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A B S T R A C T   

The aim in this study was to develop and evaluate a nanofluconazole (FLZ) formulation with increased solubility 
and permeation rate using nanosuspensions. The FLZ nanosuspensions were stabilized using a variety of stabi-
lizing agents and surfactants in various concentrations. The FLZ nanosuspension was characterized in vitro using 
particle size, zeta potential, X-ray powder diffraction (XRPD), and solubility. In addition, the ex vivo ocular 
permeation of FLZ through a goat cornea was analyzed. The results showed that the particle size of all nano-
suspension formulations was in the nanometer range from 174.5 ± 1.9 to 720.2 ± 4.77 nm; that of the untreated 
drug was 18.34 μm. The zeta potential values were acceptable, which indicated suitable stability for formula-
tions. The solubility of the nanosuspensions was up to 5.7-fold higher compared with that of the untreated drug. 
The results of the ex vivo ocular diffusion of the FLZ nanosuspensions showed the percentage of FLZ penetrating 
via the goat cornea increased after using Kollicoat to stabilize the nanosuspension formulation. Consequently, 
when using a nanosuspension formulation of Kollicoat, the antifungal activity of the drug strengthens.   

1. Introduction 

To effectively deliver hydrophobic drugs, nanosuspension technol-
ogy has been developed. Pharmaceutical nanosuspensions are biphasic 
systems of nanometer-sized drug particles that are stabilized using a 
surfactant or polymer and administered orally, topically, parenterally, 
or pulmonarily. The particle size distribution of the solid particles in 
nanosuspensions is generally less than one micron, but can range be-
tween 200 and 600 nm (Muller, 2000; Savjani et al., 2012). Various 
methods can be used to prepare nanosuspensions, including media 
milling, precipitation, high-pressure homogenization in water or non- 
aqueous media, and a combination of precipitation and high-pressure 
homogenization (Chowdary & Madhavi, 2005; Patravale et al., 2004). 
The size of the particles, the viscosity of the medium, and the density of 
the particles, as described by Stokes’ law, influence the rate of deposi-
tion of the nanoparticles in a nanosuspension (Nutan and Reddy, 2010). 
Nanosuspensions are unstable because of particle growth and nucle-
ation, which are due to their high surface area; they are also thermo-
dynamically unstable due to agglomeration and crystal growth. Because 
nanosuspensions must be stable to prevent the aggregation of molecules 
that have large kinetic energy, stabilizers must be used. However, 

different drugs require different stabilizers: no single stabilizer can be 
used for all medicinal product preparations. No guideline or rule is 
available for the selection of an appropriate stabilizer. As such, a simple 
trial-and-error approach must be followed (Wang et al., 2013). Some of 
the stabilizers that are used include polyvinyl pyrrolidone (PVP), poly-
vinyl alcohol (PVA), hydroxypropyl methyl cellulose (HPMC), hydrox-
ypropyl methyl cellulose (HPC), polyethylene glycol (PEG), 
polyethylene imine (PEI), Tween, and block copolymers of polyethylene 
oxide-polypropylene oxide known as Pluronics (Wang et al., 2013). To 
ensure the electrostatic stability of a formulations, the stabilizer should 
adsorb onto the nanosuspension surface of the drug particle. Naproxen 
nanosuspensions prepared via anti-solvent precipitation were stabilized 
using PVP K15 and Pluronic F127 (X. Chen, Matteucci, Lo, Johnston, & 
Williams III, 2009). Gupta et al. formulated forskolin nanosuspensions 
stabilized with Pluronic F127 using a wet crushing technique (S. Gupta, 
Samanta, & Raichur, 2010). 

Fluconazole (FLZ) is a solid antifungal that belongs to the triazoles. A 
wider antifungal spectrum and less toxicity than isolated amphotericin B 
were observed when FLZ was subconjunctivally administered in asso-
ciation with topical amphotericin B (Mahdy et al., 2010). Yilmaz and 
Maden (Yilmaz & Maden, 2005) successfully treated 60 % of cases of 
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fungal keratitis with subconjunctival injections of FLZ alone. 
Nanotechnology is currently widely used as a treatment strategy in 

the management of ophthalmologic disorders that affect the anterior 
and posterior sections of the eye. Ocular nanocarriers are capable of the 
selective, targeted, and sustained release of molecules to a site (Wadhwa 
et al., 2009). Ocular drugs that can be delivered via nanotechnology 
include liquid dosage forms such as microemulsions and nano-
suspensions; particulate carriers such as microparticles, polymerics, and 
lipid nanoparticles; vesicular carriers such as liposomes and niososmes; 
and many others such as dendrimers, hydrogel systems, prodrugs, and 
nanocarriers (Wadhwa et al., 2009). With ophthalmic applications, the 
particle size should not exceed a certain size to avoid the scratching 
sensation in the eyes that occurs with larger particles. Patient comfort 
during administration is increased as the particle size of the ocular drug 
decreases (Sayed et al., 2015; Zimmer & Kreuter, 1995). 

