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Abstract 
____________________________________________________________________________________________________ 
 
Objective: the aim of the current study was to be screening of the formulation 
components, prepare ROS-NLCs by hot homogenization–ultrasonication technique 
and optimized by Full factorial design then formulations prepared were further 
characterized.  
Methods: The screening experiments were carried out to select the most suitable 
solid lipids, liquid lipids, and surfactants. Moreover, physical compatibility 

between the solid lipids and liquid lipids, along with their proportions, was 
evaluated. Additionally, characterization and optimization of the developed 
formulations were outlined and identified. Primarily, the solubility of ROS-Ca in 
various solid lipids and liquid lipids is the key factor for choosing the optimal one. 
Results: Stearic acid, Glyceryl Monostearate (GMS), and Compritol®888 ATO 
exhibited a higher ability to solubilize ROS-Ca, with solid lipid values per 10 mg 
of ROS-Ca (w/w) recorded as 750±3.56 mg, 1250±4.36 mg, and 1750±5.16 mg, 
respectively. In the systematic screening of different liquid lipids, Transcutol® HP 

(98.41 mg/ml), CapryolTM90 (78.64 mg/ml), and Labrafac MC60 (64.36 mg/ml) 
demonstrated a good affinity for the drug. The (Stearic acid-Transcutol® HP) 
mixture showed phase separation with oil droplet residue on filter paper, whereas 
the (GMS-Transcutol® HP) mixture showed no separation and left no oil droplet 
residue on filter paper. The optimized NLC formulations composed of glyceryl 
monostearate GMS (solid lipid) and Transcutol® HP (liquid lipid) as lipid phase, 
poloxamer 188 and Tween 80 (1:1 ratio) as surfactants. 
Conclusions: Study concludes the ability of NLCs to improve the oral 

bioavailability of poorly water-soluble drugs by enhancing solubilization and 
dissolution rates in the gastrointestinal tract is well-recognized. 
Keywords: Glyceryl monostearate, nanostructured lipid carriers, optimization, 
rosuvastatin calcium. 
 

 

INTRODUCTION 
 

Rosuvastatin Ca(ROS-Ca) is a statin drug acting as a 

competitive inhibitor of HMG-CoA (3-hydroxy-3-

methylglutaryl coenzyme A) reductase, which 

catalyzes the conversion of HMG-CoA to mevalonate, 
the rate limiting step in cholesterol biosynthesis. 

Rosuvastatin Ca (ROS-Ca) is a class II drug in 

Biopharmaceutical Classification System (BCS) which 

is lipophilic (log p ~ 1.92) in nature and has an oral 

bioavailability of nearly 20%1. ROS-Ca has low oral 

bioavailability which is attributed to its poor aqueous 

solubility. 

To overcome previously mentioned drawbacks and 

enhance oral bioavailability and aqueous solubility of 

ROS-Ca, nanostructured lipid carrier (NLCs) second 

generation of solid lipid nanoparticles (SL) can be 

used. In recent decades, lipid-based drug delivery 

systems have sparked optimism for their positive 

effects on drug absorption. While conventional lipid-

based systems, such as micelles, liposomes, and nano 

emulsions, have shown promising results, they are 

vulnerable to degradation during storage and in the 
gastrointestinal tract (GIT) due to the stomach's acidic 

environment, intestinal enzymes, and bile salts2. 

To overcome these limitations, Muller et al. 

extensively researched biocompatible and bio-

degradable solid lipids, leading to the development of 

solid lipid nanoparticles (SLNs) in the early 1990s, 

resolving stability and toxicity concerns associated 

with conventional lipid-based systems. However, SLNs 

faced drawbacks like poor drug loading capacity and 

drug expulsion during storage due to their 

transformation from a highenergy state to a more 
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ordered state (β) on storage. To address these issues, 

modified lipid nanoparticles, also known as 

nanostructured lipid carriers (NLCs), emerged in the 

early 2000s to adjust the physical state and drug 

loading capacity of SLNs3. 
NLCs exhibit distinctive characteristics and are 

formulated using a blend of solid and liquid lipids, 

generating less ordered structures that enable better 

inclusion of drug molecules within the matrix during 

the shelf life4. Consistent reports highlight that the 

increased entrapment efficiency in NLCs is attributed 

to the structural parity of two lipids in NLCs, resulting 

in imperfections in their structure, while solidification 

provides more space for accommodating drugs. 

