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Background: Monitoring noncommunicable diseases is regarded as a critical concern that has to be managed in order to avoid a wide 
variety of complications such as increasing blood lipid levels known as dyslipidemia. Statin drugs, mostly, Rosuvastatin (RSV) was 
investigated for its effectiveness in treating dyslipidemia. However, reaching the most efficient treatment is essential and improving the 
effect of RSV is crucial. Therefore, a combination therapy was a good approach for achieving significant benefit. Although RSV is 
hydrophobic, which would affect its absorption and bioavailability following oral administration, overcoming this obstacle was 
important.
Purpose: To that end, the purpose of the present investigation was to incorporate RSV into certain lipid-based nanocarriers, namely, 
nanostructured lipid carrier (NLC) prepared with virgin coconut oil (CCO).
Methods: The optimized RSV-NLC formula was selected, characterized and examined for its in vitro, kinetic, and stability profiles. 
Eventually, the formula was investigated for its in vivo hypolipidemic action.
Results: The optimized NLC formulation showed a suitable particle size (279.3±5.03 nm) with PDI 0.237 and displayed good 
entrapment efficiency (75.6±1.9%). Regarding in vitro release, it was efficiently prolonged for 24 h providing 93.7±1.47%. The 
optimized formula was established to be stable after 3 months storage at two different conditions; 4°C and 25°C. Importantly, 
including CCO in the development of RSV-NLC could impressively enhance lowering total cholesterol level in obese rat models, 
which endorse the potential synergistic action between RSV and CCO.
Conclusion: The study could elucidate the impact of developing NLC using CCO for improving RSV anti-hyperlipidemic activity.
Keywords: Rosuvastatin, natural compounds, coconut oil, nanostructured lipid carrier, optimization, hypolipidemic activity

Introduction
Noncommunicable diseases including; cancer, stroke, diabetes and coronary heart disease should be managed at their early 
stages in order to lower the chance of their risk factors.1 Dyslipidemia is a common risk factor of such diseases with overall 
prevalence that could reach 35%.2 Investigations revealed that dyslipidemia could be either primary or secondary, where 
primary dyslipidemia is frequently due to genetic causes, however, secondary dyslipidemia could be due to other 
consequences.3 These consequences mostly happen as a result of unhealthy lifestyle. The most common causes include 
excessive alcohol intake, smoking, obesity, and some underlying diseases such as uncontrolled diabetes, hypothyroidism, 
and kidney disorders.4,5 A variety of consequences could arise from dyslipidemia, which would greatly influence the human 
health issues.6 Therefore, controlling this condition and working for monitoring blood lipid levels is considered essential.

Dyslipidemia is characterized by imbalance in blood lipids, mostly higher levels of cholesterol and triglycerides, 
which is termed as hyperlipidemia.7 Two types of cholesterols are available, where high density lipoprotein (HDL) is 
good cholesterol while low density lipoprotein (LDL) is the harmful one.8 Therefore, treating dyslipidemia and lowering 
the harmful cholesterol levels is a critical task.
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Statin drugs are first line medication for efficient lowering of cholesterol levels.9 Rosuvastatin (RSV) is the latest 
synthetic statin drug that reported to have a great influence in lowering blood cholesterol levels and accordingly lower the 
risk of noncommunicable diseases especially heart diseases.10 It is highly potent and recommended for lowering 
triglycerides, improving cholesterol levels, and protecting against heart diseases.11,12 It works by decreasing cholesterol 
production in the liver via inhibiting 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase.13 Among statins, 
RSV exhibited poor water solubility and consequently resulted in very low oral bioavailability that could be less than 
20%.14 One way of solving the problem is to find a suitable drug delivery system to incorporate the drug and improve its 
properties exploiting the nanotechnology approach.

