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Abstract: Nanostructured lipid carriers containing celecoxib were prepared to treat arthritis-associated Systemic Lupus
Erythematosus. CLX-NLC was formulated using hot emulsion ultrasonication method. In preparation of CLX-NLC, stearic
acid (solid lipid), oleic acid (liquid lipid), and tween 80 (surfactant) were used. A three-level three-factor box Behnken design
was adopted to optimize the formulated nano-structured lipid carrier system. The independent factors were solid lipid
amount (X1), liquid lipid amount (Xz), and surfactant amount (X3). The examined responses were entrapment efficiency (Y1,
%), and particle size (Y2, nm). The optimum formula showed high entrapment efficiency of 81%, a small particle size of 138
nm, and a low polydispersity index of 0.248. FTIR spectroscopy shows that the celecoxib is compatible with other excipients
like stearic acid, oleic acid, and tween 80. In DSC the melting endothermic peak of celecoxib was not observed in the
thermogram of CLX-NLC showed the developed CLX-NLC formulation. The X-ray diffractogram of CLX-NLC showed
decrease in intensity of the peaks which leads to amorphization of drug. SEM micrographs revealed that the surface was
smooth of prepared NLC formulation and was in spherical shape nature. The in-vitro dissolution study showed a longer
retention time of 15 hours in CLX-NLC. In the storage stability study, optimized CLX-NLC was found to be stable for 3
months of storage in a room and accelerated stability conditions. In vivo pharmacokinetic research in Sprague- Dawley rats
displayed that the Cmax, Tmax, MRT, and AUCo-36 hrs were increased two times as compared to pure drug. Current study
confirms that CLX-NLC will be an effective medication therapy for SLE patients.
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L INTRODUCTION condition.(2) In its complicated aetiology, genetic and
environmental elements are acknowledged. Numerous drugs

Systemic lupus erythematosus (SLE), an autoimmune
illness which encourage the production of autoantibodies.
SLE affects different organs and tissues all over the body, can
cause the creation and deposition of immune complexes(1).
SLE affects 20-150 people out of every 100,000 worldwide,
and women are nine times more likely than men to have the
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have the potential to exacerbate SLE, detect clinically silent
SLE, or, in most cases, generate lupus-like symptoms.(3)

Systemic symptoms include excessive and intrusive
weariness, chilblains, cognitive fog, fever, swollen lymph
nodes, mouth ulcers, and weight loss (4). SLE typically
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manifests as rashes, which may be transient or disfiguring.
Rashes are often induced by sunshine and may lead to
alopecia and scarring(5). The word "lupus" comes from the
usual malar clean of redness over the cheekbones, which
resembles a butterfly. Arthritis, nodules, or contractures may
occur when the joints, tendons, and muscles get inflamed.
This can also cause pain and impairment (6)(7).

SLE has many complications same as that of
rheumatoid arthritis. There are very less treatments available
for RA related SLE. Lupus is a chronic disease with very less
available treatments. Rheumatoid arthritis complications
were prevalent in Lupus patients for which NSAID
conventional dosage regimen of higher dosage is
preferred(8)(7). To solve the problems associated with
conventional delivery systems, Celecoxib loaded nanocarrier
lipid system could be developed. Developed NLC system
helps to enhance the solubility of drug as well as it increases
the absorption which will proactively benefit the patient
therapy effectively. Subsequently prolonged retention of drug
for more than 12 hours helps to reduce the higher dose
toxicity(9)(10).

The innovative colloidal carriers in the latest generation
of lipid nanoparticles, known as nanostructure lipid carriers
(NLC), have come to the fore in recent developments.
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Potentially improving the efficacy of pharmaceuticals,
nutraceuticals, and other materials, this method for delivering
drugs boasts an optimized release profile, drug targeting, high
stability, good retention efficiency, incorporation of
hydrophobic and hydrophilic drugs, low biotoxicity of the
carrier, prevention of solvent-based substances, and good
scalability.(11) Liquid lipid, which can disrupt the extremely
regular lattice structure, generate an irregular matrix
structure, and increase the area for tolerating
pharmaceuticals, is inserted into NLCs as a means of
overcoming the limitations of SLN. NLC also includes
relatively low drug payloads and probable drug
expulsion.(12) They have a unique nanostructure, which
improves DL and solidly encapsulates the medicine,
extending storage time.(13)

