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ABSTRACT

Objective: posaconazole (PCZ), a potent broad-spectrum antifungal agent of the triazole class, is categorized as a Biopharmaceutical Classification
System (BCS) Class II drug due to its poor aqueous solubility and limited oral bioavailability. Conventional PCZ formulations exhibit compromised
therapeutic efficacy. This study aimed to develop and characterize an intravaginal nanoemulsion (NE) system as a novel drug delivery system
(NDDS) to enhance PCZ solubility, avoid hepatic first-pass metabolism, and ensure rapid and complete drug release.

Methods: A systematic solubility screening of PCZ was conducted using various oils, surfactants, and co-surfactants. Pseudoternary phase diagrams
were constructed to identify optimal NE regions. Based on these diagrams, multiple formulations were prepared and evaluated via visual inspection,
thermodynamic stability, light transmittance, pH measurement, drug content, dilution test, and droplet size analysis.

Results: Among the tested formulations, F5 was optimized, demonstrating superior physicochemical characteristics. It showed the highest drug
content (99.87%=0.20), a droplet size of (102.9+0.12 nm), a polydispersity index (0.28+0.008), and a zeta potential of (-29.45+0.09 mV). In vitro
drugrelease revealed complete PCZ release (100%) within 150 min in citrate phosphate buffer (pH 4.5) with 1% Tween 80.

Conclusion: The optimized NE (F5), composed of 30% Imwitor 988, 30% S-mix (Tween 20: Transcutol, 1:1), 40% distilled water, and 1% PCZ,
demonstrated excellent stability and a rapid drug release profile. Compared to clotrimazole-based vaginal tablets, which exhibit slower and
incomplete drug release, this nanoemulsion offers enhanced solubility, efficient local delivery, and bypasses hepatic metabolism, making it a

promising candidate for vaginal PCZ administration.
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INTRODUCTION

Vaginal candidiasis is a common fungal infection typically managed
using either oral or vaginal dosage forms. Intravaginal therapy often
includes the use of creams or vaginal pessaries. Although creams are
generally preferred due to their ease of application and good
spreadability, their greasy nature renders them unsuitable for
vaginal use, often causing discomfort [1]. Likewise, vaginal pessaries
may lead to irritation, inconvenience, or allergic reactions. Oral
formulations, while effective, are frequently associated with
systemic adverse effects such as cholestasis and hepatocellular
damage [2].

In contrast, vaginally administered mucoadhesive formulations have
emerged as a promising alternative, offering localized drug delivery
with enhanced therapeutic outcomes. This improvement is
attributed to high local perfusion, a large absorptive surface, and the
avoidance of hepatic first-pass metabolism, all of which contribute to
improved safety and efficacy [3]. Posaconazole (PCZ) is a potent
antifungal medication from the triazole class. It is part of class II of
BCS, and it works by inhibiting the enzyme lanosterol 14a-
demethylase. Consequently, it inhibits the biosynthesis of ergosterol,
an essential component of the fungal cell membrane, thereby
weakening the structure and function of the fungal cell membrane,
which is responsible for the antifungal activity of PCZ [4].

PCZ is marketed under the brand name Noxafil, available in various
conventional dosage forms, including oral suspension, tablet, and
injectable solution. However, these dosage forms do not offer a
prolonged duration of action, which improves the efficacy of PCZ.
Furthermore, the poor water solubility of PCZ caused low
bioavailability. To improve the solubility of PCZ, nanoemulsion (NE)
appeared to be a suitable approach. NE consists of oil and water
phases stabilized by surfactants and co-surfactants, forming a
thermodynamically unstable but kinetically stable system. Their
droplet size typically ranges from 5 to 200 nm, and they may appear

transparent or semi-transparent, depending on the formulation
parameters [5]. These drug delivery systems are considered safe and
well-tolerated when administered orally or applied topically to the
skin and mucous membranes, making them an effective option for
delivering locally acting medications. Nowadays, increasing drug
loading and enhancing drug solubility and bioavailability are the
most important advantages encouraging the usage of NE as drug
delivery carriers. The very small size of NE provides a large surface
area, which enhances the solubilization of the drug and facilitates
penetration through the skin and epithelial layer [6, 7].

According to various studies, NEs exhibit superior drug
solubilization potential compared to simple micellar systems.
Additionally, their inherent thermodynamic stability provides
significant benefits over less stable dispersions like emulsions and
suspensions, as they require minimal energy for production (such as
heat or agitation) and demonstrate an extended shelf life [8].

Several factors can influence the preparation of NEs. Firstly selection
of the emulsifying agent (emulsifier) should be careful to achieve
low interfacial tension, which is an important requirement for the
stability of NE, it should be flexible enough or fluid to promote the
formation, secondly sufficient concentration of surfactant must be
used to produce a good stabilization for droplets in NE, and finally
selection of the oil phase used in the formulation of NE should have
excellent ability to dissolve the powdered drug [9].

