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ABSTRACT 

 
Rilpivirine is an Anti-HIV drug which has very low aqueous solubility. In this study we aimed to 

develop Rilpivirine loaded solid lipid nanoparticles (SLN) to enhance the bioavailability of the drug. The 
formulations were optimised and checked for various evaluation parameters like mean particle size, zeta 
potential, PI, FTIR, in-vitro drug release, SEM, PXRD & TGA. F4 was the optimised batch which showed 
very good particle size and was a very stable formulation. Solid lipid Nanoparticles protect the 
encapsulated drug and increases its stability, moreover it is good method to increase solubility of drugs 
that are lipid soluble.  
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INTRODUCTION 
 

HIV stands for Human immuno deficiency virus which weakens body immune system. Hiv is a 
deadly disease which has no cure however some drugs can prolong the life of the patient ex:- Rilpivirine 
hydrochloride. Drug has broad activity against both wild type HIV and has a good pharmacokinetic 
profile, it’s absorption depends on GIT pH, dose of drug is 25 mg/day [1-3]. 

 
Solid Lipid Nanoparticles act as colloidal vehicles and have emerged as nanocarriers having 

excellent protective attributes. SLN play important role in encapsulating the drug and protect it from 
degradation. They consist of lipid core made from solid lipids. SLN widely focuses on delivery of poorly 
water-soluble drugs [4-5]. 
 

In recent times applications of SLN have been expanded and are used in stabilizing emulsions [1]. 
 

Many pharmaceutical compounds are facing the problem of insufficient bioavailability [2]. 
Nowadays challenging task is also to prepare formulation which have controlled drug release over a 
specific period of time. SLN which are colloidal carriers made up of high melting point lipids, they have 
coating of aqueous surfactant layer [2]. 
 

Colloidal systems act as very good alternative drug delivery systems for enhancement of 
bioavailability of drug. They have several advantages over other drug delivery systems. Various methods 
are employed in preparation of solid lipid nanoparticles such as solvent evaporation & solvent 
emulsification method, etc [3]. 
 

For oral route, SLN specifically focuses on uptake of drug using lymphatic system which prevents 
the route of first pass effect. SLN production uses various excipients like fatty acids, triglycerides, 
phospholipids. Solid Lipid nanoparticles have benefits like protection of drug from degradation, good 
tolerability, no toxic metabolite produced in the body, biocompatibility, improving solubility of lipid 
soluble drugs and drugs having low aqueous solubility [5]. 
 

SLN have a site-specific targeting and have are having excellent physical stability. Also SLN as 
compared to emulsion formulations have better sustained release action due to drug immobility within 
lipids [6]. Solid lipid nanoparticles which include benefits of both polymeric nanoparticles and liposomes. 
Also they have long shelf stability. SLN are made up of biodegradable lipid base.  
 

They are comprised of small particles ranging in size from 100-200 nm size range. They are 
cleared from blood by RES system in liver and spleen. SLN can be used for variety of routes of 
administration which includes parenteral, dermal, ocular, etc [7]. 

 
A great advantage of SLN over polymeric nanoparticles is that they reduce the risk of acute and 

chronic toxicity as they are composed of tolerated lipid components [8]. 
 

SLN are colloidal particles typically composed of the following constituents: 
 
Lipids: These are the primary building blocks of SLNs and are solid at room temperature. Lipids can be 
sourced from natural fats or synthetic sources. Common lipids used in SLNs include stearic acid, glyceryl 
behenate and cetyl palmitate. 
 
Emulsifiers or Surfactants: Emulsifiers or surfactants are essential for stabilizing SLNs and preventing 
their aggregation. They lower the interfacial tension between the lipid and the aqueous phase, allowing 
for the formation of nanosized particles. Common emulsifiers include lecithin, poloxamer. 
 
Water: SLNs are often prepared in an aqueous medium, where water serves as the continuous phase. 
This water content can vary depending on the formulation and intended application [9]. 
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Solvent evaporation technique [10] 
 
Here’s a basic overview of the process: 
 

• Selection of Lipid: Choose a biocompatible lipid, often a solid at room temperature, as the core 
material for your SLNs. 

• Selection of Surfactant: Select a surfactant or combination of surfactants to stabilize the SLNs 
and prevent aggregation. 

• Dissolution: Dissolve the lipid and surfactant(s) in a volatile organic solvent, typically something 
like chloroform or dichloromethane. This forms a clear solution. 

• Emulsification: Inject this solution into an aqueous phase (usually distilled water or an aqueous 
buffer) while stirring vigorously. This forms an oil-in-water emulsion. 

• Solvent Evaporation: Allow the organic solvent to evaporate over time. This can be done under 
reduced pressure, with gentle stirring, or by other means, depending on the desired SLN 
characteristics. 

• Nanoparticle Formation: The molecules of surfactant and lipid will come together to form SLNs 
as the solvent evaporates. A number of variables, including temperature, surfactant 
concentration, and emulsification technique, affect the size of the SLNs. [10]. 

 
MATERIALS AND METHODS 

 
All the materials used were of analytical grade & are given in table 1. 

