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HIV integrase inhibitors are proposed in HAART 
regimens These include nevirapine, efavirenz (EFA), 
etravirine, rilpivirine, saquinavir, indinavir, ritonavir, 
raltegravir, elvitegravir, and dolutegravir.

Various drug delivery systems are used to deliver the 
HIV drugs in a controlled and targeted manner thereby 
increasing the drug bioavailability and residence time at 
target sites with a significant improvement in quality of 
life of HIV patients. These drugs are cost effective with 
less dose dumping problems. However, the ARTs have 
low oral bioavailability and cytochrome P450 (CYP)-
mediated metabolism[3]. The methodologies, which are 
used to overcome these drawbacks include chemical 

Solubility, dissolution and gastrointestinal permeability 
are fundamental parameters that control rate and extent 
of drug absorption and its bioavailability. Therefore, 
development of novel drug delivery systems are 
essential as a large number of new chemical drug 
entities have poor solubility or permeability. Solubility 
and bioavailability significantly influence attainment 
of desired concentration of drug in systemic circulation 
for generating a pharmacological action[1].

The human immunodeficiency virus (HIV) causes one 
of the deadliest diseases of modern times, acquired 
immune deficiency syndrome (AIDS) affecting around 
40 million people globally. HIV is a retrovirus of the 
lentivirus family, which fundamentally destroys CD4

+ T 
cells a key segment of the immune system. Since 1996, 
the highly active antiretroviral treatment (HAART) has 
saved about 2.9 million lives[2]. Three main classes of 
antiretroviral (ART) drugs i.e. non-nucleoside reverse 
transcriptase inhibitors (NNRTIs), protease inhibitors, 
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modification of pre-existing entities, reduction of 
vesicle size using high pressure homogenization, 
colloidal mill, development of novel delivery systems 
such as self-nano emulsifying drug delivery systems, 
solid-lipid nanoparticles, nanosponges and liposomes 
to improve the efficacy of ART drugs[4].

Liposomes are microscopic vesicles comprising of one 
or more concentric spheres of lipid bilayer isolated by 
water or aqueous buffer compartment. Because of their 
biphasic features, diversity in design and composition, 
they are used as carriers for improving drug solubility, 
bioavailability, stability and targeting[5]. Liposomes 
have been used as a carrier for amphotericin B, silymarin, 
fenofibrate, dapsone, budesonide and artemisinin[6-10]. 
Liposomes can carry the drug in three potential 
compartments; water-soluble drugs in the central core, 
lipid-soluble drugs in the membrane, peptide and 
small proteins at the lipid-aqueous interface[11]. EFA 
is one of the widely used first-line NNRTI utilized in 
the pharmacotherapy of both geriatric and pediatric 
patients. It has high lipophilicity (log P:5.4)[12] and 
poor aqueous solubility (0.0085 mg/ml), which makes 
EFA to be categorized as a BCS class II, having an oral 
bioavailability of 40-45 % and relatively high intra 
(55-58 %) and inter (19-24 %) subject variability. EFA 
is available in flexible doses as a tablet (600 mg) and 
capsules (50 and 200 mg)[13].

Previously, self-micro emulsifying drug delivery 
system has been developed using Acconon MC-8 EP, 
Cremophor EL and polyethylene glycol 400 (PEG 400) 
to enhance solubility and bioavailability of EFA[14]. 
Solid-lipid nanoparticles were formulated using 
glycerylmonostearate and Tween 80 as surfactant[15]. 
Nanosponges were developed using beta-cyclodextrin 
(β-CD) and diphenyl carbonate to improve solubility 
and bioavailability of EFA[16]. Dissolution profile of 
EFA was improved by co-micronization with sodium 
lauryl sulphate and polyvinylpyrrolidone[17]. In the 
present study, EFA liposomes were prepared using 
thin film hydration technique by Box-Behnken design 
and assessed for vesicle size, entrapment efficiency 
(EE), drug release, in vitro drug release, bioavailability 
study, surface morphology. Solid liposomes were 
characterized by differential scanning calorimetry 
(DSC) and Fourier-transform infrared spectroscopy 
(FTIR). 

MATERIALS AND METHODS

EFA was obtained as a gift from Mylan Laboratories, 
Nasik, India. Soya lecithin (SL), cholesterol, PEG 

400 were purchased from S. D. Fine-Chem Limited, 
Mumbai, India. Chloroform, methanol and pepsin 
were purchased from Loba Chemicals. Dialysis bag 
was purchased from Analab Fine Chemicals. All the 
chemicals used were of analytical grade. 