NEs exhibit physical stability against sedimentation and creaming due to
their small droplet size. However, Ostwald ripening remains a significant
cause of instability, this process involves the migration of molecules from
smaller to larger droplets, driven by differences in solubility and
interfacial tension. The magnitude of this effect is influenced by the
formulation composition and can be minimized through the careful
selection of oils, surfactants, and co-surfactants [10].

This study aims to formulate PCZ to increase its solubility, better
loading capacity, stability, and better patient compliance.
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MATERIALS AND METHODS

Posaconazole was purchased from Hyper-Chem LTD CO, China.
Labrafil M 1944 (LM 1944), Labrafact PG (LA PG), Labrasol ALF (LR
ALF), Transcutol (TR), and Cremophor® EL were obtained from
Gattefossé (France). Imwitor® 988 (IMW 988) and Miglyol® 812 N
(MG812) were supplied by 10I Oleo GmbH (Germany). Propylene
glycol (PG) and oleic acid (OA) were purchased from Hyper-Chem
LTD CO. Natural oils, including castor, olive, rosemary, and sweet al.
mond, were procured from Now Foods (USA).

Citric acid, disodium hydrogen phosphate, and Tween surfactants
(grades 20, 40, and 80), along with polyethylene glycol (PEG) with
molecular weights of 200, 400, and 600, were obtained from
HiMedia Laboratories Ltd. (India). Methanol was sourced from
LobaChemie Ltd. (India), and syringe filters were supplied by
ChmLab (Spain). Dialysis membrane (MD34-5 M; flat width: 34 mm;
molecular weight cutoff: 8000-14,000 Da) was acquired from MYM
Biomedical Technology Co. (USA). Deionized distilled water (DD)
and all other reagents used were of analytical grade.

Instruments used in the study included a water bath shaker (GFL,
Karl Kolb, Germany) and a digital centrifuge (Hettich® EBA 20C,
Germany). Glass centrifuge tubes were used during solubility
screening. Particle size and zeta potential were measured using a
Malvern Zetasizer Nano ZS (Malvern Instruments, UK). UV
absorbance was determined wusing a Shimadzu UV/VIS
Spectrophotometer (UV-1700 PharmaSpec, Shimadzu®, Japan). pH
measurements were conducted using a Hanna pH meter (Hanna
Instruments®, Italy). Surface morphology and elemental
composition were examined using Field Emission Scanning Electron
Microscopy (FESEM-EDX, MIRA III, TESCAN®, Czech Republic).

Research on solubility

Labrafil M1944 (LM1944), Labrafact PG (LA PG), Miglyol 812 N
(MG812), Imwitor 988(IMW988), oleic acid (OA), castor oil, rosemerry
oil, sweet al. mond oil, and olive oil were among the oils studied to
determine the PCZ solubility. Surfactants studied were Tween 20, 40,
and 80, Cremophor EL (CE), and Labrasol ALF(LR). Transcutol (TR),
PEG 200, PEG 400, PEG 600, and propylene glycol (PG) were used as
co-surfactants, also determining the PCZ solubility in citrate phosphate
buffer with 1% Tween 80, PH 4.5. In a water bath, each 2 ml of the
listed substances with an excess amount of drug (PCZ) was shaken for
72 h (h) at 37£0.5 °C. After reaching equilibrium, the mixture was
centrifuged at 3000 rpm for 20 min. The supernatant was then diluted
using methanol, and the concentration of PCZ was determined
spectrophotometrically at 262 nm [11].

Productive of pseudo-ternary phase diagrams

Based on the solubility studies, IMW 988, Tween 20 (T20), Labrasol
ALF (LR), and Transcutol (TR) were selected as the oil, surfactant,
and co-surfactant, respectively, for the preparation of the NEs.
Pseudo-ternary phase diagrams were constructed using the water
titration method to identify the NE regions and select the optimal
combination. Surfactant and co-surfactant, which are both
represented as S-mix, were mixed at various weight ratios (1:1, 2:1,
3:1, and 1:2 w/w) to determine the phase diagram's productivity.
For each ratio, oil was added and blended using a vortex mixer to
form a mixture with nine different S-mix ratios (ranging from
1:9t09:1w/w). The homogeneous yellowish-transparent S-mix was
titrated by adding distilled water (DD) slowly, drop by drop, with
continuous gentle magnetic stirring. To verify the phase clarity, the
mixture was visually inspected after each water addition. Titration
was stopped once the system turned turbid or formed a viscous, gel-
like texture. The percentage weights of oil, S-mix, and water in the
mixture were then calculated to define the phase boundaries in each
diagram, and the data were plotted using Original Lab software. The
NE's area, which is considered to be visually clear, was the shaded
one in a triangle plot with one apex representing the oil, the second
one representing water, and the third representing the S-mix at a
fixed weight ratio [12-14].
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The method used for the preparation of NE

The phase inversion composition (PIC) method, also referred to as
the self-nanoemulsification technique, has garnered significant
attention across various fields, including pharmaceutical sciences.
This method enables the formation of NEs at ambient temperature
without the use of organic solvents or the application of heat. By
gradually introducing water into an oil-surfactant mixture under
gentle stirring while maintaining a constant temperature, kinetically
stable NEs with fine droplet sizes can be successfully prepared [15].

