 5% and 7% of the drugs, only the artemether showed 

increase in entrapment efficiency while the entrapment efficiency of 

lumefantrine decreased. The decrease EE of lumefantrine in batches 

AL2 and AL3 might be owing to its poor solubility in both water and 

oil, forcing some of the molecularly dispersed drug to be precipitated 

out from the formulation. Owing to that, the batch of SLMs containing 

3% of the drugs was optimized for both in vitro and in vivo 

antimalarial studies, 5% SLMs was evaluated only for the in vitro 

studies while owing to the abysmal low entrapment of the drugs in 

AL3 batch, it was not used for further studies. This one finding on the 

entrapment efficiency is not in collaboration with our earlier work, 

Ogbonna et al, where an increase in the concentration of the drug 

(halofantrine) in the SLMs, increased its entrapment efficiency.
11

  

 

Short term dependent pH stability studies 

The pH stability of the SLMs is shown in Table 2. The pH of all the 

SLMs formulations was in the acidic region throughout the stability 

study period. Degradation of the drugs and or the excipients in a 

dosage formulation is the factor which decisively affects the change in 

pH of a liquid formulation. A drug that is ab initio stable may be 

affected by degradation of excipients with storage through the 

generation of an unfavorable pH (increase or decrease) or reactive 

species for the drug.
18

 Therefore, the slight difference in pH values of 

the AL-loaded SLMs was not attributed to drug degradation since 

there was also a fall in the pH of the unloaded SLMs. The pH decrease 

may be due to release of the fatty acids from the lipid matrix. 

However, the little decrease in pH of the AL-loaded SLMs indicated 

that the formulations would need a buffering agent to keep the pH 

more stable.
36

 The results (Table 2) showed there was no significant 

change in pH (p > 0.05) over three months which implies little or no 

degradation of the drug or excipients used in the formulation. The AL-

loaded SLMs, therefore showed slight pH stability over the study 

period. However, the change in pH from its post-formulation pH in 

AL-loaded SLMs is very minimal to alter the expected activity of the 

API, as the degradation might probably be only on the lipid matrix. 

Calibration plots indicated linear relationships between absorbance 

and concentration of artemether and lumefantrine with the solvents 

used. The following relationships were obtained; Tween + SGF for 

artemether: A293 = 0.333C (r
2
 = 0.9520); Tween + SGF for 

lumefantrine, A296 = 0.416C (r
2
 = 0.9630); Tween 80 + SIF (pH, 

7.40) for artemether, A293 = 0.326C (r
2
 = 0.9740); Tween + SIF (pH, 

7.4) for lumefantrine A296 = 0.195C (r2 = 0.9510). High linearity (r
2 

> 0.9) was obtained for the calibration plot. With r
2 

> 0.9 for the 

solvents, proper analysis of artemether and lumefantrine could be 

performed at the wavelengths of absorption maxima of the drugs in 

these solvents combined. 

 

In vitro release studies 

The in vitro release results presented in Figures 2-3 show the in vitro 

release profile in SIF and SGF of AL-loaded SLMs and commercial 

sample (reference tablet). In SIF, AL-loaded SLMs containing 3 % of 

AL exhibited 16, 17, 17.5 and 18% lumefantrine release at T0.5, T1, T2 

and T3 h, respectively while in SGF exhibited 1, 4, 10 and 12%, 

respectively.   

Also in SIF, the reference tablet exhibited 0.9, 1, 1.1 and 1.3% 

lumefantrine release at T0.5, T1, T2 and T3 h, respectively while in SGF 

exhibited 1, 2, 2.5 and 4%, respectively. Therefore, after 8 h the 

cumulative percentage lumefantrine release from batch AL1 (SLMs 

containing 3% of the drug) and from the reference tablet were both 

higher in SGF than SIF. In SIF, AL-loaded SLMs containing 3% of 

AL exhibited 42, 46, 49 and 50% artemether release at T0.5, T1, T2 and 

T3 h, respectively while in SGF exhibited 4, 10, 20 and 26% 

respectively. Also in SIF, reference tablet exhibited 20, 20.1, 22 and 

29% artemether release at T0.5, T1, T2 and T3 h, respectively while in 

SGF exhibited 4, 10, 18 and 24%, respectively. Consequently, after 8 

h the cumulative percentage artemether release of batch AL1 (SLMs 

containing 3% of the drug) and from the reference tablet were both 

higher in SGF than SIF too. The in vitro release of the drugs in both 

the optimized SLMs (AL1) and reference tablets showed that the 

releases were all pH-dependent. Also, the SLMs containing 3% of the 

artemether exhibited dose dumping owing to initial burst effect. 
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Figure 1: Photomicrographs of SLMs formulations ie drug unloaded SLMs (A), SLMs containing 3% (B), 5% (C) and 7 % (D) of AL 

respectively (Mag. x 400) 
 