In this study, the primary objective was to increase the ocular effi-
cacy of FLZ via the nanonization of drug particles to increase its 
permeation permeability. Antisolvent precipitation nanonization tech-
niques used to prepare FLZ nanosuspensions, and the influence of 
different types and concentrations of stabilizers was studied via the 
characterization of the FLZ nanosuspensions in terms of particle size, 
zeta potential, X-ray powder diffraction (XRD), and solubility. In addi-
tion, the transocular permeation of the FLZ nanosuspensions into goat 
cornea was studied ex vivo. 

2. Materials and methods 

2.1. Materials 

The FLZ was obtained as a gift from the Aljazerah Pharmaceutical 
Company (Riyadh, Saudi Arabia). Low-viscosity hydroxypropyl meth-
ylcellulose (LV HPMC, grade E3) was purchased from Dow Chemical Co. 
(Midland, MI, USA). Kollicoat IR (KL) was obtained from BASF (Lud-
wigshafen, Germany). Pluronic F127 (PLF127) was purchased from C.H. 
(Erbesloh, Krefeld, Germany); xanthan gum (XG) was bought from 
Sigma Chemical Co. (MO, USA). All other materials, solvents, and re-
agents were of analytical grade, which were used without further 
purification. 

2.2. Methods 

2.2.1. UV spectrophotometry assay of FLZ 
A stock solution of FLZ was prepared by weighing 100 mg of FLZ and 

transferring it to a 100 ml volumetric flask; the remainder of the volume 
was methanol. Serial dilutions of 40, 80, 120, 160, 200, 240, and 280 
µg/mL were prepared from the stock, which were added to a 10 ml 
volumetric flask. Phosphate buffer, pH 7.4, was added as the remainder 
of the volume. A calibration curve was constructed by determining the 
absorbance at 260 nm of the resulting samples (Göğer and Aboul-Enein, 
2001). The experiments were conducted in triplicate, and the average 
absorbance was plotted against the corresponding concentration to 
construct the calibration curve (Helal et al., 2012). 

2.2.2. Preparation of the FLZ nanosuspensions 
During the preliminary studies, the concentrations of the drug and 

stabilizers and the speed of stirring were optimized to produce FLZ 
nanosuspensions with small particles and higher zeta potentials to pre-
vent aggregation. Different stabilizers were used to prepare the FLZ 
nanosuspensions, including PLF127, KL, HPMC, and XG. The nano-
nization conditions were kept constant during the whole experiment. 
The FLZ nanosuspensions were prepared via the antisolvent evaporation 
method. An accurately weighed 100 mg of FLZ was dissolved in 3 ml of 
dichloromethane. Then, the drug was dropped using a syringe into 20 ml 
of distilled water containing the stabilizer (0.5, 1, or 5 w/v %) under 
magnetic stirring at 1000 rpm for 4 h until the solvent was completely 
evaporated. This resulted in a supersaturation of the FLZ in solution and 

the formation of the nanosuspension. The prepared FLZ nano-
suspensions were then stored at 4◦C until used for characterization 
(Abou El Ela et al., 2021). 

2.2.3. Evaluation of prepared FLZ nanosuspensions 

2.2.3.1. Determination of particle size and zeta potential. The mean par-
ticle size and zeta potential of the freshly prepared nanosuspensions 
were determined via photon correlation spectroscopy (PCS) using a 
Zetasizer (Nano ZS, Malvern Instruments, UK) at room temperature. The 
samples were adequately diluted with deionized water (1: 1000) and 
placed in an electrophoretic cell. All examinations were in triplicate. 

2.2.3.2. X-ray powder diffraction (XRPD). The prepared FLZ nano-
suspensions were frozen at − 30◦C and dried using a freeze-dryer (Martin 
Christ, Osterode, Germany) at − 40◦C. The XRPD analysis of the pure 
drugs and freeze-dried nanoparticle samples was conducted using a 
Ultima IV diffractometer (Rigaku Inc. Tokyo, Japan) over the 3 − 60̊ 2θ 
range at a scan speed of 1̊/min. The tube anode was Cu, at Ka =
0.1540562 nm, monochromatized with graphite crystal (Rigaku Inc. 
Tokyo, Japan). The analysis was performed at a 40 kV of tube voltage 
and a 40 mA tube current in step scan mode (step size 0.02̊, 1 s per step). 
This analysis was performed to determine the crystallinity of the pure 
drugs in the freeze-dried nanoparticles (Ibrahim, 2014). 

