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Abstract 

Background: Griseofulvin (GF) is a BCS class II antifungal drug characterized by poor aqueous solubility with low and variable oral 
bioavailability, which affects its therapeutic performance. Objective: This study aimed to optimize a stable griseofulvin nanosuspension 
(NS) using an ultrasonication-assisted antisolvent precipitation method combined with a Quality by Design (QbD) approach. Methods: 
Preliminary stabilizer screening identified polyvinylpyrrolidone K30 (PVP) and sodium lauryl sulfate (SLS) as the most effective 
electrosteric stabilizer system. Box–Behnken design was used to study the effects of surfactant and polymer percent, in addition to 
sonication time, on particle size (PS) and polydispersity index (PDI). The optimized nanosuspension was lyophilized using trehalose or 
mannitol. as cryoprotectants. Physicochemical characterization was performed using particle size analysis, zeta potential, PXRD, DSC, 
and FTIR, while solubility, dissolution, and stability studies were also conducted. Results: The optimized formulation exhibited 264±32.7 
nm as PS, a PDI of 0.246±0.02, an entrapment efficiency of 91±3.44%, and a zeta potential of −28.7 mV, indicating good colloidal 
stability. Trehalose provided superior redispersibility and demonstrated significantly enhanced solubility and rapid dissolution, achieving 
96% drug release within 15 min, compared with mannitol. Solid-state characterization confirmed a marked reduction in crystallinity and 
partial amorphization of GF. Stability studies confirmed acceptable physicochemical stability under accelerated storage conditions. 
Conclusions: Overall, the developed griseofulvin nanosuspension represents a promising strategy for improving the solubility and 
dissolution behavior of poorly water-soluble drugs. 

Keywords: Box–Behnken design; Cryoprotectant; Lyophilization; Nanosuspension; Particle size; Stability. 

 غریزوفلفین كمعلق نانوي: نھج عالي الجودة حسب التصمیم لتعزیز قابلیة الذوبان 
  الخلاصة

وافره الحیوي الفموي، مما  یعُد الجریسیوفولفین دواءً مضاداً للفطریات من الفئة الثانیة حسب التصنیف الحیوي الدوائي، ویتصف بضعف ذوبانیتھ في الماء وانخفاض ت  :الخلفیة
زة بالأمواج فوق الصوتیة ضمن إطار  الھدف.  ینعكس سلباً على فعالیتھ العلاجیة : تطویر نانومعلق مستقر من الجریسیوفولفین باستخدام طریقة الترسیب بالمذیب المضاد المُعزَّ

أظھر الفحص الأولي للمثبتات أن مزیج بولي فینیل بیرولیدون مع كبریتات لوریل الصودیوم یعُد نظام تثبیت كھروستیریكي :  الطرائق.  منھجیة مبنیة على مبادئ الجودة في التصمیم
بینكن لدراسة تأثیر نسبة المواد الخافضة للتوتر السطحي ونسبة البولیمر وزمن التعریض للأمواج فوق الصوتیة على حجم –فعال. تم استخدام تصمیم إحصائي من نوع بوكس

، وحیود الأشعة یمات، وقیاس جھد الزیتاالجسیمات ومعامل تشتتھا. تم تجفیف النانومعلق بالتجمید باستخدام التریھالوز أو المانیتول. وقد شملت تقنیات التوصیف تحلیل حجم الجس
أظھر التركیب الدوائي المحسَّن حجم جسیمات  :  النتائج .  السینیة، والتحلیل الحراري التفاضلي، وقیاس أطیاف الأشعة تحت الحمراء، بالإضافة إلى دراسة الذوبانیة والذوبان والثبات

غ جھد الزیتا قیمة سالبة تشیر إلى ثبات غرواني جید. وقد تبینّ أن التریھالوز یمنح النانومعلق  نانومتر مع تجانس مقبول في التوزیع، وكفاءة احتواء عالیة، كما بل  264بلغ حوالي 
  15% من الجرعة المطلقة خلال  96المجفف قدرة أفضل على إعادة التشتیت بعد الخزن، إضافةً إلى زیادة كبیرة في الذوبانیة وسرعة الذوبان، حیث تم الوصول إلى ما یقارب  

ائصھ الفیزیائیة والكیمیائیة  بالمانیتول. أثبتت دراسات الحالة الصلبة انخفاض درجة التبلور وحدوث تحوّل جزئي نحو الحالة غیر المتبلورة مع احتفاظ المستحضر بخص دقیقة مقارنةً 
ع سین ذوبانیة وسرعة ذوبان الأدویة ضعیفة الذوبانیة في الماء، مما قد النانومعلق المطوّر للجریسیوفولفین یمثل أسلوباً واعداً وفعالاً لتح :  الاستنتاجات. تحت ظروف الخزن المسرَّ

