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ABSTRACT. Solid lipid nanoparticles (SLNs) are gaining interest due to promising potential as a carrier system 

for various therapies. This research focuses on the preparation of Olaparib drug-loaded SLNs and the evaluation of 

their therapeutic potential. Prepared SLNs were characterized using physicochemical, structural, and morphological 
methods. SLN-3, identified through optimization as having an optimal particle size, was utilized for further studies. 

FTIR spectra confirmed the successful loading, preparation, and TEM images revealed the size of SLNs to be around 

150 nm with a spherical shape. Crystallinity of the prepared SLN-3 was confirmed with the XRD pattern in 
comparison with the excipients. Drug encapsulation and loading were found 83% and 10.4%, respectively, with 

significant improvement in solubility and permeability of Olaparib. In vitro release study suggested the sustained 

release behavior of OLP-SLNs (SLN-3) at 24 h, where 88.7% and 72.9% of the drug was released from OLP-SLNs 
at pH 5 and 6.8, respectively, using the Hixon-Crowell model at pH 5 and the first-order model at pH 6.8. 

Cytotoxicity study demonstrated a substantial increase in cytotoxicity (IC50 for free OLP and OLP-SNPs were                   

18.61 μg/mL and 10.4 μg/mL at 24 h) against MCF-7 cells, indicating enhanced bioavailability and therapeutic 

efficacy. This novel formulation has potential for further development towards clinical outcomes in cancer therapy.  
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INTRODUCTION 

 

SLNs or Solid lipid nanoparticles (SLNs) are of the most promising carrier in cancer therapy, 

which is a novel way to expand the administration and effectiveness of anti-cancer drugs. These 

are made up of distinct ingredients containing easily degradable and compatible lipids hence 

enable them to contain a broad range of therapeutic agents including hydrophilic and hydrophobic 

drugs and thus overcome some drawbacks of conventional cancer treatments [1]. The smaller 

surface and size characteristics of SLNs help in enhancing the permeability and retention effect, 

therefore allowing for better targeting efficiency for tumor tissues. SLNs combine the properties 

and benefits of o/w-micro or nanoemulsions and polymeric nanoparticles. Also, variations can be 

made on SLNs such that they do not get recognized and cleared off by the reticuloendothelial 

system, thus increasing circulation time within the body system, hence improving their uptake by 

cancer cells [2]. SLNs are useful in different cancer therapies because of their efficiency in 

preventing degradation of enclosed drugs, thus enhancing drug stability and bioavailability. 

Similarly, SLNs also have controlled release characteristics that may be employed in maintaining 

a long-term course of drug delivery as well as reducing high concentration side effects. These are 

versatile nanocarriers as they can deliver combinations of multiple drugs or be combined with 

other treatment modalities such as gene therapy or photothermal therapy for enhanced anticancer 

effects [3]. Recent studies have shown that SLNs are efficient in targeting different types of 

cancers and have shown promising results for performing both in vivo and in vitro. SLNs loaded 
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with chemotherapy agents exhibit increased cytotoxicity on cancer cells as compared to free drugs 

and prevent enzymatic degradation of entrapped drug without losing the biological activity [4,5]. 

Controlled drug release is another mechanism by which SLNs operate. This is important as it 

causes less frequent dosing and possibly reduced side effects even at high levels of drugs [6]. Due 

to their distinct physicochemical properties, SLNs have numerous benefits in drug delivery such 

as enhanced stability, controlled drug release, and improved bioavailability [7]. To enhance drug 

delivery systems and comprehend their biological activities, characterization of SLNs is of 

paramount importance. Characterization techniques, including the size, distribution, and surface 

charge (which influence their behavior in biological systems), are useful to understand the 

structural and functional attributes of SLNs for optimization towards a particular therapeutic use 

[8, 9].  

In the current investigation, Olaparib (OLP), a highly lipophilic drug, has been encapsulated 

into SLNs prepared with stearic acid (SA) as a solid lipid, and TPGS and Tween-80 as surfactant 

mixture by the hot homogenization method. Due to low solubility and low permeability, OLP was 

categorized as BCS Class-IV drug, thus it is very challenging to the formulators in designing 

dosage forms to achieve an adequate bioavailability of OLP. It inhibits poly (ADP-ribose)-

polymerase (PARP-I), the enzyme responsible for repairing the broken DNA-strands. Now a day 

development of nanoformulations are the popular line of action to increase the solubility, 

permeability as well as the bioavailability of these drugs. Among the nanoformulations, SLNs 

have gained much popularity as a nanocarrier due to the utilization of biocompatible and 

biodegradable excipients in their development [10,11]. Considering all such factors, we envision 

that OLP-loaded SLNs could be an attractive alternative to enhance the solubility, dissolution, 

permeability, bioavailability, stability, and cytotoxicity of OLP. A biocompatible fatty acid (SA) 

was used as a solid lipid matrix to encapsulate OLP, whereas the high HLB value surfactant 

(TPGS) and co-surfactant (Tween-80) were used to stabilize the SLNs in the present investigation. 

Initially, the prepared SLNs were characterized based on their particle size, polydispersity index, 

surface charge, morphological structure, encapsulation efficacy, and drug loading capacity. 

Infrared spectroscopy and X-ray diffractometry were conducted to assess any modification in the 

functional group and crystalline characteristics, respectively, of the entrapped drug into SLNs 

during formulation development. The in vitro drug release and release kinetics were investigated 

under two pH conditions (pH 5 and pH 6.8) simulating the cancer microenvironment and intestinal 

condition, respectively. The anticancer activity of OLP-SLNs was evaluated by MTT assay in an 

in vitro cell line study, which was conducted using MCF-7 cells. 

