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ABSTRACT: Aceclofenac is a widely used non-
steroidal anti-inflammatory drug (NSAID) indicated
for the management of pain and inflammation
associated with musculoskeletal disorders. However,
conventional oral administration is associated with
gastrointestinal irritation and extensive hepatic first-
pass metabolism, which may limit its systemic
availability. The present study was undertaken to
formulate and characterize Aceclofenac-loaded
niosomal sublingual films to improve drug delivery
and systemic absorption via the sublingual route.
Aceclofenac-loaded niosomes were prepared by the
thin-film hydration method using Span 60 and
cholesterol in varying ratios (F1-F6) and evaluated
for entrapment efficiency, particle size, zeta
potential, surface morphology, in-vitro drug release,
and drug—excipient compatibility by FT-IR. The
optimized formulation (F3) exhibited the highest
entrapment efficiency (99.98%), a nanosized mean
particle diameter of 105.52 nm, a zeta potential of
+28.4 mV, and 98.24% cumulative in-vitro drug
release over 8 hours. The optimized niosomal
dispersion was incorporated into a fast-dissolving
sublingual film by the solvent-casting method using
HPMC, PEG 400, microcrystalline cellulose,
saccharin sodium and menthol. The developed film
(SF3) showed  satisfactory  physicochemical
properties, rapid disintegration (24 + 4 s), and
efficient, uniform drug release that best fitted the
zero-order kinetic model (R*? = 0.9851). The
Aceclofenac-loaded niosomal sublingual film thus
represents a promising alternative drug delivery
system offering rapid onset, improved patient
convenience and modified drug release.

KEYWORDS: Aceclofenac, Niosomes, Sublingual
film, Span 60, Cholesterol, Thin-film hydration,
Solvent casting, Novel drug delivery system.

I. INTRODUCTION

Aceclofenac is an established non-steroidal
anti-inflammatory drug (NSAID) widely used for the
symptomatic treatment of pain and inflammation in
musculoskeletal disorders such as osteoarthritis and
rheumatoid arthritis [1,2,20]. Although conventional
oral dosage forms provide effective therapeutic
activity, oral administration is associated with
gastrointestinal ~ exposure,  hepatic  first-pass
metabolism, and the need for repeated dosing owing
to the relatively short elimination half-life of the
drug [3]. These limitations indicate the need for an
alternative delivery approach capable of convenient
administration and improved systemic drug delivery.

The sublingual route has attracted
considerable interest as an alternative because the
sublingual mucosa is highly vascularized and
permits direct systemic absorption, partially
bypassing gastrointestinal exposure and hepatic first-
pass metabolism, and thereby offering rapid onset of
action [4,5]. However, conventional sublingual
tablets present limitations such as inconvenient
administration and limited formulation flexibility.
Fast-dissolving films provide a suitable alternative,
being thin, flexible dosage forms that rapidly
disintegrate on contact with saliva, offering ease of
administration and rapid drug release [6,7]. Direct
incorporation of Aceclofenac into a film, however,
may not adequately address challenges of drug
solubility, controlled release and efficient mucosal
delivery.

Niosomes — non-ionic surfactant vesicles
composed of amphiphilic surfactants such as Span
60 and a membrane-stabilizing agent such as
cholesterol, self-assembled into a bilayer enclosing
an aqueous core — offer a complementary approach
for improving drug entrapment and modifying
release characteristics [8]. Being chemically stable,
comparatively inexpensive, osmotically active,
biodegradable and non-immunogenic, niosomes can
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accommodate both hydrophilic drugs (in the aqueous
core) and lipophilic or amphiphilic drugs such as
Aceclofenac (within or at the bilayer interface),
while the cholesterol : surfactant ratio governs
bilayer rigidity, entrapment efficiency and in-vitro
release rate. Aceclofenac-loaded niosomes with high
entrapment and prolonged release, and niosomal
systems combined with sublingual fast-dissolving
films, have each been reported separately [9,10], but
limited work has specifically investigated the
integration of Aceclofenac-loaded niosomes into a
fast-dissolving sublingual film. The present study
addresses this gap by formulating Aceclofenac-
loaded niosomes by the thin-film hydration method,
optimizing the formulation on the basis of
entrapment  efficiency and  physicochemical
characteristics, incorporating the optimized niosomal
dispersion into a solvent-cast sublingual film, and
systematically evaluating the physicochemical
properties, drug entrapment, film characteristics and
in-vitro release behaviour and kinetics of the
developed niosomal sublingual film.

