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ABSTRACT 
 
The objective of this research was to investigate and optimize the potential of nanostructured lipid carriers (NLCs) as a carrier system for Apixaban, 
which is an inhibitor of coagulation factor Xa have poor solubility and low bioavailability (F=50). Nanostructured lipid carriers (NLC) of apixaban 
were prepared by the ultra-sonication method with the aim of improving the pharmacokinetic behavior of apixaban and to increase patient compliance. 
Ten formulas of NLCs were prepared using glyceryl monostearate as solid lipid, and oleic acid as liquid lipid at different ratios in addition to different 
surfactants include Tween 80, Tween 20, or Poloxamer188 at different ratios. The prepared formulas were characterized regarding drug content, particle 
size analysis, polydispersity, entrapment efficiency, Zeta-potential, FT-IR, DSC, and in vitro dissolution study. All NLC had shown entrapment 
efficiency within a range of 64.53 to 89.02%. All prepared NLC has a particle size in nanometer but only four formulas particle size lower than 100nm. 
Both entrapment efficiency and release rate were affected by lipid concentration. Formula F6 which composed of Glyceryl mono-stearate 56.83%, Oleic 
acid 16.5%, Tween (80) 8.88%, and water up to 100%w/w was considered as a selected formula depending on its smallest particle size (42.1nm) and 
good physical properties in addition to promising release profile. The optimized formulation did not show remarkable physicochemical changes during 
preparation according to FT-IR and DSC results. It was concluded that the formulated NLC has a potential approach for controlled release of drug 
which may reduce the dose frequency and improves patient compliance. 
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INTRODUCTION 
 
Lipid-based drug delivery systems are expected as a promising 
oral carrier because of their potential to increase the solubility and 
improve oral bioavailability of poorly water-soluble or lipophilic 
drugs 1. Conventional lipid-based carriers include a wide range of 
emulsions, liposomes, lipid micro-particles, and nanoparticles. 
Among the above formulations, the nanostructure lipid carriers 
(NLCs) are regarded as the second-generation of lipid 
nanoparticles 2and are attracting attention as alternative colloidal 
drug carriers.  
 
NLC developed from solid lipid nanoparticles (SLN) are 
composed of biocompatible solid lipid matrices and liquid lipid 
which is considerably different in chemical structure from solid 
lipid nanoparticles. NLC system possesses many advantages of 
SLN, such as excellent biocompatibility, controlled drug release, 
and the possibility of production on the large industrial scale. The 
lipid formulations loaded with poorly water-soluble drugs for oral 
route have been investigated and reported to improve the oral 
bioavailability by many research teams 3,4, 5. 
 
Nanostructured lipid carriers (NLCs) composed of a solid lipid 
matrix with a liquid lipid content are a new generation of lipid 
nanoparticles. NLCs are considered smarter nanoparticles which 
possess improved properties for drug loading, modulation of the 
delivery profile, and stable drug incorporation during storage6. 
Due to the lipophilic nature of the matrix, NLCs are considered 
useful means for the administration of lipophilic drugs. NLCs can 
be prepared by using different methods such as high-pressure 
homogenization, micro-emulsion template, solvent 

emulsification, solvent diffusion, reverse double emulsion, 
homogenization followed by ultra-sonication, and solvent 
injection method 7. 
 
Apixaban is chemically 1-(4-methoxyphenyl) -7- oxo-6- [4- (2-
oxopiperidin-1 yl) phenyl]-1H, 4H, 5H, 6H, 7H-pyrazolo [3,4-c] 
pyridine-3-carboxamide (fig. 1). Apixaban is an inhibitor of 
coagulation factor Xa. The drug is indicated for the prevention of 
deep vein thrombosis 8,9,10. FDA approved apixaban (Eliquis, 
Bristol-Myers Squibb/Pfizer) on December 28, 2012, for the 
prevention of stroke and systemic embolism in patients with atrial 
fibrillation (AF) 11. 
 