Formulation of PCZ NE

As listed in table 1, numerous O/W NE formulations have been
created by employing a water titration strategy by pseudo-ternary
phase diagrams. To prepare 10 gm of 1% PCZ NE, the primary
emulsion was produced by dissolving 100 mg of PCZ in IMW988 (the
selected oil according to the solubility study) with an appropriate
ratio of S-mix (T20 and TR) and (LR ALF and TR) both of which were
previously weighed in a beaker and stirred continuously on the
magnetic stirrer at room temperature (~ 500 rpm) for ten minutes
until a clear solution was achieved. DD was then added to the clear
solution with continuous stirring until a clear NE was formed. The
prepared NEs were subjected to ultrasonic homogenization using a
Power Sonic 410 probe sonicator (HWASHIN®, Korea) operating at
20 kHz frequency and 15% amplitude for 2 min. The process was
carried out in a pulsed mode (2 seconds on, 2 seconds off) to
minimize thermal stress. Immediately after sonication, the
formulations were placed in an ice-cold beaker to ensure efficient
cooling and to preserve formulation stability [16]. The resulting NEs
were then transferred into clean glass tubes and stored at 4 °C for
further evaluation. The derived final formula (F1-F40) underwent
optimization and then characterization.

Optimization of NE

The prepared nanoemulsions were subjected to thermodynamic
stability evaluation. Initially, each formulation was centrifuged at
3500 rpm for 30 min. Formulations that showed no signs of phase
separation were then subjected to six heating-cooling cycles
between 4 °C and 45 °C, followed by three freeze-thaw cycles at -20
°C and 25 °C. Each cycle included a minimum storage period of 48 h
at the respective temperature. Only formulations that passed all
preliminary stability tests were selected for further physical
characterization [17, 18].

Characterization of NEs

Particle size, polydispersity index (PDI), % transmittance, dilution
test, drug content, morphological investigations, and drug release
are considered only a few of the physicochemical criteria used to
define or characterize the NE.

Particle size and polydispersity index measurement

Dynamic light scattering (DLS) was employed using a Malvern Zeta
sizer (UK) to determine the globule size and PDI of the NE
formulations. A volume of 10 ml of distilled water (DD) was added to
each 0.5 ml aliquot of the mixture before measurement to ensure
appropriate dilution. For each formulation, the mean droplet size
and PDI were recorded and reported [19, 20].

Percentage transmittance (T%)

The optical clarity of the formulated samples was evaluated using a
Shimadzu UV-1700 PharmaSpec UV /VIS spectrophotometer (Japan).
For each formulation, 1 ml was accurately diluted 1:100 with
distilled water (DD), and measurements were performed at 650 nm,
employing DD as the blank reference [21].

Dilution test

To evaluate the phase inversion behavior of the NE, a dilution study
was conducted. Specifically, 1 ml of the optimized NE formulation
was carefully mixed with 10 ml of distilled water (DD) in a test tube,
and the mixture was closely monitored for any signs of phase
inversion or instability [22].
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Table 1: Composition of PCZ NE

Formula code IMW988 oil % (w/w) Surfactant Co-surfactant S-Mix ratio S-Mix % (w/w) DD% (w/w)
F1 10 Tween20 Transcutol 1:1 18 72
F2 15 Tween20 Transcutol 1:1 20 65
F3 20 Tween20 Transcutol 1:1 20 60
F4 25 Tween20 Transcutol 1:1 25 50
F5 30 Tween20 Transcutol 1:1 30 40
Fé6 15 Tween20 Transcutol 2:1 22 63
F7 20 Tween20 Transcutol 2:1 22 58
F8 25 Tween20 Transcutol 2:1 25 50
F9 30 Tween20 Transcutol 2:1 28 42
F10 10 Tween20 Transcutol 3:1 18 72
F11 15 Tween20 Transcutol 3:1 22 63
F12 20 Tween20 Transcutol 3:1 25 55
F13 25 Tween20 Transcutol 3:1 30 45
F14 30 Tween20 Transcutol 3:1 35 35
F15 35 Tween20 Transcutol 3:1 40 25
F16 15 Tween20 Transcutol 1:2 19 66
F17 20 Tween20 Transcutol 1:2 22 58
F18 25 Tween20 Transcutol 1:2 23 52
F19 30 Tween20 Transcutol 1:2 26 44
F20 35 Tween20 Transcutol 1:2 35 30
F21 10 Labrasol ALF Transcutol 1:1 18 72
F22 15 Labrasol ALF Transcutol 1:1 20 65
F23 20 Labrasol ALF Transcutol 1:1 25 55
F24 25 Labrasol ALF Transcutol 1:1 25 50
F25 30 Labrasol ALF Transcutol 1:1 30 40
F26 10 Labrasol ALF Transcutol 2:1 20 70
F27 15 Labrasol ALF Transcutol 2:1 25 60
F28 20 Labrasol ALF Transcutol 2:1 25 55
F29 25 Labrasol ALF Transcutol 2:1 30 45
F30 30 Labrasol ALF Transcutol 2:1 35 35
F31 10 Labrasol ALF Transcutol 3:1 20 70
F32 15 Labrasol ALF Transcutol 3:1 30 55
F33 20 Labrasol ALF Transcutol 3:1 30 50
F34 25 Labrasol ALF Transcutol 3:1 35 40
F35 30 Labrasol ALF Transcutol 3:1 30 40
F36 10 Labrasol ALF Transcutol 1:2 28 62
F37 15 Labrasol ALF Transcutol 1:2 35 45
F38 20 Labrasol ALF Transcutol 1:2 40 40
F39 25 Labrasol ALF Transcutol 1:2 45 30
F40 30 Labrasol ALF Transcutol 1:2 45 25