Aim and Objectives
The aim of the present study was to
formulate and characterize Aceclofenac-loaded
niosomal sublingual films wusing Span 60 and
cholesterol, with the objective of achieving efficient
drug entrapment, improved drug release, rapid
disintegration, and enhanced potential for systemic
drug absorption via the sublingual route. The
specific objectives were:
> To carry out preformulation studies of
Aceclofenac, including physicochemical
characterization and drug—excipient
compatibility studies.
> To formulate Aceclofenac-loaded niosomes
using Span 60 and cholesterol by the thin-film
hydration method.
>To characterize the prepared niosomes for
entrapment efficiency, particle size, zeta
potential, drug content, and surface morphology.
> To optimize the niosomal formulation based on
its entrapment efficiency and physicochemical
characteristics, and select the optimized
formulation.
>To incorporate the optimized Aceclofenac-
loaded niosomes into a sublingual film using
suitable film-forming polymers and plasticizers
by the solvent-casting method.
>To evaluate the prepared niosomal sublingual
films for thickness, weight variation, folding
endurance, surface pH, drug content uniformity,
and disintegration time.

>To perform in-vitro drug release studies and
evaluate the release profile of Aceclofenac from
the optimized niosomal formulation and
sublingual film.

> To determine the release kinetics and
mechanism of Aceclofenac using zero-order,
first-order, Higuchi, and Korsmeyer—Peppas
models.

II. MATERIALS AND METHODS

2.1 Materials and Equipment

Aceclofenac  (Yarrow Chem Products,
Mumbai), Span 60 and cholesterol (Loba Chemie
Pvt. Ltd., Mumbai), methanol and chloroform (Sisco
Research Laboratories Pvt. Ltd., Mumbai), HPMC,
PEG 400, microcrystalline cellulose, menthol
crystals and saccharin sodium (Loba Chemie Pvt.
Ltd., Mumbai) were used as received. Key
instruments included an electronic weighing balance
(Scale-tec Kinglab), magnetic stirrer (Remi-2MLH),
probe sonicator (Lab Sonic ultrasonic homogenizer),
UV-Visible spectrophotometer (Systronics 2202
TS), pH meter (Eutech Instruments), dissolution
apparatus (LABINDIA Disso 2000), FT-IR
spectrometer (Jasco V-530), scanning electron
microscope (ZEISS SEM), centrifuge (Remi R-8C)
and a Zetasizer (Malvern) for particle size and zeta
potential.

2.2 Preformulation Studies

Organoleptic properties (colour, odour,
nature) of Aceclofenac were recorded, and solubility
was assessed in water, 0.IN HCI, acetone,
chloroform, phosphate buffer pH 6.8 and ethanol
[11]. The absorption maximum (Amax) was
determined by scanning a 100 pg/mL ethanolic
solution of the drug between 200—400 nm against
ethanol as blank. A calibration curve was
constructed over 1-5 pg/mL (and separately over
10-50 pg/mL) at the determined Amax using ethanol
as blank. Drug—excipient compatibility was assessed
by FT-IR spectroscopy (KBr pellet method, 4000—
400 cm™), comparing the spectrum of the pure drug
with that of the drug in combination with each
individual excipient (cholesterol, Span 60, HPMC,
microcrystalline  cellulose, menthol  crystals,
saccharin sodium) and with all excipients together
[12].

2.3 Preparation of Aceclofenac-Loaded Niosomes
Aceclofenac-loaded niosomes were
prepared by the thin-film hydration method [8]. Span
60 and cholesterol, in the ratios shown in Table 1,
were dissolved in 10 mL of chloroform—ethanol (2:1
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v/v) in a round-bottom flask; 100 mg Aceclofenac
dissolved separately in 5 mL of the same solvent
mixture was added to the surfactant solution. The
organic solvents were removed under vacuum at 40
°C on a rotary evaporator (120 rpm) until a thin film
formed on the flask wall. The film was hydrated
with 10 mL distilled water at 60 = 2 °C with
mechanical agitation, and the resulting suspension
was sonicated for 5-10 min to yield multilamellar
niosomes, which were matured overnight at 2-8 °C
prior to evaluation.