 یسھم في تعزیز فعالیتھا العلاجیة. 
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INTRODUCTION 

Advances in modern drug discovery techniques, such as 
combinatorial chemistry, computational modeling, and 
AI-driven screening, have led to the rapid identification 
of numerous promising drug candidates [1]. However, 
many of these new molecules possess unfavorable 
physicochemical properties, including high lipophilicity, 
large molecular weight, and strong crystal lattices, which 

result in poor aqueous solubility and variable 
bioavailability. According to the Biopharmaceutics 
Classification System (BCS), such compounds are 
primarily categorized as Class II and IV drugs [2]. To 
enhance solubility and bioavailability, several 
formulation approaches have been explored, including 
salt formation, solid dispersions, cocrystallization, 
inclusion complexation, and nanotechnology [3]. 
Nanosuspension is one of the most promising 
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nanotechnology-based drug delivery systems, 
particularly for drug candidates that exhibit challenging 
physicochemical properties. These properties include 
poor aqueous solubility, the need for relatively high 
doses, limited salt-forming ability, high molecular 
weight, elevated lipophilicity (log P), or a high melting 
point [4]. It is defined as a biphasic colloidal dispersion 
in which nanosized drug crystals (generally below 1 µm) 
are dispersed within an aqueous medium. 
Nanosuspension is physically stabilized through the 
incorporation of suitable surfactants and/or polymeric 
stabilizers [5]. This approach has attracted significant 
interest due to its ability to enhance drug dissolution and 
oral bioavailability by reducing the particle size into the 
nanometer range. Such size reduction markedly increases 
the surface area and the saturation solubility, as explained 
by the modified Noyes–Whitney relationship and the 
Gibbs–Thomson effect, ultimately resulting in 
accelerated dissolution rates [6]. Among the emerging 
tools for formulation optimization are the Quality by 
Design (QbD) approach using Response Surface 
Methodology (RSM) and Box–Behnken Design (BBD). 
This statistical design enables efficient identification of 
critical formulation and process variables. In addition, it 
reduces the number of experiments while systematically 
studying factor interactions and their effects on responses 
such as particle size and polydispersity index (PDI) [7]. 
In this study, griseofulvin (GF), an uncharged, poorly 
water-soluble antifungal drug, was selected as a model 
compound to investigate the formulation of 
nanosuspensions. It is a small molecule with high 
molecular mobility and a high melting point (217°C-
224°C) [8]. It is primarily used for the treatment of fungal 
infections of the skin, hair, and nails that do not respond 
to topical treatments, such as ringworm [9]. However, its 
low aqueous solubility results in incomplete 
gastrointestinal absorption and low oral bioavailability, 
posing a significant challenge for formulation scientists 
and the pharmaceutical industry despite its strong 
therapeutic potential. Kumar and Siril (2015) employed 
an evaporation-assisted solvent–antisolvent precipitation 
technique, using PVP and hydroxypropyl 
methylcellulose (HPMC) as polymeric stabilizers, and 
obtained stable nanosuspensions with submicron particle 
size and enhanced dissolution [10]. Another study on 
wet-milled griseofulvin nanosuspensions investigated 
how combining a neutral polymer (hydroxypropyl 
cellulose, HPC) with an anionic surfactant (sodium 
dodecyl sulfate, SDS) affects stability. Two molecular 
weight grades of HPC (SSL and L) were tested at various 
concentrations, with and without SDS [11]. Sigfridsson 
et al. also formulated griseofulvin nanosuspensions using 
PVP 1.33% and dioctyl sodium sulfosuccinate (AOT) 
0.067% as stabilizers via wet media milling. The 
optimized nanosuspension achieved higher 
bioavailability after subcutaneous administration in rats, 
demonstrating significantly enhanced bioavailability and 
stability due to synergistic electrosteric stabilization [12]. 

This study aims to develop and optimize a griseofulvin 
nanosuspension using an ultrasonication-assisted 
antisolvent precipitation method and Box–Behnken 
design to achieve a stable formulation with minimal 
particle size (PS), low polydispersity index (PDI), and 
improved dissolution while using a low cryoprotectant 
percentage during freeze-drying. 

METHODS 

Materials 

Griseofulvin was obtained from Shanghai UCHEM Inc., 
China, with a purity of >99%. PVP-K30 and Tween 80 
were purchased from HiMedia (India). Soluplus® was 
sourced from BASF (Germany). HPMC-E6 was 
purchased from Macklin (China). Poloxamer 188 was 
obtained from Alfa Aesar (USA), SLS from Xi’an Sonwu 
Biotech (China), and acetone and methanol from 
Himedia (India), while ethanol was supplied by 
Honeywell (Germany). Trehalose dihydrate was acquired 
by Synkote (China), and mannitol was supplied by Alpha 
Chemika (India). All chemicals and solvents used in this 
study were of analytical grade. 

