W
|\

IJPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 3, May-June 2026, pp:413-422 www.ijprajournal.com

“Development Of Phenothiazine-Loaded Nanostructured
Lipid Carriers (NLCS) For Improved Bioavailability and
Stability”

Pranav Kumar!* Mahadev Kanere**, A K. Singhai**
Student- School of Pharmacy, LNCT University, Bhopal (M.P.)
2AssociateProfessor - School of Pharmacy, LNCT University, Bhopal (M.P.)
3Director- School of Pharmacy, LNCT University, Bhopal (M.P.)
Department of Pharmacology, School of Pharmacy, LNCT University, Bhopal Madhya Pradesh, 462042
Corresponding author

Date of Submission: 28-04-2026

Date of Acceptance: 07-05-2026

ABSTRACT

The graphical abstract of the study represents the
systematic design and evaluation of phenothiazine-
loaded nanostructured lipid carriers (NLCs)
developed to enhance bioavailability and stability.
Initially, preformulation studies confirmed that
phenothiazine is a crystalline, hydrophobic drug
with poor aqueous solubility but good solubility in
organic solvents, a near-neutral pH (6.78), and a
melting point within the standard range, indicating
purity and suitability for formulation. Analytical
characterization using UV spectroscopy (Amax
314.0 nm), calibration curve, and FTIR confirmed
the identity and structural integrity of the drug.
Based on these findings, NLC formulations (NLC
1- NLC 5) were prepared, showing uniform
appearance and homogeneity. Among them, NLC 3
emerged as the optimized formulation with the
smallest particle size (~188 nm), high zeta potential
(—31.8 mV) indicating good stability, and maximum
entrapment efficiency (96.40%), supported by SEM
images showing spherical, smooth, and non-
aggregated nanoparticles. In vitro drug release
studies demonstrated sustained and controlled
release over 13 hours, with NLC 3 achieving the
highest drug release (95.11%), indicating improved
dissolution and bioavailability.  Furthermore,
stability studies conducted under ICH conditions for
90 days revealed negligible changes in particle size
and entrapment efficiency, confirming excellent
formulation stability. Overall, the study concludes
that the optimized NLC system (NLC 3)
significantly enhances the bioavailability, stability,
and controlled release of phenothiazine, making it a
promising lipid-based nanocarrier for effective drug
delivery.

Keywords: Phenothiazine, Nanostructured Lipid
Carriers (NLCs), stability, Zeta potential,

Entrapment efficiency, In-vitro release, FTIR, UV
spectroscopy.

I. INTRODUCTION

Nanostructured lipid carriers (NLCs) are
drug delivery system comprising a mixture of solid
and liquid lipids as a core matrix.
Furthermore, NLCs are  second-generation  lipid
nanoparticles that have an unstructured matrix with
high drug loading capacity, which are suitable for
drug delivery system(Ghasemiyeh and
Mohammadi-Samani, 2018).Due to these unique
characteristics, several studies have
investigated NLCs as  alternate carriers for the
dermal delivery of pharmaceuticals, particularly
natural active ingredients. Among the associated
benefits  discovered include  biocompatible
ingredients, drug release modification, adhesion to
the skin, film-forming ability with hydration of the
superficial skin layers, as well as increased
penetration and permeation into deeper skin
layers(Firmansyahet al., 2026).

The use of NLCs requires certain qualities
and properties for effective topical or transdermal
administration. For instance, NLCs for cutaneous
delivery of drugs typically have particles in the
submicron size ranging from 40 to 1000 nm, based
on the composition of lipids. A smaller particle
ensures close contact with the stratum corneum (SC)
to improve the skin penetration of the loaded active
compound. When used topically, NLCs should be
biocompatible and skin-safe, without causing
irritation or other unpleasant effects (Chauhan et
al, 2020).In addition to size and safety
considerations, NLCs should enable high drug
loading to ensure a sufficient amount of the active
ingredient is encapsulated for therapeutic efficacy.
Drug loading is improved by optimizing formulation
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parameters, such as the types and concentrations of
lipids, surfactants, and co-surfactants (Garg et al,
2022).Generally, NLCs have a higher drug-loading
capacity than SLNs and encapsulate from 5% to
over 20% active substances, accommodating 30% of
some formulations. To guarantee stability,
controlled release, and effective dermal distribution
while avoiding potential side effects or irritation, the
exact amount of the loaded drug should be
optimized during the formulation process (Azar et
al., 2020).