Table 1. Composition of Aceclofenac Niosomal
Formulations (F1-F6)

25 mL, and the solution stirred for 2 h. The casting
solution was poured into a Petri dish and dried at
room temperature (~72 h); the film was then
desiccated for 48 h, cut into individual doses and
stored in an airtight container. Formulation
compositions SF1-SF6 are given in Table 2.

Table 2. Composition of Aceclofenac Niosomal
Sublingual Film Formulations (SF1-SF6)

Form. HPMC | PEG 400 | MCC | Saccharin | Menthol
(mg) (mL) (mg) | Na(mg) (mg)
SF1 300 1 15 50 17
SF2 350 0.5 15 50 17
SF3 400 2 10 50 17
SF4 450 2.5 10 50 17
SF5 425 0.5 15 50 17
SF6 200 1 10 50 17

Formulation | Drug (mg) | Span 60 (mg) Ch(zflsgt)erol
F1 100 100 50
F2 100 75 25
F3 100 150 50
F4 100 70 50
F5 100 50 30
F6 100 60 50

2.4 Evaluation of Niosomes

Entrapment  efficiency (%EE)  was
determined by centrifuging the niosomal dispersion
(10,000 rpm, 30 min), assaying the free drug in the
supernatant spectrophotometrically at 273 nm, and
calculating %EE = [(total drug — free drug) / total
drug] x 100.

In-vitro drug release from the niosomal
suspensions was studied using a dialysis-tube
method against phosphate buffer pH 6.8 at 50 rpm,
with 0.5 mL samples withdrawn hourly and analysed
at 273 nm.

Mean particle size and zeta potential of the
optimized dispersion were measured by dynamic
light scattering / photon correlation spectroscopy
(Zetasizer Nano ZS, Malvern), and surface
morphology was examined by scanning electron
microscopy.

2.5 Preparation of Niosomal Sublingual Films
Fast-dissolving niosomal sublingual films
were prepared by solvent casting. HPMC (film-
forming polymer) was dissolved in warm distilled
water, followed by saccharin sodium (sweetener),
menthol crystals (flavouring/cooling agent), PEG
400 (plasticizer) and microcrystalline cellulose
(superdisintegrant), added sequentially  with
continuous stirring. A volume of the optimized
niosomal dispersion equivalent to the required
Aceclofenac dose was gently incorporated to avoid
disrupting vesicle integrity, the volume made up to

2.6 Evaluation of Sublingual Films

The prepared sublingual films (F1-F6
loaded formulations, evaluated as films SF1-SF6)
were assessed for physical appearance and texture
(visual/tactile), surface pH (moistened film against a
calibrated pH electrode), thickness (screw-gauge
micrometer), weight variation (ten randomly
selected 4 cm? patches), folding endurance (repeated
folding to failure), drug content (dissolution in
phosphate buffer pH 6.8, sonication and UV assay at
273 nm) and in-vitro disintegration time (swirled in
phosphate buffer pH 6.8). In-vitro release from the
optimized film was studied by the dialysis-bag
diffusion technique in phosphate buffer pH 6.8 at 37
+ 0.5 °C, 50 rpm, with samples withdrawn at 1 h
intervals and analysed at 273 nm.

2.7 Release Kinetics

Cumulative release data from the optimized
formulation were fitted to zero-order, first-order,
Higuchi, and Korsmeyer—Peppas models to establish
the release mechanism, with the release exponent (n)
of the Korsmeyer—Peppas model used to characterize
whether transport was Fickian (n < 0.45), anomalous
(0.45 < n < 0.89), or Case-1I/Super Case-II (n >
0.89) [13].

2.8 Statistical Analysis

All formulation and evaluation studies were
performed in triplicate (n = 3) unless otherwise
stated, and results are expressed as mean + standard
deviation (SD). Linear regression analysis was used
to determine the correlation coefficient (R?) and rate
constants for each release-kinetic model.