 

MATERIALS AND METHODS 

 

Materials  

 

Olaparib (OLA) was obtained from Mesochem Technology in Beijing, China. Stearic acid (Grade 

I, ≥ 98.5% purity), D-α-Tocopherol polyethylene glycol-1000 succinate (E-TPGS), and Tween-

80 were sourced from Sigma-Aldrich in St. Louis, MO, USA. All other chemicals and solvents 

were of analytical grade and used without further purification. 

 

Preparation of SLN: High-pressure homogenization  

 

OLP-loaded solid lipid nanoparticles (SLNs) were prepared using the hot homogenization method 

using stearic acid (SA) as solid lipid with E-TPGS and Tween-80 as surfactant-mix. The quantities 

of excipients and OLP have been summarized in Table 1. Stearic acid (SA) was heated at 

temperature 10 ℃ above its melting temperature and the drug (OLP) was dissolved in the liquefied 

SA. The aqueous solution of E-TPGS and Tween-80 was prepared in purified Milli-Q water. The 

melted lipid and surfactant mixture were mixed together (kept at 70 °C on magnetic stirrer at                 
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500 rpm)) and purified warm water (at 70 °C) was added slowly in the mixture of lipid and 

surfactant-mix to get the coarse-emulsion. Following emulsification, the high-pressure 

homogenization process was carried out using an ULTRA-TURRAX Digital®, Model T25 IKA, 

Germany, for 15 minutes at 21,000 rpm to obtain the oil-in-water emulsion. The high pressure 

caused the lipid to form small droplets, which could encapsulate drug molecules. The final droplet 

dispersion was allowed to cool at room temperature to solidify into SLNs. [12,13]. The dispersion 

of SLNs was purified by ultrafiltration, and the filtrate was freeze-dried (HetoDry, SA) after 

adding mannitol (1.5%, w/v) as a cryoprotectant. 

 

Characterization of SLNs 

 

Particle’s characterization 

 

The size, polydispersity index, and zeta potential of the developed SLNs were determined using 

dynamic light scattering. (DLS) measurement using Zeta Sizer Nanoseries (Malvern Inc, UK). 

This method relies on the Brownian motion of particles, determining their size by measuring the 

intensity of scattered light at different scattering angles. (90°) at room temperature. The same 

instrument was utilized to quantify the surface charges (zeta potential) after diluting the dispersion 

of SLNs with purified water. The process was carried out by measuring the electrophoretic 

mobility of the particles and considering the dielectric constant of liquid water (around 78.4), as 

water was used as the dispersion medium. All the measurements were done in triplicate. Although 

it is a less accurate method than electrophoresis or streaming potential, it is simpler, less 

expensive, and relatively new to measure the particles' surface charges (zeta potential). 

 

Morphological characterization by transmission electron microscopy (TEM) 

 

The shape and structure of the optimal SLN formulations (Blank and OLP-loaded) were evaluated 

by TEM (Model-JEM-1010 by JEOL, Tokyo, Japan) imaging. The SLNs dispersed in Milli-Q 

water was sonicated for 2 min prior to prepare the grid for electron microscopy. The Cu-grid 

having 300 meshes supported by carbon Type-B film (Ted Pella, Redding, Canada) was used. 

One drop of sample was put on the Cu-grid, left for 30 min to settle down and kept untouched 

over-night to get dry. The finally dried Cu-grid was fixed on sample holder and the morphology 

of the particles was observed under the electron microscope. The machine was operated at 80 kV 

accelerating voltage and magnification power was set from 50-100Kx.  

 

Encapsulation and drug loading 

 

The encapsulation efficiency (EE%) and drug loading capacity (DL%) of OLP were assessed by 

measuring the unentrapped drug (indirect method) within the core of SLNs. After ultrafiltration, 

the obtained product was ultracentrifuged at 35,000 rpm for 20 min (at least three cycles), and the 

sediments of OLP-encapsulated SLNs were dispersed with vortexing in 10 mL of a 1:1 (v/v) 

mixture of PBS (7.4 pH) and purified water. Exactly, 1 mL aqueous dispersion of SLNs was 

further centrifuged at 13,500 rpm for 20 min. Supernatant was collected, and 30 µL of the 

collection was injected into the HPLC-UV system for the quantitative analysis of unencapsulated 

drug. The reported reversed-phase HPLC methods coupled with UV-detection at 254 nm were 

applied for the quantitative analysis of OLP [14-16]. Finally, the EE% and DL% were computed 

by following expressions (Equation 1 and 2). 

 

𝐸𝐸 (%) = (
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑂𝐿𝑃 𝑢𝑠𝑒𝑑 𝑡𝑜 𝑝𝑟𝑒𝑝𝑎𝑟𝑒 𝑆𝐿𝑁𝑠 (µ𝑔) − 𝐹𝑖𝑛𝑎𝑙 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑂𝐿𝑃 (µ𝑔)

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑂𝐿𝑃 𝑢𝑠𝑒𝑑 𝑡𝑜 𝑝𝑟𝑒𝑝𝑎𝑟𝑒 𝑆𝐿𝑁𝑠(µ𝑔)
)  × 100               (1) 
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𝐷𝐿 (%) = (
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑂𝐿𝑃 𝑢𝑠𝑒𝑑 𝑡𝑜 𝑝𝑟𝑒𝑝𝑎𝑟𝑒 𝑆𝐿𝑁𝑠 (µ𝑔) − 𝐹𝑖𝑛𝑎𝑙 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑂𝐿𝑃 (µ𝑔)

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑆𝐿𝑁𝑠 (µ𝑔)
) × 100                 (2) 

 

Fourier transform infrared (FTIR) spectroscopy 

 

FTIR spectroscopy for the pure drug (OLP), pure lipid (SA), pure E-TPGS, physical mixture (PM) 

of pure drug, lipid, and E-TPGS, as well as freeze-dried OLP-loaded SLNs, was done by an FTIR 

spectrometer (Model-ALPHA-II, BRUKER Optik GmbH, Germany). Around 5-7 mg of the test 

samples was put on the holder plate of the spectrometer and allowed to be exposed to the infrared 

spectrum (ranging from 400 to 4000 cm-1 wavenumber), where the machine was operated by 

“OPUS software V-7.8”. The spectra of the samples were recorded at a resolution of 2 cm−1. 