Nanotechnology is a science that applies technology to produce smart matters in a nanoscale. It could be applied 
widely in various fields especially in the medical field to help in developing formulations that could deliver drugs 
efficiently with the least complications.15–17 Nanosystems and nanocarriers as drug delivery systems were used in order 
to circumvent the drawbacks of conventional systems.17,18 They could enhance drug solubility, bioavailability, provide 
controlled drug release properties and offer long-term stability for the formulation.19 Nanolipid carriers are lipid-based 
systems which are used greatly to include hydrophobic medications. Several lipidic systems considered being lipid-based 
nanocarriers such as liposomes, nanoemulsions, solid lipid nanoparticles and nanostructured lipid carriers (NLCs).20 

NLC considered a remarkable type of lipid carrier since its lipid phase contains both liquid lipid, represented by oil, and 
solid lipid represented by fat.21 Generally, it keeps the advantages of most lipid nanocarriers and avoids their weaknesses. 
The most important advantage of NLCs are their ability to incorporate hydrophobic compounds, provide enhanced 
loading for the drug and improve the physical stability of the formulation.22 Consequently, NLCs are regarded as the 
nanolipid system of choice instead of other carriers. Various drugs could be extensively entrapped within NLCs such as 
anticancer,23 anti-inflammatory,24 antibacterial25 and anti-hyperlipidemic drugs.26

Right now, great concern has been driven toward natural compounds owing to their safety in treating different 
disorders with greater efficacy and least drawbacks.27 Virgin coconut oil (CCO) is natural plant oil found mainly in 
tropical regions and obtained from Cocos nucifera.28 It was documented that CCO exhibited various activities such as 
analgesic, anti-inflammatory, and antibacterial effect.29,30 In addition, it has a role in controlling blood lipid levels and 
subsequently, it could treat hyperlipidemia.31 CCO has been proven excellent in lowering bad cholesterol (LDL) and 
triglyceride levels and increasing levels of good one (HDL).32–34 It was verified via an in vivo study performed by 
Caesario et al, that virgin CCO was effective in lowering blood total glycerides levels same like conventional treatment 
with simvastatin hypolipidemic agent.35 Other studies found that daily intake of virgin CCO could raise the HDL levels 
in healthy individuals and another study showed that daily intake of CCO could lower the total cholesterol and 
triglycerides levels.36,37 The reason behind that biological influence could be attributable to the presence of great 
polyphenol content including ferulic acid, p-coumaric acid, vanillic acid, and caffeic acid. It has been observed that 
these polyphenols improve lipid profile by increasing the rate of fatty acid metabolism and decreasing lipogenesis.38

In the foregoing and in order to achieve efficient treatment and greater outcomes, natural compounds could be used in 
combination with pharmaceutical products for expected synergistic effect.39 Therefore, the aim of the present study was 
to develop NLC containing RSV for augmenting its oral bioavailability. While NLCs need two lipid phases, solid and 
liquid lipid, CCO would represent the liquid lipid phase in the formulation. Quality by design approach, mainly; Box– 
Behnken Design (BBD) was operated for selecting best optimized formula. The optimized formula was investigated for 
its physicochemical properties, in vitro studies and stability tests. Eventually, certain parameters including triglycerides 
(TG), total cholesterol (TC), LDL, and HDL levels were measured to validate the hypolipidemic effect.

Materials and Methods
Materials
Virgin CCO was purchased from NOW® Essential Oils (NOW Foods, Bloomingdale, IL, USA). RSV-Calcium and 
Tween 80 was bought from Sigma-Aldrich Co. (St Louis, MO, USA). Lauroyl polyoxyl-32-glycerides (Gelucire 44/14®) 
and MC60 glycerol monocaprylocaprate (Labrafac™) were procured from Gattefosse SAS (Saint-priest Cedex France). 
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Total cholesterol, LDL, HDL and triglycerides kits were obtained from United Diagnostic Industry (Dammam, KSA). All 
other chemicals were of analytical grade.

Designing the Experiment
In order to develop and optimize NLC formulations containing RSV, BBD was operated using three independent factors 
that were examined at three distinct levels as shown in Table 1. Lipid phase (X1), Tween 80 surfactant (X2) and 
Labrafac™ cosurfactant concentration (X3) were considered the selected independent factors that were studied against 
two responses: particle size and entrapment efficiency (EE) referred as Y1 and Y2, respectively. This examination was 
assembled using Design-Expert version 12.0 software (Stat-Ease, Minneapolis, MN, USA). The constructed design was 
validated using analysis of variance (ANOVA) test in addition to other statistical tools that were functioned to select the 
best fit model. Besides, the outcomes were emphasized by some modeling graphs created by the design along with 
mathematical equations.17