2.2.3.3. Solubility. Saturation solubility studies were conducted for 
both the untreated drug and the lyophilized nanoparticles in the 
formulated nanosuspensions. A total of 10 mg of both FLZ and FLZ 
nanoparticles, equivalent to 10 mg of FLZ, was weighed and placed in 
separate stoppered conical flask composed of 5 mL phosphate buffer (pH 
7.4). The flasks were placed in a water bath shaker (37 ◦C ± 0.5) at 100 
rpm for 72 h. Then, each 0.5 mL aliquot was withdrawn and filtered 
through a 0.22 μm Millipore filter. An aliquot of 100 μL of each filtrate 
was diluted with phosphate buffer pH 7.4 and assessed using a UV 
spectrophotometer at 260 nm. Each experiment was carried out in 
triplicate, the average saturation solubility of FLZ was determined in 
mmol/mL, and the standard deviation was calculated. 

2.2.3.4. Transmission electron microscopy (TEM). Transmission electron 
microscopy (TEM) was performed to evaluate the morphological char-
acteristics and size of the particles in the FLZ nanosuspensions. The 
nanoparticle suspension of the selected formula was dropped onto 
carbon-coated copper grids for viewing with a transmission electron 
microscope (jem-1400, JEOL Ltd., Tokyo, Japan). Imaging viewer soft-
ware was used for image capture and analysis. 

2.2.4. Ex vivo transcorneal permeation 
Goat corneas were used to study the permeation of the developed 

formulations across the corneal membrane. Whole goat eyeballs were 
obtained from a slaughterhouse and transported to the laboratory in 
normal saline maintained at 4 ◦C. The corneas were carefully removed 
along with 5–6 mm of the surrounding scleral tissue, which were then 
washed with cold saline. The washed corneas were kept in a cold, freshly 
prepared tear buffer solution at pH 7.4 (Pathak et al., 2013; Abou El Ela 
et al., 2021). The ex vivo release study of FLZ nanosuspension formu-
lations was performed in 12 mL of the buffered solution (pH 7.4) as the 
receptor medium at 37 ± 0.5 ◦C and 100 rpm using the Franz diffusion 
method (Logan instruments, NJ, USA). Using the diffusion cell at pH 7.4, 
1 g of each nanosuspension formulation with 0.5 % w/w FLZ was placed 
on the goat corneal membrane. Caution was taken to ensure that the 
corneal membrane only touched the receptor medium surface. The 
whole system was kept at 37 ± 0.5 ◦C and stirred at 100 rpm. The sink 
condition was kept during the ex vivo permeation study. Aliquots of 1 ml 
were withdrawn at different time intervals (1, 2, 4, and 6 h) and 
exchanged with an equivalent quantity of fresh buffer solution. All 
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samples are filtered through a 0.22 μm pore Millipore membrane filter 
and assayed at a λ max of 260 nm using a UV spectrophotometer (Cam-
bridge, England). All tests were performed with triplicate. 

2.2.5. Statistical analysis 
ANOVA was used to calculate the P values for a given variable. 

Fisher’s least significant difference (LSD) test was used (with this 
method, a 5.0 % risk of calling each pair of means is considered mean-
ingfully different when the real difference equals 0) to identify the sig-
nificant differences between variables. 

3. Results 

3.1. UV spectrophotometry assay of FLZ 

The standard calibration curve of the pure FLZ in the phosphate 
buffer solution (pH 7.4) is show in Fig. 1. Different concentrations of the 
pure medicinal drug product, ranging from 40 to 280 µg/mL, were 
prepared in pH 7.4 phosphate buffer, and the absorbances were spec-
trophotometrically determined at 260 nm. The resulting standard cali-
bration curve was linear for the considered concentration range and 
obeyed the Beer–Lambert principle, with a correlation coefficient (R2) of 
0.9990. 