*For all NE formulations (F1-F40), 10 gm of 1% PCZ was added to each formula.

Drug content measurement

A specific volume of the nanoemulsion (NE) formulation was taken
and diluted in a suitable volumetric flask using a known amount of
methanol to achieve an appropriate concentration for measurement.
The diluted sample was then filtered through a 0.45 um syringe filter
to remove any impurities and undissolved particles. The drug content
of PCZ in the filtered solution was measured using a UV-VIS
spectrophotometer at the selected maximum wavelength (A max = 262
nm) [23].

Invitro drug release study of posaconazole nanoemulsion

In vitro release profiles of PCZ-NE formulations (F5, F15, F18, F20,
F25, F30, F34, and F40), which successfully passed the
thermodynamic stability tests, were selected for further in vitro
release evaluation. The study was performed using a USP dissolution
apparatus II at 37£0.5 °C with continuous stirring at 50 rpm. A 1.5
ml sample (containing 15 mg of PCZ) from each NE was loaded into a
dialysis bag (molecular weight: 8000-14,000 Da), which was
immersed in a vessel containing 500 ml of citrate phosphate buffer
(pH 4.5) with 1% Tween 80 [24].

At defined time intervals (5, 10, 15, 20, 30, 45, 60, 75, 90, 120, 150,
and 180 min), 2 ml samples were withdrawn and replaced with 2 ml
fresh medium to maintain sink conditions. The amount of PCZ
released into the medium was quantified spectrophotometrically at
262 nm.

Zeta potential for optimized formulas

The zeta potential of the optimized formula (F5) was assessed to
evaluate the stability of the NE by measuring its overall surface
charge, whether positive or negative [25].

Field emission scanning electron microscope (FESEM)

PCZ NE (F5) was examined using a field emission scanning electron
microscope (FESEM). It is a device for analyzing the surface
roughness that is used to explain the size and shape of the droplets
in the PCZ NE [26].

Statistical analysis

All experimental data were expressed as meanz*standard deviation
(SD). One-way analysis of variance (ANOVA) was employed to
compare the mean values of droplet size and in vitro drug release
among the tested NE formulations. A p-value less than 0.05 (p<0.05)
was considered statistically significant, while values greater than
0.05 (p>0.05) were regarded as non-significant. Statistical analyses
were performed using GraphPad Prism version 10.

RESULTS AND DISCUSSION
Studies on solubility

Fig. 1 displays the amount of PCZ soluble in various oils, surfactants,
and co-surfactants. The results showed that IMW988, T20, and LR
solubilize 33.477+2.05, 25.24+2.86, and 21.339+1.35 mg/ml of PCZ
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as an ideal oil and surfactant, respectively. The addition of a co-
surfactant aimed at increasing the mixture's ability to load drugs; TR

Int ] App Pharm, Vol 17, Issue 5, 2025, 426-435

was chosen as a co-surfactant because of its effective solubilizing
action (47.59+2.71 mg/ml).
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Fig. 1: Graphical representation of PCZ solubility in various oils, surfactants, and co-surfactants prepared in this study

Excipient selection and safety justification for vaginal use

-Imwitor® 988 (Glyceryl Monocaprylate): Imwitor 988 was
selected as the oil phase due to its superior solubilizing capacity for
PCZ, showing the highest solubility among the tested oils. It also
contributed to the physical stability of the NE during the stability
study. It is used in vaginal pharmaceutical formulations and is
considered safe and non-irritant [27].

-Tween® 20 (Polysorbate 20): Tween 20, a non-ionic surfactant, was
selected based on its superior solubilizing capacity for PCZ among the
tested surfactants. In addition to its emulsification efficiency in oil-in-
water systems, it facilitates NE formation by reducing interfacial
tension and enhancing droplet dispersion [28]. Tween 20 was chosen
based on its documented safety and effectiveness in promoting drug

release in Intravaginal delivery systems. Its role in enhancing the
solubility and dissolution of poorly water-soluble drugs has been
demonstrated in previous studies by Ball and Woodrow, 2014 [29].
Polysorbate 20 is listed in the FDA Inactive Ingredient Database and
approved for use in vaginal formulations, confirming its regulatory
safety for mucosal application [30].

