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ABSTRACT  

Objective: Abiraterone acetate is poorly soluble in water and is not effectively absorbed from the gastrointestinal tract. The oral bioavailability of 

abiraterone acetate in humans is predicted to be less than 10% due to these characteristics. The target of the present work was to construct 

Abiraterone Acetate Loaded Sodium Alginate Nanoparticles (ASNPs) to improve the abiraterone acetate aqueous solubility and dissolution.  

Methods: The ASNPs were constructed by using the solvent desolvation method. For ASNPs optimization, the Central Composite Design (CCD) was 

selected. Particle size and Drug Entrapment Efficiency (DEE) were employed as responses to optimize the independent variable composition using CCD.  

Results: According to CCD, 13 formulations were developed. The particle size of 219.5±0.92 nm and DEE of 89.21±0.54% originated from the 

optimal batch based on the desirability function (0.978). Optimized ASNPs were found with a zeta potential of-46.9±0.65 mV, and in vitro drug 

release of 95.43±0.87%. Optimized ASNPs demonstrated a 28.4-fold increase in the solubility in water compared to pure abiraterone acetate. The in 

vitro drug release evaluation suggests that optimized ASNPs exhibit improved dissolution and sustained drug release compared to the commercial 

product.  

Conclusion: This study concludes that optimized ASNPs overcome the aqueous solubility and dissolution challenges of abiraterone acetate and 

possess most of the ideal properties required for an oral sustained-release dosage form. This can reduce the dosage, administration time, and 

systemic toxicity, and improve oral bioavailability compared to the commercial product. 
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INTRODUCTION 

Generating novel chemical entities is difficult due to their poor water 

solubility. The majority of novel pharmaceutical compounds exhibit 

unfavorable physicochemical features. Numerous investigations 

have identified poorly soluble drugs; the majority of compounds 

belong to categories II or IV of the Biopharmaceutical Classification 

System (BCS) [1, 2]. These medications dissolve slowly, therefore 

restricting effective oral absorption and bioavailability. For efficient 

oral administration and bioavailability development, it will be 

essential to boost the dissolution rate of weakly water-soluble 

compounds [3, 4]. In recent times, an extensive number of 

formulation strategies have been used to improve the oral 

bioavailability of poorly soluble medicines. Oral bioavailability has 

been investigated through various traditional approaches, including 

complexation, co-solvency, salt production, and permeation 

enhancers. However, the efficiency of each of these kinds of 

medication delivery systems is restricted [5, 6]. 

Nanoparticle-based drug delivery systems are a newly established, 

quickly emerging technology that involves nanoscale substances 

employed in medical diagnostics as well as to administer medicinal 

products at particular target areas in a controlled manner [7, 8]. 

Polymeric nanoparticles offer promising options for the oral 

delivery of weakly water-soluble drugs because of their superior 

surface-active properties, enhanced water solubility, stability, 

nontoxic nature, and superior biocompatibility, which render them 

efficient carriers to navigate around therapeutic limitations [9, 10]. 

In the domain of biomedicine, sodium alginate-based nanoparticles 

have drawn a lot of research attention since they have the possibility 

of applications in the engineering of tissues, chemotherapy for 

cancer, and drug and gene delivery. An outstanding instance is the 

targeted management of cancer chemotherapy drugs using 

customized nanoparticles functionalized with biodegradable sodium 

alginate, which exhibited elevated aqueous solubility, controlling the 

drug release, drug safety, oral bioavailability, and greater drug 

accumulation and retention time in malignant cells [11-13]. 

Carcinoma of the prostate is the second-greatest cause of cancer-

related mortality in men [14]. Abiraterone acetate, which was 

approved by the FDA in 2011, is usually prescribed in combination 

with prednisone for the treatment of patients with prostate 

carcinomas [15]. After oral consumption, abiraterone acetate 

hydrolyzes to generate the active abiraterone. The CYP17A1 

microsomal enzymes, which are involved in several stages of the 

androgen synthesis process, are specifically and significantly 

inhibited by abiraterone. The medication appears to be extremely 

beneficial in extending the lives of those suffering from prostate 

cancer [16]. Abiraterone acetate is marketed under the Zytiga® 

brand. Zytiga® has demonstrated clinical and commercial success; 

oral administration of abiraterone acetate is extremely challenging 

[17]. Abiraterone acetate is classified as the fourth category of 

BCS. The substances are poorly soluble in water and are not 

effectively absorbed from the gastrointestinal tract. The oral 

bioavailability of abiraterone acetate in humans is predicted to be 

less than 10% due to these characteristics; hence, a substantial 

daily dosage of 1000 mg (a total of four 250 mg tablets once a day) 

