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Abstract: Naringenin is a natural flavonoid which is commonly found in large amounts of natural plants including citrus fruits, 

tomatoes, cherries, cocoa and grapefruit. Naringenin has a molecular weight of 272.26 and is described as poorly soluble in water. 

Due to its poor solubility, it will lead to low bioavailability. The aim of this study is to determine the efficiency of using solid lipid 

nanoparticles (SLN) method in improving solubility of Naringenin. Other than that, concentration of lipid and temperature were 

studied as well to determine the optimum formation of NRG-SLNs. Solubility of Naringenin is enhance by method of solid lipid 

nanoparticles. Materials that were used is Naringenin as active ingredient, stearic acid as lipid phase, Tween 80 as non-ionic 

surfactant and olive oil. As for the oil selection test, the naringenin was determined in several types of oils such as sunflower oil, 

eucalyptus oil, coconut oil and olive oil. The Naringenin-Solid Lipid Nanoparticles (NRG-SLNs) were prepared by separately two 

beakers with label of lipid phase and aqueous phase. These different beakers will be mix through some process and will be sonicate 

and temperature must be maintained at 85°C. On the other hand, the concentration of lipid and temperature are highlighted as the 

parameter in this study. Evaluation of the prepared SLNs inclusive of drug content uniformity, solubility studies, in vitro 

dissolution, transmission electron microscopy (TEM) and short-term stability studies. Based on the particle characterization, the 

particle size of NRG-SLNs ranging from 144 – 648 nm. The polydispersity index (PDI) showed values of 0.609 – 0.721. PDI is 

indicator if size distribution homogeneity. Zeta potential result was -0.112 mV which is nearly neutral. Other than that, the 

encapsulation efficiency of Naringenin encapsulated by SLNs method ranging from 77% - 82%. The solid lipid nanoparticles 

method was proven to significantly improve solubility and enhance stability profile of naringenin compared to the pure naringenin. 
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INTRODUCTION 

Solubility, the occurrence of dissolution of solute in solvent to 

form homogenous system, is one of the crucial parameters to 

achieve desired concentration of drugs for desired 

pharmacological response. Nowadays, the trends of design and 

structure of the drugs have led to the issue of drugs with 

lipophilicity, high molecular weight and poor water solubility. 

About 40% of new chemical entities generated in 

pharmaceutical sector are basically insoluble in water. Thus, 

solubility is a big challenge for scientist nowadays [1]. 

However, with fast development of insoluble drug delivery 

technologies, the challenge to formulate poorly water-soluble 

drugs can be obtained. Numerous marketed drugs were 

improvised to enhance efficacy, safety and patient compliance 

[2] 

Solubility is also essential in other dosage forms, such as 

parenteral formulations. Poorly water-soluble drugs should 

require high doses to reach desired therapeutic plasma 

concentration. This issue can lead to waste of cost and time 

regards of management  [1]. 

Thus, the low solubility of the drugs can cause unwanted effects 

such as poor absorption and bioavailability, insufficient 

solubility for IV dosing, burden shifted to patient as well since 

the patient have to administered with frequent high-dose and 

increasing consumption of cost and time. 

Naringenin (figure 1) is a natural flavonoid which is 

predominantly found in large amounts of natural plants 

including citrus fruits, tomatoes, cherries, cocoa and grapefruit. 

Chemical named as 2,3-diyhdro-5,7-dihydroxy-2-(4-
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hydroxyphenyl)-4H-1-benzopyran-4-one with molecular 

weight of 272.26 (C15H12O5)) [3] 

Preclinical studies have shown that flavone possesses a variety 

of pharmacological activities such as anti-inflammatory, 

anticancer, antioxidant, antitumor, antiviral and antibacterial. 

Since it has been studied on have many benefits on healthcare, 

it has been approved as a therapeutic agent. Based on 

physicochemical analysis, naringenin has a crystallize 

characteristic and released slowly from oral dosage forms 

which lead to restrict its desired therapeutic effect. Not only 

that, naringenin is a hydrophobic compound with a weak oral 

bioavailability (-5.81%) that lead to low solubility. Therefore, 

solutions and managements should be provided to increase its 

solubility and therapeutic effect for benefit of humanity. The 

basic properties of naringenin molecule are insoluble in water 

and soluble in organic solvents such as ethanol [4] 

 

 

Figure 1. Structure of Naringenin 

Solid Lipid Nanoparticles (SLN) are composed of solid lipids 

core with average photon correlation spectroscopy (PCS) 

diameter ranging from 50 to 1000 nm [5] . The SLN consist of 

purified triglycerides, complex glyceride mixtures that at solid 

state at room temperature and human body temperature and are 

stabilized by the aids of suitable surfactants such as Tween 80 

[6]. 

