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ABSTRACT 

Objective: The main objective of this work is to develop a nanosuspension formulation of paliperidone to overcome its low solubility and 
bioavailability issues. Stabiliser concentration (X1) and probe ultrasonication duration (X2) at three levels were tested for their effects on particle 
size (Y1) and saturation solubility (Y2) using a 32-factorial design. 

Methods: The solvent-antisolvent method, followed by probe ultrasonication was used for the formulation of nanosuspension. The optimised 
nanosuspension was tested for particle size, saturation solubility, scanning electron microscopy, drug content, thermal analysis, zeta potential, 
Fourier transform infrared spectroscopy, in vitro dissolution, and in vivo study.  

Results: The optimised formulation revealed a particle size of 293.4 ± 2.74 nm, saturation solubility of 173.61 ± 3.37 μg/ml, and zeta potential of-
23.8 mV. Scanning electron microscope photographs indicated particle size less than 1 μm. Optimised nanosuspension showed 100% drug release 
within 30 minutes. Studies conducted in Wister rats have shown that the optimised nanosuspension demonstrated a 2.88 times higher maximum 
concentration and 2 times higher area under the curve. The stability studies demonstrated satisfactory stability over three months. 

Conclusion: To summarise, this research showed the ability of nanosuspension to enhance the solubility and bioavailability of paliperidone. 
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INTRODUCTION 

Nearly 40% of newly developed active chemicals face the problem of 
being insoluble in water [1]. The drug's solubility is a crucial factor 
in determining its rate of dissolution and absorption into the body 
[2]. The slow rates at which poorly water-soluble medications 
dissolve might create challenges in formulation, resulting in reduced 
absorption when taken orally. Various approaches have been 
explored to address this issue. Nanosuspension can solve this issue 
by decreasing the particle size and increasing the overall surface 
area. Nanosuspensions are colloidal dispersions comprising drug 
particles on a nanometer scale and dispersed in a liquid phase.  

This technique has great potential for improving solubility as well as 
bioavailability. Several methods are used to create active 
pharmaceutical ingredients in the form of nanosuspension. One of 
such method is a solvent-antisolvent approach with probe-
ultrasonic homogenization [3]. This approach involves dissolving the 
drug in a suitable solvent, which is then added into another solvent 
in which the drug is insoluble but other excipients are soluble hence 
called anti-solvent. This causes the precipitation of drug molecules 
in the nano-size range which can be followed by probe 
ultrasonication to further reduce the size [4, 5]. 

Paliperidone is prescribed for the management of schizophrenia [6]. 
In the brain, paliperidone functions as an antagonist at serotonin 5-
HT2A and dopamine D2 receptors. Paliperidone belongs to the class 
II of BCS system due to less aqueous solubility. 

Formulating paliperidone into nanosuspension form can enhance its 
solubility, dissolution rate, bioavailability, and therapeutic efficacy, 
making it a promising approach for improving the delivery of this 
drug for the treatment of schizophrenia. 

The objective of this present work was to formulate and optimize a 
nanosuspension of paliperidone. This will be achieved by employing 
the solvent-anti-solvent method, followed by probe ultrasonication.  

MATERIALS AND METHODS 

Material 

The Active Pharmaceutical Ingredient (API) Paliperidone was acquired 
from Yarrow Chem Products, Mumbai, India. Polyvinylpyrrolidone 

K30 (PVPK30), Sodium lauryl Sulphate (SLS), and Methanol were 
acquired from Sudharshan Scientific ltd., located in Nandgoaon, 
Nashik, Maharashtra. The study utilises double distilled water. All the 
chemicals were utilised were of analytical grade. 

Methods 

Melting point (MP) 

One end of the capillary was sealed while through another end a 
small amount of drug was inserted into the capillary. Afterward, the 
capillary was attached to a thermometer and placed in liquid 
paraffin in Theil's tube. The Theil's tube was thereafter heated over a 
flame until the API began to liquefy. The temperature at which the 
paliperidone sample melted was recorded as its melting point [7]. 

Solubility 

The solubility of the chosen API was determined using the shake 
flask method. An excess quantity of paliperidone was added to a 
50 ml water and methanol and agitated at room temperature for 
48 h. The saturated solutions were filtered diluted, and by use of 
UV (Shimadzu-1800, Japan) the concentration of drug was 
determined [8]. 