 

X-ray powder diffraction (XRD) study 

 

Samples to be analyzed were ground using mortar and pestle. The X-ray diffractometry of OLP, 

SA, E-TPGS, PM of OLP, SA and E-TPGS as well as OLP-loaded SLNs was done by “Ultima-

IV Diffractometer (Rigaku, Inc. Japan)” at 2-theta range of 3 to 60° at scanning speed of                                     

1 deg/min. The X-ray tube (anode) was made up of copper (Cu) with Ka2 elimination (λ) of                     

0.154 nm and monochromatized with the graphite crystal. The diffraction pattern was recorded at 

step scan mode, where the generator was working at 40 mA current and 40 kV voltage. The 

counting time was 1 sec per step with the step size of 0.02°. 

 

In vitro release study  

 

In vitro release of OLP was performed in phosphate buffer as release media at two pH conditions 

(pH 5.0 and pH 6.8), representing the tumor or cancer microenvironment and physiological pH 

conditions, respectively [17]. The release media were supplemented with sodium lauryl sulfate 

(SLS, 0.5%, w/v) to increase the solubility of the hydrophobic OLP. Weighed amount of dried 

OLA-SLNs was dispersed in phosphate buffer saline (PBS) to obtain a 1 mg/mL concentration of 

OLP. The pattern of OLP release from SLNs was compared with the counter formulation (aqueous 

solution of OLP, OLP-solution). The OLP solution was prepared by dissolving the weighed 

amount of drug in 200 µL of DMSO, then adding it to a mixture of PBS containing SLS (0.5%, 

w/v) to get a 1 mg/mL drug concentration. Both the formulations (1 mL each) were transferred to 

dialysis bags (Spectra/Por®) with MWCO 12 KDa. The Spectra/Por® closures were used to tie the 

ends of the dialysis bags prior to putting these in beakers containing the release media (50 mL). 

Three sets of beakers (for each product) were kept in the shaking water-bath and allowed to be 

shaken at 100 strokes/min. The temperature of the water bath was kept at 37 ± 1 °C. To assess the 

drug release from the bags in the medium, 1 mL of the samples was collected at different time 

points from each beaker, and the same volume of fresh medium (kept at 37 ± 1 °C) was put into 

the beakers after each sampling to maintain the volume of release medium and sink condition. 

The samples were centrifuged for 5 min at 13,500 rpm prior to analysis. Supernatant was collected 

and injected (30 µL) into the HPLC system for the analysis of OLP [14-16]. The drug released 

(DR%) was estimated by the following expression (Equation 3). The cumulative amount of %DR 

(on y-axis) versus time (h) on x-axis was plot was obtained to compare the release profile of OLP 

from the two formulations. 

 

𝐷𝑅 (%) =
𝐶𝑜𝑛𝑐. 𝑜𝑓 𝑂𝐿𝑃 (µ

𝑔

𝑚𝐿
) × 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝐹𝑐𝑎𝑡𝑜𝑟 × 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 𝑚𝑒𝑑𝑖𝑢𝑚 (𝑚𝐿)

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 (𝑑𝑜𝑠𝑒) 𝑜𝑓 𝑂𝐿𝑃 𝑢𝑠𝑒𝑑 (𝜇𝑔)
× 100                   (3) 

 

The release data were analyzed using Zero-order, First-order, Hixson-Crowell, and 

Korsmeyer-Peppas kinetic models. The model providing the best fit for the release of OLP was 
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identified based on the highest correlation coefficient (R²) value. The release exponent was 

calculated from the slope of the plots to determine the drug release mechanism [18, 19]. 

 

In vitro anticancer activity  

 

Cell culture 

 

Human breast cancer epithelial cells (MCF-7, ATCC, Manassas, VA, USA) were cultured in                    

50 cm² tissue culture flasks using Dulbecco's Modified Eagle Medium (DMEM, UFC Biotech, 

Riyadh, Saudi Arabia) supplemented with 10% fetal bovine serum (FBS, Alpha Chemika, 

Mumbai, India) and a 1% antibiotic mixture of Penicillin (100 IU/mL) and Streptomycin                          

(100 µg/mL) (ThermoFisher Scientific, Massachusetts, USA) to prevent bacterial growth. The 

culture medium was maintained at 37 °C in a humidified incubator with 5% CO₂. 

 

Cytotoxicity assay 

 

Anti-proliferative activity of pure-OLP and OLP-SLNs on MCF-7 cells was performed by 2,5-

diphenyl-2H-tetrazolium bromide (MTT, Sigma Aldrich, MO, USA) assay. Free OLP was 

solubilized in DMSO (100 µL) and 0.05% SLS in distilled water and diluted with culture media 

to get different concentrations of OLP. Similarly, varying concentrations of OLP-SLNs were 

prepared by diluting the OLP-SLNs with DMEM. Around 5 × 103 cells were seeded in 96-well 

cell culture microplates with 100 μL of DMEM for 24 h. Thereafter, medium was removed, and 

the cells were treated with different concentrations of OLP-AqS and OLP-SLNs (0.75-100 µg/mL, 

prepared in PBS containing DMEM cell culture media) for 48 h [20] using a control (cells with 

DMEM only). The drug-exposed cells were treated with MTT solution (100 µL, 5 mg/mL in PBS) 

and further incubated at 37 °C for 3-4 h in a dark, moistened chamber with 5% CO2. Then, the 

medium and culture fluids were completely removed from the microplate wells, and isopropyl 

alcohol (200 µL) was added and left for 10-15 min at room temperature to solubilize the formed 

formazan crystals. Treated cells were shaken for 5 minoptical density (OD) was measured using 

a microplate reader (Synergy HT, BioTek Instruments, VT, United States) at 570 nm and 

percentage cell viability was estimated by Equation 4. The cells with DMEM only group was 

served as control, and their OD was assumed as 100% cells were viable. The IC50 values were 

determined using GraphPad Prism V-5.1. A nonlinear fit of the normalized data (log inhibition 

versus normalized response) was applied to obtain the IC50 of the various treated groups. 

