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ABSTRACT
The aim of the present study was to develop a self-nano emulsifying delivery system of lumefantrine (LF) 
to achieve rapid and complete dissolution independent of food-fat and surfactant in dissolution media. 
LF is a highly lipophilic fluorine derivative and a Biopharmaceutical Classification System CLASS II 
drug which is an important agent in the treatment of falciparum malaria. Poor oil solubility of LF has 
restricted the development of lipid-based system. In view of this inadequacy, the current study aims at 
improving the solubility of LF, especially to eliminate the co-administration of milk or any other fatty 
meal. Considering the basic nature of LF, we have planned to form LF-oleic acid ionic complex and to 
prepare self-emulsifying system of complex by addition of appropriate surfactant. Such a self-emulsifying 
hydrophobic complex enables rapid dissolution of LF, without the need of BKC in dissolution media, 
hence provide better correlation to in vivo condition.
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INTRODUCTION

Nanoemulsions can be defined as oil-in-water 
(O/W) emulsions with mean droplet diameters 
ranging from 50 to 1000 nm. Usually, the average 
droplet size is between 100 and 500 nm, terms 
sub-micron emulsion and mini-emulsion are 
used as synonyms. Since, the preparation of 
the first nanoemulsion in the 1940s, it can be of 
three types such as O/W, water-in-oil (W/O), 
and bi-continuous. The transformation between 
these three types can be achieved by varying the 
components of the emulsions. Due to their small 
droplet size, nanoemulsions possess stability 
against sedimentation or creaming with Ostwald 
ripening forming the main mechanism of 
Nanoemulsion breakdown. The main application of 
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Nanoemulsions is the preparation of nanoparticles 
using a polymerizable monomer as the disperse 
phase (the so-called miniemulsion polymerization 
method) where Nanoemulsion droplets act as 
Nanoreactors.

MATERIALS AND METHODS

Material and instrument used for the study 
[Tables 1 and 2]

In vitro release studies were carried out using 
tablet USP XXIII dissolution test apparatus. The 
dissolution study, by using USP paddle Type 
Dissolution Apparatus was carried out at 37 ± 
50C at 100 rpm frequency of the paddle and 
900ml of 0.1N HCL as the dissolution media. The 
nanoemulsion was added in dissolution media and 
the sample of 1ml was removed from beaker at 
an interval of 30, 1, 2, 4, 6, and 8 hrs and diluted 
appropriately. The absorbance of each sample was 
noted at 243.0 nm.
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Determination of λ max of lumefantrine (LF)

The λmax of LF was determined by running 
the spectrum of drug solution in double-beam 
ultraviolet spectrophotometer.

Procedure

Accurately weighed 10 mg of drug was dissolved 
in 10 ml of 0.1 N Hcl buffer solution in 10 ml of 
volumetric flask. The resulted solution 1000 µg/ml 
and from this solution 1 ml pippet out and transfer 
into 10 ml volumetric flask and volume make up with 
0.1 N Hcl buffer solution prepare suitable dilution to 
make it to a concentration range of 5–25 µg/ml. The 
spectrum of this solution was run in 200–400 nm range 
in the U.V. spectrophotometer (Labindia-3000+).
The spectrum peak point graph of absorbance of 
LF versus wavelength was shown in Figure 1.

Calibration curve of LF at λ max 243 nm 
[Table 3 and Figure 2]

Observation table
The linear regression analysis was done on absorbance 
data points. The results are as follow for standard curve.

Slope = 0.023
The intercept = 0.002
The correlation coefficient (r2) = 0.999.