Preparation of calibration curve in distilled water, methanol 
and 6.8 pH phosphate buffer 

Exactly 10 mg of paliperidone was solubilised into 10 ml methanol 
in a volumetric flask to obtain the concentration of 1000 μg/ml. 
After appropriate dilution of standard solution with methanol, water 
and 6.8 pH phosphate buffer, serial dilutions are obtained. At a 
wavelength of 237 nm, the absorbance of each dilution was 
measured. Calibration curves were then plotted as absorbance 
versus the concentration in each solvent [9]. 

Drug excipient compatibility study 

Compatibility testing was conducted using FTIR (Jasco FT/IR-4600, 
Japan) to assess potential drug-excipient interaction. The 
paliperidone was fully mixed with selected excipients in a 1:1 ratio, 
compressed into a disk shape and infrared spectra were recorded 
[10]. 
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Selection of solvent and antisolvent 

The choice of the anti-solvent and solvent for the formulation of 
nanosuspension was based on the solubility of the paliperidone and 
excipients. Based on the solubility investigation, it was found that 
paliperidone has shown higher solubility in methanol. Therefore, in 
the role of solvent methanol was selected. Paliperidone is insoluble 
in water, selected excipients are soluble in water and methanol is 
miscible in water; hence water was decided as an anti-solvent for 
the formulation of nanosuspension [11-13]. 

Selection of independent and dependant variables 

The independent variables in the present investigation selected 
were the concentration of stabiliser and the probe ultrasonication 
time. The dependent variables were the particle size and saturation 
solubility of the resulting nanosuspension. Stabilisers and 
surfactants are crucial components in the formation of 

nanosuspensions. Stabilisers as well as surfactants are essential for 
maintaining the nanosuspension in its nano-sized form. Probe 
ultrasonication reduces particle size by the utilisation of ultrasonic 
waves. Therefore, it is essential to ascertain the optimal 
concentration of stabiliser and the duration of probe ultrasonication 
for the development of a nanosuspension formulation [14, 15]. 

Optimization 

A 32 factorial design was used for optimisation purpose. The 
formulation of nanosuspension involves determining the outcome of 
two independent variables: the amount of stabiliser (X1) and the probe 
ultrasonication time (X2) at three levels. Total of 9 formulations will be 
considered for the optimisation. These nine formulations will undergo 
screening to determine their size of particle (Y1) and saturation 
solubility (Y2) as dependent variables. Nanosuspension that produces 
the best outcomes will be considered as optimised, and subsequent 
investigations will be conducted using the optimised nanosuspension. 

  

Table 1: 32Optimization of paliperidone nanosuspension 

Formulation code Paliperidone (mg) PVP K30 (Stabilizer) (X1) (mg) Ultrasonication time (X2) (min) 
PF1 10 10 5 
PF2 10 10 10 
PF3 10 10 15 
PF4 10 20 5 
PF5 10 20 10 
PF6 10 20 15 
PF7 10 30 5 
PF8 10 30 10 
PF9 10 30 15 

 

Formulation of nanosuspension 

The nanosuspension was formulated by a bottom-up approach 
method called as anti-solvent precipitation technique, followed by the 
use of probe ultrasonication. The 10 mg paliperidone is dissolved in 10 
ml of methanol followed by sonication for 5 min. Precisely measured 
quantities of PVPK30 and SLS (5 mg) are dissolved in 70 ml of distilled 
water (anti-solvent) that has been previously cooled to 5 ℃ using an 
ice-water bath. The surfactant and stabiliser solution were placed in a 
beaker and stirred vigorously at 1000 rpm. A syringe filled with a drug 
solution in methanol was placed above the beaker and added slowly. 
Stirring of the drug solution was continued for 2 h. After 2 h, the 
sample was promptly moved into the hard glass test tube and 
subjected to the 6-number ultrasonic probe at a depth of 3 mm, for 
various time intervals [16-18]. 

Lyophilization of nanosuspension 

The optimised paliperidone nanosuspension was then converted into 
dry powder using mannitol as a cryoprotectant by use of lyophiliser 
(FreeZone, Triad, labcono, USA). The optimised batch was placed in a 
chamber and maintained at a temperature of-80 °C for 8 h. 
Subsequently, it was removed in the form of dry powder from the 
chamber and stored in a hermetic container for further studies. 

Evaluation of nanosuspension 

At first, the nanosuspensions were assessed for their saturation 
solubility and particle size. The optimised formulation was 
determined based on these two variables and subsequently 
evaluated for various parameters.  