Manufacturing Process of RSV-NLC
Numbers of RSV-NLC formulations were developed using previously reported melt emulsification-ultrasonication 
method.40 According to the performed preliminary study, the ratio between solid lipid and liquid lipid phase that 
being most suitable and applicable was 2:8. Certain amount of solid lipid (Gelucire 44/14®), according to that proposed 
by BBD, was melted at temperature higher than its melting point. CCO as a liquid lipid phase was added to the melted 
solid phase, and then approximately 20 mg of RSV and specific amount of (Labrafac™) as cosurfactant were added to the 
lipid mixture with insistent mixing until homogenous mix was obtained. Up to 10 mL aqueous phase was emulsified with 
identified amount of surfactant (Tween 80), heated to the same temperature and then gradually added to the lipid phase 
while stirring till the pre-emulsion formed. The obtained pre-emulsion was homogenized for 5 min at 10,000 rpm using 
Ultra-Turrax homogenizer (IKA-T25; Germany). Afterward, the formed mixture was exposed for 30 s to sonication using 
probe sonicator XL-200, Qsnonica (New town, CT; USA). The developed dispersion was set aside at room temperature 
to cool, which facilitates the formation of NLC.

X1: Lipid phase concentration; X2: Tween 80 concentration; X3: Labrafac™ concentration Y1: particle size (nm) and 
Y2: EE (%)

Particle Size Analysis
In a disposable cuvette, small aliquot of the prepared RSV-NLCs diluted to 3 mL of distilled water in order to measure 
the particle sizes and the corresponding polydispersity index (PDI). Using a Malvern zetasizer (Nanoseries, zs; Malvern 
Instruments, Malvern, UK), such measurement was performed depending on dynamic light scattering technique at 
25°C.41

Measuring EE%
The percentage of RSV entrapped into the fabricated NLC formulations determined via centrifugation method utilizing 
centrifuge (Andreas Hettich GmbH, Co. KG, Germany).42 Concisely, Amicon® ultra- 4 (Ultracel 10K) was used, where 
sample of the NLC formulation was added in such tube followed by centrifugation for 1 h at 4°C and 6000 rpm. The free drug 

Table 1 Box–Behnken Design Plan Showing Three Independent Factors Studied on 
Three Levels for Two Responses

Independent Factors Level of Variation Responses Constraints

(−1) 0 (+1)

Lipid phase concentration (%) 10 15 20 Particle size (nm) Minimize
Tween 80 concentration (%) 5 7.5 10 EE (%) Maximize

Labrafac™ concentration (%) 2.5 3.75 5
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in the obtained filtrate was diluted and examined spectrophotometrically using spectrophotometer (U.V. Spectrophotometer, 
JENWAY 6305) at λmax 241 nm. The following equation was used for calculating the percentage of entrapment:

Fourier Transform Infrared Spectroscopy (FTIR)
Compatibility that might be identified between drug and excipient were investigated utilizing FTIR spectrophotometer (FTIR 
spectrophotometer, SHIMADZU, IRAFFINITY-1S, Japan). The study was performed using KBr pellet method, where KBr 
disc was prepared by compressing a thin film of the studied sample over KBr layer and allow drying in vacuum. The spectra 
of pure RSV, placebo NLC and optimized RSV-NLC were recorded at a scale between 4000 and 400 cm−1.43

Morphological Evaluation
Scanning electron microscopy (SEM) (JSM-6390LA, JEOL, Tokyo, Japan) is a microscopic technique that can be used to 
assess the morphology of the optimized RSV-NLC formulation. Usually, a sample of the formulation was applied to slabs 
that shield them gold, and then scanned. Next, using various magnifications, the morphology was detected at a 15 kV 
acceleration voltage under reduced vacuum.44

In vitro Drug Release Study
The in vitro release of RSV from optimized RSV-NLC was evaluated and compared with that released from RSV 
suspension using dialysis bag method as previously stated.45 Sample of the optimized RSV-NLC was placed into 
a dialysis bag with a cutoff 10,000 Da. The bag was immersed into a dissolution media of 250 mL PBS pH 6.8 at 
37°C and adjusted to rotate at 50 rpm using ERWEKA dissolution system (ERWEKA, GmbH, Heusenstamm, Germany). 
Samples were withdrawn from media at various time intervals up to 24 h and replaced with equivalent volume of fresh 
vehicle to insure keeping sink condition. The withdrawn sample were analyzed spectrphotometrically at λmax 241 nm via 
spectrophotometer (U.V. Spectrophotometer, JENWAY 6305). The study was performed in triplicate.