Stabilizer screening and experiment design 

A preliminary screening study was carried out before 
applying experimental design to select the most suitable 
stabilizer(s) for achieving the desired particle size (PS). 
Nanoprecipitation was first performed using individual 
polymers (HPMC, PVP, poloxamer, and Soluplus®), 
followed by testing combinations with surfactants such 
as SLS or Tween 80. All processing parameters were kept 
constant (solvent: antisolvent ratio 1:10, stirring speed 
1000 rpm, and drug concentration 12.5 mg/mL). The 
polymer–surfactant system that produced the most 
favorable PS was selected for further optimization. 
Ultrasonication was then introduced as an additional 
factor in the Box–Behnken Design to determine whether 
it provided any further reduction in PS or improvement 
in PDI beyond the effects of polymer and surfactant 
concentrations. A three-factor, three-level Box–Behnken 
Design (BBD) was applied using Design-Expert® 
Version 13.0.5.0, Stat-Ease Inc., to optimize the 
nanosuspension formulation variables. Seventeen runs, 
including four center points, were generated based on 
three independent factors: SLS percentage (A), polymer 
percentage within the stabilizer system (B), and 
sonication time (C), each studied at three coded levels 
(−1, 0, +1). Particle size (Y1) and polydispersity index 
(Y2) were selected as the response variables. The 
experimental design matrix is presented in Table 1. 
Analysis of variance (ANOVA) was used to evaluate 
model significance, with p< 0.05 considered statistically 
significant. 
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Preparation of nanosuspension formulation 

The nanoprecipitation method with ultrasonication was 
used to prepare the nanosuspension. 25 mg of GF was 
dissolved in 1 mL of acetone to prepare an organic 
solution, while 10 mL of the aqueous phase was prepared 
by dissolving different percentages (0.25%, 0.5%, and 
0.75%) of previously selected polymer and surfactant in 
water according to the experimental design in Table 2.  

Table 1: Experimental design matrix suggested by Box-Behnken 
model 

Formula Surfactants 
(%) 

Polymer 
(%) 

Sonication 
Time (min) 

1 0.25 0.5 0 
2 0.25 0.75 5 
3 0.25 0.25 5 
4 0.25 0.5 10 
5 0.5 0.75 0 
6 0.5 0.5 5 
7 0.5 0.75 10 
8 0.5 0.25 0 
9 0.5 0.25 10 

10 0.75 0.75 5 
11 0.75 0.5 0 
12 0.75 0.25 5 
13 0.75 0.5 10 
14 0.75 0.75 0 
15 0.5 0.5 5 
16 0.5 0.5 5 
17 0.5 0.5 5 

 
Table 2: Particle size and polydispersity index values of the proposed 
formulations. 

Formula PS PDI 
N1 2603 0.487 
N2 2095 0.29 
N3 2987 0.318 
N4 2095 0.291 
N5 744 0.4 
N6 936 0.321 
N7  307 0.261 
N8 1067 0.3 
N9 400 0.262 
N10 338 0.245 
N11 351 0.359 
N12 298 0.202 
N13 341.9 0.295 
N14 445 0.329 
N15 1039 0.329 
N16 1096 0.321 
N17 882 0.343 

 
Aqueous solutions were filtered through a 0.22 µg 
syringe. The organic phase was added dropwise (0.5 
mL/min) into the precooled aqueous phase maintained in 
an ice bath under constant magnetic stirring 
(DRAGONLAB, China) at 1000 rpm to induce 
precipitation. The nanosuspension was left under stirring 
at 100 rpm for 2 h to allow the organic solvent to 
evaporate, then probe sonication (Intelligent Ultrasonic 
Processor, UCD-150, China) was applied at a power 
input of 75% of 150 W for varying time durations 
according to the design (Table 2) using a 5-second on/10-
second off cycle. The temperature during sonication was 
maintained using an ice bath [13]. 

Measurement of particle size and polydispersity index 

By the dynamic light scattering method (DLS) using a 
Litesizer (Austria), the PS and PDI of the GF 
nanosuspension formulas were measured. 1 ml of each 
formula was poured into a polystyrene zeta cell, and 
measurements were performed at 25°C with a detection 
angle of 90° [14]. 

Formula optimization 

Numerical optimization was carried out using the 
desirability function with constraints to PS and PDI, 
while also defining the desired surfactant level. The 
optimized formulation predicted by the software was 
prepared in triplicate to validate the model outputs. The 
nanosuspension was then centrifuged using a Sigma 3-
30K refrigerated centrifuge at 19,000 rpm for 30 min at 
4°C, and the supernatant was removed to eliminate 
excess stabilizers. The resulting pellet was subsequently 
re-dispersed in deionized water to obtain the optimized 
nanosuspension formulation [15]. 