3.2. Characterization of prepared FLZ nanosuspensions 

3.2.1. Particle size distribution and zeta potential measurements 
Table 1 shows the particle size, zeta potential, and solubility of all 

FLZ nanosuspension formulations that were successfully prepared and 
stabilized with different stabilizers. The particle sizes of the FLZ nano-
suspensions stabilized by with 0.5 %, 1 %, and 5 % w/v of PL were 
174.5, 354.9, and 192.5 nm, respectively, with PDI values ranging from 
0.45 to 0.69. The zeta potentials of these nanosuspensions were − 35.5 
mv, − 30.3, and − 35.8 mv, respectively. For our FLZ nanosuspensions, 
the stabilizer (KL) concentration noticeably impacted the particle size of 
the produced nanosuspensions. The particle sizes of the FLZ nano-
suspensions stabilized with 0.5 %, 1 % and 5 % w/v of KL were 250.2, 
445.4, and 199.3 nm, respectively, with PDI values ranging from 0.26 to 
0.32, as shown in Table. The zeta potentials of these nanosuspensions 
were − 21.4, − 25.5, and − 24.4 mv, respectively. The results showed that 
the HPMC polymer had the ability to produce FLZ nanosuspensions with 
small particles (249.9–374.6 nm), as shown in Table 1. In addition, the 
zeta potential values of these nanosuspensions were − 37.3 and − 30.1 
mv. When a high concentration (5 %) of HPMC was added, determining 
the particle size and zeta potential of the nanosuspension was 

challenging due to its high viscosity (Alshora et al., 2018). The addition 
of XG polymer produced nanosuspensions with relatively large particles. 
Increasing the XG concentration from 0.5 % to 1 % reduced particle size 
of the nanosuspension from 720.2 ± 4.77 to 685 ± 0.52 nm, with zeta 
potential values of –39.8 and − 35.6 mV, respectively, as shown in 
Table 1. 

3.2.2. Solubility 
Table 1 shows the aqueous solubility of the raw FLZ and freeze-dried 

FLZ nanoparticles in the nanosuspensions stabilized with different 
concentrations of different stabilizers at 37 ◦C. The untreated FLZ 
exhibited an aqueous solubility of 1.2 ± 0.21 mmol/L. In comparison 
with the untreated drug, the FLZ nanosuspensions were substantially 
more water soluble. The drug exhibited a remarkable increase in its 
solubility in case of nanoparticles stabilized by PL F127, and a higher 
solubility (3.7 ± 0.808 mmol/L) was obtained using 5 % stabilizer 
concentration. Table 1 shows the aqueous solubility of the raw FLZ and 
FLZ nanoparticles stabilized with different KL concentrations. The 
aqueous solubility of the freeze-dried FLZ nanosuspensions was higher 
than that of the untreated drug. The measured drug solubility in the 
nanosuspensions stabilized with 0.5 %, 1 % and 5 % w/v of KL was 6.8 
± 1.418, 2.9 ± 0.440, and 1.8 ± 0.036 mmol/L, respectively. The 
measured solubility was 3.7 ± 0.33 and 2.2 ± 0.35 mmol/L for FLZ 
nanosuspensions stabilized with 0.5 % and 1 % w/v HPMC, respectively. 
The drug solubility was 1.8 ± 0.08 and 4.2 ± 0.18 mmol/L for the 
nanosuspensions stabilized with 0.5 % and 1 % w/v of XG, respectively. 

3.2.3. X-ray powder diffraction (XRPD) 
The X-ray diffraction spectra of the raw FLZ and freeze-dried FLZ 

nanosuspension formulations stabilized with different stabilizers were 
obtained to evidence changes in the solid state. The occurrence of a 
number of well-defined peaks in the X-ray spectrum of FLZ revealed that 
the drug is a crystalline material with representative diffraction peaks at 
2θ angles of 5.98, 5.12, 4.53, 3.63, 3.32, 3.05, and 2.85 Å. Furthermore, 
two characteristic peaks were observed for the PL copolymers at 19.2 
and 20.4 Å, as shown in Fig. 2. 

The intensities of the characteristic diffraction peaks of FLZ were 
slightly lower for the freeze-dried FLZ nanosuspensions containing 0.5 
KL; however, for the FLZ nanosuspension stabilized with 1 % KL, the 
drug diffraction peaks completely disappeared as shown in Fig. 3. 

The XRPD spectra of the FLZ, HPMC, and freeze-dried FLZ nano-
suspensions stabilized with 0.5 (F7) and 1 % (F8) HPMC are shown in 

Fig. 1. Calibration curve of FLZ in pH 7.4 phosphate buffer determined at 260 
nm. The experiments were carried out in triplicate. 

Table 1 
Characterization of the different formulations of FLZ nanosuspensions (n = 3, 
mean ± SD).  

Formulation FLZ nanosuspension 

Particle size 
(nm) 

PDI Zeta potential 
(Mv) 

Drug solubility 
(mmol/L) 

F 1 (PLF 127 0.5 
%) 

174.5 ± 1.9 0.558  − 35.5 3.4 ± 0.009 

F 2 (PLF 127 1 
%) 

354.9 ± 3.6 0.69  − 30.3 2.5 ± 0.539 

F 3 (PLF 127 5 
%) 

192.9 ± 0.5 0.453  − 35.8 3.7 ± 0.808 

F 4 (KL 0.5 %) 250.2 ± 0.17 0.324  − 21.4 6.8 ± 1.418 
F 5 (KL 1 %) 445.4 ± 0.53 0.455  − 25.5 2.9 ± 0.440 
F 6 (KL 5 %) 199.3 ± 0.78 0.264  − 24.4 1.8 ± 0.036 
F 7 (HPMC 0.5 

%) 
374.6 ± 0.77 0. 