The intent of the present research was to formulate
CLX-NLC wusing the hot emulsification-ultrasonication
technique. The formulated CLX-loaded NLCs were evaluated
utilizing stearic acid as the solid lipid, oleic acid as the liquid
lipid, and Tween 80 as the surfactant. The objective was to
maintain the distribution of CLX. The optimization of CLX-
NLC focused on reducing particle size and improving
entrapment efficiency. The optimized formula was further
assessed for morphological characteristics, both in vivo and
in vitro.

7 CLX-NLC Formulation
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Fig 1 Graphical Abstract
II. MATERIALS AND METHODS » Methodology

To check the solubility of solid lipids, a variety of solid
» Materials lipids including stearic acid, bees wax, Compritol 888 ATO,

Yucca Enterprises Mumbai supplied celecoxib. Stearic
acid was procured from Research Lab Fine Chem Industries,
located in Mumbai, India. Oleic acid along with organic
solvents including ethanol, methanol, and acetone was
acquired from Loba Chemie Pvt Ltd., Mumbai, India. All
additional reagents and substances used were of scientific
quality.
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cholesterol, and palmitic acid were examined. The solid lipid
was precisely weighed into glass vials and heated to 70 °C.
10 mg celecoxib was added to these vials with continuous
stirring. After being cooled to room temperature, it was
checked for precipitation. Solid lipids that did not show any
precipitation were selected for further studies(13).
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o Screening of Liquid Lipids

Celecoxib's solubility in various liquid lipids was
assessed by dissolving 5 mg of CLX in 5 ml of various oils
(oleic acid, castor oil, paraffin oil, and caprylic acid) in small
vials. The vials were securely stoppered and mechanically
shaken for 72 hours at 25°C to achieve equilibrium. The lipids
were then filtered and diluted with buffer solution pH 6.8 and
then analyzed via UV spectrophotometer at a wavelength of
251 nm to determine the concentration of CLX in each lipid.
The liquid lipid showing the highest solubility was then
selected as a liquid lipid for the formulation of CLX-
NLC.(14).

o Selection of Surfactants

Five surfactants (tween 80, tween 20, span 80, span 20,
and tween 60) were examined. To prepare CLX-NLC, varied
concentrations of these surfactants were utilised. Particle size
and entrapment efficiency were measured. For the CLX-NLC
formulation, the surfactant with more drug entrapment and
smaller particle size was chosen.(15).
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o Formulation and Optimization of CLX-NLC

Using Design Expert software 13, a three-level, three-
factor box Behnken design was used to examine the effects of
three independent variables—solid lipid (X1), liquid lipid
(X2), and surfactant (X3)—at three levels (-1, 0, +1) as shown
in Table 1 and their actual values (16). We examined particle
size (PS, Y1, nm) and entrapment effectiveness (EE, Y2, %).
The composition of each of the 15 runs is indexed in Table 2.

The choice of the best fit model was based upon
adequate precision ratio, determination coefficient (R?), and
analysis of variance (ANOVA) to recognize the significance
of the model and the consequences of each factor at P<0.05.

Design Expert 13 software was used to generate 3D,
contour, and interaction plots for each plot for each response
to study the effect of each factor and show up the interaction
between them.

Table 1 Variables in Three Level 3 Factor Box Behnken Design for Preparation of CLX-NLC.

Independent variables Levels
Low (-1) Medium (0) Medium (1)
Xi: Concentration of stearic acid 800 1000 1200
X,: Concentration of oleic acid 400 500 600
X3: Concentration of tween 80 300 400 500
Responses Desirability constraints
Y: Particle size Minimize
Y,: Entrapment efficiency Maximize

Table 2 The Composition and the Measured Responses of Three Level Three Factor Box Behnken Design for Preparation of CLX-