Phenothiazine, a heterocyclic compound
with a tricyclic structure, has been widely
recognized for its diverse pharmacological
activities, including antipsychotic, antihistaminic,
antiemetic, antimicrobial, and anticancer
properties(Posso et al., 2022). Despite its
therapeutic potential, the clinical application of
phenothiazine is often limited due to poor aqueous
solubility, low bioavailability, rapid metabolism,
and instability under physiological conditions.
These challenges necessitate the development of an
advanced drug delivery system that can enhance its
solubility, protect it from degradation, and ensure
sustained release for improved therapeutic
outcomes(Singh et al., 2025).

The development of phenothiazine-loaded
NLCs involves careful selection of lipids,
surfactants, and preparation techniques such as high-
pressure homogenization, solvent emulsification, or
ultrasonication.  Optimization of formulation
parameters plays a critical role in achieving
desirable characteristics such as particle size,
polydispersity index, zeta potential, entrapment
efficiency, and drug release behavior. These
parameters  directly influence the stability,
bioavailability, and therapeutic performance of the
developed system(Danaei ef al., 2018).

Therefore, the present study focuses on the
development, optimization, and characterization of
phenothiazine-loaded nanostructured lipid carriers
with the aim of improving its bioavailability and
stability. This approach is expected to provide a
novel and efficient drug delivery platform that
maximizes  the  therapeutic = potential  of
phenothiazine while minimizing its limitations,
thereby  contributing to  advancements in
pharmaceutical ~ nanotechnology = and  drug
formulation science.

II1. MATERIAL AND METHODS
2.1 Chemicals
Phenothiazine were obtained from Triveni
Interchem Pvt. Ltd. Swadesh India Chemical Pvt.

Ltd provided the Oleic Acid / Caprylic Triglyceride
Stearic Acid. Headquarters provided the Stearic
Acid whilelndia Glycols Limited (IGL) supplied
Tween 80. Chloroform was supplied by Genteq
Laboratories Pvt. Ltd. Methanol were obtained
fromVinati Organicsand Bajaj Hindusthan Sugar
Ltd. provided the Ethanol. HiMedia Laboratories
provided the Potassium dihydrogen phosphate.

2.2 Preliminary physicochemical analysis of drug
Preliminary physicochemical studies of
phenothiazine were performed to assess its
suitability for incorporation into the nanostructured
lipid carrier system. These studies provided essential
baseline  information for development of
phenothiazine-loaded NLCs(Camp et al., 2015).
2.2.1 Visual evaluation

The evaluation of phenothiazine was carried out to
assess its organoleptic properties, including color,
odorand physical appearance. These observations
were used to confirm the identity, quality, and
consistency of phenothiazine to its incorporation
into nanostructured lipid carrier system (Visht et al.,
2010).

2.2.2 Solubility determination

The solubility of phenothiazine was determined to
assess its compatibility with various solvents and
lipid components for formulation development. An
excess amount of drug was added to different
solvents, including water, ethanol, methanol, DMSO
and selected solid and liquid lipids, and the mixtures
were subjected to continuous stirring until
equilibrium was achieved. The samples were then
filtered, and  concentration of  dissolved
phenothiazine was analyzed using UV-Visible
spectrophotometry. Using the solubility data,
appropriate solvents and lipid matrices were chosen
in order to produce nanostructured lipid carriers
loaded with phenothiazine (Veseli et al., 2019).
2.2.3 pH determination

For pH determination of phenothiazine, a weighed
sample was dissolved in distilled water to form a
uniform solution, and the pH was measured using a
calibrated digital pH meter with a glass
electrode(Samuelsen et al., 2021).

2.2.4 Melting point determination

The melting point of phenothiazine was determined
using capillary method to evaluate the purity and
identity(Mao et al., 2016).