Apixaban has poor solubility in water and relative low oral 
bioavailability (about 50% for a single 10 mg dose) 12. The Tmax 
of the apixaban tablet formulation is ~3 h after oral administration 
in healthy subjects, and the t1/2 is ~12 h 13. 
 
The aim of this study is to develop a simple approach for the 
apixaban NLC that may improve the pharmacokinetic behavior 
of apixaban and to increase patient compliance. Ten formulations 
were prepared using various lipid concentrations, to study 
maximum entrapment efficiency (EE). In addition to this in-vitro 
drug release, particle size, zeta potential, FT-IR, and DSC were 
also determined. 
 
MATERIALS AND METHODS  
 
Apixaban was obtained from HEC pharmaceutical Co., Ltd 
China. Glyceryl monostearate was bought from Hyperchemical, 
China. Oleic Acid was purchased from Central Drug House 
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(CDH), India. All other materials used in this research were of 
analytical grade.   
 
Calibration curve of apixaban in methanol 
 
Accurately weighed 30 mg quantity of apixaban was transferred 
into 250 ml volumetric flask, to this 100 ml of methanol was 
added to get 300 μg/ml (stock solution). This solution also diluted 
with methanol to obtained desired concentrations for working 
standard solutions in the range of 1.25- 12.5 μg /ml. 
 
Calibration curve of apixaban in buffer with SLS 
 
Accurately weighed 30 mg quantity of Apixaban was transferred 
into 250 ml volumetric flask, to this 100 ml of buffer pH 6.8 and 
0.05% SLS was added to get (stock solution), this solution also 
diluted with methanol to obtained desired concentrations for 
working standard solutions in the range of 2.5 -15 μg /ml. 
 
Preparation of NLC 
 
Different concentrations of apixaban NLC dispersions were 
prepared using an ultra-sonication technique (table 1). In this 
technique, an accurately weighed solid lipid (glyceryl 
monostearate), and liquid lipid (oleic acid) were heated at 5-10°C 
above the melting point of lipid mixture, to this lipid mixture, the 
drug was added to obtain a clear melting solution.  
 
An aqueous phase was prepared by dissolving surfactant in 
deionized water and heated to the same temperature as that of the 
oil phase. Then, this hot aqueous phase was added drop-wise to 
the lipid phase at a constant rate (2ml/min) under magnetic 
stirring.  
 
After that this pre-emulsion sonicated for 20 minutes using probe 
sonicator. The resulting hot nano-emulsion was cooled to room 
temperature to induce crystallization14. Ten formulas were 
prepared by this method (table 1). 
 
Characterization of prepared NLC’s 
 
Assay; (drug content) 
 
For determination of the drug content, an accurate quantity of the 
formulated NLC from each formula was dissolved in methanol 
and filtrate them, then aliquot of the filtrate was diluted suitably 
and analyzed spectrophotometrically at λmax of 280 nm, and 
calculates drug content using calibration curve of apixaban in 
methanol. 
 
FT-IR Spectroscopy 
 
The FT-IR was used to detecting the presence of any interactions 
between the drug and carrier. RT-IR spectrums of pure apixaban 
and selected formula were taken. Spectra’s are scanned within 
range of 400 and 4000 cm-1. 
 
DSC analysis 
 
Differential Scanning Calorimetry (DSC) was performed using 
Shimadzu DSC-60, Japan. It was done by taking 5mg of sample 
into an aluminum pan and sealed. The scan was recorded within 
a temperature range of 30 to 300 °C. Pure apixaban powder, and 
selected formula thermograms were recorded 15. 
 
 
 
 

Particle size analysis 
 
Distribution of size in the mean diameter of the nanoparticle was 
measured using particle size and polydispersity index 
measurement. The particle size analysis of formulas was 
performed using ABT-9000 Nano Laser Particle Size Analyzer. 
Before measurements, NLCs dispersion was diluted suitably 
using de-ionized water. 
 
Data were analyzed by software and values of mean particle size, 
polydispersity index (PDI) and particle size distribution curve 
were recorded 16. 
 