Formula Code Formulation Independent variables Responses
Yi Y2
Xi Xa X3 PS (nm) EE (%)
CLX-NLC 1 -1 -1 0 185 83.15
CLX-NLC 2 1 -1 0 224 81
CLX-NLC 3 -1 1 0 237 77
CLX-NLC 4 1 1 0 305 78
CLX-NLC 5 -1 0 -1 136 80.78
CLX-NLC 6 1 0 -1 159 86
CLX-NLC 7 -1 0 1 112 81
CLX-NLC 8 1 0 1 150 78.21
CLX-NLC 9 0 -1 -1 110 80
CLX-NLC 10 0 1 -1 120 75
CLX-NLC 11 0 -1 1 138 79
CLX-NLC 12 0 1 1 153 71
CLX-NLC 13 0 0 0 182 83
CLX-NLC 14 0 0 0 182 83
CLX-NLC 15 0 0 0 183 83

X1: Concentration of stearic acid
X,: Concentration of oleic acid

X3: Concentration of tween 80
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e Preparation of CLX-NLC

Using the hot emulsion ultrasonication process, CLX-
NLC was created. 40 mg of CLX was dissolved in methanol
to create solution A. Oleic acid and stearic acid were
dissolved in acetone to produce solution B. Solutions A and
B were combined at 70°C to create an organic phase. The
aqueous phase was developed by disintegrating Tween 80 in
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water at 70°C. The organic phase was gradually injected into
the aqueous phase at 1000 rpm for a duration of 15 minutes.
The mixture was sonicated using a probe-type sonicator while
positioned in an ice bath to prevent excessive heating from
the sonication process. The prepared systems were
maintained in an ice bath for 15 minutes to facilitate the
solidification of the developed NLCs. The resulting
formulations were stored at 4°C for subsequent analysis. All
formulations were prepared in triplicate to ensure
reproducibility.

o Physicochemical Characterization of prepared CLX-NLC

v’ Determination of Particle Size, Zeta Potential, and
Polydispersity Index

Zeta sizer Anton Paar (Litesizer 500) was used to assess

particle size, zeta potential, and polydispersity index (PDI) at
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25°C. Samples were prepared by 10 times dilution using
distilled water to produce a proper uniform dispersion with
good scattering intensity. In order to ensure the
reproducibility of the results, each sample was measured
three times. (17).

v’ Determination of Entrapment Efficiency (EE%)

Drug entrapment performance determines the quantity
of drug successfully absorbed into the nanocarrier system.
The computation is based on the total quantity of drug utilized
during formulation. About 4ml of CLX-NLC formulation was
taken in centrifuge tube and was centrifuged for 30 mins at
9500 rpms in cooling centrifuge (Compact Cooling
Centrifuge Remi). After centrifugation CLX dissolving in the
supernatant was measured using an ultraviolet—visible
spectrophotometer (Shimadzu-1800) at a wavelength of 251
nm.(18) Drug entrapment efficiency was calculated by the
formula,

%% Entrapment Efficiency = Total amount of drug — amount of free drug X 100

o Solid State Characterization of CLX-NLC

v’ Fourier Transform Infrared Spectroscopy (FTIR)

To determine drug-lipid compatibility in NLC
production, FTIR spectroscopy was conducted. Shimadzu
Affinity 1S FTIR spectrometer was used. A certain amount of
sample was combined with potassium bromide (KBr), and
pure drug, solid lipid, liquid lipid, and surfactant FTIR signals
were seen (19).

v X-Ray Diffraction Study

X-ray diffraction study was conducted utilizing the
Philips Analytical Xperto Pro PW-1710, featuring a
resolution of 0.001 A. The samples' diffraction pattern was
captured in stages of 0.01 o/sec using a 2 0 range of 5—60-.
Cu K radiation was employed to power the X-ray source,
functioning at 40 kV and 30 mA (20).

v’ Differential Scanning Calorimetry (DSC)

DSC is usually used to provide information on physical
properties of a compound or formulation, by measuring the
heat loss or gain resulting from physical or chemical changes
within a sample as a function of the temperature. DSC also
gives an insight into the melting and re-crystallization
behavior of crystalline materials. CLX and CLX-NLC were
subjected by the DSC to assess a possible melting point of the
lipid and thermal behavior of the materials(21).