366  
− 37.3 3.7 ± 0.332 

F 8 (HPMC 1 %) 249.9 ± 0.17 0. 
272  

− 30.1 2.2 ± 0.350 

F 9 (HPMC 5 %) N/A 
F 10(XG 0.5 %) 720.2 ± 4.77 0.602  − 39.8 1.8 ± 0.080 
F 11 (XG 1 %) 685 ± 0.52 0.597  − 35.6 4.2 ± 0.180 
F 12 (XG 5 %) N/A  

*Particle size of FLZ raw powder was 18.34 µm; ** solubility of untreated FLZ 
was 1.2 ± 0.215 mmol/L. 
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Fig. 4. The characteristic X-ray diffraction peaks of FLZ were found at 
their original intensities in the FLZ nanosuspension formulations. 
However, FLZ in its crystalline form was revealed by the presence of FLZ 
diffraction peaks in the XRPD spectra. 

The XRPD spectra of FLZ, XG, and FLZ nanosuspensions stabilized 
with 0.5 (F10) and 1 % (F11) XG after freeze-drying are shown in Fig. 5. 

3.3. Ex vivo transcorneal permeation study 

The selected FLZ nanosuspensions stabilized with PLF 127, KL, 
HPMC, and XG exhibited widely different permeation patterns, and 
permeation was high through the freshly excised goat cornea. In 
particular, after 6 h, the FLZ nanosuspension stabilized with KL (F4) 
significantly increased (P < 0.05) the percent of drug that permeated the 
corneas relative to that of the FLZ nanosuspension containing PLF 127 
(F3), for which the lowest drug permeation percentage was recorded. 
After 6 h, the drug permeation of the F4 nanosuspension stabilized with 
KL was 100.4 ± 9.0 % whereas that of the F3 nanosuspension stabilized 
with PLF 127 was 61.8 ± 2.4 % (Fig. 6). The cumulative drug perme-
ations of formulations F11, stabilized with XG, and F7, stabilized with 
HPMC, were higher, at 75.9 ± 2.6 and 70.7 ± 1.5 %, respectively, than 
that of F3 (61.8 ± 2.4 %) after 6 h due to their higher solubility. 

The goat corneal permeation parameters for F3 (5 % PLF 127), F4 
(0.5 % KL), F7 (0.5 % HPMC), and F11 (1 % XG) were calculated and are 
listed in Table 2. The coefficient of determination (R2) of the regression 
lines can be used to evaluate the stability of drug permeation. The nearer 
the value of R2 is to 1, the greater the improvement in the stability of the 
steady-state flux (JSS). Corresponding to Table 2, the R2 values of F3 (5 
% PLF 127), F4 (0.5 % KL), F7 (0.5 % HPMC), and F11 (1 % XG) ranged 
from 0.926 to 0.993, indicating the stability of the steady-state flux (Jss) 
of 200.137 ± 1.284 to 162.428 ± 9.034 μg/cm2/h. The lag times of the 
selected FLZ nanosuspensions wee all short, ranging from 0.018 ± 0.01 
to 0.894 ± 0.078 h. The transcorneal permeation flux (Jss) of FLZ from 
the F3 (5 % PLF 127), F4 (0.5 % KL), F7 (0.5 % HPMC), and F11 (1 % 
XG) nanosuspensions were 162.428 ± 9.034, 260.630 ± 17.529, 
200.137 ± 1.284, and 230.069 ± 3.623 μg/cm2/h, respectively. 
Furthermore, the cumulative amount of the drug permeated after 6 h 
(μg/cm2) of the selected formulations ranged from 1749.15 ± 0.117 to 
2841.45 ± 0.451, respectively for F3 and F4. 

4. Discussion 

FLZ nanosuspensions were successfully prepared using different 
concentrations of stabilizers. The effects of these stabilizers on the 
nanoparticle size and zeta potential of the nanosuspensions varied with 

Fig. 2. X-ray powder diffraction of FLZ nanosuspensions stabilized by PL F 127 
stabilizer compared to the individual components. F0 (Untreated FLZ). 

Fig. 3. X-ray powder diffraction of FLZ nanosuspensions stabilized KL stabilizer 
compared to the individual components. F0 (Untreated FLZ). 