 

Table 2: Encapsulation efficiency and pH stability studies 
 

 A UnA L UnL pH Stability study  

Codes EE (%) EE (%) EE (%) EE (%) Day 0 Day 30 Day 60 Day 90 

AL0     5.34 ± 0.31 5.74 ± 0.01 4.79 ± 0.10 5.00 ± 0.13 

AL1 55 42 74 69 5.44 ± 0.05 5.24 ± 0.00 5.23 ± 0.10 5.23 ± 0.01 

AL2 34 27 38 67 5.62 ± 0.50 5.33 ± 0.17 5.78 ± 0.02 5.50 ± 0.17 

AL3 29 18 15 63 4.80 ± 0.07 4.97 ± 0.01 4.84 ± 0.18 4.90 ± 0.05 

Key:  A EE% = percentage entrapment efficiency of lyophilized artemether, UnA EE% = percentage entrapment efficiency of unlyophilized 

artemether, L EE% = percentage entrapment efficiency of lyophilized lumefantrine, UnL EE% = percentage entrapment efficiency of 

unlyophilized lumefantrine 

 

 

    
Figure 2: Release profile of the SLMs formulation of lumefantrine and commercial sample in SGF and SIF 
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Figure 3: Release profile of the SLMs formulation of artemether and commercial sample in SGF and SIF. 

 

 

The in vitro release profile of AL-loaded SLMs showed that the batch 

(AL1) formulation exhibited an initial high release of the artemether 

and continued with a higher release of the drug. Such initial high 

release according to Chinaeke et al it might be due to presence of an 

encapsulated drug in the periphery of the formulation, owing to 

adsorption of the drugs on the surface of the SLMs and/ or 

precipitation from the superficial lipid matrix.
37

 The lumefantrine 

exhibited gradual but incremental release in SGF. In addition, the 

SLMs (AL1 and AL2) showed higher sustained release characteristics 

significantly different from the reference tablets (p ˂ 0.05). The 

findings from the SGF dissolution medium showed that AL-loaded 

SLMs could be used once daily at the recommended dose for the 

treatment of malaria. Conceptually, f2 is a measure of similarity in the 

percent dissolution between two curves while f1 is a function of the 

absolute difference between the two curves and is a measure of the 

relative error between the two curves. F2 ranges between 0 and 100 

and a higher value indicating more similarity between the two profiles.  

In SGF the similarity factor was 98.31 for artemether and 97.44 for 

lumefantrine while in SIF, artemether was 100.23 and lumefantrine 

was 100.33.  From the results, the optimized batch is accepted as 

similar to reference batch according to Vinod et al, as an average 

difference of not more than 10 % at any sample time point or the 

dissolution profile difference between the two batches is not more than 

dissolution profile difference between the two reference batches.
38

 
 

In vitro release kinetics  

The in vitro release kinetics was studied using five kinetic models as 

shown in Table 3. In SGF, the results of the plots showed linearity by 

all the 5 models (lumefantrine in reference tablets), 4 models 

(lumefantrine in AL1) and 3 models (artemether in AL1) with r
2
 value 

> 0.9 (Table 3).  

Korsmeyer-Peppas model was predominant among the kinetics 

models. this implied that drug release followed both diffusion and 

erosion-controlled mechanisms.
31

  

 

In vivo studies 

The in vivo studies show changes in the hematological properties (PCV, Hb, 

RBC and WBC) of the mice in the groups as illustrated in Figure 4. There 

were signs of rough hair coat, weakness, dullness and paleness in all the mice 

infected with P. berghei in collaboration with the study by Saganuwan et al.
39

 