Preliminary studies:

Solubility studies were carried out using shake flask 
method[18]. Different amounts of SL i.e. 500, 600, 
700, 800, 900 mg with excess amount of drug in 100 
ml distilled water were placed in an orbital shaker 
(Make: REMI, Model: CRS-24BL) at 37° for 24 h. 
The suspensions were filtered through Whatman filter 
paper no 1 and filtrates were analysed by UV/Vis 
spectrophotometer at λmax 247 nm.

Preparation of blank liposomes:

Preliminary studies involved preparation of liposomes 
using SL and cholesterol by thin film hydration 
method. Different ratios of SL:cholesterol was used 
i.e. 5:5, 6:4, 7:3, 8:2, 9:1. These five liposomes were 
evaluated for vesicle size and zeta potential. Besides 
this different batches of liposomes were prepared with 
different ratios of total lipid blend and drug (TLB:D), 
which included 4:1, 6:1 and 8:1. These liposomes were 
evaluated for vesicle size and zeta potential. Liposomes 
containing PEG 400 at concentrations of 5, 10 and  
15 % v/v were also prepared to investigate its effect on 
the vesicle size and entrapment efficiency[19].

Preparation of drug-loaded liposomes:

Based on preliminary trials drug-loaded liposomes were 
prepared. Briefly, SL and cholesterol were dissolved in 
chloroform along 200 mg of EFA and the chloroform 
was evaporated by hand-shaking the solution in a 
round bottom flask at room temperature to form a dry 
film. The film was hydrated with 10 ml of phosphate 
buffer solution (pH 7.4) with a predetermined quantity 
of PEG 400. A milky liposomal dispersion was formed 
and was subjected to size of vesicles and stored at 4° 
until further evaluation[20].

Experimental design:

From preliminary studies, effect of three independent 
variables at three different levels on various responses 
was evaluated using Box-Behnken design. These 
variables included TLB:D (A), SL:cholesterol (B) 
and PEG 400 (C) with vesicle size (Y1) and EE (Y2) 
as responses. Based on the 3 levels given in Table 1, 
13 trial batches (R1-R13) were generated by Design 
Expert software (Design Expert 10, Stat-Ease, 
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Minneapolis, MN; Table 2). The measured responses 
were used to construct 3D response surface plots to 
establish the relationship between variables and their 
interactions[21,22]. Analysis of variance (ANOVA) was 
used to validate the design. The optimized batch was 
selected on the basis of high EE and vesicle size. Drug 
release studies were also performed for these batches.

Solidification of liposomes:

Solidification of optimized liposomal dispersion 
was done by adsorption method[23] wherein different 
adsorbents like aerosil, microcrystalline cellulose, 
calcium carbonate, magnesium carbonate and 
β-CD nanosponges were evaluated. β-CD-based 
nanosponges was prepared using diphenyl carbonate 
as crosslinker[16]. Liposomal dispersion and adsorbent 
material were mixed in the ratios of 1:1, 1:2, 1:3 and 
1:4 till a free-flowing solid mass was obtained. Weighed 
amount of adsorbent was taken in porcelain mortar and 
1 ml of dispersion was added drop-wise and triturated 
to obtain a homogenous mass[24].

Characterization of liposomal dispersion:

The mean vesicle size, vesicle size distribution and zeta 
potential of the Box-Behnken batches were analysed 
by Malvern Zeta Sizer (model: NanoZS90) based on 
the principle of dynamic light scattering. Liposomal 
dispersion (1 ml) was diluted 10 times with double-
distilled water. An average electric field of about  

16.25 V/cm and average current of about 0.05 mA were 
applied for measurement of zeta potential[25]. 

EFA entrapped within the liposomes was estimated 
after removing the unentrapped drug. The unentrapped 
drug was separated by subjecting the dispersions to 
centrifugation (Remi, RM-12CBh) at 7000 rpm for 
20 min whereupon liposomes settle at the bottom in 
the form of sediment and the supernatant containing 
free drug was collected, diluted with methanol and 
analysed for drug content by measuring absorbance at 
247 nm using UV spectrophotometer[26]. EE for all the 
13 batches was calculated using the formula, % EE = 
(total drug–untrapped drug)/(total drug)×100.