2.2.5 Determination of Maximum Wavelength (A
max)

To determine the maximum wavelength of
absorption (Amax) of phenothiazine, a stock solution
was prepared in methanol and further diluted to
obtain a suitable working concentration. The
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solution =~ was scanned in a UV-Vis
spectrophotometer over 200—400 nm using methanol
as blank, and the wavelength showing maximum
absorbance was recorded as Amax for further
analysis.

» Lambda max analysis

A standard solution of phenothiazine in methanol
was scanned in a UV-Visible spectrophotometer
over 200-400 nm using methanol as the blank. The
absorbance spectrum was recorded, and the
wavelength showing the highest peak was identified
as A max, which was used for further analysis and
calibration curve preparation(De Luca et al., 2016).

» Calibration curve analysis

A series of phenothiazine standard solutions (5-30
pg/mL) were prepared from a methanolic stock and
analyzed at the predetermined Amax using methanol
as blank. The absorbance values were recorded and
plotted against concentration to obtain a calibration
curve, showing a linear relationship. Linear
regression analysis provided the equation and
correlation coefficient (R?), confirming Beer—
Lambert’s law and enabling estimation of unknown
sample concentrations(Enders et al., 2021).

2.2.6 Functional group FTIR
analysis

FTIR spectroscopy was performed to evaluate the
structural integrity of phenothiazine. The drug was
mixed with dry KBr, compressed into a pellet, and
scanned over 4000400 cm™. The obtained
spectrum was analyzed to identify characteristic
functional group peaks and confirmed the identity
and purity of the drug by comparison with reference
data(Bang et al., 2019).

2.3 Formulation of Nano lipid carriers
Phenothiazine-loaded nanostructured lipid carriers
were prepared by hot homogenization. Stearic acid
and oleic acid were melted at 85 °C to form the lipid
phase, and phenothiazine dissolved in ethanol—
acetone was incorporated. A hot aqueous phase
containing Tween 80 and sodium lauryl sulfate was
added under stirring to form a coarse emulsion,
followed by high-shear homogenization to obtain a
nanoemulsion. On cooling, lipid recrystallization led
to formation of NLCs, which were collected and
stored for further evaluation(Mishra et al., 2016).

identified by

Table 1: Composition of Nano lipid carriers

Formulation | Drugs | Ethanol | Acetone | Stearic | Oleic | Tween Sodium Temperature

code 25 (ml) (ml) acid acid | 80 (%) | lauryl sulfate O
mg) (mg) | (%) (mg)

NLC 1 25 10.0 10.0 50 0.2 0.1 50.0 85°C
NLC 2 25 10.0 10.0 100 0.2 0.2 50.0 85°C
NLC3 25 10.0 10.0 150 0.2 0.3 50.0 85°C
NLC 4 25 10.0 10.0 200 0.2 0.4 50.0 85°C
NLCS5 25 10.0 10.0 250 0.2 0.5 50.0 85°C

2.4 Evaluation parameter of drug loaded nano Scanning Electron Microscopy (SEM) was

lipid carriers employed to study the morphology of

2.4.1 Physical appearance

The physical appearance of phenothiazine-loaded
nanostructured lipid carriers was assessed by visual
inspection to evaluate uniformity and preliminary
stability of formulations(Shekunov, 2007).

2.4.2 Particle size analysis

The particle size of phenothiazine-loaded
nanostructured lipid carriers was determined using
dynamic light scattering with particle size analyzer
or zeta sizer(Mohammed and Abdullah, 2018).
2.4.3 Zeta potential analysis

To assess the surface charge and colloidal stability
of nanoparticle dispersion, zeta potential of the
nanostructured  lipid  carriers loaded  with
phenothiazine was evaluated(Sadeghi et al., 2023).
2.4.4 Scanning Electron Microscopy (SEM)
analysis

phenothiazine-loaded NLCs. The sample was dried,
mounted on a stub, and coated with a thin
conductive metal layer before imaging. SEM
micrographs revealed particle shape, surface
characteristics, and approximate size, confirming the
structural integrity of the formulation(Paswan,
2021).