 
Experimental Work 
 
Method of Preparation 
 
Solvent Evaporation Method 
 

• It basically consists of two phases: Lipid phase and aqueous phase.  
• In lipid phase: Compritol 1gm and Precirol 2gm (lipids) are dissolved in 10-20ml of chloroform 

and and drug 10mg is dissolved and kept for magnetic stirring.  
• Aqueous phase represents poloxamer F-127 (5mg) dissolved in distilled water (25ml). Aqueous 

phase is added slowly using syringe to the lipid phase. Assembly was kept for magnetic stirring 
for 1 hour.  

• Evaporation: Allow the solvent to evaporate slowly, which will cause the nanoparticles to form 
as the polymer or active compound precipitates out of the solution.  

• Nanoparticle Collection: Once the solvent has completely evaporated, you’ll be left with 
nanoparticles suspended in the aqueous phase. 

• Purification: Often, additional steps such as centrifugation or filtration are required to separate 
and purify the nanoparticles [10-11] 

 
Formulation and Optimization of Solid Lipid Nanoparticles 
 

Optimization was done using DOE software tool using 2³ factorial design (Given in Table 2). 
 
Total 8 batches were prepared under this optimization process. From this F4 batch was found to 

be optimized batch 
 
Evaluation of Optimized Batch 
 
Particle Size Analysis 
 

It was carried out by particle size analyser for all prepared batches. Particle size analysis plays 
important role in formulations. SZ-100 HORIBA Particle size analyser was used to obtain result regarding 
particle size and to measure particle size & PDI of solid lipid nanoparticles. All samples were diluted with 
distilled water  and made upto till they reached a suitable concentration. The Z average value and PDI 
were determined. The SLN were diluted with distilled water (1:100) & measurement was done [12-15]. 
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Polydispersity Index 
 

A Polydispersity Index (PDI) value of > 0.7 indicates a broad particle size distribution in the 
formulation, while a value of 0.01 (mono dispersed particles) to 0.5-0.7 indicates a narrow distribution. 
One of the most important aspects of nanoparticle performance is the size and distribution of the 
particles. A crucial part of formulation stability is played by PI. The SZ-100 Horiba was the analytical 
instrument used. Using distilled water, a 1 ml sample was diluted to make 10 ml, then placed in a cuvette 
for analysis [16–20]. 

 
Zeta Potential 
 

Measuring the zeta potential of solid lipid nanoparticles (SLNs) is important for assessing their 
stability and potential for aggregation. Same instrument (SZ-100 Horiba) used for analysis. The samples 
diluted with water in a ratio of 1:100 before measurement [21-23]. 

 
FTIR Analysis 
 

Fourier Transform Infrared Spectroscopy (FTIR) gives idea about the vibration in chemical 
bonds so by yielding an IR (infra-red) spectrum. FTIR analysis was done by using KBr. Take KBr and 
sample in ratio of 3:1 in mortar and pestle and mix it thoroughly by the help of spatula; take this mixture 
in cuvette & run FTIR instrument. JASCO software was used for analysis [24-27]. 
 
% Entrapment Efficiency 
 

To determine whether a nanocarrier is effective in retaining the drug or active ingredient and 
delivering a sufficient quantity of the component to the intended site, entrapment efficiency, or EE, is 
measured. % EE is determined by using the following formula 

 
% Drug Entrapped =          Amount of free drug            x100 

  Total amount of drug loaded  
 

% entrapment efficiency of batch was done by taking 5-10ml equivalent to 2mg of drug of sample 
was subjected for centrifugation for 40 min at 30,000 rpm at 4⁰C. The percentage of incorporated 
Rilpivirine HCL was determined spectrophotometrically. After centrifugation, amount of free drug was 
detected in supernatant and the amount of incorporated drug was determined by calculating initial drug 
minus free drug [28-31]. 

 
SEM Analysis 
 

Scanning Electron Microscopy (SEM) is a powerful technique for analyzing Solid Lipid 
Nanoparticles (SLN). SEM allows for high-resolution imaging of the surface morphology and structure of 
SLN. Also it gives deep insights of size structure and surface morphology of prepared nanocarriers. 10-20 
ml sample (liquid) of F4 Batch subjected to centrifugation and sediment was collected. Sediment taken 
into filter paper for drying and then it is lyophilised to get dried SLN. Dried SLN was sent for SEM analysis. 
It was done using JEOL SEM analyser. Surface morphology of prepared drug loaded Solid lipid 
nanoparticles was studied using SEM (Zeis EVO KS10). Samples were fixed on stubs using double side 
carbon tape. At argon atmosphere, at 20mA for 120 seconds [32-33]. 
 