The morphology of optimized EFA-loaded liposome 
was visualized under transmission electron microscopy 
(TEM, TECNAI G2F-20). The liposomal formulation 
(4 mg/ml) was diluted with double-distilled water 
before its placement on a copper grid. A 2 % solution of 
phosphotungstic acid was added as a staining agent[27]. 
After drying at room temperature, the thin film was 
observed under the TEM.

In vitro drug release:

The in vitro release studies of drug from the liposomal 
formulations was carried out using USP type II 
dissolution apparatus by using dialysis membrane of 
molecular weight 12 000 Da (HiMedia Laboratories, 
Mumbai) in simulated gastric fluid (SGF) for 2 h and 
in simulated intestinal fluid (SIF) for next 4 h. Dialysis 
membrane was soaked overnight in 10 M phosphate 
buffer prior to use[28]. A pouch was fashioned out of the 
dialysis membrane and 1 ml of the liposomal dispersion 
containing approximately 20 mg of EFA was placed in 
it. This was tied to the paddle of USP type 2 apparatus 
with 100 ml of dissolution media at 100 rpm at 37°. 
Aliquots (3 ml) of dissolution media were withdrawn 
at different time intervals and the sample was replaced 
with fresh SGF and SIF to maintain constant volume. 
The samples were analysed by UV spectrophotometer 
at a λmax of 247 nm[29].

Evaluation of solid liposomes:

Drug content was determined by dissolving  
100 mg of solid liposomes in ethanol with shaking. EFA 
content in the solution was assayed by measuring the 
absorbance at 247 nm using a UV spectrophotometer. 
Drug content = (practical drug content)/(theoretical 
drug content)×100. The powder blends were evaluated 
for various micromeritic properties such as angle of 
repose, Hausner’s ratio and Carr’s index[30]. 

Coded value TLB:D SL:Ch PEG-400
-1
0
1

4:1
6:1
8:1

5:5
7:3
9:1

5 %
10 %
15 %

TABLE 1: ACTUAL VALUES OF INDEPENDENT 
VARIABLES IN BOX-BEHNKEN DESIGN

TLB:D is total lipid blend:drug, SL:Ch is soya lecithin:cholesterol, 
PEG 400 is polyethylene glycol 400

Batch 
codes

TLB:D
(mg)

SL:Ch
(mg)

PEG 400
(mg)

Particle 
size (nm)

Entrapment 
efficiency (%)

R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13

-1
0
1
-1
1
-1
1
-1
0
1
0
0
0

0
0
0
0
-1
-1
0
1
1
1
1
-1
-1

-1
0
1
1
0
0
-1
0
1
0
-1
-1
1

1200±25
941±17

694.7±36
995.4±22
1088.0±38
857.8±25
1046.0±39
1178±28
886.8±24
1009.0±31
878.3±27
1074.0±26
706.6±25

90.87±2.5
83.57±2.8
96.08±3.7
95.53±1.9
87.08±2.4
85.87±2.8
85.82±2.8
84.58±1.9
90.75±1.6
97.54±2.1
87.29±2.6
94.73±2.1
91.66±2.4

TABLE 2: RESPONSES IN BOX-BEHNKEN DESIGN 

TLB:D is total lipid blend:drug, SL:Ch is soya lecithin:cholesterol, 
PEG 400 is polyethylene glycol 400, n=3, mean±SD
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Thermograms were obtained for plain drug and 
optimized EFA-loaded liposomes using DSC (Mettler 
Toledo, DSC 823e). The heating rate of 10°/min was 
employed in the 30-300° temperature range. Standard 
aluminium pans were used, an empty pan was used as 
reference standard. Analysis was performed on 5 mg 
sample under nitrogen purge (40 ml/min)[31].

The IR spectrum of optimized EFA-loaded liposomes 
was recorded using FTIR spectrophotometer (Jasco 
FTIR-460+spectrophotometer) with diffuse reflectance 
principle. Sample preparation involved mixing the 
sample with potassium bromide (KBr), triturating 
in the glass mortar and finally placing in the sample 
holder. The spectrum was scanned over a frequency 
range 4000-400 cm-1[32].

Stability studies:

The optimized liposomal dispersion and solid liposomes 
were placed in a light-shielded vials and stored in a 
stability chamber at 40° and 75 % RH for 3 mo (as 
per ICH guidelines). At one-mo time intervals, samples 
were withdrawn, dissolved in methanol and checked 
for vesicle size, IR spectra and drug content[33].

