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Approach:

This study aimed to ascertain the potential therapeutic benefits of novel carriers (NLC) loaded with
salicylic acid and curcumin for the treatment of atopic dermatitis (AD).

release; In-vitro

A 3-level factorial design (Box-Behenken) version 12 was used to produce and optimise the salicylic
acid and curcumin-loaded nanostructure lipid carrier gel. The generated 17 formulations were
assessed using FTIR, DSC, HR-TEM, pH, particle size, zeta potential, PDI, percentage yield, %
entrapment efficacy, and in vitro drug release. Following that, a gel was created using the optimised
batch of Cur-NLCs loaded into Carbopol 934 and salicylic acid. It was then assessed for drug
content, pH, washability, spreadability, FTIR, DSC, particle size, zeta potential, PDI, HR-TEM, in
vitro drug release and kinetic studies, rheological tests, and organoleptic characteristics.

Outcome:

Particle size, PDI, and Zeta Potential values for the optimised batch of NLCs were 180.60 + 2.13
nm, 0.25 £+ 0.03, and -32.7 + 0.004 nm, respectively. CUR-NLC-SA-gel adhered to the Korsmeyer
Peppas kinetic model and demonstrated continuous drug release for up to 12 hours.

In summary:

In order to efficiently target the skin for the topical delivery of the innovative dosage form to treat
atopic dermatitis symptoms and prevent inflammatory consequences, the CUR-NLC-SA-gel
demonstrated sustained release and may therefore be used for ex vivo and in vivo research.

1. Introduction

One of the most significant issues facing
public health today is the rise in skin illnesses
among humans, which has been quite serious
in recent years(1). These issues affect between
30% to 70% of people globally, and they are
the most frequent cause of consultation in
general practice(2). People of different age
groups suffer from more than 3000 skin
diseases, both acute and chronic. The skin has

2046

been the most extensively utilized organ for
the administration of numerous medications
since the beginning of medicine(3). Similarly,
cutaneous medication administration has
emerged as a vital addition to healthcare
services and an alternative to oral drug
delivery in contemporary medical practices.
Research into drug administration through the
skin has always been appealing and
difficult(4). One of the most common skin
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conditions in the world is atopic dermatitis
(AD). Extreme itching and frequent
eczematous scrapes are symptoms of this
widespread and chronic inflammatory skin
disorder. It 1is linked to several health
problems, including a higher chance of
developing allergy diseases including rhinitis
and asthma. Several events, including bacterial
infection, chemical harm, and environmental
pollution, can cause inflammation, a
complicated process that can cause cell
damage or death. Leukocytes, monocytes, and
macrophages release inflammatory mediators
such as tumor necrosis factor (TNF),
interleukin-1 (IL-1), and cytokines as a result
of this trauma to the tissue(5). According to
reports, the cytokines also raise the expression
of several cellular adhesion molecules
(CAMs), immunoglobulins, and other
proinflammatory cytokines and chemokines.
In other situations, the phagocytosis of
bacteria or foreign particles causes neutrophils
to increase their oxygen intake, leading to a
considerable production of reactive oxygen
species (ROS-), such as hydrogen peroxide
(H202), hydroxyl radical (HO-), and
superoxide anion (O2-)(1).

The expression of cyclooxygenase-2 (COX-2),
inducible  nitric  oxide  synthase, 5-
lipoxygenase (5-LOX), and phospholipase A2
has also increased (iNOS). Along with the
generation of ROS by enzymes including
NADPH oxidase, xanthine oxidase, and
myeloperoxidase (NFkB), the transcription
factor and nuclear factor kappa B are also
observed to be activated. In the end, it seems
that the regulation of inducible enzymes,
inflammatory cytokines, CAMs, and other
chemicals that start or encourage the
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inflammatory process is significantly impacted
by the activation of the transcription factor
NFkB (6). To overcome the drawbacks of anti-
inflammatory drugs based on traditional
formulations, a variety of improved drug
delivery methods have been studied over time.
Both steroidal and non-steroidal anti-
inflammatory drugs are employed in a variety
of therapeutic ways. Sometimes, though, these
treatments are not enough to provide the
optimal pharmacological result(7). Curcumin
which inhibits any of the aforementioned
molecular targets can suppress or reduce the
inflammatory process through the mechanisms
highlighted and discussed below. These results
led to the investigation and analysis of several
species of medicinal flora, whose chemical
composition was recorded and linked to their
historical use in the treatment of pain and
inflammation(8). It appears that
pharmaceutical corporations and the herbal
sector are both becoming more interested in
the anti-inflammatory properties of plant
extracts. The majority of the plant species
listed here have not been thoroughly studied.