Moreover, the higher entrapment efficiency is a result 

of greater drug solubility in liquid lipids compared to 

solid lipids5. This, along with extended shelf storage 
stability, positions NLCs as an advanced carrier 

compared to other traditional lipid-based methods. 

Furthermore, NLCs have the potential to incorporate 

both hydrophilic and lipophilic drugs. Additionally, 

they may facilitate sustained drug release and target 

drugs to the desired site of action. The system also 

holds promise for treating chronic diseases due to its 

modulation of drug efficacy and sustained effects over 

longer periods. This review primarily delves into the 

composition and fabrication process of NLCs, 

examining their properties and their role as a delivery 
vehicle in enhancing the oral bioavailability of various 

drugs, along with advancements made to further 

enhance their performance6. 

Therefore, the present study was aimed to screen of the 

formulation components, prepare ROS-NLCs, optimize 

the preparation and characterization methods of 

Nanostructured lipid carriers (NLCs) for poorly water-

soluble drug (Rosuvastatin Ca, ROS-Ca) to enhance 

the oral bioavailability7. 

 

MATERIALS AND METHODS 

 
The active drug Rosuvastatin calcium (ROS-Ca) was 

obtained from EIPICO, Cairo –Egypt. Compritol® 888 

ATO (glyceryldibehenate), Precirol® ATO 5 (Glycerol 

distearate type I), Maisine®CC (glyceryl-

monolinoleate), LabrafacTMPG (propylene glycol 

dicaprylate/dicaprate), Cpryol® 90 (propylene glycol 

monocaprylate type II), Labrasol® ALF (caprylo-

caproyl macrogol-8-glycerides), Gelucire® 44/14 

(lauroyl macrogol-32 glycerides), Gelucire®39/01 

pellets (Glycerol esters of saturated C12-C18 fatty acid 

ester), Transcutol® HP (Highly purified diethylene 
glycol monoethyl ether) and Labrafil® M2125 CS 

(linoleoyl macrogol-6-glycerides,  were kindly 

provided as a gift samples from Gattefosse (France). 

Glyceryl Mono Stearate (GMS), Stearic acid, 

Poloxamer 188 (polyoxyethylene-polyoxypropylene 

(150:29) block copolymer), Tween® 80 

(polyoxyethylene (20) sorbitanmonooleate), Chitosan, 

Methanol and Cremophor® EL (polyethoxylated castor 

oil) were purchased from Sigma Aldrich, Inc. (USA). 

Selection of solid lipids 

Determination of saturation solubility of ROS-Ca in 
different solid lipids was performed by the test tube 

method. Accurately weighed amount of the ROS-Ca 

(10 mg) putted in the test tube then the solid lipid was 

added in increments of (250 mg) which could be heated 

to 4-5°C above the melting point of the solid lipid with 

continuous stirring using magnetic stirrer with hot plate 
at 200 rpm (Remi Instrument Ltd., Mumbai, India). 

The quantity of solid lipid required to solubilize ROS-

Ca was recorded. The full dissolution state was 

completed by formation of clear and transparent 

solution8. 

Selection of liquid lipids 

Screening of liquid lipids was performed by 

determination of saturation solubility of ROS-Ca in 

different oils which was performed by adding excess 

amount of drug in small glass vials contain fixed 

volume (5 ml) of different liquid lipids. The vials were 

tightly closed and continuously stirred to reach 
equilibrium for 72 h at 37°C at 100 rpm using shaker9. 

After that liquid lipids and ROS-Ca mixtures were 

centrifuged using a high-speed centrifuge (Biofuge 

Primo centrifuge maximum 17.000 rpm, (England)). at 

10,000 rpm for 15 min at 25°C. The supernatant was 

separated, dissolved in methanol and solubility was 

quantified by UV-Vis Spectrophotometer (Ultraviolet 

spectrophotometer, Shimadzu 1800, (Japan)) at 244 

nm. 

Physical compatibility of solid lipids and liquid 

lipids  
The miscibility of selected solid lipids and liquid lipids 

that have the maximum affinity for the drug could be 

achieved. A constant ratio of 1:1 between solid lipids 

and liquid lipids was used, and the components were 

melted together in separate glass test tubes. The molten 

lipid mixture was left to solidify at room temperature. 