Bioavailability studies:

Approval for animal studies was granted by the 
Institutional Animal Ethics Committee, with the 
approval number, CPCSEA/IAEC/PT-02/02-2017. 
These studies were carried out as per the guidelines 
of Organization for Economic Co-operation and 
Development and Committee for the Purpose of 
Control and Supervision of Experiments on Animals. 
Animal studies were conducted using male Wistar 
rats to demonstrate the bioavailability of a drug. The 
animals were fasted overnight (12 h) prior to dosing. 
Plain vehicle, optimized liposomal dispersion, aqueous 
dispersion of solid liposomes and aqueous drug 
suspension (dose: 0.11 mg/g) were administered to four 
groups of six rats in each with the aid of oral feeding 
needle. Blood samples (2 ml) were withdrawn from 
the retro-orbital plexus at 0, 2, 4 and 6 h intervals and 
collected in EDTA-coated tubes. The blood samples 
were centrifuged immediately at 1500 rpm for 10 min 
and the separated plasma was stored at –20° in screw-
capped polypropylene tubes till the time of analysis[34]. 
Analysis of the plasma samples to quantify the drug 
in the plasma were done using reversed-phase high-
performance liquid chromatography method using 
methanol:0.1 mM dipotassium hydrogen phosphate 
buffer (90:20 % v/v) as mobile phase at flow rate of 

1 ml/min. Injection volume was 20 μl and UV/Vis 
SPD 20A detector was used at wavelength of 247 nm. 
Column used was Agilent TC C18 (250×4.6 mm i.d., 5 
μm vesicle size)[35].

RESULTS AND DISCUSSION

Solubility studies were carried out to find different 
concentration of SL for preparing liposomes. As 
EFA is hydrophobic (log P- 5.4) it was found to be 
soluble in SL. Since, SL and cholesterol were the key 
components of liposomes, it was necessary to determine 
their proportion. Cholesterol imparts rigidity to the 
liposomal membrane and SL forms the membrane 
and is responsible for improving solubility of drug. 
Cholesterol is not responsible for enhancement of drug 
solubility; hence no solubility studies were carried out 
with cholesterol. Various concentrations of SL were 
studied (Table 3). An increase in solubility of EFA was 
observed with increasing concentration of SL up to 
700 mg. No significant increase in solubility of EFA 
was evident in 800 and 900 mg of SL. Based on these 
results further studies were carried out to identify SL 
and cholesterol ratio to prepare blank liposomes. 

Liposomes without drug were prepared using thin 
film hydration method with different ratios of 
SL:cholesterol (Table 4). The vesicle size of the 
liposomes ranged from 241.1 to 602.1 nm. Zeta 
potential of the liposomes ranged from –1.33 to  
–8.96 mV. SL:cholesterol ratio of 5:5 gave liposomes of 
least vesicle size. However equal concentrations of SL 
and cholesterol would cause extensive retardation of 
drug release as the bilayer becomes very inflexible[36]. 
Liposomes of different ratios of TLB:D were also 
prepared and evaluated for vesicle size (Table 4). The 
size of the drug-loaded liposomes ranged from 473.9 
to 609.4 nm and zeta potential ranged from –9.86 to  
17.6 mV. Least vesicle size was observed at TLB:D ratio 
of 6:1. It was however observed that loading of drug 
into the liposomes brought about a significant increase 
in size compared to the size of blank liposomes. It could 
be presumed that EFA being lipophilic in nature, got 

Components Solubility 
(µg/ml)

Solubility 
enhancement 

ratio
Drug+water
Drug+SL (500 mg)+water
Drug+SL (600 mg)+water
Drug+SL (700 mg)+water
Drug+SL (800 mg)+water
Drug+SL (900 mg)+water

8.45±1.56
10.32±2.15
11.11±1.98
26.52±2.58
26.67±2.66
27.82±2.55

--
1.22
1.31
3.13
3.15
3.29

TABLE 3: SOLUBILITY STUDIES

SL is soya lecithin; n=3, mean±SD
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interspersed in the lipid bilayer, which increased the 
vesicle diameter. Hence further studies were conducted 
by including PEG 400 in the liposomes with different 
TLB:D ratios. Based on the results of the preliminary 
studies, different ratios of SL:cholesterol, TLB:D 
and PEG 400 concentration were selected for further 
studies (Table 1).