Types of Inflammation

Inflammation is complicated; it is primarily
split into two types, acute and chronic, which
may be advantageous or harmful(9). Acute
inflammation is characterised by its quick
onset and short duration. Leukocytes,
particularly neutrophils, migrate into the
injured area, and fluid and plasma protein
exudation is also seen. It is believed that this
first inflammatory response is a protective
mechanism that eliminates bacteria, viruses,
and parasites while also promoting wound
healing. The presence of lymphocytes and
macrophages, which result in fibrosis and
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tissue necrosis, is a histological characteristic
of chronic inflammation, which lasts longer.
Persistent chronic inflammation accelerates
the progression of degenerative diseases,
including rheumatoid arthritis, atherosclerosis,
heart disease, Alzheimer's, asthma, AIDS,
cancer, congestive heart failure (CHF),
multiple sclerosis (MS), diabetes, infections
(bacteria, fungi, and parasites), gout,
inflammatory bowel disease (IBD), aging, and
other neurodegenerative CNS depression. All
of these illnesses have a connection to
immunopathological mechanisms(10).

Atopic eczema is an inflammatory disease

Whether inflammation is caused by an
external agent or an endogenous unusual
reaction determines how it is classed.
Depending on how long it persists,
inflammation can be either acute or chronic.
Compared to oral and parenteral drug delivery,
the skin-based route of drug administration is
more appealing and alternative. It circumvents
hepatic first-pass metabolism and gets around
oral drug delivery restrictions like
gastrointestinal ~ degradation and hepatic
clearance, among others(11). Atopic dermatitis
development appears to be influenced by both
hereditary and environmental factors(2).
Compared to children of parents without
allergic conditions, children of parents with
asthma and allergies are more likely to acquire
atopic dermatitis. Food allergies affect about
30% of children with atopic dermatitis, and
many go on to develop asthma or respiratory
allergies. Those who reside in urban areas or
arid regions may also be more susceptible to
the illness(12). Curcumin has low solubility
issues which causes low bioavailability and
low stability(13). To address this issue, the
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nanostructured lipid carrier loaded
combination of curcumin and salicylic acid
topical gel will be used to treat atopic
dermatitis. The goal of this combination
therapy is to cause anti-inflammatory effect,
treat the dryness of the skin with hydrating
products whose effectiveness has been
established.

The best management involves describing the
treatment to the family and/or the child,
making sure they understand that the objective
is not only to alleviate the child but also to try
and change the course of the disease(14).
Atopic dermatitis is a public health issue and a
star illness. The significant advancements of
the  physio  pathological = mechanisms
underlying atopic dermatitis offers hope for
new biotechnologies that will enable targeted
treatments. Having dry, itchy skin that may
drop clear fluid when touched, it is a chronic
ailment. Furthermore, those with eczema can
be more vulnerable to bacterial, viral, and
fungal skin infections(15). Modern
technological advancements enable the dermal
delivery of both hydrophilic and hydrophobic
small- and large-molecule medications.
Dermal drug administration is one of the most
recommended methods of drug administration
since it is painless and comfortable for
patients, and it has numerous advantages over
other methods. Avoiding the gastrointestinal
system and hepatic first-pass metabolism for
medications with low bioavailability is one of
the major benefits. Dermal drug delivery
systems can have a variety of physical forms,
from liquid to powder, although semi-solid
preparations like creams and ointments are the
most widely used. Gels are one category of
semi-solid substance whose application in
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medicinal and cosmetic preparations has
grown significantly(16). Because of their high-
water content, the active substances dissolve
more readily. Because gels have a higher
aqueous component than ointment or cream
bases, the active ingredient dissolves more
readily through the liquid carrier. Gels also
performs better in terms of patient compliance
and application simplicity. Gels do, however,
exhibit a notable drawback when it comes to
delivering hydrophobic active ingredients.
Consequently, to get beyond these restrictions,
research on other gel kinds has surged
recently. With the introduction of oil-
containing systems into gels, in particular,
several dosage forms have begun to be
produced(17).