 

𝐶𝑒𝑙𝑙 𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (%) =
(𝑂𝐷 𝑜𝑓 𝑡𝑒𝑠𝑡𝑠 − 𝑂𝐷 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘)

(𝑂𝐷 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑂𝐷 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘)
 𝑋 100                                                                                    (4) 

 

Statistical analysis 

 

The results from various experiments were expressed as the mean of at least three measurements 

with standard deviation (Mean ± SD), unless specified otherwise. Statistical analyses were 

performed using GraphPad Prism V-5.1 (GraphPad Software, Inc., San Diego, CA, USA). 

Comparative analysis among treated and control groups was conducted using one-way ANOVA 

followed by Tukey's tests, with p < 0.05 considered statistically significant. 
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RESULTS AND DISCUSSION 

 

Formulation development and characterizations 

 

OLP-loaded SLNs were prepared by the hot homogenization method, where SA was used as the 

lipid matrix and TPGS, together with Tween-80, as the surfactant mixture. The lipid melt 

containing solubilized OLP was stirred on a magnetic stirrer with a surfactant mixture at around 

70 °C, where warm water was added to it to obtain a coarse emulsion. Then, high-pressure 

homogenization was done to obtain the oil (lipid) in water emulsion droplets, which could 

encapsulate OLP into the lipid matrix. The droplet dispersions were cooled down to 2-8 °C for 

the precipitation of lipid phase to generate small-sized solid lipid nanoparticles (OLP-SLNs), 

which was also exploited in previous studies [21]. The high pressure during homogenization 

accelerates the lipid-surfactant mixtures to high velocity, causes high shear stress, leads to high 

inertial cavitation which could decrease the droplets to nano sizes [22, 3]. 

Heating of SA above its melting temperature altered the chemical nature and physical state of 

SA from crystalline to less crystalline or amorphous form with imperfection in lattice structures 

which could offer enough space to entrap the hydrophobic drug molecules into the core and matrix 

of the lipid particles [3, 23]. The FDA approved excipient (TPGS) was used as emulsifier with 

Tween-80, because these are regarded as safe excipients and frequently used adjuvant in the 

development various drug delivery carriers. The physicochemical and biological properties of 

TPGS offer numerous benefits for its use in drug delivery systems. It improves the solubility of 

hydrophobic drugs (OLA) and increases their permeation across biological membranes [24]. It 

was reported that TPGS has shown some selective antitumor activities by inhibiting the efflux 

activity of ATP-dependent P-glycoprotein and overcoming the multidrug resistance of cancer 

cells [25, 26]. Apart from these, the hot homogenization method has advantages over other 

methods, such as easy preparation in a short time, avoiding the use of organic solvents, and having 

scale-up feasibility for batch production [3, 22, 27]. This method was successful in loading OLP 

with high encapsulation and loading capacity using SA as a solid lipid. The results are in line with 

previous reports where siRNA targeting transient receptor potential vanilloid-1 was well 

encapsulated (98.5%) into SLNs, where SA with other solid lipids was used to prepare SLNs [28, 

29].  

 
Table 1. Formulation of OLP-loaded SLNs and characterizations. 

 

SLNs Ingredients (mg) Outcome parameters  

SA OLP TPGS Tween-80 PS (nm) PDI ZP (mV) EE (%) DL (%) 

SLNs-1 100 50 40 10 156.5 ± 5.8 0.124 ± 0.023 -11.5 ± 2.2 54.4 ± 9.4 13.6 ± 2.3 

SLNs-2 200 50 40 10 162.7 ± 6.9 0.129 ± 0.011 -13.3 ± 1.6 70.4 ± 8.7 11.7 ± 1.4 

SLNs-3 300 50 40 10 215.6 ± 8.5 0.243 ± 0.054 -13.2 ± 1.8 83.1 ± 10.4 10.4 ± 1.4 

SLNs-4 400 50 40 10 287.5 ± 9.2 0.335 ± 0.027 -14.1 ± 1.9 84.6 ± 7.5 8.5 ± 0.7 

B-SLNs 300 - 40 10 201.9 ± 7.9 0.231 ± 0.051 -13.5 ± 1.8 -- -- 

SLNs = Solid lipid nanoparticles; OLP = Olaparib; SA = Stearic acid; TPGS = α-Tocopheryl polyethylene 

glycol-1000 succinate; PS = Particle size; PDI = Polydispersity index; ZP = Zeta potential; EE = 

Encapsulation efficiency, DL = Drug loading capacity and B-SLNs = Blank SLNs. 

 

As a matter of fact, in vitro release, kinetics of drug release, cellular uptake of drug carriers, 

and drug tissue distribution are much dependent on the optimal size of such delivery vehicles. 

Smaller particles have shown better cellular uptake and permeation and tissue distribution, and 

hence improve drug delivery efficiency [30]. Therefore, to investigate the effect of lipid 

concentration on the size of SLNs and drug entrapment, we prepared SLNs (SLNs-1 to SLNs-4) 

by varying the concentration of SA while keeping the constant amounts of drug, TPGS, and 

Tween-80 as per the reported study [12]. In general, the size of SLNs ranges from few nm to 500 
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nm, however, the size may vary depending upon the fabrication method of SLNs, type of solid 

lipids as well as the use of other excipients including surfactant and co-surfactant [3]. Here, the 

particle sizes were larger (156.5 nm to 287.5 nm) with almost similar PDIs when the concentration 

of SA was increased (100 mg to 400 mg). These results are in line with a previous report [31]. No 

significant differences in the size distributions (PDIs) and ZP among the four formulations (SLNs-

1 to SLNs-4) were noted while increasing the amount of SA (Table 1). The SLNs-1 and SLN-2, 

prepared with 100 mg and 200 mg of SA, respectively, were comparatively smaller (156.5 nm 

and 162.7 nm), but encapsulations were (54.4% and 70.4 % in SLNs-1 and SLNs-2, respectively). 