Box-Behnken design with 3 factors at 3 different levels 
was used to investigate effect of independent variables 
on some key responses. Thin film hydration method 
was used to prepare 13 batches, which were evaluated 
for vesicle size and percent EE (Table 2). Analysis of 
experimental results was performed using the Stat-
Ease Design Expert version 10.0.

Regression analysis for response Y1 (vesicle size) is 
shown in Eqn. 1. The vesicle size for the formulations 
prepared as per Box-Behnken design varied from 694.7 
to 1200 nm (Table 2). The polynomial Eqn. (Eqn. 1) 
generated by the software after analysis suggested that 
factor A (TLB:D), factor B (SL:cholesterol) and factor 
C (PEG 400) had positive effects on vesicle size. Hence, 
these results might show that vesicle size increased 
with increase in TLB:D ratio and concentration 
of PEG 400. The same is reflected in the response 
surface diagram shown in fig. 1A. As discussed 
earlier EFA, being lipophilic in nature, appeared to be 
located in the lipid bilayer, thus resulting in increased 
vesicle size. Ramana et al. reported an increase in 
liposome size with increase in drug to lipid ratio for 
nevirapine[37]. Liposome surface being hydrophilic 
in nature has a hydration layer surrounding each 
vesicle. The PEG 400 molecules get interspersed in 
the hydration layer, which results in additional surface 
hydration thickness and thereby increase in size of 
vesicle. However, the PEG molecules stabilize the 

vesicle size by preventing aggregation of vesicles[38]. 
Eqn. 1, PS = 941.50+79.66A+55.81B+113.28C–
20.00AB+140.82AC+118.97BC+135.62A2+35.87B2–
65.95C2. The model F value of 5.43 implied that the 
quadratic model was significant. Values of ‘prob>F’ 
less than 0.0500 (0.0182) indicated that model terms 
were significant. In this case factor A and C were 
significant model terms. 

Regression analysis for response Y2 (% EE) is shown 
in Eqn. 2. The % EE varied from 99.87-94.73 % 
(Table 2). It is clear from the Eqn. that the factor A 
(TLB:D) had a positive effect on % EE. Therefore, 
increase in TLB:D ratio increased the drug EE. This 
was confirmed by the probability values (p-0.0127) 
generated by ANOVA studies. The p value (0.0150) for 
the term C2 is indicative of an exponential relationship 
between EE and concentration of PEG 400. Besides 
stabilizing the vesicle size, PEG 400 also acted as a 
solubilizer for EFA. Chika et al. reported a 16-fold 
increase in aqueous solubility of EFA in the presence 
of PEG 400[39]. PEG 400 might have increased the 
EE by enhancing the solubility of EFA in the aqueous 
inner phase of the liposomes. Similar findings were 
reported for paclitaxel due to inclusion of PEG 400 
in the liposomal formulation[40]. Thus, EFA could be 
partitioned in the lipid bilayer as well as the aqueous 
inner core leading to increased EE. The response surface 
diagram for EE is presented in fig. 1B. Eqn. 2, EE = 
97.58+1.16A–0.63B–0.084C–0.47AB–0.32AC+0.22 
BC+0.036A2–0.38B2+0.93C2. The Model F-value of 
6.17 implied that the model was significant. In this case 
A, B, C2 were significant model terms. Importantly, 
increase in the cholesterol content did not enhance drug 
loading capacity of the liposomes. Instead it reduced 
the encapsulation efficiency. High levels of cholesterol 
have been reported to interfere with the close packing 
of lipids in the vesicles[36]. The encapsulation of EFA in 
the liposomes was confirmed by DSC measurements. 
High EE was one of the critical factors used to express 
the quality of liposomal formulation in the therapeutic 
effect of drugs. The drug lipid ratio is a critical 
formulation parameter, which affects number of 
vesicular properties including release profile, EE and 
vesicle size. Different drug-lipid ratios were studied to 
regulate the release of doxorubicin form the vesicles[41]. 
This ratio can be used as an index of the effectiveness 
of the preparation method too. Furthermore, drug-
lipid ratio influenced the therapeutic efficacy of the 
liposomal product, expressing the actual dose of the 
drug being administered[42].