2.4.5 Entrapment efficiency determination
Entrapment efficiency of phenothiazine-loaded
NLCs was determined by separating the free drug
from the nanoparticles using ultracentrifugation.
The supernatant containing unentrapped drug was
analyzed at Amax using a UV-Vis
spectrophotometer. The amount of entrapped drug
was calculated by subtracting free drug from the
total drug, and entrapment efficiency (%) was then
determined accordingly(Gonzalez-Barcia ef al.,
2022).
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. o Amount of drug entrapped
Entrapment Efficiency (%) = Total amount of drug added x 100

This method allows indirect estimation of drug
encapsulation by quantifying the unentrapped
portion, providing insight into effectiveness of lipid
carrier in retaining phenothiazine.

2.5 In vitro drug release study

The in vitro drug release of phenothiazine-loaded
NLCs (NLC1-NLCS5) was studied using the dialysis
bag method. Each formulation was placed in a pre-
soaked dialysis membrane and immersed in
phosphate buffer (pH 7.4) at 37 + 0.5 °C with
constant stirring. Samples were withdrawn at set
intervals, replaced with fresh medium, and analyzed
at Amax using a UV—Vis spectrophotometer. The
cumulative drug release (%) was calculated using
the calibration curve and plotted against time to
compare release profiles(D’Souza, 2014).

2.6 Stability studies

Stability studies of the optimized phenothiazine-
loaded NLCs were conducted under accelerated
conditions (25 + 2 °C/60 = 5 % RH and 40 £ 2
°C/70 = 5 % RH) for 90 days as per ICH guidelines.
Samples were analyzed at intervals (0, 30, 60, and
90 days) for parameters such as particle size and
entrapment efficiency to assess any changes and
confirm formulation stability(Cha et al., 2011).

III. RESULT AND DISCUSSION

3.1 Pre-formulation study of drug

Table 2: Organoleptic Evaluation of phenothiazine
Drug Organoleptic properties Observation
Color Light green to greenish-yellow powder or crystalline form
Odor Slight or weak characteristic odor
Phenothiazine Appearance Solid powder (crystalline)
State Solid

3.1.1pH and Melting point determination

Table 3: pH and Melting pointof Phenothiazine

Drug Observed Range (pH) | Reference Range Observed Reference
(Melting point) (Melting point)
Phenothiazine 6.78 185 °C 183-188°C
3.1.2 Calibration Curve of Phenothiazine
Table 4: Calibration Curve
Concentration (ug/ml) Absorbance
5 0.154
10 0.384
15 0.568
20 0.690
25 0.854
30 1.090
Mean 0.623333
SD 0.33348
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Graph 1: Calibration Curve of Phenothiazine
3.1.3 Functional group identified by Infra-Red spectroscopy
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Graph2: FTIR Study of Phenothiazine
Table 5: Interpretation of IR spectrum ofPhenothiazine

Peak obtained Reference peak Functional group Name of functional group
3324.68 3500- 3400 N-H stretching Primary amine
2929.80 3000-2840 C-H stretching Alkane
2852.03 3100-3000 C-H stretching Alkene
2485.98 2600-2550 S-H stretching Thiol
1611.76 1620-1610 C=C stretching o,pB-unsaturated ketone
1511.92 1550-1500 N-O stretching nitro compound
1321.88 1342-1266 C-H stretching aromatic amine
1264.99 1275-1200 C-O stretching alkyl aryl ether
1061.62 1070-1030 S=0 stretching sulfoxide
933.95 980-960 C=Cbending Alkene

3.2 Characterization of NLCs formulation
3.2.1Physical Appearance
Table 6: Physical Appearance
Parameter NLC 1 NLC 2 NLC3 NLC 4 NLC5
Colour Greenish yellow Light green Greenish yellow Light green Greenish
yellow
Odour Slight Slight Slight Slight Slight
characteristic characteristic characteristic characteristic characteristic
odour odour odour odour odour
Appearance | Solid crystalline | Solid crystalline | Solid crystalline | Solid crystalline | Solid crystalline
powder powder powder powder powder
Homogeneity Uniform Uniform Uniform Uniform Uniform
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3.2.2 Particle Size Determination
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3.2.3 Zeta potential determination
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Zeta potential Determination
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Graph 14: Graphical Data of Zeta potential Determination
3.2.4 Entrapment Efficacy determination
Table 7: Entrapment Efficacy

Formulations (F1-F5)

Entrapment efficacy (%)