is required to reach therapeutic blood levels, which elevates the 

probability of forgetting doses [18]. Recent work has shown that 

nanoparticles can greatly enhance the solubility of drugs and their 

delivery to targets, reducing the systemic side effects caused by 

poorly water-soluble drugs [19]. Since abiraterone acetate has 

poor aqueous solubility, its bioavailability is limited and therefore 

its therapeutic effect is diminished. Increasing its solubility using 

nanoparticle-based drug delivery systems may lead to greater 

absorption and better clinical results in prostate cancer patients. 

Therefore, abiraterone acetate is essential to develop a polymeric 

nanoparticulate drug delivery system that enhances aqueous 

solubility, and dissolution, sustaining the drug release, oral 

bioavailability, and reducing dosing frequency. 
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A critical step in the design of a polymeric nanoparticle is formulation 

optimization. Various methods and strategies can be implemented to 

create input variable composition in nanoparticle development. The 

traditional method, which is most frequently used, involves modifying 

one independent variable or component while maintaining the 

remaining variables unchanged to observe how composition or 

process variables affect quality attributes. Nevertheless, this method 

necessitates a lot of research studies, and it proves difficult to fig. out 

how input components interact with output. It's also possible to 

misunderstand the experiment results [20]. Using the design of 

experiment techniques, like Central Composite Design (CCD), 

throughout the design and development phase could help solve this 

issue by concurrently identifying the interconnected impact of many 

factors that affect the outputs' quality. Furthermore, CCD proved 

successfully implemented in several research investigations for 

formulation creation and optimization since the data derived from 

CCD proved reliability and precision in predictions [21]. 

This study uses the biodegradable sodium alginate polymer to 
construct polymeric nanoparticles of abiraterone acetate to resolve 
the biopharmaceutical challenges of abiraterone acetate. So, the study 
aimed to employ a CCD to optimize the formulation of Abiraterone 
Acetate Loaded Sodium Alginate Nanoparticles (ASNPs) by 
investigating the effects of two independent variables (sodium alginate 
and stirring speed) on the particle size and Drug Entrapment 
Efficiency (DEE) as dependent variables. It was also anticipated that 
the use of CCD in this investigation would reduce experimental time 
and improve comprehension of the process and final output. It uses 
risk-based concepts and research to recognize the critical factors and 
optimize them. Subsequently, optimized ASNPs were investigated for 
particle size, zeta potential, DEE, surface morphology, X-Ray 
Diffraction (XRD) studies, Fourier Transform Infrared Spectroscopy 
(FTIR), and in vitro drug release was carried out. The optimized ASNPs 
were subjected to accelerated stability testing for six months. 

MATERIALS AND METHODS 

Materials 

Sun Pharmaceutical Industries Ltd in India provided a gift sample of 
abiraterone acetate. Sodium alginate and Sodium tripolyphosphate 
were purchased from Nice Chemical Private Ltd in Kerala. Other 
chemicals are used as analytical grades. 

Methods 

Analytical method for estimating abiraterone acetate 

In this study, abiraterone acetate was quantified using an Ultra 

Violet (UV) spectrophotometric method for characterization tests. In 

the ethanol stock solution, the absorbance has been determined at 

252 nm. The amount of abiraterone acetate in pH 7.4 phosphate 

buffer solution was determined by diluting the stock solution to 

obtain a series of dilutions: 5, 10, 15, 20, and 25 µg/ml of solution. 

The absorbance of the solution was then measured at 252 nm [22]. 

Preparation of nanoparticles 

The solvent desolvation technique was used to produce ASNPs [23-

25]. Sodium alginate (81.8 mg) was dissolved in 10 ml of distilled 

water. Abiraterone acetate (250 mg) dissolved in 10 ml of ethanol. 

Combine the abiraterone acetate and sodium alginate solution, and 

the pH level was adjusted to four. Under continuous stirring (700 

rpm), 10 ml of ethanol was added dropwise to the abiraterone 

acetate-sodium alginate solution. The endpoint was determined by 

the appearance of turbidity in the solution. 2% sodium 

tripolyphosphate was then added. For 12 h, the stirring (at 700 rpm) 

was maintained to allow the nanoparticles to cross-link. Centrifuging 

the generated solution for 30 min, discarding the supernatant 

solution, and collecting the precipitate, which was freeze-dried 

[Freezing temperature and time: −80 °C: 4 h, sublimation: shelf 

temperature (−50 °C), chamber pressure (50–100m Torr), drying 

time (24 h), secondary drying: shelf temperature (+25 °C), chamber 

pressure (10–50 m Torr), drying time (6 h)] and stored in the 

refrigerator for subsequent evaluation investigations.  