2. Materials and Methods

The drug curcumin (CUR) was received
from Yarrow Chem, Mumbai, India, Stearic
Acid was purchased from Loba Chemie Pvt.
Ltd. Maharashtra, India, Lecithin Soya was
received from Yarrow Chem, Mumbai, India,
coconut oil was obtained from Persona,
Amway, methanol, ethanol, potassium
dihydrogen phosphate, disodium hydrogen
phosphate, and n- octanol. All the other
reagents, solvents, and chemicals used in the
experiment were of analytical grade.

Lecithin(soya) +
Distilled water

Dispersing of drug loaded lipid in aqueous surfactant
solution then homogenize at 1500 rpm for 20 minutes

Methods

NLCs loaded with curcumin were made
using the microemulsion technique described
by with a few adjustments. The medication
was added to a mixture of solid lipid (stearic
acid) and liquid lipid (coconut oil) that had
been heated to 80°C + 10°C using the
microemulsion technique. Lecithin (soy) was
used as a surfactant to heat the aqueous
phase the same temperature. The lipid
mixture was gradually added to the aqueous
phase while being continuously stirred for 20
minutes at 1500 rpm while the temperature
was maintained. Filtration was done on the
preparation. In order to create an NLC
dispersion system, the produced
microemulsion was rapidly mixed with cold
water (2-3 °C) in a ratio of 1:50.

Remarkably close to the sizes of the
nanoparticles and particles created by
microemulsion and dilution is the
temperature differential between the cold
water and the microemulsion, which is an
important consideration in the preparation of
small-particle-sized NLCs. Certain particles
can be kept from aggregating by rapid
cooling and solidification(18).

Poured into excess of cold water

NLC Formed

Figure 1: Preparation of CUR NLC by microemulsion technique.
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Design of Nanostructured Lipid Carriers
(NLCs) loaded with curcumin

NLCs were designed and optimised using
three distinct independent wvariables (18).
Table 1 lists them as follows: quantities of
solid lipid (X1), surfactant concentration (X2),
and stirring duration (X3). Table 2 shows the
seventeen distinct CUR-NLC formulations
that were produced after the independent
variables were screened using a multilevel
factorial design. To find the ideal formula,
formulations were also assessed for zeta

potential, PDI, and particle size. A
mathematical relationship  between the
components and the parameters was generated
using the response surface regression analysis.
All of the observed responses for the
seventeen generated formulations were fitted
to different models using design-expert
software. It was discovered that the best
models were quadratic for zeta potential, PDI,
and particle size. The impact of X1, X2, and
X3 on the particle size (Y1), PDI (Y2), and
EE% (Y3) of CUR-NLC:s is depicted in Figure
1.

Table 1: lists the multilevel factorial design's independent and dependent variables.

Variables and their levels used in formulation of NLC

Levels
Independent variables High (1) Medium (0) Low (-1)
Solid lipid (X)) 70 75 80
concentration of | 1 2 3
surfactant (X3)
Stirring time (X3) 10 15 20
Dependent variable
Particle size Minimum
PDI Minimum
Zeta Potential Maximum (-34+0.29)

Table 2: Various solid lipid amounts, surfactant concentrations, and stirring durations for seventeen

formulations employing factorial design.

Formulation X1 X2 X3
F1 70 2 20
F2 75 2 15
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F3 70 1 15
F4 70 2 10
F5 80 2 10
Fé6 75 2 15
F7 75 2 15
F8 75 3 10
FO9 75 2 15
F 10 75 1 20
F11 80 1 15
F 12 75 1 10
F13 70 3 15
F 14 75 2 15
F 15 80 2 20
F 16 75 3 20
F 17 80 3 15
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Figure 2: The PDI varied from 0.14 + 0.003 to 0.29 + 0.02 and the zeta potential varied from -33.64 + 0.008
to -30.3 £ 0.01; the particle size changed from 180.98 £ 2.1 nm to 257.44 £ 2.7 nm, confirming that all
produced NLCs have a particle size in the nanometre range. As a result, it worked well for topical
applications. Equations (1), (2), and (3) presented the quadratic interaction models derived from a factorial
design study for the particle size, PDI, and zeta potential of NLCs(19).