SLN shown to have more advantages than previous nano-lipid 

carrier systems and counter on some disadvantages. As an 

example, SLN is same in nature with nano emulsions but 

present a solid lipid core as opposed to liquid lipid type. As a 

result, drug mobility reduces in solid lipid state compared with 

the oily phase, lead to enhance the controlled release of loaded 

drugs. Plus, SLN stability can be utilized and increase with 

surfactant coating [7] 

On early development of SLN, it is presented as tiny and 

spherical particles where the outer part is covered with 

surfactant. It is also known of made of solid lipids at room 

temperature that suitable to accommodate a drug between fatty 

acid chains. But nowadays, it is proven that this is not happen 

on all events, since disc-like shape or flat ellipsoidal geometry 

takes place [8] 

MATERIALS AND METHODS  

Materials 

Naringenin powder was purchased from Shaanxi Yuantai 

Biological Technology Co., Ltd (China), Stearic Acid, Olive 

Oil were provided from University of Cyberjaya, Tween 80 was 

purchased from Pro Prima Enterprise (Malaysia)  

Method 

Oil Selection Test 

Determination on selection of oil that suitable with nano 

emulsion formulation was measured with sunflower oil, 

eucalyptus oil, coconut oil and olive oil. The drug should be 

solubilized in the best oil phase possible to provide the 

formulation in the proper form while avoiding precipitation and 

instabilities [9]. 

According to the findings of solubility tests, olive oil is the most 

suitable compared to others. The nano emulsions formulations 

were then tested with different compositions of oils. 

The formulations were undergone to sonication using 

Ultrasonicator for 30 minutes at 37 °C, followed by vortexing 

for 15 minutes until formation of homogenous mixture occur. 

Preparation of Naringenin – Solid Lipid Nanoparticles 

For preparation of solid lipid nanoparticles, use two beakers 

separately with label of lipid phase and aqueous phase. The 

lipid phase consists of stearic acid, olive oil and active 

ingredient which is naringenin. While for aqueous phase, add 

distilled water with Tween 80 as surfactant. For lipid phase in 

the beaker, melt the stearic acid for 10 minutes at 85°C 

constantly using Bunsen burner. [10] 

After done stirring the melted stearic acid with olive oil and 

naringenin, mix them by pour aqueous phase to the lipid phase. 

The solution must be mix well and then sonicate for 5 minutes 

with power less than 70% and sustain the temperature at 85°C. 

Once the sonicate process is done, stir the solution using 

magnetic stirrer and let it cool down until reach room 

temperature. Monitor closely and the end of the product there 

will be presence of turbidity due to suspensions 

Concentration of Lipid to Solid Lipid Nanoparticles 

Solid lipid nanoparticles (SLNs) are the second generation of 

nanoparticles that consist of solid lipids ranging from 0.1% w/w 

to 30% w/w and surfactant between 0.5% to 5% w/w [11] 

In this parameter, the concentration of stearic acid which plays 

the role as solid lipid to olive oil are variables by the ratios from 

1:1 to 1:5. Meanwhile the Naringenin and Tween 80 remain 

constant at ratio of 1. Table 1 below shows the samples and 

observations that can be remark from the ratio of solid lipid 

ranging from 1 until 5. 

Table 1. Concentration of stearic acid to olive oil 

Samples Ratio Stearic Acid Olive Oil Observation 

B1 1: 1 0.5 g 0.5 g - Separate layers formed 

- Small suspension present 

B2 2: 1 1.0 g 0.5 g - Separate layers formed 

- Suspension present 

B3 3: 1 1.5 g 0.5 g - Separate layers formed 

- Suspension present 

B4 4: 1 2.0 g 0.5 g - Separate layers formed  

- Suspension present 

B5 5: 1 2.5 g 0.5 g - Separate layers formed 

- Contain largest suspension 
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Based on the samples of B1 to B5, the separate layers present 

due to suspension forms above and the increase concentration 

of stearic acid led to abundant of suspensions. 

Temperature to SLNs 

Stearic acid was permitted to melt at 75 °C, meanwhile distilled 

water was boiled at 75°C in a separate beaker [12]. The 

magnetic stirrer was added to stir uniformly the solutions and 

frequently monitor the temperature at 75 °C.  