Kinetic Study
Release of RSV from optimized NLC formula was studied against different kinetic models. Zero order, first order, 
Higuchi and Korsmeyer–Peppas were the different models to which the release profile was fitted. The drug concentration 
versus time was plotted to check the most fitted model.46

Stability Testing
It is very essential to determine the stability of the formula when kept at different conditions. Accordingly, the optimized 
RSV-NLC was kept at closed containers for periods of 1 and 3 months at room temperature (25±2°C/60±5% RH) and at 
refrigerator (5±2°C). The study was performed according to the International Conference on Harmonization (ICH) 
guidelines. Certain evaluations were carried out upon storage including particle size, EE and in vitro release.47

Animals
Animal Handling
Male Wistar rats of average weight (170±25 g) were acquired from the Experimental Animal Research Centre at King 
Saud University, Riyadh, KSA. Rats were kept in ventilated cages under a standard laboratory conditions applying 12 
h light/dark cycle at ambient temperature and with free access to standard rodent diet and tap water.

Declaration of Ethical Approval
The protocol of the study was conducted following the approval (IRB23-124) that issued by Institutional Review Board 
(IRB) of AlMaarefa University. All animal experiments were performed in accordance with the rules and regulations of 
the Kingdom of Saudi Arabia and the research policies and procedures of IRB of AlMaarefa University, Riyadh.
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In vivo Study
Protocol of in vivo Animal Study
Twenty-five rats, divided into five groups were used in the current study. The first group was the control group that was 
fed a standard commercial rodent diet. The other four groups (20 rats) were fed a high-fat rodent diet (HFD) for 4 weeks 
that renders the animals obese. HFD would provide the rats with high calories since it contains high concentrations of 
protein, fat, and carbohydrates. All obese rats were kept on their feeding routine throughout the whole study.48,49 The 
treated groups were administered the examined formulations orally via oral gavage for two weeks. Accordingly, the 
animal groups were distributed as follows:
Group I: Control nonobese rats.
Group II: Untreated obese rats.
Group III: Obese rats treated orally with RSV suspension (20 mg/kg).50

Group IV: Obese rats treated orally with placebo NLC.
Group V: Obese rats treated orally with RSV-NLC (20 mg/kg) daily.

Following the specified time of treatment, animals were sacrificed and blood samples were taken, centrifuged at 
3.000 rpm for 10 min for serum separation. Serum samples were kept at temperatures of −20°C for further analysis.

Lipid Profile Measurement
Certain blood serum parameters were assessed using protocol of specific kits to measure the level of total cholesterol (T. 
Chol), triglycerides (TG), low density lipoprotein (LDL), and high density lipoprotein (HDL).

Statistical Analysis
Data were displayed as the mean ± standard deviation (SD) for at least three experiments. Groups considered 
significantly different from each other when P<0.05. All statistical analysis was confirmed using SPSS statistics software, 
v. 9 (IBM Corporation, Armonk, NY).

Result and Discussion
Manufacturing Process of RSV-NLC
RSV, as a poorly water-soluble hypolipidemic drug can be administered orally via its incorporation into nanolipid 
formulation. Consequently, all ingredients that have been chosen for the NLC formulation must fall into the GRAS 
(generally recognized as safe) category.51 This is to guarantee the biocompatibility and safety of the formulations to be 
administered orally. Moreover, the broad application of nanolipid formulation is attributed to their composition of 
generally regarded as safe (GRAS) components, which minimize cytotoxicity.52 For that reason, coconut oil that has 
been documented to have hypolipidemic activity was utilized since the US Food and Drug Administration (FDA) has 
classified it as generally recognized as safe (GRAS), which means it is harmless. Furthermore, the RSV-NLC was 
formulated using Tween 80, which is approved as a GRAS since it is a nonionic, nontoxic, and biocompatible 
surfactant.53 In addition, a wide variety of literature proved Gelucire 44/14® and Labrafac™ safe to use for oral NLC 
formulations owing to their ability to improve solubility and oral bioavailability of the medications.54,55