Determination of quality target product profile (QTPP) 

QTPP is a prospective summary of the key characteristics that a drug 

product or nanoparticle formulation should possess to ensure 

desired quality, safety, and efficacy. It serves as the foundation for 

product development and guides the identification of Critical Quality 

Attributes (CQAs) [26]. 

Experimental design 

The ASNPs were optimized using design-expert software, trial version 

(13), utilizing a 13-run, 2-factor, 2-level CCD. The sodium alginate 

concentration (A) and stirring speed (B) (table 1) were chosen as the 

independent factors based on the preliminary study, and their impacts 

were investigated on the dependent variables of particle size and DEE. 

The response variables were subjected to an ANOVA analysis, which is 

always necessary for evaluating the applicability and validity of the 

mathematical models, response surface methodology recommends. Each 

of the variables was assessed via an F test and the outcomes were 

processed through multiple regression analyses. If the p-value was less 

than 0.05, the statistical model was considered significant. The response 

variable's variance, which is further explained by the process variable, 

was calculated using the R2 value. 
 

Table 1: Selection of input variables and their level for the CCD 

Variable  Levels  

Low  High  

A-Sodium alginate concentration (mg)  50 100 

B-Stirring speed (rpm) 100 700 

Response variables  Goal  

Y1-Particle size (nm) Minimize  

Y2-DEE (%) Maximize  

 

Characterization of optimized ASNPs 

Drug polymer compatibility studies 

The FTIR spectroscopic assessment was executed using a Shimadzu 
FTIR Spectrophotometer, and investigating the drug-polymer 
compatibility, the KBR pellet method was used to capture the FTIR 
spectra of pure abiraterone acetate, sodium alginate, and optimized 
ASNPs. The spectra were taken at a range of 4000 cm−1 to 400 cm−1. 

XRD 

A powder XRD has examined the diffraction images of the pure 

abiraterone acetate and optimized ASNPs. Pure abiraterone acetate 

and optimized ASNPs were inserted in a glass sample holder and 

measurement conditions were scanned at 30 mA and 40 kV, Scan 

Range (2θ): 5° to 80°, Target: Cu. 

Saturated aqueous solubility study 

To determine the aqueous solubility of optimized ASNPs and pure 

abiraterone acetate, an excess amount of each was added to separate 

flasks containing 10 ml of distilled water. The flasks were placed in a 

mechanical shaker for 24 h at 37 °C and 100 rpm. Following 24 h, the 

dispersions were allowed to reach equilibrium, and the supernatant 

was separated and filtered (0.45μm membrane), and analyzed using 

UV spectroscopy at 252 nm [27]. 

Determination of particle size and zeta potential 

Using a Malvern Zeta Sizer, the particle size, and zeta potential of 

ASNPs were assessed. In short, the ASNPs were diluted 1:100 times 

with water, and the measurement of particle size, Poly Dispersity 

Index (PDI), and zeta potential was conducted at 25 °C [28]. 
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Determination of DEE 

The 10 mg of ASNPs were mixed with 10 ml of water and then 

centrifuged for 30 min at 10,000 rpm. The unentrapped abiraterone 

acetate was extracted from the nanoparticles by collecting the 

supernatant fraction and diluting it suitably with ethanol. The 

supernatant fraction was collected and suitably diluted with ethanol 

and filtered (0.45μm membrane). The amount of unentrapped 

abiraterone acetate in the nanoparticles was determined by UV 

spectrometric detection at a wavelength of 252 nm [29]. To calculate 

the DEE, the following formula was applied, 

DEE% =
(Total amount of drug − Amount of free drug)

(Total amount of drug)
× 100 

In vitro drug release 

The in vitro release of abiraterone acetate from produced 

nanoparticles and commercial product (Zytiga®) has been studied 

using USP dissolving equipment II (paddles) [30]. The commercial 

product (Zytiga® tablet) and 250 mg of optimized ASNPs were 

dispersed in 1 ml phosphate buffer (pH 7.4), filled with a dialysis 

bag, and both were separately put inside the dissolving tester 

containing 900 ml of phosphate buffer (pH 7.4). To control sink 

conditions and temperature, this instrument was fitted in an outside 

water bath. The testing procedure proceeded with stirring at 100 

rpm and 37±0.5ºC. The release medium was collected and replaced 

with a new buffer solution in a separate dissolving vessel at 

predefined intervals. After sampling and filtering 10 ml of the 

dissolving medium using a membrane filter (0.45μm), the 

concentration of abiraterone acetate in the filtrate was measured 

using UV spectrophotometry at a wavelength of 252 nm. 