So, these two formulations were discontinued. Comparatively larger particles (287.5 nm) obtained 

at 400 mg of SA (SLNs-4) as compared to SLNs-3, where 300 mg SA was used and size of SLNs-

3 was 215.6 nm (acceptable for cell line study), while the drug encapsulation (EE%) in case of 

SLNs-3 and SLNs-4 were 83.1% and 84.6%, respectively, which were almost same and the drug 

loading (DL%) were 10.4% and 8.5%, respectively (less in case of SLNs-4). Thus, we have chosen 

SLNs-3 (prepared with 300 mg) as the optimal one and coded it as OLP-SLNs for further 

investigation. Considering the same amount of excipients (without OLP), blank formulation (B-

SLNs) was also prepared for comparative study. The size and zeta-potential distributions of the 

SLNs-3 were represented in Figure 1.  

 

 
 

Figure 1. Particle sizes and zeta potential distributions. Where (a) and (b) were for blank-SLNs-3 

whereas (c) and (d) were for OLP-loaded SLNs-3. 

 

Higher amount of SA increases the EE% (54.4% to 84.6%) but reduces the DL% (13.6% to 

8.5%). Also, the particle sizes were larger (156.5 nm to 287.5 nm) with high PDIs as the 

concentration of SA was increased (100 mg to 400 mg). These results are in line with a previous 

report [31]. As the amounts of drug and emulsifiers were constant and the amount of lipid was 

increased, we could infer that an increasing amount of SA increases the EE%. This was attributed 

to the fact that the increased lipid concentration increases the viscosity of the lipid-organic phase, 

which could reduce the rate of drug diffusion (prevents the drug leakage) [32]. Apart from this, 

the short time duration to get the OLP-SLNs by the applied method also hindered drug leakage 

into the aqueous phase during the precipitation of SA, increasing the EE% of OLP. But as the 

total weight of formulation was higher during the DL% calculation, the DL% was decreased with 

increasing SA concentration. Thus, we concluded that the total amount of lipid (SA) played an 

important role in maximizing the encapsulation of the lipophilic drug into SLNs. 



Mohammed S. Alqahtani et al. 

Bull. Chem. Soc. Ethiop. 2026, 40(11) 

2404 

 
 

Figure 2. Transmission electron microphotographs of blank SLNs as B-SLNs (a) and OLP-SLNs 

(b) with negative staining by Phosphotungstic acid hydrate. The analysis was performed 

at 80K and 100K magnifications, respectively, at a bar scale of 200 nm.  

  

Transmission electron microscopy (TEM) was performed to check the structural morphology 

and shape of the optimal formulation (SLNs-3 or OLP-SLNs) to check for defects or irregularities 

(if any) in the nanoparticles. It is also used to assess the internal structure of nanoscale materials. 

TEM imaging revealed that the blank-SLNs (B-SLNs) and OLP-SLNs (dispersed in purified 

water) were having solid spherical structure and they were distinct from each other (without 

aggregation) as shown in Figure 2. The particle sizes were slightly smaller while observed under 

TEM (113.2–156.3 nm) as compared to the size analysis through differential light scattering 

(DLS) measurement by Zetasizer (156.5–162.7 nm). This obvious variance might be associated 

with drying out of lipid nanoparticles during the preparation of samples for electron microscopy 

[33]. While DLS measures the hydrodynamic diameter of particles together with the hydrate layer 

developed on the SLNs (dispersed in aqueous medium), which could cause an over approximation 

of the particle’s size, which was also reported during the comparative size distribution study of 

polymeric nanoparticles by DLS and TEM [34]. 

 

Fourier transform infrared (FTIR) spectroscopy 

 

 
 

Figure 3. Overlay FTIR spectra of pure OLP (a); pure stearic acid (b); pure TPGS (c); physical 

mixture (PM) of pure drug, stearic acid, and TPGS together (d), and OLP-SLNs (e). 
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The FTIR spectrum of pure drug (OLP) has shown characteristics absorption bands (Figure 

3a) at wavenumbers 3163 cm-1 (strong N-H stretching), 1661.1 cm-1 (medium C=N stretching), 

1631 cm-1 (medium C=C stretching for conjugated alkene), 1430.8 cm-1 (medium C-H bending of 

methyl group of alkane), 1344 cm-1 (strong C-F stretching), 1258.2 cm-1 (strong C-O stretching), 

1013.3 cm-1 (strong broad band for C=O), 812 cm-1 (strong C-H bending for 1,4-disubstituted) 

and 789.3 cm-1 (strong C-H bending for 1,2,3-trisubstituted), indicating the IR bands of OLP when 

it was in crystalline state as suggested by Novo et al., in EU-patent [35], which was also reported 

during the nanocrystallization of OLP [14]. The spectrum of pure stearic acid (SA) has 

characteristic bands (Figure 3b) at wavenumbers 2911.1, 2846, 1694.7, 1296.1, 842.2, and 723.8 

cm-1. The IR spectrum of pure TPGS (Figure 3c) has specific bands at 2883.3, 1741.9, 1460.2, 

1345.6, 1103.7, 951.6, and 843.5 cm-1 wavenumbers. The spectrum of PM (Figure 3d) has shown 

characteristic bands of the three pure ingredients (OLP, SA, and TPGS) altogether at 

wavenumbers 3009.7, 2911.1, 2847.7, 1695.2, 1667.6, 1428.3, 1292.3, 1228.9, 1106.9, 1015.3, 

943.2, and 728 cm-1. The spectrum of OLP-SLNs (Figure 3e) has IR bands at wavenumbers 2915, 

2847.8, 1701.4, 1296.8, 1102.8, 940, and 727.2 cm-1. The IR spectrum, as shown in Figure 3e (for 

OLP-SLNs), indicated the characteristic bands of OLP while it was in an amorphous state in the 

core of SLNs [35]. Conclusively, it was inferred that most of the used drug was encapsulated in 

the SLNs core and in the matrix of the solid lipid. The amorphous state of OLP could have better 

aqueous solubility than its crystalline state. This would improve the in vitro and in vivo 

performance of OLP while encapsulated into SLNs. Moreover, it was reported that the amorphous 

state of OLP was stable even after exposure to air and moisture for a long time because it was no 

longer hygroscopic in nature. 