Analyzing the Experimental Design
BBD was used and overall 14 experimental formulations were designed using the assigned independent factors as shown 
in Table 2 along with their obtained responses. Statistical analysis for the obtained data was performed as listed in 
Table 3, and it was distinguished that the model F-value was significant for both responses. In addition, P-values for most 
of the model terms (X1, X2, and X3) were significant as long as their values stayed less than 0.0001. Furthermore, the 
lack of fit is very important parameter for interpreting the model and predicting the responses. In the current design, lack 
of fit F-value for both responses was not significant, which is recommended, since it was 5.04 and 1.33 for Y1 and Y2, 
respectively, therefore, the selected model was appropriate for the study.56

X1, lipid phase concentration (%); X2, Tween 80 concentration (%); X3, Labrafac™ concentration (%); Y1, Particle 
size (nm); Y2, EE (%);*significant P<0.05
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It was observed that particle size of all fabricated RSV-NLC was in range of 213±3.7 to 371±4.6 nm while the EE 
was between 63±1.9 and 91±1.7% as displayed in Table 2. For both responses, it was noteworthy that particle size (Y1) 
and EE (Y2) increased upon increasing lipid phase concentration (X1). The rationale behind that could be due to 
aggregation of particles that might happen and resulted in larger particle size upon using higher lipid concentration.57 

Consequently, larger particle size could definitely accommodate for larger amount of drug due to space availability, 
therefore resulted in an increment in the EE of the drug.13 In contrast, while using same lipid concentration, the 
increment of surfactant (X2) and cosurfactant concentration (X3) would result in decreasing Y1 and Y2. This could be 
attributed to the role of surfactant and cosurfactant in lowering the interfacial tension that would form particles with 
smaller size. Moreover, these surfactants would form barriers around the particles, preventing their aggregation, keeping 
them small.58 Subsequently, since surfactant and cosurfactant keep the particles small, there would be no available space 
for more drugs to be entrapped to maintain the EE small. The obtained outcomes could be emphasized by polynomial 
equations generated from the design as follow:

Table 2 Experimental Runs and Their Observed Responses as per 
BBD

Run Independent Factors Responses PDI

X1 (%) X2 (%) X3 (%) Y1 (nm) Y2 (%)

NLC1 20 5 3.75 371±4.6 91±1.7 0.35±0.04
NLC2 15 5 2.5 330±3.1 83±2.3 0.33±0.03

NLC3 20 7.5 5 355±4.0 88±1.9 0.38±0.02

NLC4 10 5 3.75 251±2.5 71±1.7 0.24±0.05
NLC5 15 10 5 262±3.1 72±2.2 0.22±0.04

NLC6 15 7.5 3.75 288±3.3 78±2.5 0.19±0.02

NLC7 10 10 3.75 213±3.7 63±1.9 0.17±0.03
NLC8 15 10 2.5 277±3.0 75±1.2 0.20±0.03

NLC9 20 7.5 2.5 360±4.6 89±1.5 0.34±0.02

NLC10 15 5 5 312±2.8 81±1.4 0.26±0.04
NLC11 10 7.5 5 225±3.3 65±1.6 0.21±0.02

NLC12 10 7.5 2.5 239±3.0 68±1.4 0.23±0.03

NLC13 15 7.5 3.75 284±3.1 77±1.5 0.26±0.04
NLC14 20 10 3.75 342±3.7 86±1.7 0.29±0.04

Table 3 Statistical Analysis for Both Responses

Source Y1 Y2

F-value P-value F-value P-value

Model 316.27 <0.0001* 551.10 <0.0001*

X1 842.32 <0.0001* 1463.62 <0.0001*

X2 97.37 <0.0001* 174.03 <0.0001*
X3 9.11 0.0129* 15.66 0.0027*

Lack of Fit 5.04 0.3334 1.33 0.5924

Notes: X1, lipid phase concentration (%); X2, Tween 80 concentration 
(%); X3, Labrafac™ concentration (%); Y1, Particle size (nm); Y2, EE (%); 
*significant P<0.05.
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It was obvious that the significant influence of factor X1 on particle size (Y1) and EE (Y2) response was confirmed by 
the positive sign available in front of X1; however, the negative sign in front of both X2 and X3 denoted the indirect 
influence of these independent factors on the response of both Y1 and Y2.