Saturation solubility study 

10 ml of distilled water was added to stoppered conical flasks, 
followed by the addition of an excessive amount of nanosuspension 
formulation. The sealed flasks were shaken on a rotary shaker (Remi 
Rs-12 R, India) for 24 h after which samples were filtered and 
examined by use of a UV spectrophotometer [19]. 

Particle size analysis 

The Anton Paar litesizer 500, Graz, Austria analyser was used to 
calculate the size of particles of formulated batches of paliperidone 
nanosuspension [20]. 

Determination of drug content 

10 mg optimised lyophilized paliperidone nanosuspension was precisely 
measured and solubilised in 10 ml of methanol. The solution was then 
filtered, suitably diluted and analysed using UV spectroscopy [21]. The 
following formula was used to determine the drug content:  

% Drug content = 
Drug content determined

Total drug added
* 100 

Differential scanning calorimetry (DSC) 

Mettler, DSC 8000, Switzerland instrument was used for the thermal 
analysis. A carefully measured 5 mg of paliperidone as well as 
lyophilized nanosuspension, was sealed in an aluminium pan. The 
samples are then subjected to a gradual temperature increase (10 °C 
per min) from room temperature to 300 °C. To maintain a consistent 
atmosphere, pure nitrogen gas was injected into the system [22]. 

Fourier transform infrared (FTIR) 

FTIR (Jasco-4600, Japan) was used to evaluate lyophilized paliperidone 
nanosuspension and API. 5 mg of optimised lyophilised nanosuspension 
as well as API was combined with an equal weight of dried KBr and 
forced into a disc separately. The discs were placed in the 
spectrophotometer and spectra were recorded from 4000-400 cm-1 [23]. 

Scanning electron microscopy (SEM) 

SEM analysis was carried out using FEI Quanta 200, Netherlands to 
study the surface structure of the nanosuspension particles and to 
verify the presence of nanoparticles in the prepared nanosuspension.  

X-Ray diffraction 

XRD analysis of paliperidone API and lyophilized nanosuspension 
was performed using the PAN alytical X' Pert Pro, Netherlands. X-ray 
tubes with copper (Cu) targets are used with 1.54184 Å wavelength. 
This study used instrumental factors such as a 2θ angle (10-90 
degrees) and a 3-second counting interval for each step. The 
counting step for the 2θ angle was 0.04 degrees [24]. 

Zeta potential (ZP) 

The ZP of optimised nanosuspension was evaluated using AntonPar 
litesizer 500, Graz, Austria with an Omega cuvette Mat. No. 225288. 
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Smoluchowski's Henry factor 1.5 was used. A target temperature of 
25 ℃ was used with a relative permittivity of 78.37.  

In vitro dissolution study 

The optimised paliperidone nanosuspension batch was subjected to 
in vitro dissolution by use of USP type II (Paddle type) apparatus 
(VDS-6, VBTech automation, Gujarat, India). The optimised 
nanosuspension formulation was placed in a dialysis bag (HiMedia, 
Mumbai) that had been pre-soaked overnight in a dissolution 
medium. The experiment was conducted at 37±0.5 ℃, using a 
phosphate buffer (900 ml, pH 6.8) at 50 rpm. 5 ml of 
nanosuspensions was added to the dialysis bag and then attached to 
the shaft. 5 ml samples were withdrawn from the centre of the 
basket at intervals of 2, 5, 10, 20, 30, 40, 50, and 60 minutes and 
replaced with the same amount of pre-warmed media. By use of a 
0.2 μm Polytetrafluoroethylene (PTFE) filter, the samples were 
filtered. After being appropriately diluted, the removed samples 
were examined with a UV spectrophotometer [25, 26]. The 
dissolution profile of the optimised batch of nanosuspension was 
then compared with the in-house prepared uncoated tablet of API. 

In vivo pharmacokinetic studies 

The in vivo animal studies were carried out as per CPCSEA 
guidelines. Animal Ethical Committee of KBHSs Trusts Institute of 
Pharmacy, Maharashtra (1566/PO/a/11/CPCSEA) provided 
approval for the protocol. For the in vivo pharmacokinetic research, 
a group of 18 male Wister rats with weights ranging from 200 to 250 
gm was selected. The rats were then divided into 3 groups. One 
group was assigned as the control group, another group was given a 
pure medication coarse suspension and a third group was provided 
with an optimised paliperidone nanosuspension. Following oral 
administration to rats, blood samples (0.5 ml) were obtained from 

the retroorbital vein at time intervals of 0, 0.5, 1, 2, 4, 8, 12, 16, 20, 
and 24 h and placed in heparin-containing tubes, the blood samples 
were centrifuged for ten minutes at a speed of 3000 rpm to separate 
plasma. These separated plasma samples were then stored at 20 °C 
until further analysis. The plasma samples were diluted as necessary 
and analysed using a previously established RP-HPLC method [27-
29]. 