Surface morphology 

The surface morphology of optimized ASNPs and pure abiraterone 

acetate has been studied using a Scanning Electron Microscope 

(SEM). Using an accelerating voltage of 20 kV, photomicrographs 

were made of the sample at various magnifications using a piece of 

double-sided sticky tape coated with gold. 

Accelerated stability studies 

Short-term stability investigations were conducted on ASNPs for six 

months at accelerated conditions of 40±2 °C/75±5% RH. The glass 

container storing the optimized ASNPs was kept in a stability 

chamber. The DEE, in vitro drug release, and particle size of ASNPs 

were assessed every three months [31]. 

RESULTS AND DISCUSSION 

Analytical method for estimating abiraterone acetate 

The current analytical technique complied with Beer's rule within 

the measured concentration range of 5–25μg/ml, which rendered it 

appropriate for abiraterone acetate quantification in phosphate 

buffer with a pH of 7.4. The linear regression's R2 value was 

discovered to be 0.9981. Y=0.0395x+0.0122 is the calibration curve 

linear regression equation (fig. 1). 

 

 

Fig. 1: Calibration graph of abiraterone acetate 

 

Preparation of ASNPs 

The desolvation process was used to prepare thirteen batches of 

ASNPs (table 2). Sodium alginate was chosen in the preparation due 

to its outstanding biocompatibility, extended storage stability, and 

expressed capacity to form nanostructures [11-13]. 

Determination of QTPP 

The oral bioavailability and therapeutic effectiveness of medicine 

are significantly influenced by its solubility [32]. Nanoparticles play 

an important role in solubility enhancement. Because smaller 

particles have a greater surface area when exposed to the solvent, it 

greatly enhances their solubility. An important determinant of 

nanoparticles' ability to effectively target malignant cells is their 

size. The optimal particle size is less than 400 nm since this might 

prolong the nanoparticles' time in the bloodstream and make it 

possible to target malignant cells specifically through increased 

permeability and retention [33].  

DEE is an important consideration in the design and development 

of nanoparticle-based drug delivery systems, and assessing the 

amount of therapeutic agent that was successfully confined within 

the nanoparticles to the entire quantity of drug used during 

formulation. High DEE, which ensures that the nanoparticles 

contain the optimum amount of the active pharmaceutical 

ingredient, has rendered it potential for drugs to be distributed to 

the desired location effectively. A high DEE enhances the 

therapeutic effect by regulating the release of the medicine at the 

intended location [34, 35].  

Therefore, the primary objective of the current study is to reduce the 

particle size and maximize the entrapment efficiency of abiraterone 

acetate in sodium alginate nanoparticles, which will enhance the 

aqueous solubility, and rate of dissolution, sustaining the drug 

release, therapeutic effect of abiraterone acetate. 

Experimental design 

The CCD turned out to be the most important and reliable method 

for screening independent variables in minimal trials in comparison 

to other designs. To construct ASNPs, the primary impact of an 

independent variable on dependent variables has to be anticipated. 

A review of the literature and preliminary investigation contributed 

to the selection of sodium alginate (A) and stirring speed (B) as the 

independent variables, while particle size (Y1) and DEE (Y2) were 

found to be the dependent variables that most affected the 

development of the nanoparticles. Table 1 displays the independent 

variables along with their levels, while table 2 displays the response 

variable observations. 
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Table 2: Composition of ASNPs by CCD 

Run Factor 1 Factor 2 Response 1 Response 2 

A: Sodium alginate concentration (mg) B: Stirring speed (rpm) Particle size (nm) DEE(%) 

1 40 400 353.2±1.03 48.94±0.23 

2 100 700 265.9±0.76 85.36±0.45 

3 75 200 558.4±1.32 68.25±0.12 

4 100 100 957.3±0.98 52.69±0.54 

5 50 100 496.2±0.93 45.81±0.37 

6 75 400 415.6± 1.45 74.65±0.49 

7 75 400 415.6± 1.63 74.65±0.76 

8 110 400 698.5± 0.64 80.92±0.12 

9 75 400 415.6± 0.45 75.95±0.06 

10 50 700 203.2±1.87 68.59±0.05 

11 75 400 415.6± 0.04 74.65±0.23 

12 75 800 225.8±1.08 84.95±0.05 

13 75 400 415.6±0.32 74.65±0.87 

Data are expressed in mean±SD (n = 3) 