¢ In-Vitro Dissolution Study

We used the USP type | dissolution apparatus
(Electrolab Dissolution Tester (USP) TDT-08L) at 50 rpm
and a temperature of 37 £ 0.5°C to do in-vitro drug release
studies. Phosphate buffer 6.8 was used as the dissolution
medium. At various times, 5 ml aliquots were taken. The
corresponding volume of dissolving medium replaced
samples. UV spectrophotometers evaluated solutions at 247
nm after filtering with Whatman paper. Celecoxib nano lipid
carrier system drug release data was fitted to zero-order, first-
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Total amount of drug

order kinetics models. Higuchi and Korsmeyer-Peppas to
study medication release and mechanism (23).

e Bioavailability Assessment

After approval by the institution animal ethics
committee (IAEC), the animal studies followed CPCSEA
rules. KUSUM Lifesciences, Nanded, provided 220-240 g
male Sprague-Dawley rats. For seven days, all animals with
unlimited access to food and water were kept in a breeding
room (2542 °C, 60+ 5% RH, fresh air). 10 rats were randomly
assigned to test (control) and CLX-NLC groups. CLX and
CLX-NLC were given orally at 3.72 mg/kg. At 1, 3, 6, 12, 24,
and 48 hours, 3 mL of retro orbital plexus blood was taken in
a heparinized tube. Plasma was isolated by centrifuging blood
at 9500 RPM for 15 min. Each 100 pL plasma sample
received 1 ml of acetonitrile extraction solvent. After
vortexing and centrifuging at 9500 RPM for 10 min, nitrogen
gas dried the mixture. A 1 ml internal standard (1 pg Zileuton
concentration) was applied to measure CLX content. Plasma
concentration-time  curves provided pharmacokinetic
characteristics such AUCO0-36h, t1/2, Cmax, and Tmax.

o Stability Study

In accordance with ICH guidelines Q1A (R2), the
optimized batch of CLX-NLC was incubated at regular (25 £
2 °C temperature and 60 = 5% RH) and accelerated (40 + 2
°C temperature and 75 £+ 5% RH) conditions for 3 months in
a stability chamber (Remi SC-6 Plus). Stability was
determined by formulation appearance, particle size, and
entrapment efficiency. (24) Temperature and humidity were
measured for 0, 1, and 3 months.

1I1. RESULTS AND DISCUSSION

» Screening of Solid Lipids:

The solid lipids were taken in different amount and the
solubility of lipids was screened with CLX. It was observed
that when solid lipid was taken in more quantity it was not
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soluble with drug. Hence, solid lipid and CLX were taken in
same quantity. From all the lipids, stearic acid showed best
solubility with CLX. So, it was selected as a solid lipid.

3D Surface

» Screening of Liquid Lipid

Saturation solubility of CLX with different liquid lipid
was done. It was observed that oleic acid was best soluble
with CLX and showed good compatibility with stearic acid
and tween 80. So oleic acid was selected as liquid lipid.

» Screening of Surfactants

After screening the surfactants, it was found that CLX-
NLC which was formulated by using tween 80 as a surfactant,
showed the minimum particle size as well as maximum
entrapment efficiency. So, it was further selected as a
surfactant.
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Fig 3 DOE of Formulation Batches with Particle Size Factor

» Development and Optimization of CLX-NLC
Development of celecoxib nano lipid carrier system of

celecoxib was successfully prepared using emulsion

evaporation-solidification at low temperature technique.

e Optimization of NLC:
Design expert software has generated 15 experimental
runs. The value of two dependent variables Y1: Particle

Table 3 Regression Analysis of the Observed Responses According to the Best Fitting Model.
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size(hm), Y2: Entrapment Efficacy (%) are in the range of

110nm-350nm, 71%-86% respectively. The quadratic model
obtained for the formulations was suitably fitted. The effect
of independent wvariables on solid lipid, surfactant
concentration, and liquid lipid is presented on a three-
dimensional graph.

v/ Response 1 (Y1): Effect of Independent variable on
particle size

The average particle size of all the 15 experimental runs
was found to be 136 nm, hence these values lie between the
minimum and maximum value of the size 110 to 305 nm,
respectively.

v Particle Size:

+182.33+21.00*A+19.75*B+3.50*C+7.25*AB+3.75*
AC+1.25*BC+32.21A%+23.21*B?-75.29*C?