Stability study 

The optimised paliperidone nanosuspension batch was evaluated for 
stability for 3 mo at 40 °C±2 °C, and a relative humidity of 75%±5%. 
The nanosuspension was assessed for particle size and saturation 
solubility at given time points: 0, 15 d, 1, 2, and 3 mo [30, 31]. 

RESULTS AND DISCUSSION 

Melting point 

The melting point was determined by the Theil’s tube by use of the 
capillary method. The observed melting point of pure paliperidone 
was 180 to 182 ℃, which corresponds to a standard melting point of 
178 to 180 ℃ [32]. 

Solubility 

The solubility of pure paliperidone was determined by the use of the 
flask shake method in water as well as in methanol. In water drug 
was found to be very less soluble with a solubility of 0.031±0.02 
mg/ml, while in methanol drug is highly soluble with a solubility of 
1.674±0.060 mg/ml. (All values are mean±SEM, n=3) 

Calibration curve 

The calibration curve of paliperidone was plotted in water, methanol 
and 6.8 pH phosphate buffer and is indicated in fig. 1. 

 

 

Fig. 1: Calibration curve of paliperidone in distilled water (A), methanol (B) and 6.8 pH phosphate buffer (C) 

 

Compatibility study 

FTIR spectra of paliperidone exhibited characteristic peaks of 
functional groups present in the structure. FTIR results of the 
compatibility between paliperidone and SLS, PVP K30 indicated no 
major changes in the FTIR spectrum of paliperidone which showed 
compatibility between the drug and excipients.  

Optimization of nanosuspension 

32 factorial strategy was followed for the optimization of 
paliperidone nanosuspension. For the formulation of optimized 
nanosuspension, the concentration of stabilizer as well probe 
ultrasonication time were selected as independent variables at three 

different levels while particle size and saturation solubility were 
selected as dependant variables. This resulted in the formulation of a 
total of 9 formulations. The results obtained from the optimization 
study are indicated in table 2. 

As indicated in fig. 3, the saturation solubility of paliperidone in 
the nanosuspension form enhances as probe ultrasonication time 
goes on increasing. The increase in the concentration of the 
stabilizer also causes an increase in the saturation solubility of 
paliperidone in the nanosuspension form. When both the 
parameters are combined i. e. probe ultrasonication time and 
concentration of stabilizer saturation, solubility was found to be 
increased. 
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Fig. 2: FTIR results of compatibility study: paliperidone (C), Paliperidone+SLS physical mixture (B), Paliperidone+PVPK30 physical 
mixture (A) 

 

Table 2: Observed results of 32 factorial designs for paliperidone nanosuspension 

Formulation code Stabilizer concentration 
(mg) 

Probe ultrasonication 
time (min) 

*Particle size (nm) *Saturation solubility (μg/ml) 

PF1 10 5 466.3±6.90 154.59±2.87 
PF2 10 10 403.5±4.34 162.56±4.12 
PF3 10 15 378.7±4.87 163.78±3.20 
PF4 20 5 358.3±5.04 164.67±5.77 
PF5 20 10 356.7±6.14 168.78±5.38 
PF6 20 15 330.8±4.77 170.43±3.04 
PF7 30 5 370.6±5.27 167.83±3.53 
PF8 30 10 354.5±3.21 167.21±4.40 
PF9 30 15 293.4±2.74 173.61±3.37 
*All values are mean±SEM, n=3 

Surface response plots were plotted by use of Design Expert-13 Software to observe the interaction between the independent variable and the 
dependent variable. 

 

 

Fig. 3: Surface plot showing the effect of ultrasonication time and concentration of stabilizer on saturation solubility of paliperidone 
nanosuspension 
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Fig. 4: Surface plot showing the effect of ultrasonication time and amount of stabilizer on the size of the particle of paliperidone 
nanosuspension 

 

The surface response graph as shown in fig. 4 indicates the outcome 
of the amount of stabilizer and probe ultrasonication time on the 
size of the particle. As evident in the surface response curve, an 
increase in probe ultrasonication after the formation of suspension 
by the solvent-antisolvent method causes a further decrease in 
particle size. Probe ultrasonication time of 15 min has yielded the 
least particle size i. e. 293.44 nm at the polymer concentration of 30 
mg. From the obtained data, batch number PF9 was decided as 
optimized where particle size is 293.4±2.74 nm and saturation 
solubility are 173.61±3.37 μg/ml at the probe ultrasonication time 
of 15 min and 30 mg concentration of stabilizer. Formulation and 
process parameters for the optimised batch are indicated in table 3. 
PF9 optimized batch was then utilised for further studies. 