Fig. 4. X-ray powder diffraction of FLZ nanosuspensions stabilized by HPMC 
compared to the individual components. F0 (Untreated FLZ). 

Fig. 5. X-ray powder diffraction of FLZ nanosuspensions stabilized by XG 
compared to the individual components. F0 (Untreated FLZ). 
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stabilizer concentration and type. The addition of Pluronic F127 ensured 
the creation of nano-sized particles in the FLZ nanosuspensions. 
Increasing the concentration of the stabilizer from 1 % to 5 % signifi-
cantly decreased (P < 0.05) the nanoparticle size of the FLZ nano-
suspensions. However, increasing the concentration of PLF from 0.5 % 
to 1 % did not produce the same results. Alshora et al. (Alshora et al., 
2020) reported that PLF127 concentration showed a slight effect on the 
size of pioglitazone HCl nanoparticles prepared via wet milling. Poly-
meric stabilizers such as PL, KL, HPLC, and XG increase nanosuspension 
stability via adsorption to the surface of the nanoparticles, thereby 
producing steric repulsion amongst particles and increasing nano-
suspensions viscosity to prevent aggregation processes (Xue and Sethi, 
2012). 

The drug solubility remarkably increased when stabilized with 
PLF127, and a higher solubility (3.7 ± 0.808 mmol/L) was obtained 
using 5 % PLF127. This may have been due to the smaller particles in the 
FLZ nanosuspensions, which, in turn, increased the surface area, leading 
to increased drug solubility (Zu et al., 2012). In addition, PLF 127 is a 
nonionic surfactant that increases the aqueous solubility of several drugs 
in the form of a micellar solubilizing powder (Kabanov & Alakhov, 2002; 
Sezgin et al., 2006). Furthermore, no significant difference was found in 
the drug solubility as the FL F127 concentration was increased from 0.5 
to 5 %. Increasing the HPMC concentration increased solution viscosity 
and, in turn, the coating of the nanoparticles formed during the solvent 

evaporation phase, resulting in larger particles (Ramezani et al., 2014). 
The enlargement in the particle size with increasing HPMC concentra-
tion could also have been due to the insufficient amount of polymer 
available to cover the new, larger surface of particles due to the 
increased; at this point, agglomeration can occur and decrease solubility 
(Alshora et al., 2018). The drug solubility was lower when using 0.5 % 
XG as the nanosuspension stabilizer, which we attributed to the large 
nanoparticles produced at this concentration. XG may be involved in the 
self-wetting of FLZ, increase the stability of FLZ due to its hydrophilic 
nature (Comba, Dalmazzo, Santagata, & Sethi, 2011; Comba & Sethi, 
2009; Xue & Sethi, 2012). The FLZ nanosuspension stabilized with 5 % 
XG was too viscous to be characterized in further studies. 

The characteristic diffraction peaks of FLZ were slightly less intense 
for the freeze-dried FLZ nanosuspensions containing 0.5 and 1 % 
PLF127; however, the drug diffraction peaks in the FLZ nanosuspensions 
stabilized with 5 % PL completely disappeared. In these nano-
suspensions, the results of the XRPD studies showed that FLZ was ho-
mogeneously dispersed in the PL matrices and transformed to its 
amorphous form (Suzuki et al., 1996). The results agree with those of 
Ibrahim et al. (2018), who showed that the crystalline structure of 
docetaxel changes in nanoparticles loaded with different stabilizers to its 
amorphous form (Ibrahim et al. (2018)). KL could be assigned to two 
polymers, polyvinyl alcohol (PVA) and polyethylene glycol (PEG). The 
reflection at 19.7O 2θ was due to the presence of crystalline PVA do-
mains; the two reflections at 19◦ (hidden) and 22.9O 2θ were due to the 
presence of crystalline PEG domains, as shown in Fig. 4. The XRPD of the 
FLZ nanosuspension stabilized with 5 % KL displayed the crystalline 
peaks of the drug. The obtained XRPD data of the FLZ nanosuspensions 
stabilized with higher KL concentrations showed that the FLZ showed a 
non-homogenous dispersion in the polymeric matrices and that FLZ had 
not transformed to an its amorphous form (Ibrahim, 2014). The X-ray 
diffraction spectrum of the XG formulations showed the presence of 
numerous distinct peaks, indicating that FLZ is a crystalline material 
with characteristic diffraction peaks which were observed their original 
positions but with slightly decreased intensities, which might have been 
due to the diluting effect of the stabilizing polymer, XG. 