On the trials, the sonicate power is maintained at 50%. The 

samples on different temperatures with the observation is 

provided in Table 2 below. 

Table 2. Variables in Temperature 

Product Stearic Acid Tween 80 Temperature Observation 

D1 0.5 g 0.5 g 60°C - Big clumps present 

- Creamy color 

- No separate layer 

D2 0.5 g 0.5 g 70°C - At this state, the SLN formation has formed 

- Presence of small white clumps 

D3 0.5 g 0.5 g 80°C - Formation of SLN 

- Less suspension 

D4 0.5 g 0.5 g 90°C - Formation of SLN 

- Lesser suspension 

 

Drug content uniformity 

Method for drug content uniformity measurements is reliable 

with the Ultraviolet/visible (UV/Vis) spectrophotometry 

technique. The absorption has been determined along with the 

given wavelength for Naringenin – SLNs related with its 

concentration. Using this technique required the material being 

analyzed to have a suitable absorption within this spectral range 

and for the other materials present to not obstructing the 

absorption. However, spectral overlap can generally be 

managed by spectral deconvolution or appropriate curve-fitting 

quantitative methods. 

Solubility Studies 

For solubility method of the Naringenin-SLNs, shake flask 

method was used. To achieve equilibrium solubility, the sample 

added in excess to 2 ml of distilled water and the suspension 

present above the solution was shaken for 24 hours on a rotary 

shaker at consistent temperature which is 37°C. The saturated 

solutions were measured using AHS Laboratory Supplies 

UviLine 0400 Spectrophotometer 

Stability Studies 

Naringenin-SLNs was stored at room temperature 25°C for 3 

months. The samples must be sealed to ensure no contaminants. 

Meanwhile the average particle size, in-vitro drug release and 

physical characteristics were observed continuously during 1, 2 

and 3 months [13]. 

Visual Inspection 

Visual inspection or light transmittance technique to investigate 

the purity of samples. Plus, visual inspection is necessary to 

assess potential physical instability issues during processing 

and storage [14]. Moreover, the prepared solid lipid 

nanoparticles were also tested for its purity by phase separation 

through visual inspection. 

Potential crystallization of stearic acid, precipitation and mold 

formation were also analyzed by visual inspection. 

Zeta Potential 

Zeta potential is measured by add up the solution to a cell that 

have two gold electrodes. The particles will move toward the 

electrode with the opposite charge once the voltage has been 

applied.  

A Doppler technique is used to measure the particle velocity as 

a function of voltage. A laser beam travels through the cell, and 

the intensity of scattered light modulates at a frequency 

equivalent to the particle speed as particles move through the 

laser beam.  

According to a previous report, particles can be dispersed stably 

when the absolute value of the zeta potential is <30 Mv [4] 

Particle Size Analyzer 

Based on studies, the particle size distribution is a crucial 

property used to conclude the stability of colloidal systems  

For preparation of particle size analyzer, add 10 drops of sample 

Naringenin-SLNs in the cleaned cuvette. After that, put the 

cuvette that contained the sample carefully in the particle size 

analyzer to be evaluated. The sizing method can be categorized 

into two parts which is stream-scanning and field-scanning 

techniques. The stream-scanning provides extra experimental 

parameters. Instead of measured the number of particles in the 

samples, it will as well provide a better resolution, lower 

quantification limits and better interpretation of data. 

Otherwise, the field-scanning technique is time saving, sturdier 

and more corresponded for online/in-line applications (Etzler et 

al., 2004). The interpretation of the data will give the 

Polydispersity Index (PDI) as an indicator of the homogeneity 

of the particle size distribution [15]. 

RESULTS 

Characterization of NRG-SLNs 

Particle Characterization 

For characterization, particle size distribution is one of the 

major properties that has to be highlighted to evaluate the 

stability of the colloid system [16]. The globule size and 

distribution, as well as zeta potential values, are essential 

parameters that can affect a nano emulsion’s in vivo stability 

when formulating and optimizing it. Nanoparticle sizes are 

crucial as they ensure faster and better permeation of drug 

across absorption barriers due to their ability to provide a high 

surface area and free energy. The particle size prepared for 

Naringenin – Solid Lipid Nanoparticles was found ranging 

from 144 nm to 1420 nm with PDI of 0.609 ± 0.359. PDI is the 

indicator of size distribution homogeneity, and the homogenous 

nature of the formulation comprises of narrow size distribution 

and uniform size (Table 3). 
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As for the zeta potential, based on previous studies has proved 

that particles can be dispersed stable when the absolute value of 

the zeta potential is > 30 mV. However, the value of zeta 

potential for optimized Naringenin – SLN in this study was -

0.112 mV which is nearly neutral as can be seen from Figure 2 

below. 