Characterization of the optimized formula 

Litesizer (Austria) was used to determine the zeta 
potential value of the selected GF nanosuspension 
formula. 1 ml of the NS was loaded into a capillary zeta 
cell, and the zeta potential was measured [16]. The 
percentage EE of GF in the formulated NS was 
anticipated by filtering the supernatant, which was 
isolated before, through a 0.22 µm filter syringe, and the 
free drug was calculated and validated, employing the 
UV-spectrophotometric method [15]. Entrapment 
percent was calculated using equation 1. 

% 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑋𝑋 100% ……. (1) 

The surface morphology of GF powder and the 
nanosuspension formulation was examined using field 
emission-scanning electron microscopy. The coarse drug 
was imaged using EVO MA10 (Carl Zeiss, UK), while 
the nanosuspension was examined using Inspect F50 
(FEI, Netherlands). In both cases, the samples were 
mounted on carbon-coated aluminum stubs, dried where 
applicable, sputter-coated with gold, and imaged under 
vacuum at different magnifications [17]. 

Lyophilization of formulas and their recovery 

For solid-state conversion, the prepared nanosuspension 
was subjected to lyophilization using a vacuum freeze 
dryer (Christ Alpha 1-2 LD plus, Germany). Mannitol or 
trehalose was used as a cryoprotectant in a 1% ratio to 
evaluate their ability to provide adequate cryoprotection 
during lyophilization while minimizing the excipient 
load and the total solid content of the dried product. NS 
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samples were frozen overnight at -40°C in a deep freezer, 
then inserted into the freeze-dryer [18]. The main drying 
took 24 hours, while the secondary drying took 10 hours. 
Lyophilized formulations (Lyo-NS) were redispersed in 
the same volume of DI water to achieve the same 
concentration of GF before lyophilization and then 
vortexed for 60 s before being transferred into the 
cuvettes to measure PS and PDI [19]. 

Solid-state characterization 

Pure GF, a physical mixture that contains GF, PVP, SLS, 
and cryoprotectant (mannitol or trehalose) in the same 
ratio used to prepare the formulation, and Lyo-
NS formulas were each blended with KBr powder and 
pressed to form a thin film disc, and then the samples 
were analyzed using infrared radiation using a Shimadzu 
8300 FTIR spectrophotometer (Japan) at a wavenumber 
of 4000-400 cm [20]. The powder X-ray diffraction 
(PXRD) of the Lyo-NS and the pure drug was obtained 
using a diffractometer (Shimadzu XRD-6000, Japan). 
The instrument was operated at 40 kV and 30 mA in 
continuous scan mode over a 2θ range of 2–60°, with a 
step size of 0.05° and a scanning rate of 5°/min [16]. The 
selected Lyo-NS formula using the optimal 
cryoprotectant and the pure drug underwent 
thermodynamic analysis using DSC (Shimadzu, Japan). 
Weighed 10 mg powder samples were placed in an 
aluminum-sealed pan and scanned at a heating rate of 
5°C/min from 30°C to 250°C in an atmosphere of 
nitrogen [21]. 

Drug content 

25 mg equivalent of Lyo-NS formulations dissolved in 
100 ml of 0.2% water containing SLS. After stirring the 
mixture with a magnetic stirrer for 30 min. 3 ml of 
solution was pipetted out and filtered. The concentration 
of the drug was measured using the UV-
spectrophotometric method [22]. 

The saturated solubility 

The phase solubility method was used to determine the 
solubility of the pure drug and Lyo-NS formulas in water 
at 25°C and in 0.2% SLS-containing water at 37°C by 
adding an excess amount of the drug to 10 mL of the 
above-mentioned media and stirring for 72 hours at 200 
RPM in screw-capped tubes. The samples were 
centrifuged (Hettich, Germany) at 5,000 RPM for 30 
min, the supernatant was separated, and the concentration 
was spectrophotometrically detected [23]. 

In vitro dissolution study  

The in vitro dissolution behavior of pure GF and Lyo-NS 
formulas was performed using USP apparatus II at a 

rotation speed of 50 rpm and 125 mg of pure GF and its 
equivalent number of mannitol-based Lyo-NS and 
trehalose-based Lyo-NS. The dissolution study was 
performed in 1000 mL of distilled water containing 0.2% 
SLS, maintained at 37 ± 0.5°C to approximate 
physiological conditions [8]. At predetermined intervals 
(5, 15, 30, 45, and 60 minutes), a 5-mL sample was 
withdrawn, filtered through a 0.22-µm syringe filter, and 
analyzed by UV–visible spectrophotometry. At each 
withdrawal, the same volume of medium was 
compensated with fresh dissolution medium [24]. 