Preparation and characterization

Solubility determination in the various oils, 
surfactants, and cosurfactants for formulating 
nanoemulsion drug delivery system the solubility 
of the drug in different oils is an essential step 
for the nanoemulsion formulation. Hence, before 
starting the phase diagram one must have to select 
the oil, surfactant, and co-surfactant in which 
the drug shows maximum solubility, to be in the 
desired solubility range, which is essential for the 
formulation of nanoemulsion drug delivery system 
[Table 4].
On the basis of the above study, it was concluded 
that the solubility in the combination of surfactant 
and co-surfactant was found to be favorable for the 
nanoemulsion preparation of LF. The maximum 
solubility was obtained in a mixture of Ethanol and 
Tween 20, and Oleic acid was selected as oil phase 

Table 1: List of drugs and excipients used
Materials used Grade/Company
Lumefantrine Pharma Grade

Sodium Chloride Sodium Chloride

Acetic acid Acetic acid

Isopropanol Isopropanol

Iso propyl Myrestate Iso propyl Myrestate

Paraffin oil (Light) Paraffin oil (Light)

Oleic Acid Oleic Acid

Span 80 Span 80

Groundnut oil Sunkem, India

Table 2: List of instruments used
Instrument Manufacturer
Double beam UV Visible Spectrometer Lab India 3000+

FT-IR Brukers Alpha

Dissolution Apparatus Lab India DS-8000

Electronic Balance Wenser

Hot air oven Labotech India

Melting point apparatus Chemline
FTIR: Fourier-transform infrared spectroscopy, UV: Ultraviolet

Figure 2: The linear regression analysis for standard curve

Figure 1: Standard calibration curve of lumefantrine
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for further formulations developments.
Construction of pseudo-ternary phase diagrams 
surfactant and cosurfactant (Smix) in each group 
were mixed in different volume ratios (1:0, 
1:1, 1:2, 1:3, 2:1, 3:1, and 4:1) and the stock of 
100 mL of each groups was prepared. These smix 
ratios were chosen in increasing concentration 
of cosurfactant with respect to surfactant and 
increasing concentration of surfactant with respect 
to cosurfactant for detailed study of the phase 
diagrams for the nanoemulsions formation.

Different volumes of surfactant and 
cosurfactant taken to make a stock Smix ratio 
[Table 5]

Procedure For each phase diagram, oil and 
specific Smix ratio was mixed thoroughly in 
different volume ratios from 1:9 in different small 
glass test tubes. Eight different combinations of 
oil and each Smix, 1:9, 1:8, 1:7, 1:6, 1:5, 5:1, 
4:1, 3:1, were made so that maximum ratios 
were covered for the study to delineate the 
boundaries of phases precisely formed in the 
phase diagrams.[1-11]

Formulation

After the development of phase diagram, Six 
different formulations has been selected by 
keeping the total quantity of the formulation 
constant as 100% and varying all components 
of the system. Each formulation has been loaded 
with LF of 10 mg/ml. All eight formulations have 
been evaluated for different parameters such 
as pH, In-vitro release, solubility and stability 
study.[12-21]

Evaluation of formulations

1 pH determination
The pH of each formulation was found before and 
after dilution by using pH meter [Table 6].

Centrifugation

This parameter characterized to check the physical 
stability of formulation. The nanoemulsion 
system was centrifuged at 5000 rpm for 10 min 
to determine whether the system shows signs of 

Table 3: Calibration curve of LF
Conc. (µg/ml ) Absorbance (λ max at 243 nm)

I II III Average
5 0.111 0.112 0.111 0.111

10 0.224 0.224 0.225 0.224

15 0.335 0.336 0.337 0.336

20 0.446 0.447 0.448 0.447

25 0.562 0.563 0.563 0.563
LF: Lumefantrine

Table 4: Solubility of LF in different oil, surfactants, and 
co-surfactants
Component Solubility
Span 20 Slightly Soluble

Span80 Freely Soluble

Tween 20 Soluble

Tween 80 Soluble

Pluronic F127 Freely soluble

Castor Oil Soluble

Sunflower Oil Slightly soluble

Oleic acid Soluble

PEG 400 Soluble

Pluronic F127 Soluble

Ethanol Soluble
LF: Lumefantrine

Table 5: Different volumes of surfactant and cosurfactant 
taken to make a stock Smix ratio
Vol. of 
Surfactant (ml)

Vol. of 
Cosurfactant (ml)

Ratio of 
Smix (ml)

100 0 1:0

50 50 1:1

33.3 66.7 1:2

25 75 1:3

75 25 3:1

80 20 4:1

Table 6: Results of pH of LF loaded nanoemusion
Formulation code pH*
F1 6.81±0.02

F2 6.92± 0.01

F3 7.11±0.02

F4 7.04±0.01

F5 6.84±0.02

F6 6.95±0.03
LF: Lumefantrine
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creaming or phase separation. The system was 
observed visually for appearance.