 

 

 

Table 3. Shows the samples with particle size and PDI 

Formula 

code 

Particle 

size 

Polydispersity Index 

(PDI) 

B1 1420 1.000 

B2 648 0.721 

B3 1500 1.000 

B4 144 0.609 

B5 159 0.782 

 

 

Figure 2. Shows the zeta potential value for NRG-SLNs 

Optimization of Naringenin - Solid Lipid Nanoparticles 

The Naringenin – Solid Lipid Nanoparticles formulation was 

optimized through procedure and formulation optimization. 

After that, the optimized formulation of naringenin loaded with 

solid lipid nanoparticles (table 4) were identified for 

characterization, solubility, stability, dissolution studies and 

Transmission Electron Microscope (TEM). 

Table 4. Optimized formulation of the NRG-SLN 

Formula Code Naringenin (g) Oil (g) Water (mL) Surfactant (g) Lipid (g) 

NRG-SLN 0.1 g 0.5 g 100 mL 1.0 g 2.0 g 

 

Concentration of Lipid and Temperature to Naringenin-Solid 

Lipid Nanoparticles  

Considering lipids are proven as oral drug absorption 

enhancers, lipid-based drug delivery methods appear promising 

[17]. From trials and investigations of increasing lipid content 

over 5-10% (w/w) resulted in larger mean particle sizes and 

broader size distributions. An increment in the concentration of 

lipid gradually has greatly minimizes the emulsification 

capacity of surfactants, which results in the aggregation of 

particles. Noted as well, during this trials, other materials 

concentrations were remained constant. 

Considering on other parameters, the increase on concentration 

of lipid has led PDI to gradually increased as well. An increase 

in PDI was noticed due to an increment in the heterogeneity of 

developed nanoparticles  

Table 5. Samples with different lipid concentrations 

Samples Lipid 

Concentration (g) 

Particle Size 

(nm) 

PDI 

B4 2.0 g 144 0.609 

B5 2.5 g 159 0.782 

 

Temperature affects the formation of Naringenin-Solid Lipid 

Nanoparticles 

Generally, higher temperatures cause smaller particle sizes due 

to accelerate the degradation rate of the drug and the 

nanoparticles. Not only that, rises in temperatures will as well 

influence the mobility and the hydrophilicity of all emulsifiers 

to a different extent. As in these studies, the emulsifier that was 

used is Tween 80. 

The solubility improves when increased temperature and 

increased surfactant concentrations are used. Therefore, when 

low production temperatures and low surfactant concentrations 

are used little or no burst effect occurs [7] 

The mean particle sizes from 80 nm up to 1000 nm can be 

produced when the temperature that applied is at optimum state 

(table 6). Higher temperatures would increase the kinetic 

energy of a system, in combination with a reduced zeta potential 

what will leads to SLN aggregation. 

In addition, increase in temperature will likely lead to changes 

in crystalline structure of the lipid that will potentially reduce 

the zeta potential 

On the other hand, the formation of SLN with low temperature 

can lead to negative result. Apparently, the components in lipid 

nanoparticles did not solubilize completely and visually many 

presences of big clumps. 

However, the Naringenin-Solid lipid nanoparticles formation 

were successfully formed at its temperature of 80°C. The 

sample D3 and D4 was let to be cool down for 24 hours before 
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undergoing particle size test. The value particle size of 250 nm 

and 97 nm were obtained which shows good particle size 

Table 6. Differences in temperature from 4 samples 

Sample Temperature Particle size 

D1 60°C 1600 nm 

D2 70°C 438 nm 

D3 80°C 250 nm 

D4 90°C 97 nm 

 

Encapsulation Efficiency 

The standard curve is presented in figure 3 and the 

encapsulation efficiency is presented in table 7. For 

spectrophotometers, the useful absorbance range is from 0.1 to 

1.0. However, if the absorbance value greater than or equal to 

1.0 means the solution is too concentrated. Therefore, the 

samples must be diluted. Based on the EE tests conducted, the 

EE of optimized NRG-SLN formulation was 81.36 %. This 

showed that little significant loss of drug during formulation 

process. Thus, this result has proved that the method of 

preparation of NRG-SLN is efficient and beneficial. 