Once solidified, the test tubes were visually examined 

to confirm the absence of layered separation in the lipid 

mass. Additionally, the compatibility of the solid and 

liquid lipids was assessed by applying a cooled sample 

of the solidified lipid mixture onto a piece of filter 

paper, followed by a visual check for the presence of 
oil droplets. A binary mixture with a melting point 

exceeding 44°C, which showed no oil droplet residues 

on the filter paper, was selected for the preparation of 

ROS-NLCs10-12. 

Selection of a binary lipid phase ratios 

The ratio of selected solid lipids and liquid lipids was 

determined based on the melting point of the binary 

lipid mixture. Selected solid and liquid lipids were 

blended in the ratio varying from 90:10 to 10:90, then 

the binary Lipid mixtures were melted and stirred at 

200 rpm for 1 h at 5°C above the melting point of solid 
lipid using hot plate magnetic stirrer. Then, the 

resulting blend was left to congeal at room 

temperature. The melting points of the congealed lipid 

mixtures was determined by capillary method13,14. 

Selection of surfactants  

For the preparation of NLC, surfactants were selected 

based on their capacity to emulsify solid liquid binary 

mixture. Binary lipid mixture (100 mg) was dissolved 

in 3 ml of methylene chloride and added to 10 ml of 

5% surfactant solutions then stirred by magnetic stirrer 

(Remi Instrument Ltd., Mumbai, India).  
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The organic layer was evaporated at 40°C and the 

remaining suspensions were diluted with 10-fold 

distilled water. The transmittance percent of the 

resultant samples was determined using UV-Vis 

spectrophotometer at 510 nm9,13. 

Fabrication of nanostructured lipid carriers (NLCs)  

Nanostructured lipid carriers containing ROS-Ca 

(ROS-NLCs) were developed using the hot 

homogenization-ultrasonication method, incorporating 

slight modifications. In summary, a predetermined 

quantity of a binary lipid mixture (solid-to-liquid ratio 

of 70:30) was melted at a temperature 5 °C above the 

solid lipid’s melting point. ROS-Ca (5% w/w of total 

lipids) was dissolved in the prepared oil phase, which 

consisted of 5% w/w of the solid and liquid lipids. The 

aqueous phase, containing a specific surfactant, was 

heated to match the oil phase temperature and added 
gradually (drop wise) under continuous magnetic 

stirring at 1500 rpm for 10 minutes. Subsequently, the 

resulting pre-emulsion was homogenized at a high 

mixing speed of approximately 20,000 rpm using an 

Ultra-Turrax T25 homogenizer for 10 minutes. The 

resulting oil-in-water nanoemulsion was then subjected 

to probe sonication using an ultrasonic processor 

(GE130, probe CV18, USA) at 60% amplitude for 10 
minutes. Finally, the prepared NLC dispersion was 

allowed to cool to room temperature. 

Experimental design for ROS-Ca optimization 

A Full factorial design was employed to study the 

effect of the independent factors on the dependent 

responses as shown in Table 1 using Design expert 

version 13 to predict the optimum NLC formula. 

The independent variables were lipid concentration 

(X1) and surfactant concentration (X2), while the 

dependent variables were particle size (Y1), 

polydispersity index (Y2) and % entrapment efficiency 

(Y3)10,15,16 as described in Table 1. Nine formulae of 
Rosuvastatin were obtained according to the 

experimental design. 

 

Table 1: Variables in the Full factorial design for the preparation of NLCs. 
Variables Low  

Level (-1) 

Medium 

level (0) 

High 

level (+1) 

Independent variables 

X1 = lipid concentration (% w/v)  
X2 = Surfactant concentration (% w/v) 

 

2 
1 

 

3 
1.5 

 

4 
2 

Dependent variables  
Y1 = Particle size (nm)  
Y2 = Poly dispersity index (PDI)  
Y3 = % Entrapment efficiency (% w/w)  

 
Optimum 
Minimum 
Maximum 

 

- 

 

- 

 

Characterization of ROS-NLCs 

Particle size (PS), polydispersity index (PDI) and 

zeta potential (ZP) measurement 

The particle size (PS) and polydispersity index (PDI) 

of NLC were measured by dynamic light scattering 

using Zetasizer (Zetasizer Nano ZS, Malvern 

Instruments, (UK). This principle depends on 

measuring the Brownian motion which can detect the 

PS. The Poly Disparity Index (PDI) was determined as 

a measure of homogeneity. Small valued of PDI 
indicate a homogeneous population, while PDI values 

>0.5 indicates high heterogeneity. 