 

X-ray diffraction study  

 

The diffraction pattern of SA (pure) and SA (present in SLNs) could be used to check the 

crystalline or amorphous behavior of SA. The diffraction of pure OLP (Figure 4a) has shown 

intense peaks at 2θ of 13.3°, 16.12°, 17.68°, 18.98°, 21.04°, 22.18°, 23.32°, 26.06°, 38.04° and 

44.24° with d-values (Bragg’s spacing) of 6.651, 5.493, 5.012, 4.671, 4.218, 3.811, 3.416, 2.363 

and 2.045 having intensities 933 cps (I/I0 22), 883 cps (I/I0 21), 1647 cps (I/I0 39), 1163 cps (I/I0 

28), 2478 cps (I/I0 59), 4254 cps (I/I0 100), 1343 cps (I/I0 32), 893 cps (I/I0 21), 3705 cps (I/I0 88) 

and 1430 cps (I/I0 34) suggesting the crystalline behavior of OLA (Fu et al., 2016). Figure 4b, has 

shown the specific diffraction peaks of pure stearic acid (SA) at 2θ of 6.74°, 20.46°, 21.6°, 24.2°, 

38.06°, and 44.26° with d-values of 13.103, 4.337, 4.11, 3.674, 2.362 and 2.044 having intensities 

1743 cps (I/I0 10), 907 cps (I/I0 6), 17733 cps (I/I0 100), 4924 cps (I/I0 28), 3071 cps (I/I0 18) and 

1172 cps (I/I0 7). The obvious diffraction peaks in the diffraction pattern of pure SA indicate that 

SA has a crystalline structure, which was also mentioned in a previous study [36]. The diffraction 

of pure TPGS (Figure 4c) has the specific intense peaks at 2θ of 19.32°, 23.5°, 26.8°, 38.04° and 

44.24° with d-values of 4.59, 3.782, 3.323, 2.363 and 2.045 having intensities 1678 cps (I/I0 46), 

1066 cps (I/I0 30), 94 cps (I/I0 3), 3665 cps (I/I0 100) and 1238 cps (I/I0 34) indicates the 

crystallinity of TPGS (Lee et al., 2015; Shin and Kim, 2003). Figure 4d, has shown the diffraction 

patterns of PM with some intense peaks at 2θ of 4.38°, 6.56°, 21.52°, 24.08°, 38.02° and 44.24° 

with d-values 20.157, 13.462, 4.125, 3.692, 2.364 and 2.045 having intensities 365 cps (I/I0 7), 

1496 cps (I/I0 26), 5906 cps (I/I0 100), 2336 cps (I/I0 40), 5612 cps (I/I0 96) and 2001 cps (I/I0 34). 

The X-ray diffraction pattern of OLP-SLNs (Figure 4e) has few depressed diffraction peaks at 2θ 

of 4.4°, 6.6°, 11.02°, 15.48°, 21.52°, 24.06° and 31.34° with d-values of 20.065, 13.381, 8.022, 

5.719, 4.125, 3.695 and 2.362 having intensities 1969 cps (I/I0 18), 11397 cps (I/I0 100), 4075 cps 

(I/I0 36), 1043 cps (I/I0 10), 2402 cps (I/I0 22), 1590 cps (I/I0 14) and 2342 cps (I/I0 21). 

Absence of intense peaks and presence of diminished peaks for OLP in the diffraction pattern 

of OLP-SLNs indicate that OLP has been entrapped inside the SLNs core, which was also reported 

in encapsulation of OLP into nanoparticulate drug delivery carriers [37]. The appearance of a few 
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intense peaks of OLP in the diffractogram of SLNs (Figure 4e) might be attributed to the 

adsorption of free drug on the surface of SLNs. Conclusively, these findings indicated the reduced 

crystallinity of OLP and its conversion to an amorphous state, which was also supported by the 

FTIR spectral analysis of OLP-SLNs.    

      

 
 

Figure 4. Overlay X-ray diffractometry of pure OLP (a); pure stearic acid (b); pure E-TPGS (c); 

physical mixture (PM) of pure drug, stearic acid, and TPGS together (d), and OLP-SLNs 

(e). 

 

In vitro release and kinetics of drug release 

 

To check the probability of in vivo drug performance from a dosage form, the in vitro release 

profiling of the drug from the dosage form is an important tool. To increase the solubility of OLP 

(highly insoluble), the release experiment was carried out in phosphate buffers (at pH 5 and pH 

6.8) with 0.5% (w/v) Tween-80 (as solubilizer/surfactant). The profiles of OLP indicated a 

sustained release of OLP from SLNs compared to that of free OLP (OLP-Solution). 

Comparatively, higher drug was released at pH 5 (Figure 5a) than at pH 6.8 (Figure 5b). The 

difference in the release profile at two pH conditions might be associated with pH-dependent 

solubility of OLP. At pH 5, the drug was more soluble than at pH 6.8. The same release behavior 

was also observed during the release of OLP from different nanoformulations [37]. 