Determination of % drug content in 
nanoemulsion

The mixture (Nanoemulsion) was centrifuged at 
10000 rpm for 15 min, 0.2 ml of supernatant was 
taken and diluted with 0.1 N Hcl. Absorbance was 
measured at 243 nm by UV Spectrophotometer 
[Table 7]. Concentration of LF was determined 
using standard curve equation and % drug content 
was calculated. Results of Centrifugation and % 
Drug Content in nanoemulsion.

Zeta potential and vesicle size measurement of 
optimized batch F3

Zeta Potential of samples was measured 
by Zetasizer. Samples were placed in clear 
disposable zeta cells and results were recorded 
[Figure 3].

Result of vesicle size of optimized batch F3 
[Figure 4]

In vitro drug release study
In vitro release studies were carried out using 
tablet USP XXIII dissolution test apparatus. 
The dissolution study, by using USP paddle 
Type Dissolution Apparatus was carried out at 
37  ± 50C at 100 rpm frequency of the paddle and 
900 ml of 0.1 N HCL as the dissolution media. The 
nanoemulsion was added in dissolution media and 
the sample of 1 ml was removed from beaker at 
an interval of 30, 1, 2, 4, 6, and 8 h and diluted 
appropriately. The absorbance of each sample was 
noted at 243.0 nm.

Table 7: Results of centrifugation and % drug content in 
nanoemulsion
Formulation Code Centrifugation % Drug Content 

in nanoemulsion*
F1 Transparent 78.23±0.23

F2 Transparent 75.58±0.15

F3 Transparent 89.98±0.25

F4 Transparent 82.25±0.25

F5 Precipitated 70.15±0.65

F6 Precipitated 65.56±032

Figure 4Z: Result of Vesicle size of Optimized Batch

Figure 3: Result of Zeta Potential of Optimized Batch 
F3 = 32.4 mV Figure 5: Cumulative % drug released versus Time
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In-vitro drug release data [Tables 8-13]
In vitro release studies were carried out using 
tablet USP XXIII dissolution test apparatus. The 
dissolution study, by using USP paddle Type 
Dissolution Apparatus was carried out at 37 ± 
50 C at 100 rpm frequency of the paddle and 900 

ml of 0.1N HCL as the dissolution media. The 
nanoemulsion was added in dissolution media and 
the sample of 1ml was removed from beaker at 
an interval of 30, 1, 2, 4, 6, and 8 hrs and diluted 
appropriately. The absorbance of each sample was 
noted at 243.0 nm.