TEM was used to investigate the morphology of the prepared FLZ 
nanosuspensions. The F3 nanosuspension, which was stabilized with 5 
% PLF127, was selected for the TEM study because of its particles being 
the smallest (192.9 ± 0.5 nm) and its zeta potential being the highest 
(− 35.8 mV). In addition, the solubility of FLZ in this nanosuspension 
was higher (3.7 ± 0.81 mmol/L). Fig. 7 presents a TEM image of F3 (PLF 
127 5 %), which is dark with nanosized spherical shapes, displaying the 
results obtained with this dynamic laser light scattering technique. 

Ex vivo transcorneal permeation studies were performed to compare 
the corneal permeation of the prepared nanosuspension formulations 
containing FLZ. For each stabilizer, the nanosuspension with high drug 
solubility and small particles was selected. These formulations were F3 
(stabilized with 5 % PLF 127), F4 (stabilized with 0.5 % KL), F7 (sta-
bilized with 0.5 % HPMC), and F11 (stabilized with 1 % XG). The FLZ 
permeation results through the freshly excised goat corneas for the 
selected nanosuspensions are presented in Fig. 6 and Table 2. The 
highest cumulative drug permeation of the F4 nanosuspension con-
taining KL might have been due its small particles (250.2 ± 0.17 nm) 
high zeta potential value (− 21.4 mV), which produced improved 
transcorneal permeation (De Campos et al., 2001; Abdellatif et al., 
2019). In addition, the solubility of the F4 nanosuspension containing 
KL was the highest at 6.8 ± 1.418 mmol/L. 

The permeation parameters of FLZ, including the steady-state flux 
(Jss), permeability coefficient (KP), lag time, and cumulative amount 
permeated, were calculated using the ex vivo goat cornea permeation 
data (Abou El Ela et al., 2021). F4 had the highest permeability coeffi-
cient (52.126 cm/h x103), the highest cumulative amount of drug 
permeated (2841.45 ± 0.541 μg /cm2), and the highest Jss (260.63 ±
17.529). This could have been due to the F4 formulation having the 
highest solubility. The differences in the cumulative permeation 

Fig. 6. Ex vivo goat cornea permeation of FLZ nanosuspension formulations (n 
= 3, mean ± SD). 

Table 2 
Ex vivo transcorneal permeation parameters of FLZ in different nanosuspension 
formulations (n = 3, mean ± SD).  

Nanosuspension 
formulation 

Cumulative 
drug 
permeated 
after 6 h 
(μg/cm2) 

Flux, Jss 

(cm2/h) 
Permeability 
coefficient, 
Kp (x103 cm/ 
h) 

Lag 
time 
(h) 

R2 

F 3 (PLF 127 5 
%) 

1749.15 ±
0.117 

162.428 
± 9.034  32.486 ±

1.807   
0.125 
±

0.185  

0.993 
±

0.006 

F4 (KL 0.5 %) 2841.45 ±
0.451 

260.630 
±

17.529 

52.126 ±
0.003 

0.124 
±

0.075 

0.981 
±

0.020  

F7 (HPMC 0.5 
%) 

2001.69 ±
0.001 

200.137 
± 1.284 

40.020 ±
0.255  

0.018 
±

0.010 

0.926 
±

0.001 
F11 (XG 1 %) 2168.74 ±

0.078 
230.069 
± 3.623 

46. 014 ±
0.725 

0.089 
±

0.078 

0.988 
±

0.006   
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parameters of nanosuspensions indicate the essential role of the stabi-
lizers, which resulted in different corneal permeation profiles. Accord-
ing to the permeation parameters obtained, the FLZ nanosuspensions 
could be ranked in the following order: F4 (0.5 % KL) >, F11 (1 % XG) >
F7 (0.5 % HPMC) > F3 (5 % PLF127). 

5. Conclusions 

We successfully used various concentrations of different stabilizers to 
prepare FLZ nanosuspension formulations. These stabilizers had varying 
effects on the particle size and zeta potential of the nanosuspensions 
depending on stabilizer concentration and type. The solubility of the 
nanosuspension formulations increased by up to 5.7 fold compared with 
that of the untreated drug. Variable amounts of FLZ were released from 
the nanosuspension formulations and permeated through goat corneas 
in an ex vivo experiment, which depended on the type of stabilizer used. 
As a result, we found that the FLZ in the nanosuspension stabilized with 
KL provided the highest extent of drug release, the largest flux, and the 
highest permeability coefficient, thereby increasing the ocular 
bioavailability of FLZ. 