-Transcutol® (diethylene glycol monoethyl ether) was selected as a
cosurfactant due to its excellent ability to solubilize PCZ and form a
stable NE with Tween 20 and Imwitor 988. It reduces interfacial
tension and enhances droplet dispersion. Furthermore, Transcutol®
is widely approved for pharmaceutical use in topical and mucosal
applications, with a well-established safety profile. It has been used
clinically without reports of adverse effects, even in pregnant
women, confirming its suitability for use in this formulations [31].
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Fig. 2: Pseudo-ternary phase diagrams of the IMW988, T20, and TR (S-mix) with water system were constructed at ambient temperature
using S-mix weight ratios of 1:1 (A), 2:1 (B), 3:1 (C), and 1:2 (D)
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The rational selection of formulation components plays a pivotal
role in the successful development of NEs. A suitable oil phase,
preferably one with high solubilizing capacity not only enhances
drug solubility but also enables optimal drug loading. The
surfactant, particularly those with high HLB values (>10), is
essential for stabilizing oil-in-water systems and facilitating

Int ] App Pharm, Vol 17, Issue 5, 2025, 426-435

efficient drug entrapment within the hydrophobic core.
Nonetheless, surfactants alone may be insufficient to achieve the
desired reduction in interfacial tension. In such cases, co-
surfactants are incorporated to disrupt rigid interfacial films,
enhance fluidity, and promote the spontaneous formation of stable
NEs [32].
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Fig. 3: Pseudo-ternary phase diagrams of the IMW988, LR: TR (S-mix), and water system were constructed at ambient temperature using
S-mix weight ratios of 1:1 (A), 2:1 (B), 3:1 (C), and 1:2 (D)

Table 2: Thermodynamic stability study result

F- Centrifugation test Heating-cooling Freeze- F- Centrifugation test Heating- Freeze-thawing
code cycle thaw cycle code cooling cycle cycle
F1 fail (phase separation) ~ ----- - F21 fail (phase separation) - -
F2 fail (phase separation) ~ ----- - F22 fail (phase separation) - -
F3 fail (phase separation) ~ ----- - F23 fail (phase separation) - -
F4 fail (phase separation) ~ ----- - F24 fail (phase separation) - -
F5 pass pass pass F25 pass Pass pass
F6 fail (phase separation) ~ ----- - F26 fail (phase separation) ~  ----- -
F7 fail (phase separation)  ----- - F27 fail (phase separation) ~  ----- -
F8 fail (phase separation) ~ ----- - F28 fail (phase separation) ~  ----- -
F9 fail (phase separation) ~ - - F29 pass fail (phase -
separation)
F10 fail (phase separation) ~ ----- - F30 pass Pass pass
F11 fail (phase separation) ~ - - F31 pass fail (phase -—--
separation)
F12 fail (phase separation) - - F32 fail (phase separation) ~  --- -
F13 fail (phase separation) ~ - - F33 pass fail (phase -
separation)
F14 fail (phase separation) ~ - - F34 pass Pass pass
F15 pass pass pass F35 pass fail (phase -
separation)
F16 fail (phase separation) ~ - - F36 fail (phase separation) -~ -
F17 pass fail (phase =~ ----- F37 fail (phase separation) ~  ----- -—--
separation)
F18 pass pass pass F38 fail (phase separation) - -
F19  fail (phase separation) — ----- - F39 pass Pass pass
F20 pass pass pass F40 pass Pass pass

*Note: "Pass" indicates no phase separation observed after the corresponding test. "Fail (phase separation)” indicates visible phase separation. (----)
indicates that the formulation was not subjected to the test due to failure in a previous step. All tests were performed in triplicate.
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Thermodynamic stability studies results

Thermodynamic stability studies were performed on all prepared
NE formulations to ensure their robustness and suitability for
further development. As detailed in table 2, all formulations showed
signs of phase separation except for F5, F15, F18, F20, F25, F30, F34,
F39, and F40, which remained physically stable without any visible
phase separation, cracking, or significant changes in odor or color.
These stable formulations were selected for subsequent
characterization. Such assessments, which typically include
centrifugation and freeze-thaw cycling, are crucial for identifying
NEs capable of maintaining integrity under stress conditions [34].

Characterization of NEs
Droplet size measurement and polydispersity index (PDI)

The formulations that successfully passed the thermodynamic stability
tests, specifically F5, F15, F18, F20, F25, F30, F34, F39, and F40, were
selected for further evaluation and characterization. These NEs
exhibited nanoscale dimensions, as shown in table 3, where the
globule size was influenced by the oil content relative to different S-
mix ratios. This integration potentially reduces the surface tension at
the interfacial layer, leading to a smaller droplet curvature radius and
promoting the formation of clear systems. Accordingly, the ratio of
surfactant to co-surfactant plays a critical role in modulating droplet
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size [35]. For optimal formulation, the (PDI) should remain below 0.5,
reflecting a consistent and narrow droplet size distribution [36]. The
globule size increases significantly (p<0.05) with increasing
concentration of IMW988, and the S-mix ratio also had a statistically
significant impact on the particle size of NE (p<0.05).