NLC 1 75.56
NLC 2 82.34
NLC 3 96.40
NLC 4 79.62
NLCS5 65.21

3.2.5 Scanning Electron Microscope (
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I :
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Graphl5: Graphical Data of Entrapment Efficacy
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Figure 1: Scanning Electron Microscope (SEM)
3.3In-vitro drug release of all formulation

Table 8: In-vitro drug release studies

Time (hrs) Cumulative % drug release study
NLC 1 NLC 2 NLC 3 NLC 4 NLC 5
0 0 0 0 0 0
2 20.82 15.53 28.65 22.63 26.36
3 32.56 29.86 37.72 30.75 33.21
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5 40.80 30.76 45.39 35.29 39.14
6 60.19 47.57 53.52 42.60 57.55
8 68.72 60.80 62.35 66.31 67.89
9 79.41 73.29 71.23 69.25 75.17
11 84.11 81.25 80.21 82.21 82.41
13 93.43 88.94 95.11 90.19 92.25

Iln-vitro drug release of all formulationl

= Time (hrs)

=8 Cumulative % drug release
study NLCs F1
Cumulative % drug release
study NLCs F 2

=8 Cumulative % drug release
study NLCSF 3

=@==Cumulative % drug release %
study NLCs F 4
Cumulative % drug release  © *
study NLCs F 5

1

Time (Hrs)

Graph 16: In-vitro drug release studies of all formulation

3.4 Stability Study

Table 9: Stability Study of optimized formulation (NLCs) (ICH Q1A guidelines)

Time 25°C+2 °C and 60 + 5% RH 40°C+2 °C and 70 £5% RH
(Days) Particle size Entrapment efficacy (%) | Particle size Entrapment efficacy (%)
0 188.54 nm 96.40% 188.54 nm 96.40%
30 188.48 nm 96.36% 188.51nm 96.43%
60 188.32nm 96.39% 188.47nm 96.38%
90 188.28nm 96.32% 188.40nm 96.30%

IV. Discussion

The preformulation studies confirmed that
phenothiazine possesses suitable physicochemical
properties for formulation into nanostructured lipid
carriers (NLCs), despite its poor aqueous solubility.
The observed organoleptic characteristics, melting
point, pH, and FTIR spectra verified the identity and
purity of the drug. The UV—Visible analysis showed
a Amax at 314 nm with good linearity in the
calibration curve, confirming the reliability of the
analytical method based on Beer—Lambert’s law.

Among the developed formulations, NLC 3
demonstrated optimal performance with the smallest
particle size (~188 nm), acceptable polydispersity,
and high zeta potential, indicating good stability and
uniformity. It also exhibited the highest entrapment
efficiency (96.40%), suggesting efficient drug
incorporation within the lipid matrix. SEM analysis
further confirmed spherical morphology and
minimal aggregation, supporting structural integrity.

In vitro drug release studies revealed a
sustained release pattern, with NLC 3 showing the
highest cumulative release, indicating improved
drug availability. Stability studies under ICH
conditions showed negligible changes in particle
size and entrapment efficiency over 90 days,

confirming robustness of the formulation. Overall,
NLC 3 was identified as the optimized formulation,
offering enhanced stability, controlled release, and
potential  for improved bioavailability = of
phenothiazine.

V. CONCLUSION

The study successfully developed and
evaluated phenothiazine-loaded Nano Lipid Carriers
with desirable physicochemical and stability
characteristics. Preformulation studies confirmed
purity and suitability of phenothiazine for
formulation development. Among the prepared
formulations, NLCS 3 emerged as optimized
formulation due to its high entrapment efficiency
(96.40%), suitable particle size (188.54nm), strong
negative zeta potential (—31.8 mV), controlled and
sustained drug release profile (95.11% at 13 hours),
and excellent stability over 90 days under ICH-
recommended storage conditions.The developed
NLC system demonstrated its potential as effective
drug delivery carrier for phenothiazine, offering
improved drug encapsulation, enhanced stability,
and sustained release characteristics. Therefore, this
nano lipid carrier formulation may serve as
promising approach for improving the therapeutic
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performance of phenothiazine and considered for

further

in-vivo  evaluation and  potential

pharmaceutical application.
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