 

Effect of an independent variable on the particle size of ASNPs 

The ASNPs were discovered to have an average particle size ranging 

from 203.2±1.87 to 957.3±0.98 nm (table 2). The polynomial model 

revealed that significant effects are caused by input variables such as 

stirring speed (B) and sodium alginate (A). Particles that are expected 

and actual appear with values that are closest together (fig. 2). The F-

value of 105.6 confirms the statistical significance of the model, 

supporting the mathematical model's significance developed for the 

mean particle size of ASNPs. The F-value is large and could only be a 

consequence of noise with a 0.01% chance. Since P values below 

0.05 suggest considerable modeling terms, the quadratic term has a 

considerable impact on particle size (table 3). The graphs of contour 

and three-dimensional response surfaces were implemented to 

clarify further the consequences of the major and interacting effects 

associated with the input variables on the particle size of ASNPs. Fig. 

3 indicates the matching contour plot interaction between A and B 

on the particle size of ASNPs. The 3D response surface graphs (fig. 4) 

explain the connection between the input variable [Sodium alginate 

(A), Stirring speed (B), and the output variables (Particle size)]. The 

relationship between stirring speed (B) and sodium alginate 

concentration (A) concerning ASNPs particle size can be observed in 

the interaction graph (fig. 5). 

The consequence of factor levels on particle size can be explained by 
the following polynomial equation. 

Particle size = 413.32+127.20A-226.60B-99.54 AB+47.84A2+37.94B2 

As a result, the maximum concentration of sodium alginate resulted 
in smaller ASNPs particle sizes, while increasing the concentration of 
sodium alginate resulted in larger ASNPs. As the speed of stirring 
increased, the size of the ASNPs decreased. The particle size of 
ASNPs can be efficiently reduced by using a maximum concentration 
of sodium alginate and increasing the stirring speed (fig. 3-5). Table 
3 describes the statistical analysis of particle size (ANOVA). Thus, 
the given model was significant (p value 0.0001). 

  

Table 1: Statistical analysis of particle size (ANOVA) 

Parameters  DF SS MS F value P value  R2 SD C. V.%  Adj R2 Predicted R2 

Particle size 

Model  5 4.86 97380.65 105.6 0.0001 0.9868 30.45 6.78 0.9775 0.9049 

Residual 7 6488.66 926.95  

 

 

Fig. 2, 3: Predicted v/s actual correlation of particle size, contour plot for sodium alginate concentration and stirring speed against 

particle size 
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Fig. 4, 5: 3D surface plots sodium alginate concentration and stirring speed against particle size, Interaction graph for sodium alginate 

concentration (a), stirring speed (b), sodium alginate concentration, and stirring speed (c) on particle size 

 

Effect of an independent variable on DEE 

The range of 45.81±0.37% to 85.36±0.45% was determined to 

represent the entrapment efficiency of abiraterone acetate in ASNPs 

(table 2). According to the polynomial model, each variable (A, B) 

has a notable impact. As fig. 6 illustrates that the observed values 

correspond closely to the expected values. The F-value of 30.73 

suggested that the mathematical model created for DEE (Y2) was 

significant (table 4). The interaction effects of the independent 

factors on the DEE were further elucidated through contour plots 

and 3D surface plots. Fig. 7 indicates the matching contour plot 

interaction between sodium alginate (A) and stirring speed (B) on 

the DEE. 3D response surface graphs (fig. 8) explain the connection 

between the input variables [Sodium alginate (A), stirring speed (B)] 

and the output variables (DEE)]. The relationship between stirring 

speed (B) and sodium alginate concentration (A) concerning DEE 

can be observed in the interaction graph (fig. 9). Thereby, the 

presented model was significant. The consequence of factor levels on 

particle size can be explained by the following polynomial equation. 

DEE = 75.59+8.64 A+13.55 B+2.476AB-5.95 A2-5.55 B2 

Therefore, abiraterone acetate entrapment in the designed 
nanoparticle increased with increasing sodium alginate 
concentration (A) and stirring speed (B); conversely, abiraterone 
acetate entrapment in the designed nanoparticle decreased with 
decreasing sodium alginate concentration and stirring speed. 
Increasing the sodium alginate concentration and stirring speed will 
result in the maximum drug entrapment (fig. 7-9). The statistical 
analysis of DEE (ANOVA) is described in table 4. Table 4 describes a 
statistical model that was significant (p value-0.0001) effect. 