The mean diameter and polydispersity index were 

measured using a Zetasizer Nano-ZS, equipped with a 

10 mW He-Ne laser employing the wavelength of 633 

nm and a back-scattering angle of 90° at 25°C. The 

zeta potential is the electrostatic potential at the 

boundary between the dispersion medium and the 

stationary layer of fluid attached to the dispersed 

particle17. Zeta potential is an important physical 

property of particles in suspension, being related with 
their stability and their surface morphology. Therefore, 

the measurement of this potential can be useful to 

characterize the stability of NLCs for an extended 

period. The zeta potential of NLC formulations was 

determined via electrophoretic mobility measurements 

using a (Zetasizer Nano ZS, Malvern Instruments, 

(UK)). The zeta potential was calculated by applying 

the Helmholtz–Smoluchowski equation (n=3) 

To determine the particle size, PDI and zeta potential, 

Before Photon correlation spectroscopic (PCS) 

analysis, ROS-NLCs formulations should be diluted 

with a certain amount of double-distilled water (1: 200) 

to get appropriate scattering intensity and the samples 

were analyzed in triplicate14. 

Entrapment efficiency and drug loading 

The entrapment efficiency and drug loading of NLC 

formulations were determined by the following 

procedure: initially, 2 ml of NLCs formulations were 

centrifuged at 100,000 rpm for 1 h at 4°C to evaluate 

the unentrapped ROS-Ca using cooling ultracentrifuge 
(Beckman Instruments TLX-120 Optima Ultra-

centrifuge model 19752 Tokyo, (Japan))3. 

After centrifugation, the supernatant was separated, 

filtered using Millipore VR membrane (0.2 mm) and 

appropriately diluted with methanol and examined by 

UV-Vis spectrophotometer at 244 nm to determine the 

unentrapped drug.  

In-vitro drug release 

The in-vitro release tests were performed for pure 

ROS, and for equivalent weighed amount of the 

lyophilized powder of the optimized GMS ROS-NLC. 
A quantity of each preparation containing 2.5 mg of 

drug was placed in a firmly sealed dialysis bag of a 

molecular weight cut-off 12-14 kDa. The dialysis bag 

was immersed in a flask containing 250 ml of 

Phosphate buffer pH 6.8 with Tween 20 (0.5% w/w) to 

confirm more sink conditions. The flasks were kept in 

a shaking water bath (Model 1031; GFL Corporation, 

Burgwedel, Germany) at 37°C and 100 rpm1,8,18.  The 

parameters of the in vitro release study were selected to 

achieve the sink condition. Aliquots of 2 mL were 
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withdrawn at time intervals (0.5, 1 h, 2 h, 4 h, 6 h, 8 h, 

10 h, 12 h, 18 h and 24 h) with immediate replacement 

with equal volume of fresh dissolution media to 

maintain sink conditions.  All samples were filtered 

through 0.250 μm syringe filter19, The quantity of ROS 
in the withdrawn samples was determined 

spectrophotometrically at 244 nm. The experiment was 

done in triplicate for each formulation and mean values 

were calculated. 

The data are presented as mean±SD and were analyzed 

using one-way ANOVA with GraphPad Prism software 

version 6.07 (GraphPad, San Diego, California). A p-

value of less than 0.05 was considered statistically 

significant. 

 

RESULTS AND DISCUSSIONS 

 

Selection of solid lipids (SL) 

The ability of nanostructured lipid carrier (NLC) 

formulations to incorporate a specific drug is 

predominantly influenced by the drug's solubility 

within the solid lipid core. To optimize the drug 

loading (DL) and entrapment efficiency (EE) of the 

formulated NLC, the solubility of ROS-Ca in various 

solid lipids was assessed. This evaluation facilitated the 

selection of an appropriate solid lipid for the NLC 

formulation. A strong affinity between the solid and 

liquid lipids may ensure high entrapment efficiency, 
which is a crucial characteristic of a carrier system. 