Post-treatment hematological parameters showed that there were significant 

reductions (p  ˂0.05) in PCV, RBC and WBC % of the untreated Group C as 

compared to Groups A (SLMs containing 3% of the drugs) and B 

(commercial sample treated). Figure 4 showed that the PCV, RBC and WBC 

of baseline and pre-treatment were significantly higher (p  ˂0.05) than their 

values after post-treatment for the untreated Group C. Also, the post-

treatment PCV result showed that there was a significant difference between 

the Group A (SLMs containing 3% of the drugs) and group B (commercial 

sample treated). These results correlated with the earlier work by Ogbonna et 

al where it was observed that the values of PCV, RBC and WBC were 

significantly reduced post-treatment when compared to the treated groups 

and for the baseline and pre-treatment period.
11

 

The data in Figure 5 showed that mice in group A which were 

administered with SLMs containing 3% artemether-lumefantrine had 

87.10% parasite clearance; group B which were administered with a 

commercial formulation of artemether-lumefantrine had 80.00% 

parasite clearance while group C which were infected but received no 

treatment had 14.89% parasite clearance. Therefore, the AL-loaded 

SLMs showed the highest percentage reduction in parasitemia 

(87.10%) while the commercial sample ie reference tablet (+ control) 

had 80.00% parasitemia reduction. The lipid carrier might have 

improved the solubility of the AL in SLMs and might have provided a 

prolonged, controlled and sustained delivery of the artemether-

lumefantrine.
25

 The percentage parasitemia reduction exhibited by the 

optimized SLMs formulation (AL1) was comparable to that of the 

reference tablet. The in vivo pharmacodynamic properties of AL-

loaded SLMs collaborated to the in vitro release of the drugs from 

SLMs as both the in vitro and in vivo effects of the AL-loaded SMLs 

were greater than that of the commercial reference sample.  

Increased surface area of the SLMs through globules formulation r the 

absorption of the drug molecule, led to enhanced intestinal 

permeability thus resulting in improved bioavailability and subsequent 

reduction in parasitemia. These findings in improved bioavailability 

collaborated the work of Bindhani et al.
40

  

Literatures have shown that the bioavailability of artemether-

lumefantrine increases with the administration of milk or fatty meals.
8
 

The formulation of artemether-lumefantrine in fatty microparticles 

could have improved its bioavailability as the solid lipid 

microparticles could have protected the entrapped artemether-

lumefantrine from degradation. In most Sub-Saharan African 

communities, the greater percentage of people live below two dollars 

per day and will find it cumbersome and overburdening to adhere to 

the instruction of taking ACT combinations with milk and or fatty 

meal.  

This poses a great challenge in treating malaria in the rural 

communities owing to an increase in expenses to be incurred by 

purchasing the milk. Therefore, an SLMs will probably mitigate 

against such expenses.  

The physicochemical properties of the SLMs such as small particle 

size, charge or surface modifications are very important as they might 

have also imparted on the penetration behavior of the formulations 

thereby supporting the work of Tchoryk et al.
41

 It can be ascertained 

that the SLMs were able to deliver the drugs to microparticulate core 

efficiently in therapeutic model ensuring their clinical use as 

demonstrated by Parvathaneni et al.
42 
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Figure 4: Percentage composition of PCV, Hb and volume of RBCs and WBCs in Groups A, B and C at baseline, pretreatment and 

posttreatment 

 

 

 

Figure 5: Antimalarial activity showing the percentage 

parasitemia reduction of Group A which received SLM 

containing artemether-lumefantrine, group B which received 

commercial sample of artemether-lumefantrine and group C 

which received no treatment. 

 

Histological studies 

Figure 6 shows photomicrographs of liver sections of mice from 

experimental groups A. B, C and D. Groups A and B showed varying 

degrees of periportal hepatitis (mainly mononuclear cell infiltration of 

the portal area-P) with the infiltrating cells (arrow) while group 

Cshowed varying degrees of periportal mononuclear infiltrationof 

cells-periportal hepatitis (arrow) and group D showed normal portal 

area and hepatocytes. Figure 7 shows photomicrographs of kidney 

section of mice from experimental groups A, B, C and D. Group A 

showed tubular dilatation and mild areas of tubular degenerations 

(black arrow) but not in B. Also, groups Aand B showed normal 

glomerulus (GM) while group D showed normal glomerulus (GM) 

and renal tubules (white arrow) but mild tubular degeneration in C 

(black arrow). The interaction of uptake, biotransformation and 

elimination of potentially harmful agents in vivo results from the 

capability of a drug to produce liver damage,
43 

as a change in either 

the relative or absolute weight of an organ post-administration of a 

drug is a sign of the deleterious effects of that drug.
44

  

The study showed that administration of optimized AL-loaded SLMs 

for short-term did not cause any noticeable significant variation in the 

body regarding the relative vital organs’ morphology (shape or size or 

weight) of the treated mice. This implies that short-term 

administration of this combination therapy in any type of dosage 

forms like injectables, oral, etc will probably have no negative effects 

on somatic growth. The micrographs of the red blood cells 

(erythrocytes) of the mice are presented in Figure 8 (groups A-C) - 

where black dots in the red blood cells are signs of parasitic infection. 