Parameters Responses
SL:Ch Particle size (nm) Zeta potential (mV)
5:5
6:4
7:3
8:2
9:1
TLB:D
4:1
6:1
8:1
PEG 400
5 %
10 %
15 %

241.1±0.08
416±0.50
367±0.32

602.1±0.42
437±1.36

583.7±1.65
473.9±0.78
609.4±0.76

425.8±0.65
398.9±0.79
497.0±0.32

-6.89±1.2
-1.75±0.5
-1.33±0.8
-8.13±1.58
-8.96±1.98

-9.16±1.3
-10.5±1.8
-17.6±2.5

-12.1±1.6
-18.7±1.7
-13.5±2.1

TABLE 4: EVALUATION OF BLANK LIPOSOMES 

TLB:D is total lipid blend:drug, SL:Ch is soya lecithin:cholesterol, 
PEG 400 is polyethylene glycol 400, n=3, Mean±SD
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Among the various formulations, optimal formulations 
were selected on the basis of responses of maximum 
EE and in range vesicle size. The software generated 50 
solutions, among which one was chosen on the basis of 
highest desirability factor. The optimized formulation 
was prepared with TLB:D ratio of 4:1, SL:cholesterol 
ratio of 7:3 and PEG 400 at 10 % v/v concentration. As 
TLB consisted of SL and cholesterol, the TLB amount 
is distributed in 7:3 proportion with constant amount 
of drug. The optimized formulation was evaluated for 
vesicle size, EE, in vitro drug release, TEM studies and 
pharmacokinetic studies.

The vesicle size of optimized formulations was found 
to be 945.6 nm. Liposomes were prepared using thin 
film hydration method, which resulted in the formation 
of large multilamellar and unilamellar vesicles as 
explained by Yadav et al.[33]. Polydispersity is the ratio 
of standard deviation to mean droplet size; hence, it 
indicates the uniformity of droplet size within the 
formulation. The higher the polydispersity, the lower 
the uniformity of the droplet size in the formulation. 
The closer to zero the polydispersity value reached, 
the more homogenous were the droplets. The 

polydispersity index was found to be 0.487, which 
indicated homogenous nature of the particles. 

The zeta potential value of optimized formulation 
was –10.6 mV. The results of the vesicle size and zeta 
potential supported the acceptable physical stability as 
high absolute zeta potential values tend to hinder the 
probability of coalescence and thereby maintain the 
homogeneity of vesicle sizes. The zeta potential value 
between +30 to −30 mV imparts good stability to the 
liposomal encapsulation. EE of optimized formulation 
was found to be 98.92 %.

The optimized liposomal dispersion was subjected 
to TEM studies to determine the inner structure of 
the liposomes. Fig. 2 shows the lipid bilayer and 
the aqueous compartment. TEM image showed that 
multi-vesicular and multi-lamellar liposomes were 
formed after hydration[43]. In the TEM image for the 
EFA-loaded liposome, the droplets were observed 
as spherical in shape and liposomal formulation was 
a monodispersed stable system and could deliver the 
drug effectively.

The findings of the in vitro dissolution profile in SGF 
and SIF clearly showed that the dissolution rate of EFA 
was significantly improved after the encapsulation. 
Percent release values of the drug over 6 h, in SGF for 
2 h and in SIF for 4 h determined for the Box-Behnken 
design batches of the liposomal dispersions are shown 
in fig. 3. In vitro release ranged from a lowest of  
20.75 % for batch R5 to a maximum cumulative release 
of 93.03 % for batch R1 in a span of 6 h (Table 5). Plain 
EFA showed less than 10 % release in 6 h. The drug is 
present in solubilized form in the lipid bilayer as well as 
the aqueous inner liposomal core. Its diffusion through 
the liposome seems to be facilitated by the formation 

A.  

B.  
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Fig. 1: 3D response surface of A. vesicle size and B. % EE

 
Fig. 2: TEM image of liquid liposomes
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of transient pores in the lipid bilayer, through which 
drug was released to the extra-liposomal medium[44]. 
Higher concentration of cholesterol appeared to 
cause rigidity of the lipid bilayer resulting in smaller 
and lesser number of pores. The hydroxyl group of 
cholesterol formed hydrogen bonds with the carbonyl 
groups of soya lecithin causing rigidity of the liposomal 
bilayer and effectively reducing the pore size[45]. Thus, 
formulations containing higher amount of cholesterol 
showed significantly slower release. The optimized 
liposomal dispersion displayed 94.28 % cumulative 
drug release in 6 h[46]. 