Y1=9075.4 +-243.999 X1 + 185.075 X2 + 10.5948 X3 -2.5625 X1X2 -0.0236 X1X3 -2.565 X2X3 + 1.66319
X124+ 12.5397 X2? +-0.15611 X532
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(1) Y2=-4.475 +0.07775 X1+ 0.4575 X2 +0.14325 X3 -0.0035 X1 X2 -0.0012 X1X3-0.0095X2 -0.0003 X,?
+-0.01 X»2+-0.0013 X532

(2) Y3=204.425 +-6.165 X1 -7.575 X2 -0.9 X3 +0.08 X1 X2 +0.006 X1 X3 -1.98529-16 X2 X3 + 0.041
X2+ 0.325 X2+ 0.013 X352 (3)

Table 3: R1, R2, and R3 values demonstrate that the model is quadratic.

Responses
Response MName Units Observations Analysis Minimum | Maximum | Mean | Std. Dev. | Ratio | Transform Maodel
[R1 |v1Particlesize  Minimum 17 Polynomial 178.23|  257.44 210.76]  25.90 1.44 None Quadratic
R2 ¥2 PDI Minimum 17 Polynomial 0.14 0.29 0.2165 0.0489 2.07 None Quadratic
R3 ¥3 Zeta Potential Maximum 17 Polynomial -33.6 -30.3 -32.21 1.11 1.11 None Quadratic

Table 4: Illustrates the limited and uniform size distribution of all formulations.

Drug Particle Size | Zeta Polydispersity | % EE pH Percentage
loaded NLC Potential Index yield
DN 1 216.56+2.26 -33.240.029 0.17+0.01 85.66 4.99 88.12%
DN 2 182.34+2.32 -33.6+0.088 0.26+0.02 97.06 4.93 90.6%
DN 3 180.11+2.24 -33.540.045 0.22+0.01 91.69 3.55 89.01%
DN 4 180.98+1.78 -32.6+0.033 0.25+0.01 86.98 4.79 80.46%
DN 5 234.23+£2.27 -30.4+0.082 0.29+0.02 86.99 4.99 89.96%
DN 6 183.33+£2.28 -32.6+0.038 0.234+0.03 96.01 5.40 95.85%
DN 7 195.07£2.14 -32.440.044 0.214+0.01 88.02 5.91 92.25%
DN 8 250.68+1.98 -30.5+0.026 0.27+0.02 97.99 5.70 99.25%
DN 9 222.1142.23 -32.34£0.027 0.28+0.01 85.08 5.91 87.94%
DN 10 187.65+2.29 -32.9+0.028 0.14+0.08 87.33 5.82 89.94%
DN 11 226.34+2.28 -32.3+0.021 0.16+0.08 86.04 3.20 92.94%
DN 12 208.88+2.24 -32.74£0.012 0.24+0.03 80.88 3.55 93.94%
DN 13 222.09+£2.26 -30.7+0.097 0.18+0.09 88.95 591 94.95%
DN 14 257.44+1.82 -33.6+0.058 0.214+0.01 87.34 5.49 95.96%
DN 15 231.76+2.23 -32.240.027 0.15+0.05 87.34 5.70 87.96%
DN 16 178.23+1.11 -31.8+0.016 0.16+0.05 89.07 6.02 88.96%
DN 17 225.11+£2.38 -30.3+0.011 0.26+0.01 86.25 6.38 89.97%
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It was discovered that when the concentration
of solid lipid rose, the particle size increased
noticeably. Nevertheless, as the surfactant
concentration rose, it fell. This occurred
because of stearic acid's lipid bilayer structure
compressing the particle and reducing its size.
Preparation of CUR NLC by microemulsion
techniques(20,21) is explained in Figure 2.
Solid lipid and liquid lipid at 600rpm at
80+10°C were placed on the magnetic stirrer
and simultaneously on the other magnetic
stirrer surfactant and distilled water at the
same rpm and the temperature was heated for
20mins. After the Dispersing of lipids in the
aqueous surfactant solution was done then
homogenized at 1500 rpm for 20 minutes.
Then o/w microemulsion was formed. This
warm microemulsion was diluted in cold water
(2-30 C) under mechanical and mild stirring
to form NLC and filtered.