 

Table 2: Statistical analysis of DEE 

Parameters DF SS MS F value P value  R2 SD C. V. %  Adj R2 Predicted R2 

DEE 

Model  5 1945.32 389.06 30.73 0.0001 0.9564 3.56 5.08 0.9253 0.5190 

Residual 7 88.62 12.66  

 

 

Fig. 6, 7: Predicted v/s actual correlation of DEE, contour plot for sodium alginate concentration and stirring speed against DEE 



N. M., U. S. 

Int J App Pharm, Vol 17, Issue 4, 2025, 268-278 

273 

 

Fig. 8, 9: 3D surface plots sodium alginate concentration and stirring speed against DEE, Interaction graph for sodium alginate 

concentration (a), stirring speed (b), sodium alginate concentration, and stirring speed on DEE 

 

 

 

Fig. 10, 11: Desirability graphs-ramp and bar graphs, graphical optimization of ASNPs-a) Contour plot, b) overlay plot 
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Optimization of ASNPs 

The numerical (fig. 10) and graphical optimization (fig. 11) were 

used to pick the optimized ASNPs formula because it exhibits a high 

desirability function (0.978) as seen in fig. 10 and fig. 11. The 

composition of the optimized ASNPs formulation included sodium 

alginate (81.83 mg), and stirring speed (700 rpm), The formulation 

demonstrated the expected values for particle size (235.79), and 

DEE (86.18%) as depicted in fig. 10, 11. 

Confirmation of optimized formula for ASNPs 

The confirmation findings showed that the observed residual error of 

particle size and DEE for optimized formulations was less than 10% 

(table 5). It validates the optimization findings by demonstrating a 

high degree of agreement between the projected and actual results. 

The residual error and observed outcomes show that CCD has been 

successfully utilized to optimize the ASNPs optimal formula and satisfy 

the predetermined objective listed in table 1. 

 

Table 5: Confirmation results of optimized ASNPs 

Optimized ASNPs formula Responses Predicted value Observed value Residual error 

Sodium alginate (mg) Stirring speed (rpm) 

81.83 mg 700 rpm Particle size (nm) 235.7 219.5± 0.92 6.8% 

DEE (%) 86.18 89.21± 0.54 3.52% 

 

Evaluation of optimized ASNPs 

Drug–polymer compatibility study 

The compatibility of the drug and polymer was confirmed using 

FTIR spectroscopy investigations. The sodium alginate, 

abiraterone acetate, and optimized ASNPs FTIR spectra were 

recorded (table 6 and fig. 12). It showed that the characteristic 

peak of pure abiraterone acetate was not altered by the addition of 

excipients and after formulated into nanoparticle with no change 

in functional group and indicating no chemical reaction and 

interaction between the drug and excipients (fig. 12). The 

predominant peaks of sodium alginate and abiraterone acetate in 

the optimized ASNPs spectra indicate that the drug and polymer 

are compatible. 

 

 

Fig. 12: FTIR spectrum of pure abiraterone acetate (a), Sodium alginate (b), Physical mixture (c), Optimized ASNPs (d) 

 

Table 6: FTIR interpretation of abiraterone acetate, sodium alginate, physical mixture, optimized ASNPs 

Functional groups  Pure abiraterone acetate  Sodium Alginate  Physical mixture Optimized ASNPs 

C-H starching  

 

2891.74 

2936.09 

- 2891.74 

2936.09 

2936.09 

Ester  1734.66 - 1735.62 1716.34 

1734.66 

 C=C stretching  1602.56 

1588.2 

- 1600.63 

1530.24 

1540.85 

1507.1 

OH stretching  3562.78 3565.74 3637.09 3445.21 

C=O stretching 1716.42 1716.34 1710.55 1716.34 

Pyridine ring 1485.04 - 1484.42 1485.08 

 