The optimized liposomal formulation was converted 
into solid form by adsorption onto different adsorbents 
like aerosil, MCC and β-CD NS at different ratios of 
1:1, 1:2 and 1:3. The blend, which produced a free-
flowing powder was selected for further studies. The 
angle of repose for different ratios of aerosil ranged 

from 30-32° while for MCC the values ranged from 
34-37°. The blend with β-CD nanosponges displayed 
excellent flow properties with angle of repose in the 
range of 27-30°. The 1:2 ratio of optimized liposome 
with β-CD nanosponge was selected for further 
investigations as it showed least angle of repose. The 
nanosponges have several nanocavities created due to 
cross linking of β-CD with diphenyl carbonate, which 
act as potential sites for entrapment of hydrophilic and 
hydrophobic moieties along with the β-CD cavities 
themselves[47]. Thus, the liposomes are presumable 
getting encapsulated within these cavities and 
nanochannels. The drug content for solid optimized 
formulation was 98.02 %, which was nearly equal 
to EE.

DSC thermograms of EFA exhibited a sharp melting 
endothermic peak at 140.16° (fig. 4) showing 
polymorphic form 1. Radesca et al. claimed that EFA 
exists in polymorphic form 1 (crystalline), polymorphic 
forms 2 and 3 show peak at 140°, 116° and 108° 
respectively where form 1 shows therapeutic efficacy 
in strengths of 50, 100 and 200 mg[48]. Liposome-
loaded nanosponges did not show any endothermic 
peak of EFA. Hence, it could be concluded that EFA 
was encapsulated into the nanosponges[49]. This has 
also indicated a change in the physical nature of EFA 
from the crystalline state to the amorphous one.

The IR spectra of EFA and solid liposomes were 
recorded. The characteristic peaks observed for EFA 
include -NH stretch, C=O stretch, C-F stretch and C-Cl 
stretch at 3317.3, 1749.7, 1496.9 and 1038.3 cm-1, 
respectively[50]. The FTIR spectra of solid liposomes 
showed a broad peak at 3400 cm-1 due to OH groups 
present in cholesterol, which is part of the bilayer as well 
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Fig. 3: Comparative in vitro dissolution profile
(▬♦▬) Plain drug, (▬■▬) optimized solid liposomes and 
(▬▲▬) optimized liposomal dispersion

Batches
Cumulative 

percent drug 
release in SGF in 

2 h*

Cumulative 
percent drug 

release in SIF in 
6 h*

R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
Plain EFA
Optimized 
liposomal 
dispersion
Optimized solid 
liposomes

31.07±0.68
20.84±0.23
18.36±0.31
16.65±0.63
15.21±0.54
16.65±0.32
16.07±0.54
42.24±0.21
20.25±0.82
31.43±0.72
37.46±0.56
47.25±0.89
18.81±0.91
5.72±0.72

25.65±0.76

28.07±0.32

93.03±0.16
37.89±0.53
28.86±0.28
21.65±0.26
20.75±0.43
21.32±0.91
27.03±0.31
76.60±0.56
80.97±0.79
58.32±0.81
91.42±0.56
88.63±0.15
61.83±0.32
9.5±0.62

94.28±0.75

93.12±0.12

TABLE 5: IN VITRO DRUG RELEASE STUDIES

n=3, mean±SD
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Fig. 4: DSC graph of A. plain EFA and B. solid liposomes
Integral: 299.86 mJ; peak: 140.16°
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as the nanosponges. A peak at 1741 cm-1 is characteristic 
of the carbonate ester group both in β-CD and EFA. 
The incorporation of drug in NS were further checked 
by drug content by UV spectrophotometer showing 
λmax at 247 nm indicated that liquid formulation gets 
adsorbed on nanosponges (fig. 5).

Drug release studies were carried out for optimized 
solid liposomes and plain drug (fig. 3). After 6 h, 
optimized solid liposomes showed 93.12 % cumulative 
release while from unformulated drug the release was 
a meagre 9.5 % in 6 h. An insignificant decrease in 
release was observed with solid liposomes as compared 
to liquid liposomes as the liposomes were entrapped 
within NS cavities. Hence a delay in release from NS 
is expected. 

Stability evaluation was carried out for 3 mo as per ICH 
guidelines and the vesicle size and EE was checked. 