Entrapment Efficacy was found to be 71-86%

v’ Entrapment Efficacy:

+83.00+0.1600*A-2.77*B-1.57*C+0.7875*AB-
2.00*AC-0.7500*BC+1.02*A2-4,.23*B2-2.52*C

Response Model R’ Adjusted R’ Predicted R” Adequate precision
Y Quadratic 0.9270 0.7955 0.1682 9.1414
Y, Quadratic 0.9785 0.9397 0.6553 18.6259
Table 4 Predicted and Observed Responses of Optimized CLX-NLC
Variables Responses Predicted value Actual value Error (%)

X Y: Particle size(nm) 138.48 140.14 1.18
X2 Y>: Entrapment Efficiency (%) 78.231 80.421 2.71
X3

» Physicochemical Charecterization of CLX-NLC:

e Particle Size and Polydispersity Index:

The nanoparticles revealed size distribution in range of
136 = 3 nm with PDI 0.298 suggesting that the particle size
was evenly distributed throughout the dispersion and have a

uniform size.
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e Zeta Potential:

A zeta potential that is both positive (more than 30 mV)
and negative (less than 30 mV) is deemed stable. The zeta
potential, typically indicates the strength of the bond of
attraction or repulsion between particles, impacts the stability
of NLCs. A stable formulation was produced, as indicated by
the NLC charge measurement of -17.6 £ 5 mV. Nanoparticles'
negative charge may originate from the free fatty acids found
in the lipids used to make NLCs, which can be either liquid
or solid.
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Fig 4 Particle Size and Zeta Potential of Optimized Batch of CLX-NLC

o Entrapment Efficiency:

We investigate the amount of celecoxib had become
embedded in the lipid matrix (entrapment efficiency). The
formulations had an entrapment efficiency of 81.23%.
Adding celecoxib makes the rate of entrapment exceedingly
high as it is lipophilic in character.

o Solid State Characterization of CLX-NLC

v FTIR:
The FTIR Spectrum showed no significant change in
the drug's distinctive absorption bands and linkages of
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various functional groups. This discovery clearly indicates
that the medicine retains its original form and exhibits no
alterations in its features, even in physical mixing and
formulation. The FTIR spectra showed that there was no
interaction between the medication, solid lipid, liquid lipid,
and surfactant. The reference range contained all of the
distinctive peaks that matched the functional groups in the
molecular structures of Celecoxib, Oleic acid, Stearic acid,
and Tween 80.

WwWW.ijisrt.com 1349


https://doi.org/10.38124/ijisrt/26mar275
http://www.ijisrt.com/

Volume 11, Issue 3, March — 2026 International Journal of Innovative Science and Research Technology

ISSN No: -2456-2165 https://doi.org/10.38124/ijisrt/26mar275

T
Ll

H
i rmnm i

!

:

']
6 o

1
]
1

)

B
BUAl=
L
307 18

2

il

Fig 5 FTIR Overlay Spectra of Pure Drug, Excipients and Optimized Batch of CLX-NLC

v" X-Ray Diffraction Study: patterns showed crisp and strong crystalline peaks at 26,

XRD showed that celecoxib had a strong and intense which proved that the extract was crystalline. But the broad
peak. The XRD diffractograms of CLX-NLC exhibited peaks with lower intensity and the broadening of CLX-NLC
reduced intensity of celecoxib, indicating the amorphization nanoparticles show that the nanoparticles are completely
of the medication. The diffractogram of celecoxib peak amorphous and encapsulated.
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Fig 6 XRD Spectra of Pure Drug and Optimized Batch of CLX-NLC
v' Differential Scanning Calorimetry (DSC) shown in fig. DSC thermogram of CLX-NLC as shown in
DSC study demonstrated that celecoxib showed the fig. shows the broad endothermic peak at 166.40 °C which is
presence of sharp endothermic peak at 162 °Cwhich shifted due to the formation of CLX-NLC.