 
 

Figure 5. In vitro release profile of the OLP containing formulations (OLP-SLNs and OLP-

Solution) in two release media, i.e., drug release at pH 5.0 with 0.5% (w/v) Tween-80 

(a) and drug release at pH 6.8 with 0.5% (w/v) Tween-80 (b). “Data were the average of 

three measurements with standard deviation (Mean ± SD, n = 3)”. 
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At both pH conditions, most of the drug was released within 5-6 h from the OLP-solution, 

while a sustained release was observed from OLP-SLNs at two pH conditions. Around 96.1% and 

96.6% drug was released at 6 h from the OLP-solutions at slightly acidic condition (pH 5, 

simulating the tumor microenvironment) and neutral/slightly basic condition (pH 6.8, simulating 

the pH of intestinal fluid), respectively.  Whereas, around 88.7% and 72.9% drug was released 

from OLP-SLNs at pH 5 and pH 6.8, respectively at 24 h with sustained release behavior. The 

release of OLP was in agreement with the reported release profile of OLP from other 

nanoformulations at pH 6.8 [12, 37]. The reason for improved release was associated with the 

increased hydrogen ion concentrations at pH 5.  

The sustained and higher drug release from SLNs was due to increased surface volume ratio 

of the nano-sized OLP-loaded SLNs (215.6 nm), leading to increased surface area contact of SLNs 

with the release medium, causing increased solubility and dissolution of OLP [12, 38]. Presence 

of Tween-80 (a high HLB surfactant) speeds up the surface wettability and reduces interfacial 

tension between the lipophilic OLP and the solubilizer (Tween-80) via H-bonding. The lipophilic 

part of Tween-80 interacted with poorly aqueous soluble drug (OLP) via “intermolecular Van-der 

Waals force” which might decrease the rapid drug diffusion from the core of SLNs and 

surfactant’s micellar structures [39]. 

The kinetics of drug release from SLNs was assessed by fitting the release data into different 

model equations. It was observed that OLP release from SLNs primarily followed the Hixon-

Crowell model at pH 5, while it was first-order at pH 6.8. The curve fittings were linear between 

(Mo
1/3 - Mt

1/3) and time (Hixson-Crowell model, at pH 5), and log OLP remained (%) and time 

(first-order, at pH 6.8) as shown in Figure 6. The linearity in drug release as shown by these 

models suggests a sustained release behavior of OLP-SLNs.  

The statistical methods are important, especially when the aim of the experiment was to assess 

the similarity between two drug delivery systems. Exploratory data analysis, repeated 

measurements design, and multivariate analysis of variance approach can be used as statistical 

methods to investigate the drug release kinetics from controlled release nanocarriers. To 

understand the pattern of drug release and release data of OLP-SLNs, the exploratory data analysis 

was applied to compare the release profiles graphically (as shown in Figure 5, with standard error 

bars of triple measurement at each time point) as well as numerically (Table 2) [40].  

The error analysis for release kinetics investigations was done by assessing the reliability of 

the experimental release data (in triplicate) and the accuracy of the different kinetic models where 

the release data were fitted. Herein, the key method to assess the experimental variability was 

standard deviation (SD), applying nonlinear regression for kinetic models as shown in Figure 6, 

and comparing the models using a statistical criterion by observing the coefficient of 

determination (R2) value of model equations. Although this could be done by another statistical 

criterion, such as by representing the sum of the squared differences between observed and 

predicted release values, residual sum of squares (RSS), and Akaike information criterion (AIC), 

which accounts for both fit quality and the number of parameters [41].  

In our case, the statistical analysis of kinetic model fitting was done by fitting the experimental 

data to different mathematical model equations to obtain nonlinear regression curves, as shown 

in Figure 6, to minimize the error between the observed and predicted values of release. Herein, 

the coefficient of determination (R2) was used to analyze how well the model explains the release 

data obtained from OLP-SLNs at different pH levels of the release media. The value of R2, closer 

to 1, indicated a best-fit model for the release kinetic investigation of OLP-SLNs [42]. The highest 

value of R2, i.e., 0.9949 with Hixson-Crowell and 0.9935 with first-order at pH 5 and pH 6.8, 

respectively (Table 2), gives an idea about the release kinetics, the OLP-SLNs followed during 

the in vitro release study [18,19].  
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Figure 6. Release kinetic investigation of the release data of OLP from OLP-SLNs at pH 5.0 (a) 

and pH 6.8 (b). OLP-SLNs have followed the Hixson-Crowell model at pH 5.0 and first-

order at pH 6.8, respectively. 

 

In vitro drug release at pH 5, indicating that the OLP-SLNs followed the Hixson-Crowell 

model that applies to such a system where the diameter and surface area of the nanocarrier 

decrease and dissolve progressively, respectively, as a result of solubilization, which often occurs 

with gradual dissolution of the lipophilic drug (OLP). A similar finding was also reported during 

the release of carvedilol from SLNs [43]. In an acidic environment, the protonation of lipids and 

or surfactants alters the surface charge of SLNs, thereby increasing the solubility and rate of drug 

release from the core of the nanocarrier due to erosion of the lipid matrix and change in the overall 

surface area of SLNs [44]. 

 
Table 2. Applied model equations to assess the kinetics of OLP release from OLP-loaded SLNs at pH 5 and 

pH 6.8.  

 

 

Release equations  

At pH 5.0 At pH 6.8 

R2 Slope R2 Slope 

Zero order (Fraction drug released vs Time) 0.9689 0.0380 0.9558 0.0309 

First order (Log% Drug remaining vs Time) 0.9757 0.0387 0.9935 0.0244 

Korsmeyer-Peppas (Log fraction drug released vs log Time) 0.983 1.0631 0.9805 0.8354 

Hixon-Crowell (Mo
1/3- Mt

1/3 vs Time) 0.9949 0.0217 0.9866 0.0152 

Higuchi-matrix (Fraction drug released vs square root of time) 0.9898 0.2309 0.9782 0.1874 

Where, Mt = Drug released at time “t”; Mo = Initial drug amount used. 