Figure 1 represents the solubility of ROS-Ca in 

different solid lipids. The experiments with solid lipids 

demonstrated that the affinity of ROS-Ca to solid lipid 

was in order of stearic acid < Glyceryl Mono Stearate 

(GMS)<Compritol®888ATO <Precirol®ATO 5 

<Gelucire® 43/01<Gelucire® 39/01. These results are 

in accordance with the work done by authors and 

scientists. 

Stearic acid, Glyceryl Monostearate (GMS) and 

Compritol®888 ATO showed higher ROS-Ca 

solubilizing ability, with solid lipid values per 10 mg of 
ROS-Ca (w/w) of 750±3.56 mg, 1250±4.36 mg and 

1750±5.16 mg, respectively. These results correlated 

with chemical structure of ROS-Ca that contain 

nitrogen (N) atoms which form hydrogen bonds with 

stearic acid also due to weak lipophilicity of ROS-Ca 

(log p ~ 1.9) which allows easier accommodation and 

higher solubility of the drug in this SL. The high 

solubility of ROS-Ca in stearic acid and Glyceryl 

Mono Stearate (GMS) is also due to their self-

emulsifying properties8,20. 

Selection of liquid lipids (LL) 

Adequate dissolvability of ROS-Ca in liquid lipids is 
fundamental for the effective formulation of 

nanostructured lipid carriers, as the drug's solubility 

directly impacts the entrapment efficiency. The 

screening of liquid lipids was conducted based on the 

solubility of ROS-Ca in various liquid lipids. The drug-

loading capability of the oil phase is a key 

consideration in their selection for NLC formulation. 

Higher drug solubility in the oil phase reduces the need 

for surfactants, thereby minimizing their toxic effects. 

The solubility of ROS-Ca in various oils was shown in 

Figure 2. It was evident that ROS-Ca revealed highest 
solubility in Transcutol® HP (98.41 mg/ml), 

CapryolTM90 (78.64 mg/ml) and Labrafac MC60 

(64.36 mg/ ml). The least solubility was observed in 

Labrasol ALF (39.09 mg/ml), Labrafil M 2125 CS 

(25.58 mg/ml) and Maisine®CC (16.62 mg/ml). The 

same results were reported in a previous study21. 

 

 
Figure 1: Solubility study of ROS-Ca in different SL. 

 

The solubilization capability of Transcutol® HP (98.41 

mg/ml), Capryol™ 90 (78.64 mg/ml), and Labrafac 

MC60 (64.36 mg/ml) for ROS-Ca is due to their 

intrinsic self-emulsifying properties and chemical 

composition (PEG-medium chain triglycerides). PEG/ 

glycerides are believed to possess a superior ability to 

encapsulate a broad spectrum of lipophilic and 
hydrophilic drug molecules within lipid carriers, thanks 

to their well-known surfactant characteristics22. 

Physical compatibility of solid lipids and liquid 

lipids  

The miscibility of the chosen solid and liquid lipids 

with the highest affinity for ROS-Ca was successfully 

achieved. This step is crucial for ensuring the 

development of stable NLCs, as it allows the liquid 

lipid to be fully incorporated within the solid lipid 

matrix. To evaluate the physical compatibility of the 

selected solid lipids (stearic acid, GMS, and 

Compritol®888 ATO) with the chosen liquid lipid 

(Transcutol® HP), both visual inspection and filter 

paper tests were conducted. The above criteria were 
investigated in previous studies10-12. (Stearic acid -

Transcutol® HP) mixture showed phase separation and 

residue of oil droplets on filter paper indicating 

formation of inhomogeneous mixtures. On the other 

hand, no separation was observed in the congealed 

mass and no residue of oil droplets on filter paper of 

(GMS-Transcutol® HP) and (Compritol®888 ATO-

http://www.ujpr.org/
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Transcutol® HP) mixtures indicate that formation of 

homogenous mixture22. 

Selection of a binary lipid phase ratios 
The ratio of selected solid lipids and liquid lipids was 

determined based on the melting point of the binary 
lipid mixture. It was observed that the solid-liquid lipid 

blends in a 70:30 ratio exhibited an adequate melting 

point (55–59°C). When the liquid lipid content was 

increased further, the melting point of the blends fell 

below the desired level. Therefore, the 70:30 ratio was 

selected as the standard for the solid-liquid lipid 

mixture in all NLC formulations. Moreover, the 70:30 

ratio is the most suitable and commonly used ratio, as 

supported by numerous previous studies23-25. 