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal

Page 705




=

1JPRA Journal

International Journal of Pharmaceutical Research and Applications

Volume 11, Issue 5, Sep—Oct 2026, pp: XX-XX www.ijprajournal.com ISSN: 2456-4494

2.9 Rationale for Excipient Selection

The choice of excipients was guided by
their established functional roles in niosomal and
sublingual film formulations. Span 60, a non-ionic
surfactant with a relatively high phase-transition
temperature and low hydrophilic—lipophilic balance
(HLB = 4.7), promotes the formation of rigid, well-
packed bilayers with high entrapment efficiency,
while cholesterol acts as a membrane stabilizer that
reduces bilayer permeability and controls fluidity,
together minimizing premature drug leakage from
the vesicles. For the sublingual film, HPMC was
selected as the primary film-forming polymer for its
favourable film-forming ability, mechanical strength
and rapid hydration in aqueous saliva-like media;
PEG 400 served as a plasticizer to impart flexibility
and prevent film brittleness; microcrystalline
cellulose (MCC) functioned as a superdisintegrant to
accelerate matrix breakup and drug release; and
saccharin sodium and menthol crystals were
incorporated as a sweetening and cooling/flavouring
agent, respectively, to improve palatability and
patient acceptability — an important consideration
for a dosage form intended to reside in the oral
cavity until disintegration.

III. RESULTS AND DISCUSSION

3.1 Preformulation Studies

Aceclofenac was obtained as a white to off-
white, odourless crystalline powder, consistent with
pharmacopoeial specifications (Table 3). Solubility
studies (Table 4, Figure 1) showed that the drug was
insoluble in water and 0.1N HCI, slightly soluble in
acetone and chloroform, soluble in phosphate buffer
pH 6.8, and freely soluble in ethanol — a profile
consistent with the classification of Aceclofenac as a
BCS Class II drug and the rationale for selecting
ethanol as the solvent system for spectrophotometric
analysis.

Table 3. Organoleptic Description of Aceclofenac

S.No. Description Observation
1 Colour White to off-white
2 Odour Odourless
Nature Crystalline powder

Table 4. Solubility of Aceclofenac in Various Solvents

S.No. Solvent System Observation
1 Drug + Water Insoluble
2 Drug + 0.IN HCI Insoluble
3 Drug + Acetone Slightly soluble
4 Drug + Chloroform Slightly soluble
5 Drug + Phosphate Soluble

S.No. Solvent System Observation
buffer 6.8
6 Drug + Ethanol Freely soluble

T

Fiure 1. bility of Aceclofenac in wter,0.1N HCl,
phosphate buffer 6.8, chloroform, ethanol and acetone
(left to right)

The Amax of Aceclofenac in ethanol was
determined to be 273 nm (Figure 2), corresponding
to the n—n* electronic transition of the carbonyl and
aromatic chromophores in the molecule. Calibration
curves constructed at 273 nm (Figure 3, Table 5)
showed excellent linearity across the 1-5 pg/mL
range (R? = 0.989), confirming adherence to the
Beer-Lambert law and validating the method for

subsequent entrapment-efficiency and in-vitro
release quantification throughout the study.
11
T
'\
|
|
|
|
‘.
abs | |
05|
l“'\ A\‘\
Vo
0 “\\ 1 1
200 400 600 800
Wavelength [nm]

Figure 2. UV absorption spectrum of Aceclofenac in
ethanol (Amax =273 nm)
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Figure 3. Calibration curve of Aceclofenac in ethanol

at 273 nm
Table 5. Calibration Data of Aceclofenac at 273 nm
S.No. Concentration Absorbance (AU) at
(ng/mL) 273 nm

1 0 0.000

2 1 0.266

3 2 0.561

4 3 0.857

5 4 1.152

6 5 1.448

3.2 Drug—Excipient Compatibility (FT-IR)
The FT-IR spectrum of pure Aceclofenac
(Figure 4) showed characteristic absorption bands at
3316 cm™! (N—H stretching), 2966 cm™ (aliphatic C—
H stretching), 1717 cm™ (carboxylic C=0
stretching), 1584 cm™ (aromatic C=C stretching),
1505 cm™ (aromatic skeletal vibration) and 1253
(C-O stretching). In the spectrum of the
optimized formulation containing all excipients
(Figure 5), these characteristic bands were retained
with only minor shifts in position and intensity, with
no disappearance of principal peaks or appearance of
new peaks, confirming the absence of significant

drug—excipient interaction.
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Figure 4. FT-IR spectrum of pure Aceclofenac
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Figure 5. FT-IR spectrum of Aceclofenac with all
formulation excipients