Table 8: In-vitro drug release data for formulation F1
Time (h) Square Root 

of Time(h)1/2
Log Time Cumulative*% 

Drug Release
Log Cumulative 
% Drug Release

Cumulative % 
Drug Remaining

Log Cumulative % 
Drug Remaining

0.5 0.707 -0.301 13.560 1.132 86.440 1.937

1 1.000 0.000 32.560 1.513 67.440 1.829

2 1.414 0.301 65.560 1.817 34.440 1.537

4 2.000 0.602 75.580 1.878 24.420 1.388

6 2.449 0.778 76.200 1.882 23.800 1.377

8 2.828 0.903 76.210 1.882 23.790 1.376
*Average of three readings

Table 9: In-vitro drug release data for formulation F1
Time (h) Square Root 

of Time(h)1/2
Log Time Cumulative*% 

Drug Release
Log Cumulative 
% Drug Release

Cumulative % 
Drug Remaining

Log Cumulative % 
Drug Remaining

0.5 0.707 –0.301 20.250 1.306 79.750 1.902

1 1.000 0.000 45.580 1.659 54.420 1.736

2 1.414 0.301 68.890 1.838 31.110 1.493

4 2.000 0.602 73.250 1.865 26.750 1.427

6 2.449 0.778 73.560 1.867 26.440 1.422

8 2.828 0.903 74.150 1.870 25.850 1.412
*Average of three readings

Table 10: In-vitro drug release data for formulation F2
Time (h) Square Root 

of Time(h)1/2
Log Time Cumulative*% 

Drug Release
Log Cumulative 
% Drug Release

Cumulative % 
Drug Remaining

Log Cumulative % 
Drug Remaining

0.5 0.707 –0.301 18.890 1.276 81.110 1.909

1 1.000 0.000 38.890 1.590 61.110 1.786

2 1.414 0.301 42.560 1.629 57.440 1.759

4 2.000 0.602 54.650 1.738 45.350 1.657

6 2.449 0.778 69.980 1.845 30.020 1.477

8 2.828 0.903 87.980 1.944 12.020 1.080
*Average of three readings

Table 11: In-vitro drug release data for formulation F3
Time (h) Square Root 

of Time(h)1/2
Log Time Cumulative*% 

Drug Release
Log Cumulative 
% Drug Release

Cumulative % 
Drug Remaining

Log Cumulative % 
Drug Remaining

0.5 0.707 –0.301 20.250 1.306 79.750 1.902

1 1.000 0.000 38.980 1.591 61.020 1.785

2 1.414 0.301 56.650 1.753 43.350 1.637

4 2.000 0.602 75.580 1.878 24.420 1.388

6 2.449 0.778 81.150 1.909 18.850 1.275

8 2.828 0.903 81.560 1.911 18.440 1.266
*Average of three readings
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Release kinetics of optimized formulation F3 
[Tables 15, Figures 5 and 6]

Stability studies
LF loaded nanoemulsion was prepared and stored 
for 2 months first at refrigerating condition 

(2°C–8°C), room temperature and at elevated 
temperature (50°C ± 2°C) and shelf life of the 
stored nanoemulsion system was evaluated by 
visual inspection (phase separation) and % drug 
content. Samples were obtained on the 2nd month 
and evaluated.[22-27]

CONCLUSION

Poor oil solubility of LF has restricted development 
of lipid based system. In view of this inadequacy, the 
current study worked to improving the solubility of 
LF, especially to eliminate the co administration of 
milk or any other fatty meal. Considering the basic 
nature of LF, we have planned to form LF-oleic acid 
ionic complex and to prepare self-emulsifying system 
of complex by addition of appropriate surfactant. 
The present work concluded that LF nanoemulsion 
formulation for solubility enhancement. Now a day, 
nanoemulsion as carrier systems are more acceptable 
in drug delivery system. Hence it is concluded the 
prepared nanoemulsion for LF can be further studied 
for topical application in the treatment of disease 
and work need to be performed towards the area of 
drug administration.

Table 12: In-vitro drug release data for formulation F4
Time (h) Square Root 

of Time(h)1/2
Log Time Cumulative*% 

Drug Release
Log Cumulative 
% Drug Release

Cumulative % 
Drug Remaining

Log Cumulative % 
Drug Remaining

0.5 0.707 –0.301 45.580 1.659 54.420 1.736

1 1.000 0.000 68.890 1.838 31.110 1.493

2 1.414 0.301 70.120 1.846 29.880 1.475

4 2.000 0.602 71.560 1.855 28.440 1.454

6 2.449 0.778 72.250 1.859 27.750 1.443

8 2.828 0.903 70.250 1.847 29.750 1.473
*Average of three readings

Table 13: In-vitro drug release data for formulation F5
Time (h) Square Root 

of Time(h)1/2
Log Time Cumulative*% 

Drug Release
Log Cumulative 
% Drug Release

Cumulative % 
Drug Remaining

Log Cumulative % 
Drug Remaining

0.5 0.707 –0.301 45.690 1.660 54.310 1.735

1 1.000 0.000 60.250 1.780 39.750 1.599

2 1.414 0.301 64.560 1.810 35.440 1.549

4 2.000 0.602 65.250 1.815 34.750 1.541

6 2.449 0.778 65.250 1.815 34.750 1.541

8 2.828 0.903 65.320 1.815 34.680 1.540
*Average of three readings

Table 15: Regression analysis data of optimized 
formulation
Batch Zero Order First Order

R² R²
F3 0.936 0.936
*Average of three readings

Figure 6: Log cumulative % drug remaining versus Time
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