 

 

Figure 3. Absorbance against Concentration  

Table 7. Encapsulation efficiency with constant total concentration of NRG 

Sample 

 

Concentration of free naringenin 

(mg/mL) 

Total concentration of naringenin 

(mg/mL) 

Encapsulation Efficiency 

(%) 

B1 0.2284 1 77.16 % 

B2 0.2059 1 79.41 % 

B3 0.2157 1 78.43 % 

B4 0.1864 1 81.36 % 

B5 0.1747 1 82.53 % 

 

Solubility Studies 

For solubility test, the study was tested between pure 

naringenin, and solid lipid nanoparticles samples loaded with 

naringenin. Based on the results that can be observe from Table 

8 below, it shows that the Naringenin-Solid lipid nanoparticles 

have increased in solubility than pure naringenin itself. 

Table 8. Solubility profile of pure Naringenin with NRG-

SLN 

Sample Solubility (mg/ml) 

Pure Naringenin 0.3760 

B1 0.7534 

B2 0.7620 

B3 0.7137 

B4 0.7582 

B5 0.7460 

 

Short Term Stability Studies 

These studies were planned to examine the stability of 

Naringenin – Solid Lipid Nanoparticles over a certain period. 

So as to observe the effect of the storage temperature on the 

stability, NRG – SLN were monitored on two aspects, which is 

the physical and chemical stability in period of 3 months of 

storage without presence of sunlight at room temperature 

(25°C). The sample is observed at interval of 1 month, 2 months 

and 3 months. The results of the stability studies of NRG-SLN 

for 3 months are shown in Table 9. In these studies, we found 

that the color, particle size and zeta potential had no significant 

effect on storage up to 3 months. This means that the method of 

production of NRG-SLN is stable and appropriate. The good 

stability may be due to the slow transition of lipid in SLNs, the 

low particle size, and steric effect of Tween 80. 

Table 9. Short Term stability studies for 3 months 

Parameters 1 month 2 months 3 months 

Visual 

Appearance 

Milky solution with very little 

suspension at the bottom. No 

change in color 

Milky solution with presence of 

aggregates that can be redisperse by 

shaking. No change in color 

Milky solution with presence of 

aggregates that can be redisperse by 

shaking. No change in color 
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Particle Size 

(nm) 

144 156 162 

Drug Content 

(%) 

81 79 79 

 

DISCUSSION 

Effect of Stirring Speed to Particle Size 

For formation of NRG – SLN, certainly there are factors that 

plays important role in its solubility enhancement. One of the 

factors is stirring speed. If the speed level of stir the 

nanoparticle solution is low, the particle size will increase, and 

its stability will be affected as well. However, if the stirring 

speed is too high, they will be foam presents above the solutions 

that will affect the surfactant’s emulsifying effect. Therefore, 

the stirring to the NRG-SLN solution should be at moderate 

state. It was found that the stirring speed for NRG-SLN was 

confirmed to be 1,500 rpm [4] 

Characterization of NRG-SLN formulation 

Particle Size Reduction 

The value of particle sizes from the recorded five samples 

ranges from 144 nm to 648 nm, where the samples of the NRG-

SLN formulation trend from low to high lipid level, with the 

constant concentration of Tween 80 as the surfactant. However, 

the sample of B1 and B3 have particle size more than 1000 nm 

which can be assume as large particle sizes. This could be due 

to both samples did not filter properly before undergo particle 

size test. Another possible factor is the stearic acid did not fully 

soluble during formulation due to inconsistent temperature. 

Besides, the polydispersity index (PDI) for most of the samples 

ranging from 0.609 to 0.721 while the sample B1 and B3 PDI 

values are 1.000. The PDI indicates the homogeneity of the 

sample. The lower the PDI means the better the homogeneity. 

Thus, the factor that may affect the PDI is the instrumental 

condition. Example of it is the sonication. It could be due to 

imprecise duration of sonication, sonication pulses and 

amplitude [18].  

Zeta Potential 

Nanoparticles with a zeta potential value ranging from −10 to 

+10 mV are measured as nearly neutral. Otherwise for 

nanoparticles with value of zeta potentials higher than +30 mV 

are known as strongly cationic while value of lesser than −30 

mV is considered as strongly anionic [19]. Based on these 

studies, the value of zeta potential for the NRG-SLN 

formulation is nearly neutral where the value is -0.112 mV. 

Followed with the zeta potential value, certain parameters that 

may affect the physical stability of nanoparticles are material 

properties and type of surfactants been utilized. In this 

experiment, the surfactant that has been used is the Tween 80. 