Further, a linear correlation was distinguished between the predicted and the actual responses as shown in Table 4 and 
Figure 1. This confirmed by the values of predicted and adjusted R2 for both responses Y1 and Y2. Whereas, predicted 
and adjusted R2 for Y1 response was 0.9808 and 0.9864, respectively, however, it was 0.9875 and 0.9940, respectively for 
Y2 response. The difference between predicted and adjusted R2 in case of all responses was less than 0.2 indicating that 
there was a reasonable agreement between both values. Likewise, adequate precision is another parameter that could 
measures the ratio of signal to noise. Generally, ratio greater than 4 is considerable. Y1 and Y2 responses showed 
adequate precision of 51.4472 and 68.0612, indicating appropriate signal that could certify the model efficiency in 
operating the design space.

For endorsement of the selected factors influence on the obtained responses, more graphs were generated by BBD. 
Moreover, 3D response surface plot could illustrate the interaction and effects between independent factors and responses 
as exhibited in Figure 2. In addition, Perturbation plots presented in Figure 3 were created for illustrating the influence of 
each factor on the investigated response while keeping all other factors constant.59 It seems from both Figure 3A and B that 
factor X1 possessed the most prominent effect upon response Y1 and Y2, respectively if compared to other factors X2 and 
X3. This outcome was observed because the curvature of X1 in both responses pointed toward its sensitiveness. As well, the 
direction of the perturbation plot proved the positive synergistic influence of factor X1 on both; Y1 and Y2 response; 
however, it exposed an antagonistic effect toward them.

Optimization and Point Prediction
Quality by design approach via BBD was operated to interpret the influence of the selected factors over the obtained 
responses. The created response surface graphs, numerical optimization in addition to the resulted desirability function 

Table 4 Summary for Fit Statistics of 
Observed Responses

R2 analysis Y1 Y2

R² 0.9896 0.9940

Adjusted R² 0.9864 0.9922

Predicted R2 0.9808 0.9875
Adequate Precision 51.4472 68.0612

Figure 1 Linear correlation plots for actual versus predicted values for (A) Y1 response and (B) Y2 response.
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were supportive in selecting the optimized formula depending on certain proper constraints. To achieve such appropriate 
selection, the independent factors were adjusted to be in range, while the responses were directed toward certain desirable 
properties. In the present study the particle size was adjusted toward minimum value; whereas, the EE oriented to the 
maximum value. As a result of such orientation, the design suggested certain data that is supposed to be the values of the 
optimized formulation, which would be selected based on the highest value of desirability function. The higher 
desirability was 0.508 that directed the concentration to be 13.5% lipid phase, 5% Tween 80 and 5% Labrafac™. The 

Figure 2 3D response surface plot demonstrating the influence of independent factors (A) X1 and X2 (B) X1 and X3 and (C) X2 and X3 on particle size responses (Y1), and 
the influence of independent factors (D) X1 and X2 (E) X1 and X3 and (F) X2 and X3 on EE response (Y2).

Figure 3 Perturbation plots demonstrating the influence of each independent factor alone on (A) particle size Y1, and (B) EE Y2 response.
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design suggested certain data that is supposed to be the values of the optimized formulation since it showed desirability 
of 0.508 as appeared in Table 5 and Figure 4. Accordingly, the optimized RSV-NLC was formulated and evaluated for its 
responses that found to be very close to the predicted values. As per Figure 5, the particle size of the optimized RSV- 
NLC was assessed and found to be 279.3±5.03 nm with a relative PDI value 0.237±0.22.

Fourier Transform Infrared Spectroscopy (FTIR)
In order to determine the prospective drug-excipient interactions, the functional groups of pure RSV, blank NLC and 
developed RSV-NLC were identified by comparing their peaks using FTIR spectroscopy. As exhibited in Figure 6, the 
spectrum of the drug displays all the distinctive peaks of RSV, including a broad band stretching at 3380 cm−1 corresponding 
to O-H and another band stretching at 2900 cm− 1 attributed to C-H group. Other peaks were found at 1550 cm−1 for C=C and 
at 1515 cm−1 corresponding to N-H bending. These observed peaks were in a great similarity to that of Gholamhosseinzadeh 
et al.60 Other peaks appeared at 1390 cm−1 and 1300 cm−1 corresponding to C-N stretching and asymmetric vibration of 
S=O, respectively, which is closely correlated to same finding of previous studies.61,62 RSV spectral bands were visible in the 
optimized NLCs with a little drop in intensity. This is most likely ascribed to the successful encapsulation of the medication 
inside the NLC formulation.63 In addition, the lack of any extra peaks or significant shifts in the drug peak wavelength 
indicates that RSV does not interact with any of the excipients utilized to formulate the NLC.