Optimization of Formulation Variable

The ideal ratio of X1, X2, and X3 was chosen
to create NLCs based on the outcomes of these
quadratic models, which demonstrated a
possible impact on the treatment of AD.
Figure 2 displays how NLCs are formulated.
All of the projected parameters were found to
be closer to the software's expected values
after all seventeen batches were characterised.
Table 4 displays it. As seen in HR-TEM
images 1n Figure 3, optimised NLCs
manifested as spherical, easily recognised
nanocarriers(22,23). HR-TEM was used to
examine the lyophilised material. Table 4
indicates that the zeta potential value for each
batch is negative. Following the loading of
CUR into NLCs, the zeta potential readings
likewise revealed a negative charge. It implied

2053

that the lipids were not overpowered by the

drug's anionic charge.

TES

Figure 3: HR-TEM images of CUR-NLC.
Study of Drug-Excipient Interactions

The drug-excipient interaction has been
identified using FTIR
spectrophotometry(19,24,25). Figure 4
illustrates the formulation's FTIR spectrum
CUR-NLC. The O-H Stretching, Carboxylic
acid falls in the range of 2500-3350 obtaining
value 3349.95 confirms Curcumin in the NLC,
similarly the C=0O ester falls in the range of
1750-1730 obtaining value 1742.29 the C=C
Stretching, alkene falls in the range of 1680-
1600 obtaining value 1636.83 and C-O
Stretching, alkyl aryl ether falls in the range of
1300-1000 obtaining value 1268.48 and
1082.55. The range was compared from
standard book introduction to spectroscopy by
Pavia, et al.

32 . . _
oo 2s0 3000 250 2600 1500 1620
em-1

T Sampe 077 By RS Dni S, A 153024

Figure 4: FTIR spectrum of formulation CUR-
NLC.

Calorimetry using differential scanning

For thermal analysis, samples of the curcumin-
NLC formulation were characterized using
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differential scanning calorimetry (STARe, SW
13.00, METTLER). DSC was used to examine
the temperature behavior of the curcumin-
NLC combination. A temperature range of 30
to 300 degrees was used to evaluate the
samples. The formulation and excipients of
curcumin-NLC showed a significant peak at
106.85°C. Curcumin and excipients did not
interact chemically or become incompatible.
However, because curcumin is soluble in both
liquid and solid lipid matrix during NLC
synthesis, the crystalline form of curcumin
changed to the amorphous form, resulting in
the curcumin-NLC formulation's endothermic
peak. The DSC peaks are shown in the figure
below.

“axo Sample_DN 22.01.2025 15.42:52

S g ﬂ_:m =] w

- « =
Physics Lab: METTLER STAR® SW 13.00

Figure 5: DSC of CUR-NLC formulation.
In-vitro drug release study of CUR NLCs

Using an egg membrane (pore size 200—400
nm), an in vitro permeation study of CUR-
NLCs was carried out in a phosphate buffer
with a pH of 5.5. Figure 5 illustrates the
extraction of the egg membrane and release
research for the in vitro drug release. The
donor compartment was filled with 1 ml of the
formulation CUR-NLC, and the receiver
compartment was filled with 100 ml of PSB
pHS5.5 dialysis medium. The mixture was
constantly stirred at 100 rpm using a mag
stirrer at 37+100 C. To maintain sink
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condition, 5 ml of sample was taken out of the
receiver compartment at regular intervals for
12 hours, and the volume was restored. Figure
5 shows the curve that was produced after the
obtained sample was
spectrophotometrically(26) at 424 nm in
Shimadzu 1880 at the University Institute of
Pharmacy, Pandit Ravishankar  Shukla
University, Raipur, Chhattisgarh, India.

examined

% drug release of drug loaded NLC

100 .08 94.63
91.17 93.89 93.93 94.08

90 86.52
80.56
80 75.06

70 67.54
59.02.

51.34

60
50

39.97
40

28,
30 14
20

0,

0 05 1 2 3 4 5 6 7 8 9 10 11 12

Figure 6: CUR-NLC drug release investigation in
vitro.

After getting the best formulation the gel was
prepared as shown in figure 6.

Carbopol 934 is been {“" i Carbopol 934 + Magnetic

soaked in water for 20+5 3 stirrer (800rpm) + Salicylic
H minuites. k_g; acid+drug loaded NLC

Propylene glycol and
‘ glycerol in added

i Triethanolamine (gs)

u Gel was prepared

Figure 7: Preparation of gel(21).
Study of stability

At 2542°C and 60+5% RH, 40+2°C and
75£5% RH, the particle size in nanometres,
PDI, and percentage age entrapment of NLC
were ascertained. The formulations were
tested on the day of formulation and after 1, 3,
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and 6 months of storage after being kept in
glass vials for a month at these temperatures
and humidity. Particle size, PDI, and
percentage  entrapment  analyses  were
performed on the samples, and the results were
compared to the new NLC formulations.