Measuring percentage transmittance (T %)

The light transmission percentage (T%) of the formulations was
measured. As shown in table 3, the formulations exhibited
transmission values close to 100%, indicating excellent optical
clarity and stability, which can be attributed to uniform droplet
distribution within the NEs [37].

PH evaluation

The obtained results indicated that all the prepared NE were clear
and had a pH value between (4.95-7.03), and this range of pH will be
not irritant to the vagina [38].

Estimate of drug content

The prepared PCZNE formulation contained more than 95% of the
drug, as shown in table 3. These formulations all met British
pharmacopeia requirements and fell within a tolerable range
(95.0%-105.0%), indicating that none of the prepared formulations
had any drug precipitate [39].

Table 3: Droplet size, PDI, % T, Drug content, and PH of stable formulas

Formula IMW 988 S-mix S-mix Particle size Polydispersity  Light transmittance Drug PH

code (w/w) % Ratio (w/wW)% (nm) Index (PDI) (T%) Content%

F5 30 1:1 30 102.9+0.12 0.28+0.008 97.7+0.001 99.87+0.2 5.12%0.2
F15 35 3:1 40 294.8+0.47 0.88+0.09 94.6+0.003 95.15+0.4 4.95+0.15
F18 25 1:2 23 145.5£0.42 0.34+0.02 95.840.001 96.75+0.45 5.17£0.25
F20 35 1:2 35 134.8+0.63 0.24+0.019 96.1£0.006 96.37+0.2 5.66£0.1
F25 30 1:1 30 312.5£0.55 0.15%0.01 92+0.004 95+0.32 5.81£0.4
F30 30 2:1 35 300.2£0.33 0.25%0.016 93+0.002 96.1£0.6 6.39£0.2
F34 25 3:1 35 280.1£0.53 0.23+0.088 94.2+0.001 97+0.1 5.79£0.6
F39 25 1:2 45 216.5£0.22 0.19+0.05 92.1£0.003 96.8+0.5 6.99£0.3
F40 30 1:2 45 278.7£0.43 0.24+0.02 93.520.002 95.9+0.3 7.03£0.2

*Data are expressed as mean+SD (n = 3).

Factors affecting particle size in the NE formula
Effect of oil concentration (IMW 988)

The oil phase (IMW 988) varied between 25%, 30%, and 35% across
formulations. An increase in oil concentration generally led to an
increase in particle size, as observed in F15 (294.8 nm containing
35% oil), F25 (312.5 nm containing 30% oil), and F30 (300.2 nm
containing 30% oil). Conversely, formulations with lower oil
concentrations, F18 (145.5 nm containing 25% oil), F39 (216.5 nm
containing 25% oil), and F34 (280.1 nm containing 25% oil) showed
smaller particle sizes. This trend suggests that higher oil content
increases droplet size due to the greater internal phase volume,
which challenges emulsification [40].

Effect of S-mix ratio and concentration

The effect of S-mix Ratio, Tween 20 (surfactant), and Transcutol (co-
surfactant) works synergistically to reduce interfacial tension and
stabilize oil droplets. At a F15 (3:1) ratio, the excess Tween 20 may
not effectively integrate with Transcutol, leading to incomplete
interfacial film formation around oil droplets. This reduces
stabilization efficiency, allowing droplets to coalesce into larger
particles (294.8 nm), while in F5(1:1) ratio, smaller particles(102.9
nm) [41].

Increasing the total S-mix concentration (e. g., from 30% to 45%) led
to reduced particle size and PDI. For example, F39 (45% S-mix, 1:2
ratio) exhibited a relatively small size (216.5 nm) and low PDI (0.19)
the quantitative ratio of a surfactant to a co-surfactant affects
globule size differently [35]. Varying the S-mix ratio (surfactant: co-
surfactant) also influenced droplet size: F5 (1:1) 102.9 nm, F18 (1:2)

145.5 nm, and F20 (1:2) 134.8 nm. These results indicate that the S-
mix ratio needs to be optimized for each oil phase concentration to
achieve minimal droplet size and a stable NE.

Effect on polydispersity index (PDI)

The lowest PDI (0.19) was recorded for F39 (Labrasol: Transcutol
1:2, 45% S-mix and 25% IMW988), indicating a highly uniform and
monodisperse system. The highest PDI (0.88) was in F15, which had
high oil (35%) and 40% S-mix in a 3:1 ratio, suggesting this
composition resulted in a less stable and heterogeneous emulsion.
The lower the homogeneity of the particles in the formulation, the
higher the PDI [42]. The PDI for each formulation was less than 0.5,
indicating a uniform and constrained globule size distribution.