XRD 

XRD patterns of pure abiraterone acetate and optimal ASNPs are 

shown in fig. 13. Variable crystal structures of abiraterone acetate 

are shown in fig. 13a-b. The pure abiraterone acetate X-ray patterns 

exhibited distinct peaks at 13.270°, 15.000°, 18.256°, 19.800°, 

25.160°, 32.100°, and 64.499° [36]. Such intense and sharp 

diffraction peaks in fig. 13a revealed the crystalline nature of pure 

abiraterone acetate. A sharp peak at high intensity also indicates 

well-ordered packing of the molecules. On the other hand, fig. 13b 

indicates broader and less intense peaks, which are suggestive of 

either a partially crystalline or amorphous structure. Due to the loss 

of the crystalline lattice, the peaks became less intense, and which 

remained in the amorphous zone was broad. Fig. 13b may represent 

optimized ASNPs with an amorphized drug that enhances solubility 

and bioavailability [37]. 
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Fig. 13: XRD graphs for pure abiraterone acetate (a), optimized ASNPs (b) 

 

Determination of aqueous saturated solubility study 

Comparative evaluation of the aqueous saturated solubility of optimized 

ASNPs and Pure Abiraterone Acetate reveals that pure abiraterone 

acetate has a poor aqueous solubility (0.43±0.21μg/ml) after creating 

optimal ASNPs, its solubility increases to 12.24±1.02μg/ml. Comparative 

Evaluation of the aqueous saturated solubility of optimized ASNPs 

reveals that reduced crystalline structure [37], particle size reduction 

[38], and the masking of the hydrophobic groups of abiraterone acetate 

by the inclusion of sodium alginate (ASNPs) [39], support the 

improvement of aqueous solubility. The aqueous solubility in optimized 

ASNPs showed an increase in solubility by 28.4-fold in distilled water 

compared to pure abiraterone acetate. 

Determination of particle size and zeta potential 

The optimized ASNPs had a Z-average particle size of 219.5±0.92 nm 

(fig. 14). A smaller particle size denotes enhanced water solubility 

and a quicker rate of dissolution [38]. The effective reduction of 

particle size is accomplished by the use of a CCD, which optimizes 

the composition of the input variables. 

The optimized ASNPs particle size is smaller than 400 nm since this 

could increase the nanoparticles' time in the bloodstream and allow 

for the specific targeting of malignant cells through improved 

permeability and retention [33]. The optimized ASNPs have a PDI of 

0.034. The PDI value indicates that the prepared nanoparticles are 

highly homogeneous. 

The zeta potential of optimized ASNPs is used to determine their 

surface electric charge. Using an applied electric field to track the 

movement of nanoparticles, the zeta potential of ASNPs was 

determined. At 25 °C, the zeta potential was measured with a 

measuring angle of 90°. The optimized ASNPs zeta potential value 

was discovered to be-46.9±0.65 mV (fig. 15). The value amply 

demonstrates the good physical stability of the constructed 

nanoparticles. The optimized ASNPs have high zeta potential, 

indicating that the surface was highly negatively charged, which 

caused the particles to experience intense electrostatic repulsion. 

The particles are forced to be free by this repulsion, which stops 

them from aggregating. This distribution can improve aqueous 

solubility and dissolution by increasing surface area [40]. 

 

 

Fig. 14: Particle size of optimized ASNPs 

 

 

Fig. 15: Zeta potential of optimized ASNPs 
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Determination of DEE 

This work constructs ASNPs with excellent DEE using a CCD. Using a 
CCD, ASNPs were extensively developed and optimized in the 
present study. The ASNPs are expected to have greater therapeutic 
efficacy because of their entrapment efficiency of 89.21±0.54% for 
abiraterone acetate in produced nanoparticles. 

In vitro drug release studies 

The commercial product (Zytiga®) and optimized ASNPs were 

tested for cumulative percentage drug release. Fig. 16 highlights 

only 60.54±0.67% of the abiraterone acetate is released from 

commercial product after 12 h in dissolving media, which can be 

attributed to its poor solubility. According to the in vitro release 

profile of ASNPs, in the first 2 h, almost 60.21±0.67% abiraterone 

acetate was released from optimized ASNPs, after a burst release, 

there was a sustained release (95.43±0.87%) for 12 h from 

optimized ASNPs (fig. 16). 

Abiraterone acetate nanosizing [38], the presence of sodium alginate 

[39], and a decrease in the drug crystallinity [37] in prepared 

nanoparticles (ASNPs) contribute to the increased aqueous solubility 

and dissolution of abiraterone acetate. The kinetics of abiraterone 

acetate release from optimized ASNPs were determined by measuring 

the R2 value for distinct kinetic models. The results found that the 

Korsmeyer-Peppas model exhibited the highest R2 value. Our findings 

showed optimized ASNPs in the Korsmeyer-Peppas model showed the 

highest R2 and n value of 1.75 in the dissolving medium (table 7). As 

suggested by the Korsmeyer model, abiraterone acetate can be 

released from optimized ASNPs through super case 2 transport, 

abiraterone acetate release process in ASNPs involves substantial 

matrix swelling and diffusion in the dissolution medium. 