Curcumin loaded Nanostructured Lipid
Carrier Salicylic Acid Bearing Gel:
Characterization and Optimization.

Carbopol 934 was used to load the optimised
batch (DN4) of NLCs into the gel. It was then
assessed for drug content, FTIR, particle size,
zeta potential, PDI, HR-TEM, in vitro drug
release and kinetic studies, pH, washability,
spreadability, and organoleptic characteristics.
With a pH of 5.5, the produced CUR-NLC-
SA-gel was smooth, uniform, grittiness-free,
non-sticky, and easily washable. The gel's
viscosity and spreadability(25,27) were
measured with a Brookfield viscometer using
spindle V-64 at the University Institute of
Pharmacy, Pandit Ravishankar  Shukla
University, Raipur, Chhattisgarh, India. The
results showed that the gel can be spread
easily and with minimal stress on the skin's
surface. The gel based on carbopol 934 had a
somewhat higher viscosity and spreadability.
The higher the Carbopol 934 swelling index
number, the more accountable the gel is for its
viscosity and spreadability. Using
spectrophotometry, the drug content was
found to be 90%. The drug—excipient
interaction has been identified by FTIR
spectrophotometry(28) using Perkin Elmer IR
version 10.7.2.
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3. Results
FTIR spectrophotometry

In Figure 7 the FTIR spectrum of formulation
CUR-NLC-SA-gel is illustrated. The O-H
Stretching, Carboxylic acid falls in the range
of 2500-3350 obtaining value 3349.95
confirming Curcumin and salicylic acid in the
gel, similarly, the C=C Stretching, alkene falls
in the range of 1680-1600 obtaining value
1637.52, -CH3 bend falls in the range of 1450
obtaining value 1455.41. C-O Stretching, alkyl
aryl ether falls in the range of 1300-1000
obtaining value 1081.45. The range was
compared from standard book introduction to
spectroscopy by Pavia, et al.

PRSSU, PHARMACY

WT

33l - - - - "
000 3500 3000 2500 2000 1500 1000 S0
cm-1

NGT  Sampie 024 By PRSSU Date Saturday, June 15 2024

Figure 8: FTIR spectrum of formulation CUR-
NLC-SA-gel.

Calorimetry using differential scanning

Thermal analysis was performed on CUR-
NLC-SA-gel samples using differential
scanning calorimetry (STARe, SW 13.00,
METTLER). DSC was used to examine the
thermal behaviour of CUR-NLC-SA-gel. A
temperature range from 30 to 300 degrees was
used to evaluate the samples. A significant
peak was detected by CUR-NLC-SA-gel and
excipients at 120.92°C and 285.12. Curcumin
and salicylic acid did not interact chemically
or become incompatible with excipients.
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However, the crystalline form of curcumin
changed to the amorphous form of salicylic
acid, resulting in the curcumin endothermic
peak in the CUR-NLC-SA-gel. The DSC
peaks are shown in the figure below.

“ox0 Samplo NG 22.01.2025 15:41:48

pe—p—

|

| o 45, 22 L2025 T Vo 055 1 PRI 2.1 005 1350

|y | -

Physics Lab: METTLER STAR® SW 13.00

Figure 9: DSC of CUR-NLC-SA-gel.

In-vitro drug release study of CUR-NLC-
SA-gel

An in vitro permeation study of CUR-NLC-
SA-gel was accomplished in a phosphate
buffer of pH 5.5 using an egg membrane (pore
size 200 — 400nm)(29). The in vitro drug

release is represented in Figure 5, which
shows the extraction of the egg membrane and
release study. The formulation CUR-NLC
(1ml) was placed in the donor compartment
and the receiver compartment was filled with
100ml dialysis medium PSB pHS.5. stirred
continuously at 100rpm using a magnetic
stirrer at 37+10° C. At regular time intervals
till 12hrs 5ml of the sample was withdrawn
from the receiver compartment and volume
was replaced to maintain sink condition(30).
The obtained sample analysed
spectrophotometrically at 424nm and 300nm
in Shimadzu 1880 at University Institute of
Pharmacy, Pandit Shukla
University, Raipur, Chhattisgarh, India the
graph obtained from the drug release study
was put into the kinetic graphs and the gel

was

Ravishankar

followed korsmeyer pappas model as the
obtained R? value was the highest from other
models shown in figure 8.
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Zero order
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Figure 10: representation of in vitro drug release graph and kinetic models.

