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ABSTRACT
Objective: Curcumin presents poor topical bioavailability when administered orally, which poses a major hurdle in its use as an effective therapy
for the management of psoriasis. The present study reports the utilization of lipid-polymer hybrid nanoparticles (LPHNPs) for the topical delivery of
curcumin which can be a potential approach for mitigating psoriasis.

Methods: Curcumin-loaded LPHNPs were prepared by the emulsification solvent evaporation method and characterized. The optimized Curcuminloaded LPHNPs (DLN-3) were further incorporated into 2% Carbopol 940 gels and evaluated for its therapeutic efficacy in the Imiquimod (IMQ)induced psoriasis rat model.

Results: The average particle size, polydispersity index, zeta potential, drug entrapment and loading efficiency for DLN-3 were found to be 200.9
nm, 0.342,-28.3 mV, 87.40±0.99% and 4.57±0.04%, respectively. FT-IR, DSC and XRD studies confirmed that all the components used for the
formulation are compatible with each other, whereas SEM and TEM analysis affirmed the spherical shape of LPHNPs with a smooth surface. The in
vitro drug release studies suggest that curcumin was released from the LPHNPs in a sustained manner over a period of 24 h via super case II
transport mechanism. Results of in vitro skin permeation study revealed that 38.39±2.67% of curcumin permeated at 12 h across excised pig ear
skin with a permeation flux of 18.74±3.59 µg/cm2/h. Further, in vivo evaluation and histopathological studies demonstrated that NLHG-1 hydrogels
showed better therapeutic efficacy against the psoriatic skin lesions than the standard marketed gels.
Conclusion: These results suggest that the developed LPHNPs have a superior ability to improve the skin penetration or accumulation of DLN-3
within psoriatic skin and offer a potential delivery system for the management of psoriasis.
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INTRODUCTION
Psoriasis is a consistently recurring, autoimmune, chronic
inflammatory disorder of the skin that is estimated to affect
approximately 2-4% of the population in Western countries and
shows lower prevalence in Asian as well as African countries [1, 2].
The main pathological features of psoriasis are multifactorial,
usually involving hyperplasia of the epidermis, abnormal genetic
association and dysregulated signal processing of T cells as well as
an imbalance between inflammatory mediators that promote the
infiltration of leukocytes [3, 4]. Though major problems associated
with psoriasis are relapsing and spontaneous remission, which may
trigger by genetic, environmental and several other factors [5]. As
there is no complete resolution for psoriasis to date, a stepwise
strategy to healing is often employed with the initial use of topical
treatment, act to phototherapy and pharmacotherapy. However, the
presence of multilayered epidermal barriers of psoriatic skin causes
hindrance to the entry of drug molecules to the inflamed site,
resulting in the formation of severe adverse effects [6, 7]. To get
better therapeutic benefits, several nanoparticles have been widely
explored for topical drug delivery, including polymeric, lipid,
metallic, carbon-based and vesicular nanoparticles. These
nanoparticles are shown to be promising in dermatological disease
management by boosting drug solubility and bioavailability of
poorly water-soluble drugs [8-13].

Nevertheless, single nanoparticles unable to provide these benefits
at a time and have some common limitations in terms of rapid drug
diffusion, instability during storage and uncontrolled drug release
[14-16]. Recently, lipid-polymer hybrid nanoparticles (LPHNPs)
have gained much attention as their outstanding benefits to resolve
these problems. This system can take the functions of the lipid and
polymeric nanoparticles, which comprises two distinct components
i.e., an innermost hydrophobic polymeric core which encapsulating
the poorly water-soluble drugs and an outermost lipid layer that act
as a molecular fence to promote drug retention inside the polymeric

core. Although for topical application, these hybrid nanoparticles
have been incorporated into hydrogels, which makes the
formulation very pertinent to achieving the desired effect [17, 18].

Curcumin is a yellow-colored polyphenolic compound obtained from
the rhizome of the perennial herb Curcuma longa and possesses
outstanding anticancer properties [19]. Despite the promising
therapeutic value offered by curcumin, its translation from basic
research to clinical application is limited due to poor water
solubility and low bioavailability [20, 21]. Therefore, the present
study was engineered to develop and characterize the LPHNP based
hydrogels for the topical delivery of curcumin and compares the in
vivo anti-psoriatic efficacy with the commercial marketed product in
hopes of assessing a relatively effective and safe medicine for the
psoriasis treatment.
MATERIALS AND METHODS
Materials
Curcumin and stearic acid were purchased from Hi-Media
Laboratories Pvt. Ltd., Mumbai, India. Ethylcellulose was purchased
from Loba Chemie Pvt. Ltd., Mumbai, India. Polyethylene glycol 400
and tween 80 were purchased from Sisco Research Laboratories Pvt.
Ltd., Mumbai, India. Carbopol 934, ethanol and triethanolamine were
purchased from Research Lab Fine Chem Industries, Mumbai, India. All
other reagents and chemicals used were of analytical grade.
Preparation of lipid-polymer hybrid nanoparticles (LPHNPs)