Individual drug—excipient combinations
were additionally screened (Figure 6a—f) to isolate
any excipient-specific interaction. As summarized in
Table 6, the diagnostic carbonyl (C=0) stretch of
Aceclofenac, centred at 1717 cm™ in the pure drug,
remained essentially unshifted (£0.0-1.0 cm™) in
every binary mixture as well as in the complete
excipient blend. Similarly, the N-H and C=C bands

showed no meaningful displacement across
formulations. These findings confirm that
cholesterol, Span 60, HPMC, microcrystalline

cellulose, menthol crystals and saccharin sodium are
all chemically compatible with Aceclofenac,
supporting the suitability of the selected excipient
comblnatlon for niosome and film development

~DRUG + CHOLESTEROL. - DRUG:+ SPAN $0

!
;‘td;‘&

L
e

ek Find - DRUGHSACCHARIN SODIUM

(e) Drug + Menthol
Figure 6. FT-IR spectra of Aceclofenac with individual
excipients: (a) cholesterol, (b) Span 60, (¢c) HPMC, (d)
MCC, (e) menthol, (f) saccharin sodium

(f) Drug + Saccharin Na
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Table 6. Comparison of Characteristic C=0 Peak
Position Across Formulations

Combination C=0 peak (cm™")| Shift (cm™)
Pure Aceclofenac 1717.30 —
Drug + Cholesterol 1717.30 0.0
Drug + Span 60 1717.30 0.0
Drug + HPMC 1717.30 0.0
Drug + MCC 1717.30 0.0
Drug + Menthol 1716.80 0.5
Drug + Saccharin Na 1716.60 0.7
Drug + All excipients 1716.40 0.9

3.3 Entrapment Efficiency

Formulations F1-F6 all showed good drug
entrapment (Table 7). F3 (Span 60 : cholesterol =
150:50 mg) exhibited the highest entrapment
efficiency (99.98%), attributable to the higher
surfactant-to-cholesterol ratio favouring bilayer
formation and drug encapsulation, and was therefore
selected as the optimized batch for further
evaluation.

Table 7. Entrapment Efficiency (%EE) of Niosomal
Formulations F1-F6

Formulation % Entrapment Efficiency
F1 98.21
F2 93.51
F3 (optimized) 99.98
F4 96.64
F5 93.24
F6 92.75

3.4 In-Vitro Drug Release of Niosomal
Suspensions

In-vitro release of the niosomal suspensions
(Figure 7, Table 8) followed the order F3 > F5 > F4
>F6 > F2 > FI1 over 8 h. The optimized formulation
F3 released 98.24 + 1.42% of the drug within 8 h,
the highest among all batches, consistent with its
superior entrapment efficiency and vesicle
characteristics.

In-vitro drug release of Niosomal Suspension

CDR

Time (hrs)

Figure 7. In-vitro drug release of Aceclofenac-loaded
niosomal suspensions (F1-F6)

Table 8. In-vitro Cumulative % Drug Release of
Formulations F1-F6

Time
F1 F2 F3 F4 F5 F6
(h)
0.5 10.25 | 12.18 | 18.64 | 1542 | 16.73 | 14.26
1 16.84 | 19.35 | 2893 | 24.12 | 26.75 | 21.64

2438 | 28.72 | 41.58 | 35.26 | 39.64 | 33.52

64.72 | 72.16 | 8854 | 80.35 | 83.92 | 75.28

2
4 43.25 | 50.62 | 68.95 | 58.74 | 64.82 | 55.96
6
8

84.36 | 90.52 | 98.24 | 94.68 | 95.18 | 91.36

3.5 Particle Size Analysis

Dynamic light scattering analysis of the
optimized formulation F3 showed a mean particle
size (Z-average) of 105.52 nm with a polydispersity
index of 0.2 (Figure 8), a nanosized range favourable
for mucosal penetration and absorption. The zeta
potential of F3 was +28.4 mV (Figure 9), within the
range  generally associated with adequate
electrostatic stabilization of the vesicular dispersion
against aggregation.