Design Expert-13 predicted the following equations for particle size 
and saturation solubility over the range of independent variables.  

Particle size =368.093-38.3933X1-32.105X2 

Saturation Solubility =165.94+4.62X1+3.455X2 
 

Table 3: Parameters for an optimized batch of paliperidone 
nanosuspension 

Parameter Quantity 
Amount of Paliperidone 10 mg 
Amount of Stabilizer (PVP K30) 30 mg 
Amount of Surfactant (SLS) 5 mg 
Amount of Solvent (methanol) 10 ml 
Amount of Antisolvent (Water) 70 ml 
Stirring speed 1000 rpm 
Stirring time 2 h 
Probe Ultrasonication time 15 min 

 

 

Fig. 5: Graph representing particle size of optimized batch 

 

Particle size analysis of optimized batch  

Particle size examination of the PF9 batch indicated a particle size of 
293.44 nm as shown in fig. 5, which confirms the formation of 
suspension in the nano-size by the use of the solvent-antisolvent method. 

Saturation solubility study 

The saturation solubility of the optimised nanosuspension batch was 
determined to check enhancement in the solubility of paliperidone. 
From the study, it was observed that the optimized paliperidone 
batch has shown 173.61 μg/ml solubility which 5.6-times increase in 
the solubility of paliperidone.  

Determination of drug content 

% of drug content was estimated by a UV-visible spectrophotometer 
at 237 nm. The results of drug content showed that 89.28 % of the 
drug was present in the optimized formulation. 

DSC 

The DSC spectra of pure paliperidone and the optimized lyophilized 
nanosuspension are depicted in fig. 6. Pure paliperidone showed a 
sharp endothermic peak at 180.16 °C, indicating its crystalline 
structure. In contrast, the peak observed in the DSC spectrum of the 
lyophilized nanosuspension was short and broad, signifying a shift 
from a crystalline to an amorphous state. This can be attributed to 
insufficient time for paliperidone to form crystals. Sumathi et al. in 
their studies indicated the conversion of Naringenin from crystalline 
to amorphous form. This suggests that the conversion of the drug 
into amorphous form due to formulation into nanosuspension form 
can be attributed to the increased solubility and bioavailability [33]. 

FTIR 

The FTIR spectra of pure paliperidone had many troughs that 
corresponded to the different functional groups found in the pure 
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drug as shown in fig. 7. Conversely, the FTIR spectra of the 
nanosuspension displayed reduced and broad valleys. This 
reduction in peak intensity and broadening could be credited to the 
decreased crystallinity of the drug in the nanosuspension, as well as 
the presence of excipients in the formulation. Kalvakuntla S et al. 
also found in FTIR studies that the conversion of Aprepitant in 

nanosuspension form has reduced the crystallinity of the drug. 
These all studies help to assess the change of the drug from a 
crystalline to an amorphous state when undergoing nanosizing. It is 
also important to investigate the extent of conversion of the drug 
from crystalline to amorphous form during the formulation of 
nanosuspension [34]. 

  

 

Fig. 6: DSC pattern of pure paliperidone (A) and lyophilised paliperidone nanosuspension (B) 

 

 

Fig. 7: FTIR spectra of (A) Pure paliperidone and (B) lyophilized paliperidone nanosuspension 

  

 

Fig. 8: SEM analysis of optimized paliperidone lyophilized nanosuspension batch 
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SEM 

The SEM analysis of the optimized formulation revealed a particulate 
nature, with the observed particle size being less than 1 μm, indicative 
of the preparation of a nano-formulation. Additionally, a growth in 

particle size can be observed due to aggregation caused during the 
process of lyophilization. Kinam Park, in his cover story, has also 
mentioned the increase in particle aggregation due to lyophilization. 
He also suggested that the use of cryoprotecting agents can help to 
reduce particle aggregation during the process of lyophilization [35]. 

 

 

Fig. 9: Comparative XRD of pure paliperidone (B) and optimized paliperidone nanosuspension (A) 

 

XRD 

The XRD spectra of the API showed numerous sharp peaks, indicating 
its crystalline nature. However, the XRD spectrum of the optimized 
lyophilized nanosuspension exhibited fewer peaks which might be due 
to the transition from a crystalline to an amorphous state of the drug. 
This change could be attributed to the rapid formation of the 
nanosuspension, which may have hindered nucleation and crystal 
growth processes. 