Selection of surfactants  

The ability to emulsify and the stability of the emulsion 

were used as the criteria for selecting surfactants. A 
higher percentage of transmittance indicates smaller 

particle sizes, leading to better emulsification. 

Additionally, surfactants play a crucial role in 

stabilizing NLC by decreasing the interfacial tension 

between the dispersed phase and the dispersion 

medium, thus preventing particle coalescence and 
agglomeration. As shown in Table 2 and Table 3, the 

results demonstrated that Poloxamer 188 (Lutrol® F68, 

Kolliphor® P 188) exhibited the highest emulsification 

capacity for the binary lipid mixtures of (Compritol® 

888 ATO - Transcutol® HP) and (GMS - Transcutol® 

HP), with transmittance values of 93±2% and 90±2%, 

respectively. This was followed by Tween 80, which 

had transmittance values of 85±3% and 81±2%, 

respectively. Finally, Cremophor® EL showed 

transmittance values of 61±2% and 55±3%, 

respectively. The percentage of transmittance distinctly 

reflects the ability of surfactants to emulsify and 
stabilize selected binary lipid mixtures. 

 

Table 2: Miscibility study of binary lipid mixture with different surfactants. 
SAA GMS and 

Transcutol® HP 
Compritol® ATO 888 

and Transcutol® HP 

Transmittance±SD  

Poloxamer 188 90±2 93±2 
Tween 80 81±2 85±3 
Cremophore® EL 55±3 61±2 

 

Table 3: Suggested formulae of ROS-NLCs were developed using full factorial design (32 ). 
Formula % Lipid Conc.  % SAA Conc.   

F1 2 2 
F2 2 1.5 

F3 3 1.5 
F4 4 2 
F5 4 1 
F6 3 1 
F7 4 1.5 
F8 2 1 
F9 3 2 

 

A high transmittance percentage indicates a well-

emulsified and stable emulsion. This is due to the 

hydrophilic/lipophilic balance (HLB) value of the 

surfactant used, where higher HLB values are 

associated with higher transmittance and thus smaller 

particle sizes. The results obtained align with the work 

done by previous researchers8,20. 

HLB values of surfactants used in screening studies are 

in order of lutrol®F68 (HLB =29) >Tween® 80(HLB 

= 15) >Cremophore® EL (HLB = 12-14)26.  
Previous studies have shown that using a combination 

of surfactants is more effective in producing smaller 

nanoparticles with enhanced storage stability. The 

results obtained clearly indicated that formulations 

with more than one surfactant resulted in smaller 

particle sizes compared to those with a single 

surfactant. This is due to the combination of multiple 

surfactants, which create blended surfactant films at the 

particle level. These blended surfactants efficiently 

covered the particle surfaces, producing nanoparticles 

with smaller sizes and providing sufficient viscosity to 
maintain storage stability. Here, 1:1 ratio of poloxamer 

188 and Tween 80 showed excellent emulsification 

capacity of binary lipids and stability of emulsion 

((Compritol® 888 ATO - Transcutol® HP) and (GMS  

 

- Transcutol® HP), with transmittance values of 

96±2% and 93±2%, respectively); hence, poloxamer 

188 and Tween 80 in 1:1 ratio was selected as 

surfactant for the preparation of NLC. 

Fabrication and optimization of nanostructured 

lipid carriers (NLCs)  

Based on screening and solubility studies, the NLC 

formulations were designed, formulated, and 

optimized. The lipid phase consisted of GMS as solid 

lipid and Transcutol® HP as the liquid lipid, selected 
based on the solubility of ROS-Ca in the lipid phase. 

Poloxamer 188 and Tween 80 mixture (1:1) were 

chosen as surfactants for the aqueous phase. The ratio 

of the lipid phase to surfactant was optimized by design 

expert Full factorial design (32), and the concentration 

of ROS-Ca was fixed at 5% (w/w) of the lipid phase. 

The lipid phase should not exceed 5% (w/w). These 

observations are consistent with some previous studies 

by22,26, who found that higher lipid concentrations lead 

to significantly larger particle sizes. As the 

formulations were intended for oral use, surfactants 
were kept at a maximum concentration of 2.5% (w/w). 

The composition of the formulations is provided in 

Table 3. Preparation of ROS-NLCs was performed 

using homogenization followed by the probe sonication 
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technique. The impact of variations in lipids and 

surfactants on particle size, PDI and EE was studied. 