Results

Size (r.nm): % Intensity Width (r.m):
Z-Average (rnm): 105.52 Peak 1: 8213 100.0 1262
Pdr 02 Peak 2: 0.000 0.0 0.000
Intercept: 0545 Peak X: 0.000 00 0.000

Result quality : Good

Size Diskitnion by kikensity

an|

Ietensity (%)
= =

10 100 1000
Size o)

Record 25% Sethu Raman sample size|

Figure 8. Particle size distribution of the optimized
niosomal formulation (F3)
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Results

Mean (mV) Area (%) Width (mV)
Zota Potential (mV): 28.4 Peak1: 406 234 142
Zeta Deviation (mV): 9.08 Peak2: -108 a7 .08

Conductivity (mSicm): 820 Poak 3 -135 73 8.20

Result quality : Good
Zeta Polenfial Distribulion
1200
10000 f’r\
£ | \
5 8000
H
] 2
£ - /\/\ N
4000 \/A
2000
-100 ] 100 200
Zeta Paential (mh)
[——Record 260: SethuRaman sample zeta |

Figure 9. Zeta potential distribution of the optimized
niosomal formulation (F3)

3.6 Scanning Electron Microscopy

Scanning electron microscopy of the
optimized niosomal formulation (Figure 10) revealed
discrete, roughly spherical vesicular particles with a
slightly rough surface and no significant

aggregation, consistent with the particle size results
and supportive of uniform vesicle formation.

20 pm EHT=20.00 kV
WD = 18.0 mm

§ S
Signal A=SE1
Mag= 1.00KX

Figure 10. SEM micrograph of the optimized
Aceclofenac-loaded niosomal formulation

Representative stages of the formulation
process — probe sonication of the niosomal
suspension, the optimized white, milky F3
dispersion, and the final cast, transparent sublingual
film — are shown in Figure 11.

(b) Optimized niosomal dispersion (F3)

(c) Cast sublingual film

Figure 11. Representative stages of formulation: (a)
probe sonication of the niosomal dispersion, (b)
optimized F3 niosomal dispersion, (c) cast Aceclofenac
niosomal sublingual film

3.7 Evaluation of Niosomal Sublingual Films

All  six niosomal sublingual film
formulations (SF1-SF6) were transparent with a
smooth texture (Table 9). Surface pH ranged from
6.15 to 6.82, close to the physiological pH of the
sublingual mucosa and unlikely to cause irritation.
Film weight (47-60 mg) and thickness (0.15-0.28
mm) increased with increasing polymer content,
while all films withstood more than 250 folds
without cracking, indicating good mechanical
flexibility. Drug content ranged from 83-92%, with
SF3 showing the most uniform distribution (92%).
Disintegration time ranged from 24 + 4 s (SF3) to 80
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+ 1 s (SF1), decreasing with an optimal balance of
polymer and disintegrant content; SF3, containing
the optimized F3 niosomal dispersion, showed the
fastest disintegration and was selected as the
optimized film formulation. The disintegration
process of the optimized film, captured at successive
time points in phosphate buffer pH 6.8, is shown in
Figure 12: the intact patch progressively softened,
folded and fully dispersed within 24 + 4 seconds,
confirming rapid wetting and breakup consistent
with the fast-dissolving design intent.

Table 9. Physicochemical Evaluation of Niosomal

Sublingual Films (F1-F6)
Form.| pr | Tlekaess| Welght| Foeing | Gl | opil

(s) (%)
F1 |6.71 0.28 60 280 80 85
F2 |6.15 0.23 56 274 62 83
F3 |6.82 0.16 51 250 24 92
F4 ]6.51 0.15 48 155 35 87
F5 643 0.19 49 176 28 90
F6 |6.72 0.22 47 220 29 89

Figure 12. In-vitro disintegration sequence of the
optimized sublingual film (SF3) in phosphate buffer
pH 6.8