In groups A and B (Figure 8), the red blood cells of the mice showed 

that blood cells have been infected with the parasites (black spots), but 

the number of infected blood cells decreased owing to treatment with 

AL-loaded SLMs formulation and the reference tablets. The converse 

is the case ingroup C that has parasite-infected but untreated mice 

(Figure 8C) where more black spots on red blood cells demonstrated 

an increase in the number of infected cells. This work collaborated the 

work of Ogbonna et al where antimalarial drug administration led to a 

decrease in the number of red blood cells infected with the parasite. 

Small granules observed in the plasma of infected blood could be 

neutrophiles and white blood cells responding to infection.
15

 

 

 

Conclusion 

It can be inferred that SLMs are good candidates for the 

administration of artemether-lumefantrine as the formulations were 

relatively stable in pH value throughout the study period as the 

changes in pH were not significant. The formation of submicron 

globules provides increased surface area for the absorption of the A-L 

molecules, enhancing intestinal permeability of the drugs thus 

resulting in improved bioavailability. The parasitemia reduction on the 

AL-loaded SLMs was comparably higher than the reference sample, 

though not significantly. The histological studies also established the 

safety of the SLMs formulations as they showed no evidence of 

disastrous side effect on the vital organs of mice.  
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Table 3: Kinetic models and mechanisms of drug release studies 
 

 

Batches Zero order First Order Higuchi  Korsmeyer Peppas Hixson- Crowell 

 r
2
 K0 r

2
 K1 r

2
 Kh r

2
 n r

2
 N 

Art (3% SLMs) in SIF 0.279 12.460 0.864 -0.081 0.839 22.400 0.858 0.245 0.868 -0.209 

Art (3% SLMs) in SGF 0.978 10.620 0.858 -0.109 0.856 29.900 0.991 1.085 0.916 -0.287 

Lum (3% SLMs) in SIF 0.304 4.621 0.823 -0.015 0.825 8.305 0.808 0.243 0.810 -0.050 

Lum (3% SLMs) in SGF 0.952 4.555 0.931 -0.026 0.829 12.940 0.967 1.215 0.942 -0.087 

Art (5% SLMs)  in SIF 0.253 5.806 0.839 -0.020 0.835 10.310 0.865 0.234 0.821 -0.065 

Art (5% SLMs) in SGF 0.941 11.410 0.805 -0.125 0.809 29.430 0.846 0.670 0.867 -0.311 

Lum (5% SLMs) in SIF 0.010 1.866 0.709 -0.004 0.758 3.095 0.740 0.183 0.704 -0.016 

Lum (5% SLMs) in SGF  0.890 5.635 0.868 -0.033 0.739 14.730 0.752 0.664 0.876 -0.106 

Art (Coartem)  in SIF 0.344 6.271 0.845 -0.022 0.872 11.690 0.903 0.289 0.828 -0.073 

Art (Coartem) in SGF 0.974 10.360 0.844 -0.105 0.847 29.290 0.987 1.081 0.727 -0.245 

Lum (Coartem) in SIF 0.560 0.313 0.866 0.000 0.895 0.614 0.905 0.320 0.865 -0.003 

Lum (Coartem) in SGF 0.902 1.260 0.922 -0.005 0.918 3.228 0.961 0.807 0.922 -0.018 

⃰ key: r
2
 = regression coefficient, K0= Zero order rate constant, K1= First order rate constant, Kh = Higuchi rate constant, n = Korsmeyer- Peppas 

constant, N = Hixson-Crowell constant 
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Figure 6: Photomicrograph of the liver section of mice in groups, 

A, B,  C and D that is optimized SLMs formulation of AL, 

reference tablet, no treatment group and uninfected animals 

respectively. (Mag. H and E x 400).Key: Tubular degenerations (black 

arrow) while white arrow shows normal glomerulus (GM) and renal tubules  

 

Figure 7: Photomicrograph of the kidney section of mice in 

groups A, B,  C and D that is optimized SLMs formulation of AL, 

reference tablet, no treatment group and uninfected animals 

respectively. (Mag. H and E x 400). Key: Tubular degenerations (black 

arrow) whilewhite arrow shows normal glomerulus (GM) and renal 

tubules  
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Figure 8: Micrographs of the blood cells (erythrocytes) of mice in groups A, B and C (Bar represents 40 𝜇m). 
 