In-Vitro Drug Release 
 

Using a cellophane dialysis membrane bag, the in-vitro drug release study was conducted. Within 
a cellophane membrane bag, a 5 ml sample of the prepared SLN solution was taken. A 12-hour soak in 
phosphate buffer (pH 7.4) was done before applying cellophane membrane. A beaker full of buffer (pH 
7.4) was used to dip a cellophane membrane after tying it at both ends. At 37±1⁰C, a sample of solid lipid 
nanoparticles was used for the diffusion study. The study used 50 millilitres of phosphate buffer. Each 
time, a 1 ml sample was taken out, diluted to a 10 ml mark, replaced with a fresh batch of the same buffer, 
and exposed to UV analysis. To keep the sink conditions, 1 ml of new buffer solution was added each time. 
Removed 1ml sample diluted upto the mark and is subjected to UV analysis. All the samples were UV 
Analysed and in-vitro drug release data was compared [34-37]. 
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XRD Analysis 
 

XRD analysis is a valuable tool in characterizing nanoparticles for various applications, such as in 
materials science and nanotechnology, as it provides essential information about their structural 
properties. XRD analysis helps to determine crystallinity of sample helps to determine structural 
properties of prepared nano formulations [38].   
 

RESULTS AND DISCUSSION 
 
Particle Size 
 

Particle size analysis was done for all the batches & particle size of the optimized batch was 
found to be 271nm and pi=0.5 respectively (Given in Figure 1). 

 
PDI 
 

Polydispersity index (PDI) is a measure of the size distribution of nanoparticles. In the context of 
nanoparticles, PDI quantifies the variation in particle sizes within a sample. A low PDI value (typically 
close to 0) indicates a narrow size distribution, meaning most particles in the sample have similar sizes. 
Conversely, a high PDI value (closer to 1) suggests a broad size distribution, with particles of varying 
sizes. PI of the formulation was found to be 0.5. 

 
Zeta Potential 
 

It was found to be -29.6mV indicating stable formulation (Given in Figure 2). 
 
FTIR 
 

FTIR analysis was done, drug (Rilpivirine HCl) and lipid Compritol and Precirol were found to be 
compatible with each other. Formation of SLN were confirmed by FTIR analysis.  

 
% Entrapment Efficiency (EE) 
 

% entrapment efficiency of solid lipid nanoparticles was checked. By altering ratio of Compritol 
and Precirol, formulations were prepared.  

 
Calculations  
 

Y = mx+c 
Y = 0.159x+0.069 

 
After all calculations, % EE was found to be 92 % 
 
In-vitro Drug Release Studies 
 

The in-vitro release profile was done for the optimized batch. Release of Rilpivirine from pure 
drug solution was faster. SLN formulation maintained sustained release of drug. Release kinetics was 
better. In-vitro drug release was conducted till 180 minutes (3 hour) starting from 15min, 30min, 60min, 
120min, 150min, 180min in like wise manner (Given in Table 3 & Figure 3). It was measured as % CDR.  

 
SEM 
 

SEM analysis for the optimized batch was done from SPPU, Pune (Physics department) using 
instrument JEOL JSM 6360A Analytical SEM. SEM images clearly indicate Rilpivirine is loaded in the solid 
lipid matrix i.e. SLN formulation (Given in Figure 4 & 5). 
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XRD 
 

XRD of the Rilpivirine loaded solid lipid nanoparticles was done (Given in Figure 6). The 
diffraction pattern of sample showed characteristic pointed peaks with 2∅ indicating crystalline nature of 
sample. 

 
TGA Analysis 
 

TGA analysis was done for pure drug and prepared SLN formulation of the drug (Given in Figure 
7 & 8). From the results obtained from graph reveals that there is good effiicient drug loading (80-90%). 

 
Table 1: Formulation Ingredients 

 
Sr No Ingredients Source 

1 Rilpivirine HCl Laurus labs 
2 Poloxamer F127 Aadhunik industries 
3 Compritol 888 ATO Gattefose 
4 Precirol ATO 5 Gattefose 
5 Methanol Merck life sciences Pvt ltd 
6 Chloroform Merck life sciences Pvt ltd 
7 Potassium dihydrogen phosphate Merck specialities ltd 

 
Table 2: Optimization Table 

 
Run Factor 1 

Compritol (gm) 
Factor 2 

Precirol (gm) 
Factor 3 

Sonnication time (Minutes) 
1 2 2 1 
2 0.5 2 3 
3 0.5 0.5 3 
4 0.5 0.5 1 
5 2 2 3 
6 2 0.5 3 
7 2 0.5 1 
8 0.5 2 1 

 
Table 3: In-vitro Dissolution Study 

 
Sr No Time (minutes) % Drug Release 

1 15 8.42 
2 30 12.30 
3 60 18.69 
4 120 36.82 
5 150 64.53 
6 180 88.9 
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Figure 1: Particle Size of Optimized F4 batch 

 
Figure 2: Zeta Potential of Optimized F4 batch 

 
Figure 3: % CDR of SLN loaded drug 
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Figure 4: SEM image (I) 

 
Figure 5: SEM photograph (II) 

 
Figure 6: XRD pattern of F4 batch 
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Figure 7: TGA of Pure Drug 

 
Figure 8: TGA of F4 batch 

 

 
CONCLUSION 

 
In the present study, Rilpivirine loaded solid lipid nanoparticles were prepared by solvent 

evaporation method and was evaluated for its various characteristic properties. Formulation was 
evaluated for its particle size, zeta potential, PI, in-vitro drug release, SEM, XRD, TGA, etc. SLN showed 
sustained release of drug upto 3 hours as compared to conventional.  
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