Stability study 

A stability experiment was performed on a trehalose-
containing formula at extreme temperature and humidity 
conditions for 30 days. Using an incubator-desiccator 
system at 40ºC and 75% relative humidity, where the 
75% RH was achieved by saturated sodium chloride in a 
desiccator [25]. 

Statistical analysis 

Data were statistically analyzed using GraphPad Prism 
(GraphPad Software 8.3 Inc., CA, USA) at a significant 
level of 0.05. All data were reported as mean ± SD. 

RESULTS 

In a preliminary polymer screening step, PVP in 
combination with SLS produced significantly (p< 0.05) 
the smallest particle size (342 nm); therefore, they were 
selected as the stabilizers for subsequent studies where 
sonication was added as a third factor, as designed in 
Table 2. The combination of formulation factors 
(polymer and surfactant percent as well as the sonication 
time) produced nanosuspensions with particle sizes 
ranging from 298 nm to 2987 nm, as shown in Table 2. 
The PDI values of all formulations ranged from 0.2 to 
0.487, which indicates mid-range polydispersity [26]. 
Model fitting showed that the quadratic model 
outperforms others for both PS and PDI, as evidenced by 
high regression coefficients (R²), which were 0.989 and 
0.963 for PS and PDI, respectively. Experimental data for 
the particle size (Y1) and PDI (Y2) were analyzed using 
this model; a high F-value (65 for PS and 17.73 for PDI) 
and low p-value (<0.0006 and 0.0028 for PS and PDI, 
respectively) further validated the significance of the 
models. Second-order polynomial regression models 
were constructed to describe the influence of the 
independent variables on the response. A positive 
coefficient in the equations denotes a synergistic 
influence on the response, whereas a negative coefficient 
reflects an antagonistic effect. For PS, the equation used 
was PS = 958.75– 1053.80 A– 155.91 B– 205.23 C+ 238.18 
AB+ 119.54 AC+ 52.32 BC+ 622.70 A²– 95.53 B2–177.30 C² 
… (2) 
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The ANOVA results (shown in eq. 2 and Figure 1) 
explain that the surfactant percent (A) was significantly 
(p= 0.0001) the most inversely influential factor on 
particle size, followed by sonication time (C) with (p= 
0.005) and polymer concentration (B), which has a 
significantly (p= 0.018) moderate effect. The direction 

and magnitude of these effects are illustrated in the 
perturbation plot and Pareto chart (Figure 1A–C), and the 
response surface plot showed that minimum PS values 
were obtained at high surfactant levels, moderate 
polymer concentration, and longer sonication time.

 

 
Figure 1: Effect of formulation variables on PS of GF nanosuspension. A) Pareto Chart, B) Perturbation plot, and C) 3D response surface; where A is 
surfactant% , B is polymer % and C in sonication time. 

PDI, which represents size uniformity, is affected by 
several factors, and a polymodal equation is obtained 
from the software as PDI = 0.3293– 0.0363 A+ 0.0135 B– 
0.0539 C+0.0163 AB+ 0.0344 AC– 0.0238 BC–0.0071A²– 
0.0593 B² + 0.0349 C² …. (3) 

The ANOVA results indicate that sonication time (C) and 
surfactant% (A) could significantly (p=0.0002 and 0.001, 
respectively) decrease PDI, while polymer% has no 
significant (p=0.09) effect, as shown in Figure 2 and 
equation 3.  

 
Figure 2: Effect of formulation variables on PDI of GF nanosuspension. A) Pareto Chart, B) Perturbation plot, and C) 3D response surface. Where A is 
surfactant%, B is polymer % and C in sonication time.  



Oleiwi & Hameed                                                                                      Griseofulvin nanosuspension: improved dissolution 

259 

Figure 2C, the 3D response surface, shows that the 
minimum PDI was obtained at high surfactant, moderate 
polymer, and extended sonication times, which matches 
what is needed to obtain minimum PS as mentioned 
before. The perturbation plot, Figure 2B, shows that 
factor C (sonication time) has the steepest slope and the 
strongest influence, followed by surfactant % (A), which 
aligns with the Pareto chart in Figure 2A. A numerical 
optimization was carried out using the desirability 
function with constraints applied. According to the 
preferred pharmaceutical nanosuspension size range of 
less than 400 nm [27] and a PDI of 0.1–0.25 for improved 
physical stability [28], in addition to the preference for 
the minimum surfactant concentration from the 
suggested solutions, the optimum formulation was 
selected with a desirability of 1. To validate the model’s 

predictive accuracy, this predicted optimized formula 
was then prepared and experimentally evaluated for the 
target responses. The relative error % of the results was 
calculated according to equation 4, where the predicted 
and experimental results were in good agreement, with 
low percentage relative errors [29], as shown in Table 3. 