Study of stability

One possible method for figuring out the
stability profile of the NLCs could be the
particle size. By monitoring changes in
particle size, PDI, and percentage entrapment
of NLCs held at 25+2°C and 60+5% RH,
40+2°C and 75+5% RH, physical stability was
ascertained. Particle size changes are thought
to be a sign of formulation instability. For one
month, there was no visible evidence of
particle aggregation in any of the samples.
According to these investigations, the mean
particle size and PDI of CUR NLCs loaded SA
gel did not significantly alter during this time.
After one month, NLCs were generally stable,
with an average particle size of 365 to 370 nm,
a PDI of less than 0.3, and an EE of more than
75% and 80% for Cur and SA respectively.

4. Discussion and conclusion

To improve the therapeutic efficacy of AD
treatment and guarantee drug localization
within the skin, curcumin (CUR) was
encapsulated in nanostructured lipid carriers
(NLCs) in the study. Three
independent variables solid lipid (X1),
surfactant concentration (X2), and stirring

current

2057

duration (X3)—as well as seventeen prepared
batches, were used in the formulation and
optimization of the NLCs utilizing a multilevel
factorial design (3-level). Based on the data, it
was determined that the quadratic model
provided the best match for creating uniformly
distributed spherical nanocarriers with the
highest entrapment effectiveness. It was
discovered that when the concentration of
solid lipid rose, the particle size increased
noticeably. Nevertheless, as the surfactant
concentration rose, it fell. This occurred as a
result of the stearic acid's lipid bilayer
structure compressing the particle and
reducing its size. The best results for % EE
were also displayed. The zeta potential of each
batch was negative, preventing particle
coagulation, and their magnitudes offered
stability. The DN4 batch's particle size, PDI,
and Zeta Potential were all optimised to
180.60 + 2.13 nm, 0.25 + 0.03, and -32.7 +
0.004 nm, respectively. FTIR was used to
determine the formulation of this curcumin-
containing  nanostructured lipid
Curcumin in the NLC is confirmed by the
FTIR's O-H Stretching appearance, which
shows that carboxylic acid falls between 2500
and 3350, yielding a value of 3349.95.
According to the in vitro drug release study,

carrier.
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the medication was released at regular
intervals. Additionally, Carbopol 934 and
other excipients were combined uniformly
with the optimised batch of NLCs (DN4)
containing 2.5% w/w of SA to create a gel,
which was then assessed for optimisation.
With a pH of 5.5, the produced CUR-NLC-
SA-gel was smooth, uniform, grittiness-free,
non-sticky, and easily washable. The gel's
viscosity and spreadability were determined to
be 1400 cps and 6.8 cm/s, respectively,
suggesting that it can be applied to the skin's
surface with no stress. The gel based on
carbopol 934 had a somewhat higher viscosity
and spreadability. The higher the Carbopol
934 swelling index number, the more
accountable the gel is for its viscosity and
spreadability. Using spectrophotometry, the
drug content was found to be 90%. CUR-
NLC-SA-gel showed sustained drug release
for up to 12 h and followed the Korsmeyer
Peppas kinetic model, which explains
sustained release for the duration up to 12 h.
The formulation showed macroscopic phase
separation at both temperatures after this study
period. Since the nanocarriers were made at a
high temperature and then quickly cooled to 0
°C, there is a higher likelihood that alpha
modification crystals will form; but, during
storage, this crystal will shift to the more
stable beta modification.

List of Abbreviations
CUR Curcumin
NLCs Nanostructured Lipid Carrier

CUR-NLCs Curcumin Nanostructured Lipid
Carrier

SA Salicylic Acid
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CUR-NLC-SA-gel Curcumin loaded
Nanostructured Lipid Carrier salicylic acid
bearing gel

AD Atopic Dermatitis

DOE Design of experiments and statistical
data analysis

PDI Polydispersity index

EE Entrapment efficiency

FT-IR Fourier transform infrared

DSC Differential Scanning Colorimetry

HR-TEM High Resolution - Transmission
electron microscopy
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