 

 

Fig. 16: Dissolution profile of optimized ASNPs and commercial product (Zytiga®), the results were reported (n = 3) 

 

Table 7: Drug release kinetics of optimized ASNPs 

Optimized ASNPs Zero-order First order  Higuchi model Korsmeyer-Peppas model 

R2 value 0.7094 0.9320 0.7096 0.9670 

 

Surface morphology 

Fig. 17ab exhibits an SEM picture of optimized ASNPs and pure 

abiraterone acetate. Compared to pure abiraterone acetate, SEM 

pictures of optimized ASNPs showed a change in surface shape. Pure 

abiraterone has large crystal shapes (fig. 17a) and optimized ASNPs 

have smooth edges and rod-like crystal shapes (fig. 17b). 

Abiraterone acetate was amalgamated in produced nanoparticles 

(ASNPs) as evidenced by SEM pictures (fig. 17b); this could probably 

account for the enhancement of aqueous solubility and dissolution.

 

 

Fig. 17: SEM graphs (a) pure abiraterone acetate and (b) optimized ASNPs 
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Accelerated stability studies 

Accelerated stability tests were performed over six months to 

check the stability of the optimally developed ASNPs. Therefore, 

zeta potential, particle size, DEE, and in vitro drug release studies 

systematically assessed during this bid over some defined 

intervals were presented in table 8. Particle size showed no 

significant change, suggesting that the nanoparticles were well-

dispersed with no aggregation. Stability was also provided by the 

zeta potential values, which confirmed that the surface charge and 

therefore the stability did not change. In addition, they showed 

that no drug leakage occurred or, in other words, that there was 

no variation of DEE. The in vitro drug release profile was found to 

be consistent with the original formulation, thereby establishing 

that the optimized ASNPs shall maintain their drug-release 

property with time. Collectively, those findings confirm the 

chemical stability of the optimized ASNPs under accelerated 

stability conditions. 

 

Table 8: Accelerated stability testing of optimized ASNPs 

Characterization studies Storage condition Before testing   3rd mo  6th mo 

Particle size 40±2 °C/75±5% RH 219.5±0.92 nm 219.5±0.23 nm 220.07±0.26 nm 

Zeta potential  -46.9±0.65 mV -46.95±0.74 mV -47.12 ±0.41 mV 

DEE 89.21±0.54%  89.45±0.97% 89.76±0.56% 

In vitro drug release  95.43±0.87% 95.96±0.43% 96.05±0.74% 

Data are expressed in mean±SD (n = 3) 

 

CONCLUSION 

The optimization of the ASNPs was successfully finished to produce 

nano-sized ASNPs (219.5±0.92 nm). The findings of the studies 

indicate that the optimized ASNPs from the CCD technique were 

credible and efficient. The response surface plots generated by this 

study provided an obvious comprehension of the connection 

between sodium alginate and stirring speed, which is the main factor 

in the formulation of ASNPs, along with how it impacts particle size 

and DEE. Consequently, the optimal input variable composition of 

ASNPs, as predicted by the CCD, was satisfactory. The analysis of the 

DEE (89.21±0.54%) revealed that abiraterone acetate was 

entrapped effectively in optimized ASNPs and therefore, is 

anticipated to increase its therapeutic efficacy. The optimized ASNPs 

zeta potential value was discovered to be-46.9±0.65 mV. The value 

amply demonstrates the good physical stability of the constructed 

nanoparticles. Optimized ASNPs demonstrated a 28.4-fold increase 

in the solubility in water compared to pure abiraterone acetate. The 

in vitro drug release evaluation suggests that ASNPs exhibit an 

improved dissolution (95.43±0.87%) compared to commercial 

product (Zytiga®). In accelerated stability testing, optimized ASNPs 

were stable for six months. Optimized ASNPs overcome the aqueous 

solubility, and dissolution challenges of abiraterone acetate and 

possess most of the ideal properties required for an oral sustained-

release dosage form. Therefore, the studied ASNPs might be useful in 

the treatment of prostate cancer. This can cause the drug to be 

distributed at the intended location for a longer period, reducing the 

dosage, administration time, and systemic toxicity compared to 

commercial product. However, further studies in pharmacokinetics 

(in vivo tests) are needed to prove clinical efficacy. 
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