Presence of Surfactant 

For the formulation of Naringenin-Solid Lipid Nanoparticles, 

the Tween 80 were added as surfactant. Surfactant 

concentration are one of the compositions that may affect the 

NRG-SLN entrapment efficiency. The effect of the 

concentration of Naringenin on entrapment efficiency was 

studied by maintaining the amount of Tween 80 while the 

concentrations of lipid are varying. Besides, the surfactant was 

administered in production of solid lipid nanoparticles play a 

crucial action on physical stability of nanoparticles and extent 

of the drug dissolution [20]. The Tween 80 stabilize the SLN 

structure by minimize the interfacial tension between two 

phases which is the hydrophobic surface of lipid and the 

aqueous phase [21] 

In this study, the samples of formulation NRG-SLN has zeta 

potential of -0.112 mV which is nearly neutral. This is because 

the surfactant that was utilized is Tween 80 which is non-ionic 

surfactant. This zeta potential value is similar to previous report 

from Schubert et al., 2015 that stated the value of zeta potential 

for non-ionic surfactant ranges between -23.4 mV to -0.9 mV. 

However, the non-ionic surfactant may form weak repulsive 

forces between particles due to nearly neutral charge and 

probable to easier aggregates in the long time although it is at 

good stability. Therefore, the usage of two surfactant system 

which contain non-ionic surfactant and ionic surfactant can be 

recommended as they have relatively more stable than by only 

one surfactant due to synergic effects [20] 

Physical Characteristics of Lipid Phase 

In this experiment, the formulations of NRG-SLN were tested 

with ranges of temperatures from 60°C to 90°C to determine 

the suitable temperature that is appropriate for the formulations. 

Apparently from the particle size and visual inspection that can 

be notice, the sample D1 has 1600 nm of particle size and 

sample D2 with 438 nm have presence of white clumps remain 

in the sample that can be seen. One of possible reason is, the 

lipid phase which consist of stearic acid permissible to melt at 

75°C [12]. Since D1 and D2 sample was tested with 

temperature of 60°C and 70°C, the stearic acid did not fully 

melt which led to increase in particle size and present of clumps.  

On the other hand, the other samples showed result of forming 

nanoparticles formulation with particle size ranging from 97 nm 

to 250 nm depends on its temperature. In order to maintain its 

molten state during preparation process, the temperature should 

be > 75°C and, finally the optimized emulsifying temperature 

was selected to be 90°C. 

Encapsulation Efficiency 

The encapsulation efficiency of NRG-SLN samples that were 

recorded are ranging from 77.16% to 82.53%. Based from 

previous study by [10], the EE of SLN were found ranging from 

71% to 85%. The formulation of B1 resulted with low 

entrapment efficiency compared to the other samples can 

possibly be due to inadequate concentration of stearic acid. As 

been showed at Table 3.4b, the encapsulation efficiency 

improves as lipid concentration increased. This is because of 

increment solubilizing agents for highly lipophilic drugs. Thus, 

it offered more spaces for Naringenin to be accommodate [22] 

Stability Test 

The utilization of the surfactant which is Tween 80 promotes 

stabilization to the NRG-SLN formulation by slow transition of 

lipid and steric effect. The steric effect of Tween 80 was 

adequate to cover exterior of nanoparticles efficiently and 

prevent from aggregation during homogenization method [23] 

In this study, the storage for the samples were executed at room 

temperature (25°C). According to stability tests from previous 

study, the stability test on storing the formulations at 4°C have 

better stability compared at room temperature 25°C [24]. This 

is because at room temperature storing, can lead to higher 

decreased entrapment and increased particle size due to the 

coalescence of the nanoparticle into a microparticle. 
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CONCLUSION 

This study focuses on improving the solubility of poorly 

aqueous-soluble drug Naringenin by incorporated with solid 

lipid nanoparticles method. Based on the results and findings of 

the study, the physicochemical characterization and short-term 

stability were investigated. The in-vitro dissolution studies 

showed that the drug release of the SLN has better efficacy than 

Naringenin alone. On the other hand, studies have showed that 

the optimum temperature is 90°C and suitable concentration of 

lipid to be administered is 2.0 g to form most appropriate SLN 

formulation. Thoroughly, it shows that solid lipid nanoparticle 

method provides a promising delivery system for enhancement 

of the solubility and bioavailability of poorly soluble drugs such 

as Naringenin. 
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