Morphological Evaluation
Figure 7 demonstrates the surface morphology and shape of the developed RSV-NLC formulation using a SEM 
instrument. Generally, NLCs was seen to have distinct, spherical forms and particle sizes that matched the results of 
dynamic light scattering tests.

In vitro Drug Release Study
In vitro study was carried out to determine the pattern by which RSV was released from the developed optimized NLC 
formulation compared to that released from RSV suspension. As depicted in Figure 8, the study was extended for 24 h at 

Table 5 Predicted and Observed Results of the Optimized RSV-NLC Formulation

Selected Independent Factors Symbol Constraint Response Predicted Result Observed Result

Lipid phase concentration (%) X1 In range Particle size (nm) 289.9±6.09 279.3±5.03
Tween 80 concentration (%) X2 In range EE (%) 77.09±0.804 75.6±1.9

Labrafac™ concentration (%) X3 In range

Figure 4 (A) 2D contour desirability plot showing the proposed values of selected factors (A) X1 and X2, (B) X1 and X3, and (C) X2 and X3 that provides the highest 
desirability value.
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Figure 5 Particle size of the optimized RSV-NLC formulation.

Figure 6 FTIR spectra of RSV-NLC, pure RSV, and blank NLC.
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37°C in PBS pH 6.8 indicating a sustained release mechanism. It was obvious that the outline of RSV release from NLC 
followed a biphasic pattern since it was rapid initially followed by a slow drug release rate. The rationale behind that 
could be due to some nonentrapped drug present free in the outer shell of the formula thus it would be released faster.64 

However, the second phase of the release was slower because the drug was released from the lipid core of the formulation 

Figure 7 Scanning electron microscopy showing the morphology of the optimized RSV-NLC.

Figure 8 In vitro release study of RSV from optimized NLC formulations compared with RSV suspension.
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thus it would be released slowly.65 The overall RSV release from NLC reached 93.7±1.47%, while it reached only 34.0± 
4.15% when released from suspension after 24 h. The previous smaller release of RSV from suspension could be 
attributed to the presence of the drug particles in a dispersion state.66 The current investigation was in agreement with 
Ahmed, who found that the release of RSV from the developed liposome and chitosomes was more than that from drug 
suspension.66

Kinetic Study
The in vitro release of RSV from studied formulations was analyzed for its drug release kinetics using different models. It 
was apparent that the best fitted kinetic model for RSV release from suspension and NLC was Korsmeyer–Peppas kinetic 
model when compared to other kinetic models. This is ascribed to the most linear model and the greatest correlation 
coefficient (R2) obtained by plotting the log of drug release against log time that was 0.9631 and 0.9962 for optimized 
RSV-NLC and RSV suspension, respectively as shown in Figure 9. Moreover, the “n” value of Korsmeyer–Peppas 
equation was 0.345 and 0.402 for optimized RSV-NLC and RSV suspension, respectively, which stated that the release 
pattern from both formulations governed by Fickian diffusion mechanism as long as their n-values (<0.5).67 It is 
remarkable that Korsmeyer–Peppas kinetic modeling generally refers to a distinctive release from various lipid-based 
colloidal delivery systems such as liposomes and NLCs.68 Our results were in accordance with previous studies that 
confirmed the Fickian Korsmeyer–Peppas kinetic release from Indomethacin NLC.69 Likewise, Marathe et al verified that 
the kinetic release from α-Tocopherol Succinate-Based NLC followed Korsmeyer–Peppas as well.70

Figure 9 Percentage of RSV released from developed suspension and NLC formulation and their kinetics according to (A) zero order (B) first order (C) Higuchi and (D) 
Korsmeyer–Peppas model.
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Stability Testing
Studying stability of the developed RSV-NLC was performed in terms of the evaluated responses; particle size and EE. The 
study was conducted at two conditions; room temperature at 25±2°C/60±5% RH and refrigerator at 5±2°C for periods of 1 
and 3 months. As per data in Table 6, slight variation was detected in RSV-NLC in relative to the evaluated parameters upon 
storage at both conditions up to 3 months which is not significant (P<0.05) in terms of particle size and EE. The attained 
result is a good sign for excellent stability of the formulation and the suitability of the storage conditions.