                                                 Trop J Nat Prod Res, August 2021; 5(8):1460-1469                   ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

1468 
 © 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

Authors’ Declaration 
The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

Acknowledgements 

This research work was funded by the International Foundation for 

Science (IFS), Sweden (IFS Grant No. F/4467-2) and Organization for 

the Prohibition of Chemical Weapons (OPCW), Hague. Prof. A. A. 

Attama is highly grateful to the Foundation and the Organization. The 

authors wish to thank African-German Network of Excellence in 

Science (AGNES) Grant for Junior Researchers for the fund to prepare 

the manuscript. 

 

References 

1. Sharma A, Dhayal D, Singh OP, Adak T, Bhatnagar RK. 

Gut microbes influence fitness and malaria transmission 

potential of Asian malaria vector Anopheles Stephensi. 

Acta Tropica. 2013; 128(1):41-47. 

2. WHO, web site http://whqlibdoc.who.int/hq/2005/a87017 

eng.pdf accessed on 09June, 2015 World Malarial Report 

(WMR).  Available  from:       

http://www.who.int/malaria/docs/TreatmentGuidelines2006

.pdf. Downloaded 27th 2021. 

3. Onaku LC, Attama AA, Okore VC, Tijani AY, Ngene AA, 

Esimone CO. Antagonistic antimalarial properties of 

Pawpaw leaf aqueous extract in combination with artersunic 

acid in plasmodium beighei-infected mice. J Vec Bom Dis. 

2011; 48(2):96-100. 

4. Govindarajan P, Arun NV, Pundi NR. Artemisinin-based 

combination with curcuminadds a new dimension to 

malaria therapy. Current Sci. 2012; 102(5):704-711 

5. Medha J, Sulabha P, Shobhona S, Vandana P. Design and in 

vivo pharmacodynamic evaluation of nanostructured lipid 

carriers for parenteral delivery of artemether: Nanoject. Int 

J Pharm. 2008; 364:119-126. 

6. Karbwang J, Na-Bangchang K, Congpuong K, Molunto P, 

Thanavibul A. Pharmacokinetics and bioavailability of oral 

and intramuscular artemether. Eur J Clin Pharmacol. 1997; 

52:307-310. 

7. Hien TT, Davis TM, Chuong LV, Ilett KF, Sinh DX, Phu 

NH, Agus C, Chiswell GM. White NJ, Farrar J.-

Comparative pharmacokinetics of intramuscular artesunate 

and artemether in patients with severe falciparum malaria. 

Antimicrob Agents Chemother. 2004; 48:4234-4239. 

8. Ketan P, Vidur S, Pradeep V. Design and evaluation of 

lumefantrine-oleic acid self-nanoemulsifying ionic complex 

for enhanced dissolution. DARU J Pharm Sci. 2013; 21:27. 

9. Nnamani PO, Hansen S, Windbergs M, Lehr C-M. 

Development of artemether-loaded nanostructured lipid 

carrier (NLC) formulation for topical application. Int J 

Pharm. 2014; 477:208-2017. 

10. Kenechukwu FC, Umeyor CE, Momoh MA, Ogbonna JDN, 

Chime SA, Nnamani PO, Attama AA. Evaluation of 

gentamicin-entrapped solid lipid microparticles formulated 

with a biodegradable homolipid from Capra hircus. Trop J 

Pharm Res. 2014; 13:1199-1205.  

11. Ogbonna JDN, Kenechukwu, FC, Nwobi CS, Chibueze OS, 

Attama AA. Formulation, in vitro and in vivo evaluation of 

halofantrine-loaded solid lipid microparticles. Pharm Dev 

Technol. 2014; 20:941-948.  

12. Nnamani PO, Kenechukwu FC, Nwagwu CS, Okoye O, 

Attama AA. Physicochemical characterization of 

artemether-entrapped solid lipid microparticles prepared 

from templated Compritol and Capra hircus (Goat Fat) 

Homolipid. Dhaka Univ J Pharm Sci. 2021; 20(1):67-80. 