   Relative error % = Predicted value − experimental value 
predicted value 

 X100%      (4)  

The zeta potential of the optimized nanosuspension was 
−28.7 mV. The entrapment efficiency was 91 ± 4%. The 
FESEM shows micro-sized defined crystals of the GF, 
while the NS displays a clear alteration in surface 
morphology where the particles exhibited a regular shape 
and a nanometer scale, as demonstrated in Figure 3A-C.  

Table 3: The predicted and experimental( observed) values, and corresponding relative errors%, for the optimized formulation 
Suggested variables of the optimized formula Response Predicted Observed Relative Error (%) 

A B C 

0.6% 0.25% 9.36 min p.s (nm) 255nm 264±32.7nm 3.53% 
PDI 0.24 0.246 ±0.02 2.5% 

A is surfactant % , B is polymer % and C is sonication time.  

 
Figure 3: the upper panel shows FE-SEM  of A) pure Griseofulvin crystals and (B–C) optimum NS formula at different magnification power.  The lower 
panel (D) shows visual appearance of the fresh nanosuspension, lyophilized cakes prepared with trehalose, and their redispersed forms.  

Lyophilization was done using trehalose or mannitol (1% 
w/v) as cryoprotectants. The trehalose-based formulation 
showed a well-defined cake with no visible collapse, 
whereas the mannitol-based formulation showed 
noticeable shrinkage (Figure 3D). After redispersion, the 
trehalose-based one showed a particle size of 308 ± 86 
nm, while the mannitol-based nanosuspension showed a 
mean particle size of 843 ± 23 nm. The FTIR spectra of 
pure GF, Lyo-NS formulations, and physical mixtures 
(containing GF, PVP, SLS, and cryoprotectant (mannitol 
or trehalose) in the same ratio used to prepare the 
formulations) are presented in Figure 4. The 
characteristic GF peaks observed at 3294, 2943, 2837, 
2559.71, 1502, 1656, 1705, and 1776 cm⁻¹ correspond to 

various stretching vibrations of single bonds (CH stretch) 
and double bonds (C=O, C=C, C=N) present in GF [30]. 
The spectra of the physical mixtures and lyophilized 
formulations showed the main characteristic peaks of GF 
with reduced intensity, slight broadening, and minor peak 
shifts within the same functional group regions. These 
changes are summarized in Table 4. Powder X-ray 
diffraction was carried out for the GF powder and for the 
Lyo-NS. As shown in Figure 5A, the pure drug exhibits 
intense and sharp diffraction peaks (Bragg peaks) at 
10.6°, 13.8°, 14.4°, 16.4°, 23.7°, 26.5°, and 28.4°. In 
contrast, the mannitol-based Lyo-NS formulation 
showed a marked reduction in both the number and 
intensity of the diffraction peaks. 
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Figure 4: FTIR spectrum of the GF and physical mixture (containing GF,SLS,PVP and mannitol or trehalose in the same ratios in the formulation) and 
the lyophilized nanosuspension. 

Table 4: FTIR peaks of pure Griseofulvin, physical mixture (P.M), and GF nanoparticle 

Functional group Pure GF Using mannitol as cryoprotectant Using trehalose as cryoprotectant 
P.M Nanocrystals P.M Nanocrystals 

C=O stretch; benzofuranone 
ring carbonyl 

1705 
Sharp and 

strong 

1705 
Shoulder band 

1705 shoulder 
band;1730  weak and 

broader 

1707 sharp and 
strong 1701 shoulder band 

C=O stretch; cyclohexanone 
carbonyl 

1656 
Sharp, 

medium 

1653 
Broad, medium 

1656 
Broad, medium 

1656 sharp and 
medium 

1653 broad 
band 

C=C stretch; aromatic and 
cyclic unsaturation 

1616 
Sharp, 

medium 

1618 
sharp and 
medium 

1616 
Sharp, Medium 

1658 Sharp and 
medium 1620 shoulder band 

 

 
Figure 5: A) XRPD of GF and lyophilized formulas. B) DSC thermogram of GF and trehalose-based lyophilized formula.  