Effect of particle size on transmitted light percentage (T%)

The droplet size of the NE plays a crucial role in determining its light
transmittance percentage. Typically, smaller droplets in NEs tend to
scatter less light, leading to higher transmittance values and thus
producing clear emulsions. In contrast, larger droplets cause
increased light scattering, which reduces the proportion of
transmitted light, as reported by Drais HK and Hussein AA during
their formulation of carvedilol NE in 2015 [37]. Nevertheless, this
correlation is complex because various factors may also impact both
droplet size and transmittance. These factors include the type and
concentration of oil and surfactant, the preparation method of the
NE, and the properties of the dispersed phase, as highlighted by
Sakini S] and Maraie NK in 2019[43]. According to the results
presented in table 3, all developed formulations exhibited excellent
clarity and efficient light transmission, with transmittance
percentages approaching 100%. These findings are consistent with
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those reported by Jaiswal M in 2015, who developed NE as an
advanced drug delivery system [44].

In vitro drug release study

The in vitro release profile of the prepared formulations is shown in
fig. 4. The pure drug (PCZ) released 1.2% at the end of 150 min,
while the drug released from NEs formula F5 at the end of 150 min

Cumulative % released

5 25 45

Time (min)
F18 —e—F20

—e—F5 —e—F15

Cumulative % released

0 20 40

65

60
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was 100%, F15 (30.6%), F18(22%), and F20(15.6%). But at end 120
min F25(13.6%), F30 (13.8%), F34(19.8%),F39(38%), and
F40(18.2%). Droplet size affects the drug's quantitative release from
the NE formulation [45]. As the droplet size decreased, the
cumulative percentage of drug released significantly increased
(p<0.05). Therefore, the smallest droplet size observed in F5
resulted in the highest cumulative drug release.

85

80 100 120

Time (min)

—e—F25 —e—F30 F34 —e—F30 —e—F40 PCZ

B

Fig. 4: The S-mix: oil ratio influences the PCZ NE and pure medication release profiles. A-The S-mix T20: TR B-The S-mix LR: TR, "Data are
presented as mean+SD (n = 3), with error bars representing standard deviation

The NE formula (F5) achieved 100% drug release within 150 min,
indicating a rapid onset of action suitable for the acute management
of vaginal candidiasis. This fast and complete release contrasts with
conventional Intravaginal antifungal formulations, such as
clotrimazole vaginal tablets reported by Rao et al. (2021), which
exhibit a slower and incomplete release ranging from 61% to 78%
over 8 h [46]. The superior dissolution efficiency of F5 is attributed
to its droplet-based NE structure, which enhances drug solubility
and diffusion. Unlike traditional formulations that may delay
therapeutic action, F5 provides prompt and complete drug
availability, positioning it as a promising alternative for rapid
symptom relief in acute infections.

Selection of optimum formulas for PCZ NEs

Based on the characterization study’s findings, the prepared NE F5
was chosen as the best formula because of its good droplet size, PDI,
T%, drug content, and high accumulation percentage in vitro release.

Zeta potential for optimized formula

The zeta potential of the optimized NE (F5) was -29.45+0.09 mV,
slightly below the £30 mV threshold typically associated with ideal
electrostatic stability. However, the formulation demonstrated
excellent physical stability, which is primarily attributed to steric
stabilization provided by the non-ionic excipients Tween 20 and
Transcutol. These surfactants form a stabilizing steric layer around
the droplets that prevents their close approach and coalescence,
ensuring NE stability regardless of the zeta potential value [47].

Field emission scanning electron microscope (FESEM)

Fig. 5 shows that the optimized formula F5 exhibited a spherical
shape with a particle size of (102.9+0.12 nm), confirming its
nanoscale nature. The relatively small droplet diameter can be
attributed to the incorporation of co-surfactant molecules into the
surfactant layer, which reduces the fluidity and surface viscosity of
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the interfacial film. This action decreases the radius of curvature
of the micro droplets, thereby enhancing transparency and
contributing to the formation of clear NE systems [48]. To
quantitatively support the morphological observation of spherical
droplets, the sphericity index (SI) was calculated using the
formula:

312025 | det| HV 1
9:08 AM ETD 30.00 kV 12

Int ] App Pharm, Vol 17, Issue 5, 2025, 426-435

SI = 41 x (Area)/(Perimeter)?

Fifteen individual droplets were analyzed using Image] software,
and the average sphericity was found to be 0.88+0.07, indicating a
high degree of roundness and confirming the nearly spherical
morphology of the droplets in F5.