13. Enserink M. Malaria's drug miracle in danger. Sci. 2010; 

328:844-846.  

14. Patricia U, Joan E, Alberto A, Alfred C, Xavier F-B. Study 

of the efficacy of antimalarial drugs delivered inside 

targeted immunoliposomal nanovectors. Nanoscale Res 

Lett. 2011; 6:620. 

15. Ogbonna JDN, Nzekwe IT, Kenechukwu FC, Nwobi CS, 

Amah J., Attama A.A. Development and evaluation of 

chloroquine phosphate microparticles using solid lipid as a 

delivery carrier. J Drug Discov Develop Deliv. 2015; 

2(1):1011-1019.  

16. Khan SM, Janse CJ, Kappe SH, Mikolajczak SA. Genetic 

engineering of attenuated malaria parasites for vaccination. 

Curr Opin Biotechnol. 2012; 23:908-916.  

17. Attama AA and Nkemnele MO. In vitro evaluation of drug 

release from selfemulsifying drug delivery systems using a 

biodegradable homolipid from Capra hircus. Int J Pharm. 

2005; 304:4-10.  

18. Attama AA, Okafor CE, Builders PF, Okorie O. 

Formulation and in vitro evaluation of a PEGylated 

microscopic lipospheres delivery system for ceftriaxone 

sodium. Drug Deliv. 2009; 16(8):448-457.  

19. Friedrich I, Reichl S, Muller-Goymann CC. Drug release 

and permeation studies of nanosuspensions based on 

solidified reverse micellar solutions (SRMS). Int J Pharm. 

2005; 305:167-175. 

20. Jaspart S, Bertholet P, Piel G, Dogne JM, Delattre L, Evrad 

B. Solid lipid microparticles as sustained release system for 

pulmonary drug delivery. Eur J Pharm Biopharm. 2007; 

65:47-56.  

21. Doktorovova S and Souto EB. Nanostructured lipid carrier-

based hydrogel formulations for drug delivery: a 

comprehensive review. Expert Opin Drug Deliv. 2009; 

6:165-176. 

22. Ogbonna JDN, Attama AA, Ofokansi KC, Patil SB, 

Basarkar GD. Optimization of formulation processes using 

Design Expert
®
 Software for preparation of polymeric 

blends-artesunate-amodiaquine HCl microparticles. J Drug 

Deliv Sci Tech. 2017; 39:36-49.  

23. Morkhade DM and Joshi SB. Evaluation of gum dammar as 

a novel microencapsulating material for ibuprofen and 

diltiazem hydrochloride. Indian J Pharm Sci. 2007; 67:263-

268.  

24. Niesko P, Jan FV, Sieb B, Herman JW, Theo MM. 

Laboratory selection of Artemisia annua L. for High 

artemisinin yielding types. Phytochem Analy. 1991; 

2:80e83.  

25. Agubata CO, Nzekwe IT, Attama AA, Mueller-Goyman 

CC, Onunkwo GC. Formulation, characterization and anti-

malarial activity of homolipid-based artemether 

microparticle. Int J Pharm. 2015; 478:202-222.  

26. Dash S, Murthy PN, Nath L, Chowdhury P. Kinetic 

modelling on drug release from controlled drug delivery 

systems. Acta Polo Pharm Drug Res. 2010; 67:217-223.  

27. Higuchi T. Mechanism of sustained-action medication. 

Theoretical analysis of the rate of release of solid drugs 

dispersed in solid matrices. J Pharm Sci. 1963; 52:1145-

1149. 

28. Bravo SA, Lamas MC, Salomon CJ. In vitro studies of 

diclofenac sodium controlled-release from biopolymer 

hydrophobic matrices. J Pharm Parm. Sci. 2002; 5:213-219.  

29. Korsmeyer RW, Gurny R, Doelkerr E, Buri P, Peppas NA.  

Mechanism of solute release from porous hydrophilic 

polymers. Int J Pharm. 1983; 15:25-35. 

30. Hixson AW and Crowell JH. Dependence of reaction 

velocity upon surface and agitation. Ind Eng Chem. 1931; 

23:923-931.   