This effect was even more pronounced in the trehalose-
based formulations, which exhibited a halo pattern. 
Therefore, DSC analysis was performed for the 
trehalose-based Lyo-NS to further confirm the 
amorphization. DSC thermograms are shown in Figure 
5B. Pure GF exhibited an endothermic peak at 221°C and 
a broad event at 50–100°C. The Lyo-NS thermograms 
showed the disappearance of the 221°C peak and the 
presence of peaks at 192°C and 97°C in the trehalose-
based Lyo-NS. The drug content of the mannitol-based 
formulation was 87.5 ± 1.4%, while that of the trehalose-
based formulation was 89.12 ± 2.3%. The saturated 
solubility of pure griseofulvin in water was ≈0.05 mg/L, 
which is consistent with the published data [31]. In both 
media, lyo-NS had significantly (p< 0.05) higher 

solubility values compared to pure GF. Between the two 
lyophilized formulations, the trehalose-based NS showed 
markedly higher solubility than the mannitol- based NS 
in both test media. In water, the trehalose formulation 
achieved a solubility of 0.37 mg/mL compared with 0.14 
mg/mL for the mannitol. formulation. Similarly, in 0.2% 
SLS solution, the trehalose-based NS reached 0.87 
mg/mL, whereas the mannitol-based NS showed a 
solubility of 0.46 mg/mL. These differences were 
statistically significant (p= 0.001). The in 
vitro dissolution study, Figure 6, revealed that both the 
lyophilized nanosuspension formulations exhibit better 
release profiles than the pure drug, with a 96.3% release 
rate for the trehalose-containing formula and 72.5% for 
the mannitol-containing formula compared with only 
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37.8% for the pure drug in the first 15 min. The trehalose-
based lyophilized nanosuspension stored for 30 days 
under accelerated temperature and humidity conditions 
showed a PS of 359 ± 41 nm, a PDI of 0.36 ± 0.07, and a 
drug content of 89.1 ± 0.9%. 

 
Figure 6:  The in vitro release profile of the GF, Lyo-NS with mannitol, 
and Lyo-NS with trehalose. 

DISCUSSION 

The BBD results and quadratic models confirmed that 
surfactant percentage in the formulation was the most 
critical factor controlling PS, followed by sonication 
time, then polymer concentration. This could be 
explained by SLS having an anionic nature that imparts a 
negative surface charge to the particles, thereby causing 
electrical repulsion that prevents the agglomeration. In 
addition, SLS acts as a wetting agent that reduces the 
surface tension [32]. On the other hand, PVP is a non-
ionic polymer that prevents particle growth and 
agglomeration by adsorbing on the crystal surfaces, 
therefore forming a hydrodynamic boundary layer 
around the particles (steric stabilization) [33]. The 
presence of polymer-coated particles also reduces 
Brownian motion, limiting particle–particle collisions 
and inhibiting the attachment and detachment of 
molecules on particle surfaces, thereby suppressing 
aggregation. [34]. Ultrasonication significantly reduces 
particle size by breaking down agglomerates through 
cavitation-induced mechanical forces such as 
shockwaves and microstreaming [35]. Consistent with 
previous studies, our findings showed a clear downward 
trend in particle size with increased sonication time. This 
indicates that applying sufficient ultrasonication time is 
effective for decreasing particle size, provided that the 
suspension temperature remains low during sonication by 
using an ice bath to prevent reaggregation [36]. 
According to Sharma et al., the use of PVP and SLS 
resulted in superior PS reduction in the presence of 
ultrasonic energy [37]. For PDI, increasing sonication 
time leads to a substantial reduction in PDI due to 
enhanced dispersion and particle breakage. One study 
reported the coexistence of distinct crystal morphologies 
(including larger octahedral particles and smaller flake-
like structures) when griseofulvin precipitated in the 
presence of PVP without the application of sonication 