Polydispersity index (PDI) 
 
The polydispersity index (PDI) also be measured using ABT-
9000 Nano Laser Particle Size Analyzer. PDI can be termed as an 
index or difference within the particle size distribution. It can be 
calculated by using the following equation 17. 
 

Polydispersity = [D90-D10] / D50 
Where; D50, D90, and D10 are the percentiles of the undesired 

particles. 
 
Entrapment efficiency (EE) 
 
Entrapment efficiency can be measured by using the following 
equation; 
 
Entrapment efficiency = (Estimated % drug content/ Theoretical 

% drug content) X 100 
 
Estimated drug content can be obtained according to the 
mentioned method where theoretical drug content can be 
achieved from the fraction employed to prepare the NLC. 
 
Zeta-potential 
 
Zeta potential is employed to measure the charge on the surface 
of the particles. It permits an estimate about the storage stability 
of colloidal dispersion due to repulsion among particles18. 
 
In-vitro dissolution studies 
 
Dissolution studies were performed for all the prepared formulas 
in triplicate, using USP- II dissolution apparatus (i.e., paddle) in 
900 ml of 6.8 phosphate buffer (0.05 % SLS), the stirrer was 
modified to rotate at 75 rpm, and the temperature of the medium 
was adjusted at 37±0.5 ºC during the procedure.  
 
An aliquot of 5ml was taken out periodically from the medium 
and replaced with fresh medium. The samples were analyzed 
spectrophotometrically at 280 nm using UV-spectrophotometer 
and calibration curve of apixaban in buffer 19.  
 
RESULTS AND DISCUSSION 
 
A. FT-IR Studies 
The spectra of the selected formula with the pure drug had shown 
all the characteristic peaks of the drug, from which we can suggest 
the stable nature of the drug during the process. 
 
B. DSC analysis 
Pure apixaban showed a sharp endothermic point at 239.61ºC, 
which resembles with the melting point of pure apixaban. The 
DSC curve of the selected formula had shown a sharp 
endothermic peak at 70.21ºC which resembles glyceryl 
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monostearate peak and disappearance of the drug peak indicates 
that the drug was dispersed in the lipid. 
 
C. Particle size analysis 
Data consisting about the particle size of the formulated NLC for 
apixaban was given in table 2. According to the obtained data, it 
is obvious that the particle size for formulations F1 to F8 was 
within a range of 42.10 to 421nm.  
 
D. Polydispersity Index (PDI) 
Polydispersity was employed to determine the width of particle 
size distribution. Polydispersity of the entire drug loaded NLCs 
were given in table 2. From the table, it is shown that the 
polydispersity index of all the formulations was within a range of 
0.018 to 0.308, which indicates all the formulations were within 
the acceptable size distribution. 
 
E. Entrapment efficiency (EE) 
From the obtained data, it can be inferred that the concentration 
of liquid lipid and surfactant affect apixaban entrapment 
efficiency. The EE of apixaban NLCs were set in table 2. From 
the obtained data, it is clear that EE were found in a range of 64.53 
to 89.02%. The results show that the increasing the amount of 
liquid lipid and surfactant leading to increasing the EE, this is 
attributed to the using of a higher amount of lipid which leads to 
increase in the particle size that will affect the adsorption of the 
drug found on the surface of NLCs. 

 
F. Zeta potential 
Zeta potential is an important parameter to predict the physical 
stability of the prepared NLC. Higher the electrostatic repulsions 
between the particles cause higher the stability. NLC with a zeta 
potential more than +20 mV or less than -20 mV can be termed 
as physically stable dispersion. The zeta potential of the 
optimized formulation F6 was found to be -18.59 mV, from which 
it can be concluded that the dispersion has reliable physical 
stability during storage time. 
 