corresponds to its melting point, implying crystallinity as
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Fig 7 DSC Spectra of Pure Drug and Optimized Batch of CLX-NLC
» In Vitro Release Kinetics Studies in-vitro study, it was concluded that there was 100% release
The in vitro release profile of drug from all the of drug at 5 hours whereas formulation showed 100% drug
formulations could be best expressed by Zero order model, as release at 15 hours. Thus, the formulation showed sustained
the plot shows high linearity (R2 = 0.9654). By performing release.
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Fig 8 Dissolution Profile of Pure Drug and Optimized Batch of CLX-NLC
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o Bioavailability Assessment:

The table shows the plasma drug concentration time
patterns and pharmacokinetic parameters after taking CLX
and CLX-NLC by mouth. Using the trapezoidal method for
non-compartmental analysis, we found the pharmacokinetic
parameters. The results are shown in Table. The results
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showed that CLX-NLC had a higher AUC and Cmax than
CLX, which means that celecoxib was absorbed more quickly
in CLX-NLC. The Tmax, half-life (t1/2), and MRT,
particularly in CLX-NLC, indicate a substantial enhancement
in the oral absorption of celecoxib. CLX-NLC also has a
higher bioavailability than the pure medication.

. Pharmacokinetic Studies
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Fig 9 Dissolution Profile of Pure Drug and Optimized Batch of CLX-NLC

o Stability Study

ICH recommendations Q1A required an accelerated
stability assessment of the resulting formulation's physical
appearance, particle size, and drug entrapment efficiency
storage settings. As noted, the formulation was observed
throughout time. No substantial change in CNL appearance

was detected at regular and accelerated temperature and
humidity. After 3 months of storage at both settings, particle
size increased somewhat and entrapment efficiency
decreased. Accelerated changes were slightly higher than
usual. Even though the alterations were minor, the optimized
formulation was stable throughout the period.

Table 5 Stability Study

Time 25+2°C and 60 + 5% RH 40 £2°Cand 75 £ 5% RH
(month) Change in Physical Particle Entrapment | Change in Physical | Particle | Entrapment
apperance size(nm) efficiency(%) apperance size(nm) | efficiency(%)
0 No 136 81% No 136 80%
1 No 136.98 80.54% No 137.28 79.44%
3 No 137.33 80% No 139.80 79.23%
Iv. CONCLUSION The particle size was found to be 138nm and the zeta potential

By emulsion evaporation solidification at low
temperature, Celecoxib-loaded NLC was created. Box-
Behnken design was used for experimental design and
optimization. The work optimized formulation variables to
create a cost-effective, biodegradable, stable nanocarrier with
increased drug entrapment and prolonged release. 3 level 3
factor Box Behnken experimental design was used to explore
how liquid to solid lipid ratio and surfactant concentration
affect medication particle size and Entrapment Efficiency.
Based on solubility tests, stearic and oleic acids were chosen
as solid and liquid lipids, respectively, and tween 80 as a
surfactant. The preceding investigation indicated that liquid
to solid lipid greatly affects particle size and (%) Entrapment
Efficiency. ratio and surfactant concentration significantly.

IJISRT26MAR275

was found to be -17mV for developed CLX-NLC. PDI was
found to be 0.182 which indicates the homogenous
population of particles. FTIR spectroscopy shows that the
celecoxib is compatible with other excipients like stearic acid,
oleic acid, and tween 80. In DSC the melting endothermic
peak of celecoxib was not observed in the thermogram of
CLX-NLC showed the developed CLX-NLC formulation.
The X-ray diffractogram of CLX-NLC showed decrease in
intensity of the peaks which leads to amorphization of drug.
SEM micrographs revealed that the surface was smooth of
prepared NLC formulation and was in spherical shape nature.
In vitro drug release study showed the sustained release of
drug up to 15 hrs. We found higher entrapment efficiency
(86%) and a higher drug release profile with an initial burst
and subsequent sustained release. It was concluded from
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animal studies that CLX-NLC showed more bioavailability in
comparison to conventional dosage form. Stability study
showed that the formulation possesses good stability at room
temperature. CLX-NLC were successfully prepared and can
be used an innovative medication therapy which will benefit
the SLE patients. The developed CLX-NLCs may confirm to
be a good alternative to conventional formulations and could
be utilized in the management of Systemic Lupus
Erythematosus. This formulation could reduce high dose and
dosing frequency of oral celecoxib and could be a new patient
friendly  alternative  therapy for  Systemic lupus
erythematosus.
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