31. Singh J, Gupta S, Kaur H. Prediction of in vitro drug release 

mechanisms from extended-release matrix tablet using 

SSR/SR2 techniques. Trends Appl Sci Res. 2011; 6(4):400 

-409. 

http://www.who.int/malaria/docs/TreatmentGuidelines2006.pdf.%20Downloaded%2027th%202021
http://www.who.int/malaria/docs/TreatmentGuidelines2006.pdf.%20Downloaded%2027th%202021


                                                 Trop J Nat Prod Res, August 2021; 5(8):1460-1469                   ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

1469 
 © 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

32. European Community Council Directive on the ethics of 

experiments involving laboratory animals (86/609/EEC), 

November 24, 1986.  

33. Peters W, Robinson BL, Tovey G, Rossier JC, Jefford CW. 

The chemotherapy of rodent malaria., L. The activities of 

some synthetic 1,2,4-trioxanes against chloroquine-sensitive 

and chloroquine-resistant parasites. Part 3 Observations on 

Fenzan-50F, a diflourinated 3,3-spirocyclopentane 1,2,4-

tioaxane. Ann Trop Med Parasitol. 1993; 87:111-123.  

34. Uronnachi EM, Ogbonna JDN, Kenechukwu FC, Attama 

AA, Chime SA. Properties of zidovudine loaded solidified 

reverse micellar microparticles prepared by melt dispersion. 

J Pharm Res. 2012; 5(5):2870-2874.  

35. Chime SA, Attama AA, Builders PF, Onunkwo GC. 

Sustained release diclofenac potassium-loaded solid lipid 

microparticle, based on solidified reverse micellar solution 

(SRMS): In vitro and in vivo evaluation. J Microencapsul 

2013a; 30(4):335-345.  

36. Chime SA, Attama AA, Onunkwo GC. Sustained release 

indomethacin-loaded solid lipid microparticles based on 

solidified reverse micellar solution (SRMS): in vitro and in 

vivo evaluation.  J Drug Del Sci. Tech. 2012; 22(6):485-

492.  

37. Chinaeke EE, Chime SA, Ogbonna JDN, Attama AA, 

Muller-Goymann CC, Okore VC. Evaluation of dika wax-

soybean oil-based artesunate-loaded lipospheres: in vitro- In 

vivo correlation studies. J Microencapsul. 2014; 2048(Pt 

8):796-804. 

38. Vinod PS, Tsong T, Sathe P, Jen-Pei L.  In vitro dissolution 

profile comparison- Statistics and analysis of similarity 

factor, f2. Pharml Res. 1998; 15(6):889-896.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

39. Saganuwan AS, Onyeyili PA, Ameh EG, Etuk EU. In vivo 

antiplasmodial activity by aqueous extract of Abrus 

precatorius in mice. Rev Latinoamer Quı´m. 2011; 39:32-

44.  

40. Bindhani S, Mohapatra S, Kar RK. Self-Emulsifying Drug 

Delivery System: A Recent Approach. A J Chem. 2013; 

31(4):751-759.  

41. Tchoryk A, Taresco V, Argent RH, Ashford M, Gellert PR, 

Stolnik S, Grabowska A, Garnett MC. Penetration and 

Uptake of Nanoparticles in 3D Tumor Spheroids. Bio 

Conjug Chem. 2019; 30(5):1371-1384.  

42. Parvathaneni V, Kulkarni NS, Chauhan G, Shukla SK, 

Elbatanony R, Patel BK, Kunda NK, Muth A, Gupta V. 

Development of pharmaceutically scalable inhaled anti-

cancer nanotherapy–repurposing amodiaquine for non-small 

cell lung cancer (NSCLC). Mat Sci. Eng. C. 2020; DOI: 

https://doi.org/10.1016/j.msec.2020.111139 

43. Babalola CP, Kanu DN, Okafor GO, Wumi A, Ajayi O, 

Kotila OA, Farombi EO. Toxicological effect of sub-

therapeutic, therapeutic and overdose regimens of 

halofantrine HCl on male albino rats. Pharmacologia. 2013; 

4:180-185. 

44. Maina MB, Garba SH, Jacks TW. Histological evaluation 

of the ratstestis following administration of a herbal tea 

mixture. J Pharmacol Toxicol. 2008; 3(6): 464-470. 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Grabowska+A&cauthor_id=30946570
https://pubmed.ncbi.nlm.nih.gov/?term=Garnett+MC&cauthor_id=30946570
https://doi.org/10.1016/j.msec.2020.111139