G. In-vitro drug release 
The dissolution study was employed for formulas have a particle 
size lower than 100 nm. The in-vitro dissolution profiles are 
biphasic with an initial burst effect which is connected with the 
drug present on the surface of the particles. Drug release profiles 
of formulated NLCs were given in figure 7. From the figure, it 
was evident that particle size has a greater effect on the drug 
release. F6 with small particle size had shown a burst release of 
33.59 % after 2hrs and 97.33% after 12 h, and formulas with 
higher particle size show slower drug release. From these 
findings, it can be inferred that NLCs with a small particle size 
has a higher surface area which gives an initial burst effect and 
sustained drug release.  
 

 
Table 1: Composition of prepared apixaban nanostructured lipid carriers 

 
Formulas Drug 

(mg) 
Solid lipid Liquid lipid Total 

lipid 
weight 
(mg) 

Glyceryl 
mono-stearate: 
oleic acid ratio 

Type of surfactant (mg) Water 
Q.S 
(ml) 

Tween 80 
(mg) 

Tween 20 
(mg) 

Poloxamer 
188 (mg) Glyceryl mono-

stearate (mg) 
Oleic acid 

(mg) 
F1 5 305.25 24.75 330 12.33: 1 80   450 
F2 5 255.75 74.25 330 03.44: 1 80   450 
F3 5 255.75 74.25 330 03.44: 1  40  450 
F4 5 305.25 24.75 330 12.33: 1 40   450 
F5 5 305.25 24.75 330 12.33: 1  40  450 
F6 5 255.75 74.25 330 03.44: 1 40   450 
F7 5 255.75 74.25 330 03.44: 1  80  450 
F8 5 305.25 24.75 330 12.33: 1  80  450 
F9 5 255.75 74.25 330 03.44: 1   40 450 

F10 5 255.75 74.25 330 03.44: 1   80 450 
 

Table 2: Particle size distribution and evaluation data of different formulations of NLC 
 

Formula No. Particle size (nm) PDI SSA(m2/g) Zeta potential mV Entrapment efficiency (%) 
F1 53.05 0.125 44.81 -11.96 72.59 
F2 132.5 0.087 18.18 -19.31 81.15 
F3 105.3 0.236 20.43 -19.87 88.40 
F4 84.05 0.134 27.33 -18.70 81.31 
F5 118.0 0.035 21.45 -14.75 77.51 
F6 42.10 0.118 56.42 -18.59 89.02 
F7 94.30 0.308 23.75 -27.29 78.37 
F8 167.5 0.106 13.85 -14.20 77.47 
F9 421.0 0.035 7.340 -28.77 64.53 

F10 334.0 0.018 7.510 -29.45 75.32 
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Figure 1: Chemical structure of apixaban 
 

 
 

Figure 2: Calibration curve of Apixaban in methanol 
 

 
 

Figure 3: Calibration curve of Apixaban in buffer pH 6.8 with 
0.05% SLS 

 

 
 

Figure 4: FT-IR spectra of pure Apixaban and selected formula of prepared NLC 
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Figure 5: DSC thermogram of pure Apixaban and selected formula of prepared NLC 
 

 
 

Figure 6: Particle size distribution of selected formula of prepared NLC of apixaban 
 

 
 

Figure 7: In vitro dissolution of selected formulas of prepared NLC of apixaban 
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CONCLUSION 
 
Nanostructured lipid carriers were formulated using glyceryl 
monostearate, oleic acid and tween 80. FT-IR and DSC studies 
revealed that there were no significant interactions between the 
drug and excipients. Both particle size and entrapment efficiency 
were increased with the increase in liquid lipid amount and 
surfactant. Apixaban release profile was dependent on the particle 
size; the larger particles had shown a slow release whereas 
smaller particles had shown a faster dissolution. Formulation F6 
was considered as an optimized formulation based on its particle 
size and % drug release when compared with other formulations. 
Zeta potential value had suggested good particle stability. The 
optimized formulation did not show remarkable physicochemical 
changes during preparation. Controlled release achieved by these 
formulations may reduce the dose frequency and improves patient 
compliance in addition to expected bioavailability enhancement. 
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