Additionally, other physical characterizations were 

conducted for each formulation to select the best one 

for further investigations. 

Effects of lipid (X1) and Surfactant(X2) 

concentration on particle size PS (Y1) 

The particle size of ROS-NLC formulations was in the 

nanometer range. This is shown in Table (5). This 

reduction significantly impacts the bioavailability of 

poorly water-soluble compounds. It is well-

documented that reducing the particle size to the sub-

micron level enhances the dissolution rate and 

absorption of the compound, thereby improving its 

bioavailability27,28. 

The particle size for better permeation should be less 

than 500 nm, as represented in Table 4, the 

observations revealed that all the designed 

formulations were in the colloidal nanometer range 

(<300 nm). It can be concluded that particle size of 
GMS nanoparticles (F1-F9) ranged from (93±1.5 to 

270±3 nm). 

It was observed that increased lipid concentrations lead 

to significantly larger particle sizes.  

PS (Y1) 190.78 = 17.67(X1) + 31.67(X2) - 42.00(X1X2) 

– 39.67(X1
2) + 31.33(X2

2) 

It was shown in the previous equation and Figure 3 that 

an increase in lipid (X1) and SAA (X2) concentrations 

led to progressive increase in particle size (Y1).  

 

 
Figure 2: Histogram showing the solubility study of (ROS-Ca) in different LL. 

 

Effects of lipid (X1) and Surfactant (X2) 

concentration on polydispersity index PDI (Y2) 

PDI should be less < 0.5 for better uniformity or mono 

distribution lower values indicate more homogenous 

nano dispersions than higher values. Usually, values < 

0.5 and considered acceptable concerning the 

homogeneity of the prepared dispersions29.  

Table 5 provides a summary of the polydispersity 

index measurements. The NLC dispersions produced 
had a PDI value of ≤0.5±0.02, owing to the preparation 

method employed, which indicates a homogeneous and 

narrow size distribution of NLC nanoparticles30,31. 

PDI (Y2) 0.5378 = - 0.0150 (X1) + 0.0033 (X2) – 

0.0650 (X1X2) – 0.1317(X1
2) – 0.0067 (X2

2) 

It was shown in the previous equation and Figure 4 that 

increased lipid concentration decreased the PDI, 

whereas increased SAA concentration increased the 

PDI. 

Effects of lipid (X1) and Surfactant (X2) 

concentration on Entrapment Efficiency % EE (Y3) 

EE and LC, the amount of drug encapsulated in the 

nanoparticles and the drug content within the lipid 

matrix are crucial factors in optimizing NLC. Several 

factors influence the quantity of drug encapsulated in 

the lipid matrix, including the type of lipids used, the 

physicochemical properties of the drug, the drug's 

miscibility and solubility in the molten lipid, the 
physical and chemical nature of the lipid matrix, and 

the crystalline state of the lipid matrix. Additionally, 

surfactant presence was found to affect encapsulation 

efficiency. These findings were reported in some 

previous studies8,20. The entrapment efficiency of all 

NLCs formulations is presented in Table 5. 

It was noted that the EE of ROS-Ca in GMS 

nanoparticles (F1 to F9) varied from 48±2% to 73±2%. 

EE (Y3) 73.11 = 7.00 (X1) - 5.00 (X2) + 3.25 (X1X2) – 

12.76 (X1
2) + 2.33(X2

2) 

 

Table 4: Particle size, polydispersity index, zeta potential and entrapment efficiency of ROS-NLCs contain 

GMS as SL formulations. 
F SL/LL 70: 30 SAA 1: 1 PS (nm)±SD PDI±SD ZP (mV) ±SD EE (%)±SD 

GMS: Trans T80: P88 

F1 2 2 270±3 0.48±0.03 -32.9±1.23 48±2 
F2 2 1.5 100±1 0.42±0.05 -15.66±1.24 50±3 
F3 3 1.5 161±2 0.48±0.03 -27.03±2.13 73±1.5 
F4 4 2 173±2 0.29±0.02 -22.13±1.65 65±3 
F5 4 1 164±1.7 0.42±0.03 -27.03±2.14 71±2 
F6 3 1 235±3.2 0.55±0.04 -34.05±2.65 68±2 

F7 4 1.5 232±2.8 0.45±0.03 -23.60±1.87 71±1.4 
F8 2 1 93±1.5 0.35±0.02 -21.95±1.68 67±2 
F9 3 2 239±3.4 0.57±0.02 -27.26±2.14 73±2 

 

http://www.ujpr.org/


Anwar et al.,                                                              Universal Journal of Pharmaceutical Research 2024; 9(5): 82-90                            

   

ISSN: 2456-8058                                                                  88                                                  CODEN (USA): UJPRA3    

 
Figure 3:3D plot showing simultaneous influence of independent variables on PS. 