[38]. The influence of sonication was also demonstrated 
in a study on azithromycin nanosizing, where ultrasound-
assisted precipitation conducted at temperatures below 
10°C resulted in a narrower size distribution [39]. SLS 
concentration showed a lesser effect on PDI, where it 
stabilizes the particles, thus ensuring uniform 
distribution. The predictability and reliability of the 
design were tested, and the low relative error indicates 
the adequacy and reliability of the developed quadratic 
model [29]. These findings are consistent with the recent 
studies that highlight the growing importance of 
combining formulation technology with systematic 
optimization tools such as Quality by Design to enhance 
formulation robustness and practical applicability [40]. 
The zeta potential (−28.7 mV) suggests that electrostatic 
repulsion due to SLS combined with adsorbed PVP 
chains forms an electrosteric barrier. It is considered 
sufficient to prevent aggregation in nanosuspensions, as 
zeta potentials of ±20 mV or higher are generally 
acceptable for electrosteric systems [41]. The high 
entrapment efficiency (91 ± 4%) may be slightly reduced 
by drug binding to excess surfactant or solubilizing in the 
supernatant, as reported in other surfactant-rich 
nanosuspension systems [42]. Trehalose provided 
superior cryoprotection during lyophilization compared 
with mannitol, as indicated by lower post-drying particle 
size and improved cake morphology. This observation 
aligns with literature reports describing trehalose as a 
glass-forming excipient capable of preserving 
nanoparticles during freezing and drying. On the other 
hand, mannitol tends to crystallize and offers less 
effective protection against the aggregation [43]. PXRD 
findings show characteristic Bragg peaks of GF, 
indicating its crystallinity, which aligns with previous 
studies [44]. A reduction in crystallinity in the mannitol-
based formulation was suggested due to particle-size 
reduction and disruption of the crystal lattice during 
nanoprecipitation, as well as the process stress. This 
effect was more pronounced in the trehalose-based 
formulation, which showed a marked loss of crystalline 
and a predominantly amorphous character [45]. This was 
confirmed by the DSC thermogram, where the GF sharp 
melting peak at 221°C confirms the crystallinity of the 
drug [8]. This peak disappeared in trehalose-based Lyo-
NS, which suggests amorphization. A small peak at 
192°C has appeared, which could be the SLS peak or 
overlapping thermal events of SLS and anhydrous 
trehalose that formed during the drying [46]. These 
observations are consistent with previous findings 
reported by Alshweiat et al., who demonstrated that the 
reduction in drug crystallinity in loratadine 
nanosuspensions could be attributed to interactions 
between the drug and the surfactant or cryoprotectant, in 
addition to the mechanical and thermal stresses imposed 
during the drying process, which collectively contribute 
to partial or complete drug amorphization [47]. Reduced 
crystallinity and smaller particle size contributed to the 
significantly enhanced solubility and dissolution 
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behavior observed compared with pure griseofulvin. This 
is consistent with previous findings reported by Kral et 
al., who developed lidocaine nanosuspension using a wet 
media milling approach utilizing Design Expert to 
optimize the formulation parameters [48]. The authors 
demonstrated that particle size reduction to the 
nanometer range significantly improved the dissolution 
behavior of lidocaine. The trehalose-based 
nanosuspension also demonstrated superior solubility 
compared with the mannitol-based formulation, which 
correlates with higher amorphous content. In addition, a 
smaller PS, as described by the Ostwald–Freundlich 
relation, leads to increased saturation solubility because 
the surface free energy rises as the particle radius 
decreases [49]. The enhanced drug dissolution behaviors 
of the freeze-dried NS relative to the pure drug are 
attributed to combined factors including the loss of drug 
crystallinity during drying, particle size reduction with its 
associated increase in surface area, and the presence of 
surfactant coating, resulting in instantaneous dissolution 
[50]. Lyo-NS containing trehalose outperforms the 
mannitol-based formulation in vitro dissolution 
performance, which is consistent with the above obtained 
data (higher saturated solubility and smaller particle 
size). This is because dissolution is directly proportional 
to saturated solubility and inversely proportional to 
particle size according to the Noyes-Whitney 
equation [18,6]. Trehalose was chosen as the optimum 
cryoprotectant based on the aforementioned results. 
Furthermore, the trehalose-based nanosuspension 
maintained nanoscale particle size and acceptable drug 
content following accelerated storage, indicating 
satisfactory short-term physical stability. This effect is 
due to the ability of trehalose to immobilize particles and 
reduce the risk of aggregation [50]. These observations 
underscore the value of nanosuspensions as an effective, 
innovative formulation strategy for rigid, hydrophobic 
BCS Class II drugs such as griseofulvin, and address the 
challenges of converting the nanosuspension to solid 
form as reported in recent studies [4]. 

Study limitations 

This work is needed to evaluate different trehalose levels 
to determine the optimal concentration for preserving 
particle size distribution and structural integrity after 
freeze-drying. In addition, it should be noted that the 
stability data presented in this study reflect short-term 
stability only, and long-term stability studies are required 
to fully assess the physical stability of the formulation. 

Conclusion 

In this study, a stable and optimized griseofulvin 
nanosuspension was successfully developed using an 
ultrasonication-assisted antisolvent precipitation 
technique utilizing Box–Behnken experimental design. 

Systematic stabilizer screening showed that combining 
PVP K30 and SLS provided superior particle size 
reduction through synergistic steric and electrostatic 
mechanisms. BBD analysis confirmed that surfactant % 
and sonication time were the most influential factors 
associated with low particle size and size distribution. 
The optimized formulation achieved 264 nm and PDI 
0.249, entrapment efficiency of 91%, and excellent 
colloidal stability. Lyophilization with trehalose 
effectively preserved nanoparticle characteristics with 
good redispersibility. Solid-state analyses demonstrated 
a marked reduction in crystallinity and partial 
amorphization of griseofulvin, which directly translated 
into significantly enhanced saturated solubility and a 
rapid dissolution profile. 
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