3.8 Release Kinetics

Release data of the optimized film (SF3)
were fitted to zero-order, first-order, Higuchi and
Korsmeyer—Peppas models (Figures 13-16, Table
10). The zero-order model gave the best fit (R*> =
0.9851), indicating that drug release occurred at an
essentially constant rate independent of the residual
drug concentration — a release pattern advantageous

for maintaining consistent therapeutic Aceclofenac
levels and reducing dosing-frequency-related
fluctuations. The first-order plot (Figure 14) gave a
comparatively weaker fit (R? = 0.9255), suggesting
release was not strongly concentration-dependent.
The Higuchi model (Figure 15, R* = 0.9811)
indicated a  substantial  diffusion-controlled
component, while the Korsmeyer—Peppas model
(Figure 16, R* = 0.9808) yielded a release exponent
(n) of 0.604, falling within the anomalous (non-
Fickian) transport range (0.45 < n < 0.89) —
indicating that drug release from the niosomal
sublingual film was governed by a combination of
diffusion through the swollen polymer—vesicle
matrix and gradual polymer relaxation/erosion,
rather than by diffusion alone. Taken together, these
results support a predominantly diffusion-assisted,
near-zero-order release mechanism from the
niosomal sublingual film.

ZERO ORDER RELEASE KINETICS

¥ =10.395x + 19.615
R*=0.9851

4 Seriesl

Linear (Series1)

% DRUG RELEASED
o
3
8

o é 4 é B 10
TIME (HRS)
Figure No 25: Zero- Order Release Kinetics
Figure 13. Zero-order release kinetics of the optimized
formulation (F3)

FIRST ORDER RELEASE KINETICS

y=-0.2052x + 2.1658
R?=0.9255

+ Seriesl

——Linear (Series1)

%L0OG CUMULATIVE DRUG UNRELEASED

o
o
~
=
@
©
B

TIME (HRS)

Figure 14. First-order release kinetics of the optimized
formulation (F3)
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Figure 15. Higuchi release kinetics of the optimized
formulation (F3)
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Figure 16. Korsmeyer—Peppas release kinetics of the
optimized formulation (F3)

Table 10. Summary of Release Kinetic Model Fitting
for the Optimized Film (SF3)

Kinetic Model R? Rate Constant
Zero-order 0.9851 K0=10.395
First-order 0.9255 K1=-0.2052

Higuchi 0.9811 KH =0.0263
Korsmeyer—Peppas 0.9808 n=0.604

3.9 Comparative Discussion

The entrapment efficiency achieved for the
optimized niosomal formulation (F3, 99.98%)
compares favourably with earlier reports of
Aceclofenac niosomes prepared by similar thin-film
hydration approaches, where entrapment efficiencies
in the range of 60—90% have typically been reported
depending on the surfactant:cholesterol ratio and the
hydrophilic-lipophilic balance (HLB) of the
surfactant used [14,18]. The higher entrapment
observed in the present work may be attributed to the
specific 150:50 mg (3:1) Span 60 : cholesterol ratio,
which likely promotes tighter bilayer packing and
reduces membrane permeability, thereby minimizing
drug leakage during vesicle formation. Similarly, the
mean particle size (105.52 nm) and positive zeta
potential (+28.4 mV) obtained are consistent with
the nanosized, moderately stable vesicular
dispersions reported for other non-ionic surfactant

vesicle systems characterized by dynamic light
scattering [13].

The disintegration time of the optimized
sublingual film (24 + 4 s) is comparable to, or faster
than, several previously reported niosomal and
conventional fast-dissolving sublingual films — for
example, ketoconazole niosomal films
(disintegration in the range of tens of seconds) [10]
and metoprolol tartrate niosomal sublingual films
[16] — supporting the suitability of the HPMC-PEG
400-MCC combination used in this study for rapid
mucosal wetting and breakup. The zero-order, near-
constant release achieved from the optimized film
also contrasts favourably with the comparatively
rapid, often incomplete release profiles reported for
niosome-free fast-dissolving Aceclofenac films [17],
highlighting the specific advantage of the niosomal-
film hybrid approach in combining fast
disintegration with sustained, controlled drug release
— a combination not easily achieved with either
technology alone.