5 det HV
1 PM ETD|30.00 kV 8

3.5(7.9 mm 1.4

" Mag 8,000X

Fig. 5: FESEM of optimized formula (NE F5)

Kinetics models of PCZ NE release

The mathematical model exhibiting the highest R? value was
considered the most suitable for describing the release kinetics. The
zero-order model demonstrated the strongest correlation (R? =
0.9458), followed by the first-order model (R? = 0.9122), the Higuchi
model (R?> = 0.9068), and the Korsmeyer-Peppas model (R* =
0.9099) with a slope (n) value of 0.8166, as detailed in table (4). The
obtained n value suggests a combination of two transport

mechanisms: Fickian diffusion and Case Il transport, reflecting
anomalous (non-Fickian) release kinetics. n controlled release
systems, the drug release rate is generally influenced by a
combination of diffusion and polymer relaxation mechanisms (Case
II transport). For hydrophobic drugs in oil-in-water (0/W) NE
systems, the release process involves multiple sequential steps,
beginning with drug partitioning from the oil phase into the
surfactant layer, followed by subsequent diffusion into the aqueous
medium [49].

Table 4: The release kinetic modeling data mechanism of F5 (PCZ NE)

Zero-order R2 1stOrder R2 Higuchi model R2

Korsmeyer -model R2 n

Release mechanism

0.9458 0.9122 0.9068

0.9099 0.8166  Anomalous transport Kinetics

Although complete drug release was achieved within 150 min, the
pattern of release remained consistent with zero-order kinetics, as
the rate of drug release appeared nearly constant over time. The
simultaneous fit to the Korsmeyer-Peppas model, with n = 0.8166,
further supports a biphasic release mechanism initially
characterized by rapid diffusion of surface-localized drug (burst
release), followed by sustained release governed by matrix diffusion.
This behavior aligns with the physicochemical nature of NEs, where
both surface dynamics and internal diffusion pathways contribute to
the overall release profile. Therefore, the zero-order model and the
Korsmeyer-Peppas fit are not contradictory, but instead
complementary representations of different phases in the same
release process.

The model that yielded the highest coefficient of determination (R?),
with a value approaching unity, was designated as the best-fitting
kinetic model [50].

Zero-order Kinetics is considered the optimal model for achieving
sustained pharmacological effects because it represents a slow,
controlled drug release profile. This kinetic model describes dosage
forms that deliver a constant amount of drug per unit time,
independent of concentration. It applies particularly when the drug
diffusion rate is lower than the dissolution rate into the receptor

medium, creating a saturated solution. As such, zero-order kinetics
is commonly used to explain the release mechanisms in controlled
dosage forms such as osmotic systems, matrix-based systems, or
coated formulations. However, this model reflects an idealized
scenario rarely encountered in practice, as it has limited adjustable
parameters and inherent constraints. In contrast, first-order kinetics
describes a release pattern where the drug release rate is directly
proportional to the remaining drug content in the formulation.
Accordingly, the amount of drug released per unit of time
progressively declines as the release period advances.

The Higuchi model describes drug release as a diffusion-controlled
process governed by Fick’s Law, where the amount of drug released
is proportional to the square root of time (in hours). This model is
particularly applicable to both water-soluble and poorly soluble
drugs embedded within solid or semisolid matrices. However, the
Higuchi equation has notable limitations, as it overlooks critical
factors such as polymer swelling and relaxation that can influence
drug transport. Although theoretically stronger than zero-and first-
order models, the Higuchi model still overlooks key physicochemical
factors affecting drug release [51].

When the primary release mechanisms involve a combination of
drug diffusion (Fickian transport) and Case II transport (non-
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Fickian) governed by polymer relaxation phenomena, the semi-
empirical Korsmeyer model is commonly applied to describe solute
release. This model is particularly useful when the exact
contributing factor is unknown or when drug release arises from a
combination of relatively independent processes: one based on
Fick’s Law-driven diffusion and the other resulting from hydrogel
swelling and relaxation (dynamic expansion), which leads to a
transition from a semi-rigid to a more fluid state, known as Case II
transport. In this equation, both drug diffusion and hydrogel
relaxation are considered determinant processes influencing drug
release, thus taking into account the formulation’s structural
characteristics [52]. However, due to the extremely small particle
sizes involved, physical constraints often make it challenging to
precisely define the drug release profile from colloidal carriers [53].

CONCLUSION

In this study, posaconazole NEs were successfully formulated using
the pseudo-ternary phase diagram method. The phase diagrams
facilitated the identification of optimal NE regions through variation
in the proportions of oil, surfactant, co-surfactant, and water. The
selected formulations exhibited desirable characteristics, including
visual clarity, uniformity, and stability.

The findings demonstrate that the use of pseudo-ternary phase
diagrams is an effective preformulation strategy for developing
stable and transparent NEs. The optimized formulation enhanced
the solubility and local availability of PCZ, presenting a promising
alternative to conventional vaginal antifungal therapies. This NE
system is expected to provide faster drug release, improved mucosal
penetration, and potentially greater clinical efficacy with fewer
systemic side effects.

Future work may include in vivo efficacy evaluation to further
validate the therapeutic performance, along with quantitative
assessment of mucoadhesive properties to optimize vaginal
retention. Additionally, accelerated storage stability testing under
conditions such as 40 °C/75% RH is recommended to support
regulatory requirements and confirm the formulation’s robustness
under stress conditions.
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