 

 
Figure 4: 3D plot showing simultaneous influence of independent variables on PDI. 

 

It was shown in the previous equation and Figure 5 that 

an increase in lipid concentration resulted in a higher 

EE% as increased lipid content provides a large space 

for drug encapsulation, but an increase in SAA 
concentration caused a decrease in EE%.  

Zeta potential (ζ) measurement 

Zeta potential provides valuable insights into the 

surface charge properties and the long-term physical 

stability of the NLCs. For NLCs stabilized solely by 

electrostatic repulsion, a minimum zeta potential 

between -30 and 30 mV is necessary for stability32. 

Zeta potential values of all designed formulations are 

shown in Table 5. The results revealed that the ZP of 

the various formulations was consistently negative 

surface charge. ZP values of GMS nanoparticles (F1-
F9) in between (-15.66±1.24 to -34.05± 2.65 mV). 

Optimized formula OPT-GMS ROS-NLC 

After fitting the results of PS, PDI and EE to design 

expert full factorial design then analysis of the data was 

done. The optimized formula was obtained that was 

(lipid concentration: SAA concentration) (2:1) for 
GMS ROS-NLC16. 

It was observed that the values of particle size, PDI, 

and zeta potential of the OPT-GMS ROS-NLC were 

found to be 126.4±2.6 nm, 0.36±0.03 and -9.5±3.7 mV 

respectively. It was observed that the entrapment 

efficiency (EE) and loading capacity (LC) of ROS-Ca 

in OPT-GMS ROS-NLC were 63±2 and 3.15±0.16%. 

The cumulative drug release percentages for OPT-

GMS ROS-NLC formulation and the ROS-Ca 

suspension are presented in Table 5 and graphically 

illustrated in Figure 6. 

 

 
Figure 5: 3D plot showing simultaneous influence of independent variables on EE. 
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Figure 6: Cumulative release % of ROS from ROS-NLC formulation and ROS Suspension in PBS (pH 6.8). 

 

In-vitro release studies of OPT-GMS ROS-NLC 

ROS suspension exhibited a faster drug release in pH 

6.8 PBS. Generally, the release of ROS from the 

suspension was immediate. However, this release 
process took several hours, suggesting that the dialysis 

bag provided some resistance approximately 43.12±3.6 

% of ROS being released within the first 8 hours. In 

contrast, ROS was slowly released from GMS ROS-

NLC formulation over a period of 24 h approximately 

73.16±4.7 % of ROS being released within 24 h.  

Additionally, the study found a biphasic release pattern 

over the 24 h. The initial stage showed a burst effect, 

typically attributed to the rapid release of the drug 

embedded on the NLC surface. Following this initial 

stage, the release of ROS-Ca slowed down. The slow-

release phase of ROS-NLCs after the initial stage could 
be related to the depth of the entrapped ROS in the core 

matrix of the NLCs33. 

 

CONCLUSIONS 

 

The ability of NLCs to improve the oral bioavailability 

of poorly water-soluble drugs by enhancing 

solubilization and dissolution rates in the 

gastrointestinal tract is well-recognized. Efficient 

incorporation of ROS-Ca into NLCs requires careful 

selection of components and formulation optimization. 
This study outlines a systematic approach for selecting 

NLC components through comprehensive screening of 

excipients to identify the most suitable ones for 

preparing ROS-NLCs. The formulations developed 

were subsequently characterized and optimized, 

resulting in nanoparticles with a favourable size and 

high entrapment efficiency. In this work, GMS ROS-

NLCs were successfully formulated using the hot 

homogenization-ultrasonication method. The optimized 

formulations exhibited high entrapment efficiency, 

significant drug loading, optimal particle size 

distribution, and an improved dissolution rate by 
optimizing the lipid-to-surfactant ratios. 
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