3.10 Versatility of Niosomal Carriers in Analgesic
and Related Drug Delivery

Beyond Aceclofenac, niosomal vesicles
have been successfully exploited to improve the
delivery of a wide range of analgesic and anti-
inflammatory, antiparasitic, antihistaminic and
dermatological agents, underscoring the versatility
of this carrier system [19]. Niosome-based
formulations have been reported for ketoprofen, an
NSAID structurally related to Aceclofenac, with
improved sustained-release characteristics relative to
the free drug [24]; for artemether in the treatment of
cutaneous leishmaniasis, where the vesicular bilayer
improved localized drug retention [21]; for retinyl
palmitate in topical anti-ageing formulations, where
niosomes enhanced skin penetration while protecting
the labile retinoid from degradation [22]; and for
cetirizine, where niosomal encapsulation improved
topical anti-allergic drug delivery relative to
conventional formulations [23]. The consistent
finding across these diverse applications —
improved entrapment, controlled release and
enhanced local or systemic bioavailability —
reinforces the rationale for applying the niosomal
approach to Aceclofenac in the present study, and
supports the broader applicability of the thin-film
hydration/solvent-casting strategy to other poorly
bioavailable NSAIDs intended for sublingual or
transmucosal delivery.
3.11 Limitations of the Study

Certain limitations of the present study
should be acknowledged. The evaluation was
restricted to in-vitro physicochemical, drug-release
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and kinetic characterization; no ex-vivo permeation
studies across excised sublingual/buccal mucosa or
in-vivo pharmacokinetic/pharmacodynamic studies
were performed, so the extent of the anticipated
bioavailability advantage over conventional oral
Aceclofenac  remains to  be confirmed
experimentally. Long-term stability of the niosomal
dispersion and the cast film under accelerated and
long-term ICH storage conditions was also not
assessed within the scope of this work, and vesicle
characteristics such as entrapment efficiency and
particle size can change on storage due to
aggregation, fusion or drug leakage. Finally, the
study was conducted at laboratory (bench-top) scale;
reproducibility of the thin-film hydration and
solvent-casting steps, and the resulting critical
quality attributes, would need to be re-verified at
pilot and production scale before the formulation
could be considered for clinical development.

IV. CONCLUSION

The present study successfully
demonstrates the formulation and characterization of
an Aceclofenac-loaded niosomal sublingual film as
an alternative drug delivery system for the
management of pain and  inflammation.
Preformulation and FT-IR studies confirmed the
suitability of the drug and its compatibility with the
selected excipients. Aceclofenac-loaded niosomes
prepared by thin-film hydration showed desirable
vesicular  characteristics, with the optimized
formulation (F3) exhibiting 99.98% entrapment
efficiency, a nanosized mean diameter of 105.52 nm,
a zeta potential of +28.4 mV and 98.24% in-vitro
drug release over 8 hours. Incorporation of the
optimized niosomal dispersion into a solvent-cast
sublingual film yielded a formulation (SF3) with
acceptable physicochemical properties, satisfactory
drug content, rapid disintegration (24 s) and a release
profile that best fitted the zero-order kinetic model
(R = 0.9851) with anomalous (non-Fickian)
transport (n = 0.604) by the Korsmeyer—Peppas
model. The developed Aceclofenac-loaded niosomal
sublingual film therefore represents a promising,
patient-friendly alternative to conventional oral
Aceclofenac ~ formulations, = combining  rapid
sublingual onset with modified, sustained drug
release. As the present findings are based on in-vitro
evaluation, further ex-vivo permeation,
pharmacokinetic and clinical studies are warranted
to establish the bioavailability and clinical
applicability of the developed formulation.

Future Scope

As the present evaluation was limited to in-
vitro physicochemical and release characterization,
future work should extend to ex-vivo permeation
studies across sublingual/buccal mucosal tissue,
stability studies under ICH conditions, and in-vivo
pharmacokinetic and pharmacodynamic evaluation
in a suitable animal model to confirm the
bioavailability advantage and anti-inflammatory
efficacy anticipated from the in-vitro data. Scale-up
feasibility and reproducibility of the thin-film
hydration and solvent-casting processes at pilot scale
would also need to be established prior to clinical
translation.
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