In vivo Animal Study: Lipid Profile Measurement
The study was conducted utilizing rats that were fed with a HFD for 4 weeks and treated with different formulations 
compared with nonobese rats. Figure 10 showed that all rats in all groups fed on HFD exhibited a significant elevation in 

Table 6 Stability Study of RSV-NLC Formulation Upon Storage for 1 
and 3 Months at 25±2°C/60±5% RH and 5±2°C in Relative to 
Particle Size and EE

Responses Temperature Storage Period RSV-NLC

Particle size (nm) 4°C 1 month 283.0±3.6
25°C 1 month 280.6±4.0

4°C 3 months 288.33.1
25°C 3 months 285.0±3.6

EE (%) 4°C 1 months 78.1±2.1
25°C 1 months 76.5±1.3

4°C 3 months 79.0±1.7
25°C 3 months 77.4±1.4

Figure 10 Outline for biochemical parameters following administration of RSV formulations. Results are shown as mean value ±SD, (n=5). *P<0.05 compared with 
nonobese (G1) values, $P<0.05 compared with (G2) values and #P<0.05 compared with (G3 and G4) values.
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their evaluated biochemical parameters; TG, TC, and LDL levels (P<0.05) when compared to the nonobese group (G1). 
However, a nonsignificant decline in HDL levels of these groups was detected when compared to same group (G1) 
(P<0.05). For obese rats in G3, G4, and G5 treated with RSV suspension, placebo NLC, and RSV-NLC, respectively, 
a significant reduction in levels of TG, TC, and LDL was distinguished if compared to obese rats in G2 (P<0.05). The 
reason behind the obtained results could be ascribed to the role of RSV in lowering levels of blood lipid parameters in 
case of G3.12 Similar results were obtained upon using Rosuvastatin for treating patients with hypertriglyceridemia. It 
was observed that Rosuvastatin could reduce triglycerides and other lipid parameters such as LDL and TC.71 Moreover, 
the documented role of CCO incorporated into placebo NLC formulation played a vital role in lowering blood lipid levels 
in G4.32 In addition, a significant decrease in TG, TC, and LDL levels was prominent in G5 treated with RSV-NLC 
comparable with G3 and G4 (P<0.05). This could be owed to the dual hypolipidemic effect of both virgin CCO and RSV 
incorporated into RSV-NLC formulation that provide synergistic action in lowering blood lipid levels. It was evidenced 
earlier that the lipid lowering effect of CCO was enhanced upon combining with licorice extract.72 Furthermore, it 
seemed that the pharmacological influence of RSV as a hypolipidemic agent was enhanced following its integration into 
NLC formulation prepared with CCO. These results came in agreement with Salil and Rajamohan's, investigation who 
demonstrated the hyperlipidemic and peroxidative effect of coconut in animals fed on high fat cholesterol containing 
diet.73 Further, another study exhibited the influence of virgin coconut oil in restoring the normal serum lipid profile in 
diabetic rats.74 It was revealed that the physiologically active polyphenol components found in CCO may be responsible 
for this characteristic.32 Conversely, it was remarkable that all groups under investigation did not reveal a significant 
change in their HDL levels compared to the nontreated group (G1) (P<0.5), which could be due to very short period of 
treatment (14 days).75

Conclusion
The existing study discussed effective manufacturing of nanostructured lipid carrier formulations using coconut oil and 
loaded with Rosuvastatin. Box–Behnken experimental design was employed to help in selecting the optimized formula-
tion based on selected factors and their observed response such as particle size and entrapment efficiency. The optimized 
RSV-NLC was evaluated for several studies including compatibility study using FTIR analysis and examining the 
morphology. In vitro release and kinetic study was performed providing successful release over 24 h following 
Korsmeyer–Peppas kinetics. Checking the stability of the optimized formulation revealed its suitability to be stored at 
various conditions. Eventually, treatment with RSV-NLC formulation displayed a significant reduction in biochemical 
parameters and provided a potential hypolipidemic influence of coconut oil when integrated with Rosuvastatin.
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