 

These phenomena can empower the sustained release property of such delivery carriers, which 

is beneficial for a prolonged therapeutic action of the encapsulated drugs. The crystalline 

characteristics of drug in the SLNs and polymorphism of solid lipid used were the factors to 

achieve such a controlled drug release nanocarrier that could not improve the drug release but 

may also increase the systemic stability of the drug and its efficacy in vivo [45]. At this low pH 

condition, e.g., pH 5.0, SLNs-loaded with lipophilic drugs follow the Hixson-Crowell model, 

which can simulate the tumor microenvironment, which is slightly acidic or specific 

gastrointestinal conditions [46].  
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Moreover, the release of OLP from OLP-SLNs at pH 6.8 followed the first-order kinetics. 

although it is not the only model that fits. Drug release from SLNs followed a biphasic profile 

(initial burst followed by a sustained release), which is generally described by Higuchi's matrix 

model (diffusion), but in some cases, can follow first-order kinetics, i.e., drug release rate depends 

on the remaining OLP concentration in the matrix of SLNs. The release at this pH represents the 

simulated intestinal fluid (SIF) environment, where many oral SLNs are intended to release the 

encapsulated drug. There are many factors that influence the release kinetics from SLNs at pH 

6.8, such as the type of lipids (hard fat or triglycerides), the type of drug (lipophilic drugs show 

slower, sustained first-order or diffusion-controlled release), and the structure of the matrix 

(crystalline lipids may affect the path length for diffusion). A similar first-order release model 

was observed during the curcumin release from its suspension. The release data were best-fitted 

into the first-order release kinetic model with a high coefficient of determination (R2, 0.9458) 

[47]. 

 

Cytotoxicity assay 

 

The MTT assay results indicate that OLP-Solutions and OLP-SNPs exhibit a dose-dependent anti-

proliferative effect on MCF-7 breast cancer cells Figure 7. This means that higher drug 

concentrations lead to greater inhibition of cell growth. The figure shows the percentage of cell 

viability of MCF-7 breast cancer cells in response to various doses of OLP and OLP-SLNs, 

ranging from 0.78 to 100 μg/mL. Based on the MTT assay results, both OLA and OLP-SNPs 

demonstrate a dose-dependent anti-proliferative effect on MCF-7 breast cancer cells. The IC50 for 

OLP is 18.61 μg/mL, and the IC50 for OLP-SNPs is 10.4 μg/mL at 24 h. This means that OLA-

SNP is a more potent inhibitor than OLA alone at inhibiting the growth of MCF-7 cells. The IC50 

of OLP is a useful metric for evaluating its potency and efficacy as a cancer drug and also 

evaluating cytotoxicity. Therapeutic agents, including drugs, proteins, and genetic material, can 

be adsorbed or chemically conjugated to the surface of nanoparticles. However, those that are 

dissolved, entrapped, or encapsulated within the nanoparticles gain enhanced chemical stability 

and protection against degradation. OLP is often used in combination with other chemotherapeutic 

agents. This can result in a synergistic effect, which can lower the IC50 of OLP and make it more 

effective against cancer cells with DNA repair mutations, such as BRCA1 and BRCA2 mutations 

48]. SLNs have been used to improve the efficacy of cancer treatments by improving drug 

delivery. The lipid nanoparticles (LNPs), which are made up of ionized lipids, helper lipids, and 

cholesterol, have a wide range of therapeutic effects because they facilitate intracellular transport 

while avoiding endosomal compartments. The use of LNPs in drug delivery holds great promise 

for the development of novel gene therapies and effective vaccines [49]. These are examples of 

the many studies that are being conducted on the use of SLNs for cancer therapy. The results of 

these studies are promising and suggest that SLNs could be a valuable new tool for the treatment 

of cancer. In a study published in 2017 [50], SLNs loaded with the anticancer drug paclitaxel were 

shown to be effective in treating breast cancer cells in vitro and in vivo. SLNs were able to increase 

the accumulation of paclitaxel in cancer cells and to reduce the toxicity of the drug to normal 

tissues. 
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Figure 7. Cell viability assay displaying MTT results in terms of IC50 values for OLP-Solution 

(18.61 μg/mL) and OLP-SLNs (10.4 μg/mL) at 24 h. The data represent the average of 

three measurements, expressed as mean ± standard deviation (Mean ± SD, n = 3). 

 

CONCLUSIONS 

 

This study successfully developed and characterized Olaparib-loaded solid lipid nanoparticles 

(SLNs) using the hot homogenization method. The formulation was optimized using stearic acid 

as the lipid matrix and a combination of TPGS and Tween-80 as surfactants. The characterization 

results demonstrated that the SLNs possessed desirable physicochemical properties, including 

appropriate particle size, zeta potential, and polydispersity index, which are crucial for enhanced 

cellular uptake and drug delivery efficiency. The encapsulation efficiency and drug loading 

capacity were found to be high, indicating that the method was effective in incorporating Olaparib 

into the SLN. Importantly, the in vitro release studies demonstrated a sustained release profile, 

which is advantageous for maintaining therapeutic drug levels and minimizing side effects. The 

cytotoxicity assays confirmed that Olaparib-loaded SLNs significantly enhanced the anticancer 

activity against MCF-7 breast cancer cells compared to the free drug. This increase in efficacy is 

attributed to improved solubility, stability, and bioavailability of Olaparib when delivered through 

SLNs. 

 

Future perspectives: An ongoing investigation can be more focused on targeted delivery systems, 

which could increase stability of the SLN, low toxicity profiling, leading to long-term scale-up 

production. Further studies can be performed using multi-drug loading methods, which can 

improve the efficacy of various tested drugs, and optimization strategies can be used in clinical 

applications in various cancer treatments 
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