An insignificant change in vesicle size and EE was 
observed for the optimized liposomal dispersion. 
Vesicle size after 3rd mo was found to be 976.5 nm with 
EE of 98.32 %. Micromeritic properties of optimized 
solid liposomes are shown in Table 6. No change was 
observed in the IR spectra and drug content[51].

The in vivo pharmacokinetic parameters for 
bioavailability enhancement of optimized formulation 
were studied using bioanalytical HPLC method. The 
Cmax for plain drug, optimized liquid formulation 
and aqueous dispersion of solid liposomes were found 
to be 2.6, 4.9 and 5.2 µg/ml, respectively and Tmax 
was found to be 2 h. About 2-fold increase in Cmax 
was found in EFA liposomal dispersion as compared 
to plain EFA (Table 7). The AUC0-6h for the optimized 
liposomal dispersion and solid liposomes was found 
to display 2.5 and 2.6-fold increase in bioavailability, 
which showed significant increase as compared to 
plain drug. GraphPad Prism 7 software was used to 
compute statistical measures. ANOVA test was used 
to find out significant differences in plain drug and 
formulation, the P value (0.0049) was below 0.01 
indicating a significant difference in pharmacokinetics 
of test formulations.

The larger amount of dissolved drug encapsulated in the 
liposomes translated into higher oral bioavailability. As 
seen in the in vitro dissolution studies most of the drug 
is released in small intestine. The intestinal lymphatic 
system is responsible for the absorption of lipid-based 
formulations. In case of lipophilic drug, the degree of 
lymphatic transport was strongly correlated with the 
triglyceride content of the lymph. The pancreatic lipases 
cause structural breakdown of the liposomes leading to 
the formation of mixed micelles and vesicular carriers 
in presence of bile salts, which transport the drug and 
free phospholipids through the intestinal mucosa[52]. 
The free phospholipids stimulate production of 
chylomicrons by the glycerol-3-phosphate pathway on 
rough endoplasmic reticulum, and the 2-monoglycerol 
pathway on smooth endoplasmic reticulum. Thus, 
the lipophilic drug associated with chylomicrons is 
expected to enter intestinal lymphatics[53]. As EFA is 
highly lipophilic in nature (log P=5.4) we may presume 
that the drug is absorbed via the lymphatic route. 

Properties Values* Significance
Angle of repose
Hausner’s ratio
Carr’s index

27.85±1.26
1.11±0.21
12.7±0.75

Good
Excellent

Good

TABLE 6: MICROMERITICS PROPERTIES OF 
OPTIMIZED SOLID LIPOSOMES 

n=3, mean±SD

Pharmacokinetic Tparameter Optimized liposomal dispersion Aqueous dispersion of solidified liposomes Plain EFA

Cmax (µg/ml)
Tmax
AUC0-6 h
Kel (h

-1)

4.9±0.72
2 h

76.41±3.58
0.340±0.08

5.2±0.56
2h

80.20±5.65
0.250±0.07

2.6±0.19
2 h

30.41±7.38
0.199±0.08

TABLE 7: PHARMACOKINETIC PARAMETERS 

n=3, mean±SD

Fig. 5: FTIR-Spectra of a. EFA and b. solid liposomes
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Besides this the HIV, which causes AIDS, settles in 
lymphoid organs such as the spleen, thymus and lymph 
nodes. In the early stage of infection and throughout the 
latent stage, the virus replicates vigorously in lymphoid 
organs, meaning that lymphatic drug delivery can be 
advantageous in the treatment of AIDS[54,55]. Thus, the 
pharmacokinetic studies demonstrated that EFA-loaded 
liposomes could significantly upgrade the solubility 
and oral bioavailability of EFA as well as improve the 
therapeutic efficacy.

The present study demonstrated that liposomes 
enhanced oral bioavailability of a poorly soluble non-
nucleoside reverse transcriptase inhibitor, EFA. The 
liposomes loaded with EFA were prepared using thin-
film hydration method. These liposomes were evaluated 
for vesicle size, EE, in vitro drug release and in vivo 
pharmacokinetics. Improvement in dissolution profile 
signified enhanced solubility. The oral bioavailability 
of the formulation in rats was also remarkably enhanced 
by almost 2-fold. It could be concluded that the 
solubility and bioavailability of EFA was significantly 
improved after liposomal encapsulation.
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