CRediT authorship contribution statement 

Basmah N. Aldosari: Writing – original draft, Visualization, Fund-
ing acquisition. Mohamed Abbas Ibrahim: Visualization, Validation, 
Supervision, Resources, Methodology, Funding acquisition, Formal 
analysis, Data curation, Conceptualization. Yara Alqahtani: Resources, 
Methodology, Investigation, Data curation. Amal El Sayeh F. Abou El 
Ela: Writing – review & editing, Writing – original draft, Visualization, 
Supervision, Project administration, Methodology, Investigation, Data 
curation, Conceptualization. 

Declaration of competing interest 

The authors declare that they have no known competing financial 

interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgment 

The authors extend their appreciation to the Researchers Supporting 
Project (RSP2024R171), King Saud University, Riyadh, Saudi Arabia. 

Funding 

The article after the pablication should include this Acknowledge-
ment ( The authors extend their appreciation to the Researchers Sup-
porting Project (RSP2024R171), King Saud University, Riyadh, Saudi 
Arabia.) 

References 

Abdellatif, A.A.H., El-Telbany, D.F.A., Zayed, G., Al-Sawahli, M.M., 2019. Hydrogel 
containing PEG-coated Fluconazole nanoparticles with enhanced solubility and 
antifungal activity. J. Pharm. Innov. 14, 112–122. https://doi.org/10.1007/s12247- 
018-9335-z. 

Abou El Ela, A.E.F., Ibrahim, M.A., Alqahtani, Y., Almomen, A., Aleanizy, F.S., 2021. 
Fluconazole nanoparticles prepared by antisolvent precipitation technique: 
Physicochemical, in vitro, ex vivo and in vivo ocular evaluation. Saudi Pharm. J. 29, 
576–585. https://doi.org/10.1016/j.jsps.2021.04.018. 

Alshora, D.H., Ibrahim, M.A., Elzayat, E., Almeanazel, O.T., Alanazi, F., 2018. 
Rosuvastatin calcium nanoparticles: Improving bioavailability by formulation and 
stabilization codesign. PLOS ONE 13, e0200218. 

Alshora, D.H., Alsaif, S., Ibrahim, M.A., Ezzeldin, E., Almeanazel, O.T., El Ela, A.E.F., 
Ashri, L.Y., 2020. Co-stabilization of pioglitazone HCL nanoparticles prepared by 
planetary ball milling: in-vitro and in-vivo evaluation. Pharm. Dev. Technol. 25, 
845–854. https://doi.org/10.1080/10837450.2020.1744163. 

Chen, X., Matteucci, M.E., Lo, C.Y., Johnston, K.P., Williams III, R.O., 2009. Flocculation 
of polymer stabilized nanocrystal suspensions to produce redispersible powders. 
Drug Dev Ind. Pharm. 35, 283–296. https://doi.org/10.1080/03639040802282896. 

Chowdhary, K.P., Madhav, B.L., 2005. Novel drug delivery technologies for insoluble 
drugs. Ind. Drugs. 42, 557–563. 

Comba, S., Dalmazzo, D., Santagata, E., Sethi, R., 2011. Rheological characterization of 
xanthan suspensions of nanoscale iron for injection in porous media. J. Hazardous 
Materials. 185, 598–605. https://doi.org/10.1016/j.jhazmat.2010.09.060. 

Fig. 7. TEM image of FLZ nanosuspension formulation F3.  

B.N. Aldosari et al.                                                                                                                                                                                                                             

https://doi.org/10.1007/s12247-018-9335-z
https://doi.org/10.1007/s12247-018-9335-z
https://doi.org/10.1016/j.jsps.2021.04.018
http://refhub.elsevier.com/S1319-0164(24)00154-3/h0015
http://refhub.elsevier.com/S1319-0164(24)00154-3/h0015
http://refhub.elsevier.com/S1319-0164(24)00154-3/h0015
https://doi.org/10.1080/10837450.2020.1744163
https://doi.org/10.1080/03639040802282896
http://refhub.elsevier.com/S1319-0164(24)00154-3/h0030
http://refhub.elsevier.com/S1319-0164(24)00154-3/h0030
https://doi.org/10.1016/j.jhazmat.2010.09.060


Saudi Pharmaceutical Journal 32 (2024) 102104

7

Comba, S., Sethi, R., 2009. Stabilization of highly concentrated suspensions of iron 
nanoparticles using shear-thinning gels of xanthan gum. Water Res. 43, 3717–3726. 
https://doi.org/10.1016/j.watres.2009.05.046. 

De Campos, A.M., Sánchez, A., Alonso, M.a.J., 2001. Chitosan nanoparticles: a new 
vehicle for the improvement of the delivery of drugs to the ocular surface. 
Application to cyclosporin A. Int. J. Pharm. 224, 159–168. https://doi.org/10.1016/ 
S0378-5173(01)00760-8. 
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