Zeta potential 

Optimized nanosuspension formulation has indicated a mean zeta 
potential value of-23.8 mV as indicated in fig. 10. This indicates the 

formation of stable nanosuspension as to stabilize nanosuspension, 
±30 mV value of zeta potential is required [36]. 

In vitro dissolution study 

The in vitro dissolution profiles of the optimized nanosuspension of 
paliperidone and the formulated tablet formulation are depicted in 
fig. 11. 

During the in vitro drug dissolution study, approximately 80% of the 
drug was released within 5 min from the optimized nanosuspension, 
while nearly 100% of drug release was achieved within 30 min. It was 
observed that the formulated optimized nanosuspension exhibited 
superior drug release compared to the uncoated tablet formulation. 

 

 

Fig. 10: Zeta potential of optimized nanosuspension 

 

 

Fig. 11: In vitro drug release pattern of PF9 and tablet formulation. Error bars indicates SEM values n=3) 
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In vivo pharmacokinetic study 

To conclude if an optimized formulation of nanosuspension can 
enhance the pharmacokinetic (PK) parameters of paliperidone, in 

vivo PK studies were performed in wrister rats. In the PK study, drug 
coarse suspension was compared for various parameters like AUC0-

24, Cmax, and Tmax with optimized nanosuspension. Results obtained 
from the study are indicated in table 4. 

 

Table 4: PK parameters 

PK parameter Coarse suspension PF9 Batch 
Cmax (μg/ml) 1.95±0.18 7.40±0.69 
Tmax (h) 2±0.00 2±0.00 
AUC0-24 (μg/ml·h) 65.50±0.71 145.90 

(mean±SEM, n=6) 

 

Table 5: Stability study parameters of optimized paliperidone nanosuspension 

Time Parameter 
Particle size (nm) Saturation solubility (μg/ml) 

0 days 293.4±2.74 173.61±3.41 
15 days 298.7±5.58 171.67±3.15 
1 month 305.5±3.63 166.40±3.43 
2 mo  312.0±4.26 160.78±2.74 
3 mo  321.7±1.76 152.52±2.62 

(mean±SEM, n=3) 

 

From the obtained result it can be concluded that Paliperidone 
nanosuspension has shown enhanced PK parameters than coarse 
suspension. Paliperidone nanosuspension has shown about a 3.79-
fold increase in Cmax. AUC0-24 has also increased by about 2.27 times. 
This increase in overall PK parameters can be attributed to reduced 
first-pass metabolism. These overall results indicate the usefulness 
of particle size reduction in the form of nanosuspension for the 
improvement of pharmacokinetic parameters.  

Stability study 

Selected samples of the optimised formulation were retained for a 
stability study lasting 3 mo, conducted at a temperature of 40 °C±2 
°C and a relative humidity of 75%±5%. The particle size and 
saturation solubility of samples were analysed at 0, 15 d, and 1, 2, 
and 3 mo. Table 5 displays the findings of the study. Upon 
completion of the stability study, it was observed that there was an 
increase in the particle size of suspended particles of the 
nanosuspension. The occurrence of Ostwald's ripening during the 
storage phase can explain this phenomenon. Furthermore, it has 
been seen that the solubility at saturation decreases over time. The 
decrease in saturation solubility can be attributed to an increase in 
particle size, which leads to a reduction in the overall surface area.  

CONCLUSION  

Nanosuspension of paliperidone, used in schizophrenia treatment, was 
successfully formulated and optimized by 32 factorial design using a 
solvent-antisolvent method followed by probe ultrasonication. Key 
characteristics were identified through preformulation studies, 
guiding the further process. The concentration of stabilizer and probe 
ultrasonication time were critical factors affecting particle size and 
solubility. The optimized formulation, PF9, showed a particle size of 
293.4±2.74 nm and solubility of 173.61±3.37 μg/ml, indicating 
success. In vitro dissolution showed superior performance compared 
to tablet formulation. In vivo studies in Wister rats demonstrated 
improved pharmacokinetic parameters attributed to smaller particle 
size and increased surface area. Stability studies indicated an increase 
in particle size and a decrease in saturation solubility over time. The 
nanosuspension approach has enhanced the solubility and 
bioavailability of paliperidone, potentially improving patient 
compliance in schizophrenia treatment. 
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