The LPHNPs were prepared by the emulsification solvent
evaporation method with slight modifications [22, 23]. Briefly,
stearic acid and ethyl cellulose were dissolved in 2 ml of ethanol in a
beaker and curcumin was added into the lipid-polymer (oil) phase.
Resulting lipid-polymer (oil) phase was added dropwise into 10 ml
of aqueous phase (1% w/v Tween 80) under continuous stirring at
15000 rpm for 5 min using a homogenizer (Ultra-Turrax T 25
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Digital, IKA Germany) and further subjected to sonication at 50-55
°C using bath sonicator (UCB 30, Spectralab Instruments, India) for
20 min to agitate particles and collapse air bubbles in the liquid
medium. The dispersion was then stirred continuously for complete
evaporation of the organic solvent. Spontaneously, the lipid layer
was self-assembled around the polymeric core resulting in the
formation of LPHNPs. The nanoparticle dispersions were
centrifuged at 10000 rpm for 15 min. The supernatant were
discarded and the solid mass was washed three times with distilled
water. Finally, the developed formulations were freeze-dried
(temperature-80 °C and pressure 0.02 mbar) using lyophilizer (SS1LYO, Southern Scientific Lab Instruments, India) with 5% mannitol
for cryoprotection and stored in an airtight container for further use.
The blank formulations were prepared without the addition of drugs
using the same procedure.
Characterization of LPHNPs

Particle size, polydispersity index and zeta potential
The average particle size and polydispersity index of the prepared
LPHNPs were measured by Dynamic Light Scattering using the
particle size analyzer (90 Plus, Brookhaven Instruments, USA). The
zeta potential of the prepared LPHNPs was measured by Zetasizer
(Nano ZS, Malvern Instruments, UK) to assess the surface charge. In
every cases, the freeze-dried LPHNPs were dispersed in distilled
water (0.1% w/v) and subsequently analyzed [24].
Drug entrapment and drug loading efficiency

The drug entrapment and drug loading efficiency of the prepared
LPHNPs were determined by measuring the concentration of free drug
in the supernatant when it exposed to high-speed centrifugation.
Simply, the prepared LPHNPs were subjected to centrifugation (R 8C
DX, REMI, India) at 12500 rpm for 30 min to get the clear supernatant.
The supernatant was then diluted with ethanol and the concentration
of free drug present in the supernatant was determined
spectrophotometrically
at
426
nm
using
UV-Visible
Spectrophotometer (UV 1800, Shimadzu, Japan) with respect to blank
ethanol. The percentage drug entrapment and loading efficiency were
determined according to the following formulas [25].
% Drug Entrapment Ef�iciency =

% Drug Loading Ef�iciency =

Total Drug − Free Drug
× 100
Total Drug

Total Drug − Free Drug
× 100
Total Weight of Nanoparticles

Drug-excipient compatibility studies

To estimate any type of interaction between the drug and excipients,
FT-IR, DSC and XRD analysis was done for the drug, polymer, lipid,
physical mixture and drug-loaded LPHNPs.
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Morphological studies
The external and internal structure of the prepared LPHNPs was
examined by scanning electron microscopy (SEM) and transmission
electron microscopy (TEM).

For SEM analysis, the LPHNPs were dispersed in distilled water and a
drop of solution was placed on metal stubs with double adhesive
carbon-coated tape. The metal stubs were then coated with a layer of
gold to minimize the surface charging. The coated samples were
randomly scanned by scanning electron microscope (MultiSEM 505,
ZEISS, Germany) at an accelerating voltage of 20 kV and photographs
with various magnifications were captured into a computer [29].

For TEM analysis, the LPHNPs were dispersed in distilled water and
a drop of sample solution was placed on the carbon-coated copper
grid. The grid surface was properly air dried before loaded into the
specimen holder. The samples were then subsequently scanned by
transmission electron microscope (JEM 2100, JEOL, USA) operating
at an accelerating voltage of 200 kV and photographs were captured
using an advanced CCD camera [30].

In vitro drug release studies

The in vitro drug release study was performed using the dialysis bag
method to determine the release of curcumin from LPHNPs. Initially, the
dialysis membrane having a molecular weight cutoff 12000 Da, soaked
in distilled water and subsequently filled with 2 ml of LPHNPs dispersion
(equivalent to 1.5 mg of curcumin). The dialysis membrane was then
immersed in the beaker which containing 70 ml of dissolution medium
(Acetate buffer pH 4.5+PEG 40%). During the experiment, the
temperature of the dissolution medium was maintained at 37 °C under
continuous stirring at 200 rpm using a magnetic stirrer (RCT-B-S022,
IKA, India). At different time intervals, 3 ml of dissolution medium is
withdrawn and replaced by the same volume of the fresh medium to
maintain the sink conditions. The samples were further diluted and the
amount of curcumin released from LPHNPs was quantified
spectrophotometrically at 439 nm using UV-Visible Spectrophotometer
(UV 1800, Shimadzu, Japan) with respect to blank [31, 32].
In vitro drug release kinetics

To interpret the mechanism and kinetics of curcumin release from
LPHNPs, the in vitro drug release data were fitted into different kinetic
models like zero-order (cumulative amount of drug released vs. time),
first-order (log cumulative percentage of drug remaining vs. time),
Higuchi (cumulative percentage drug release vs. square root of time)
and Korsmeyer-Peppas (log cumulative percentage drug release vs.
log time) model. By comparing the obtained R2 values of the above
described model, the best-fit model was selected [33].
Stability studies

In the FT-IR analysis, pure drug curcumin, ethylcellulose, stearic
acid, physical mixture and blank LPHNPs and curcumin-loaded
LPHNPs were placed on the sample holder of the FT-IR
spectrometer (Alpha, Bruker, Germany). The FT-IR spectrum was
obtained by scanning in the wavenumber region of 4000-400 cm-1 to
record characteristics peaks and functional groups of the above
samples [26].

The stability studies of curcumin-loaded LPHNPs were performed as
per ICH guidelines for a duration of 3 mo at two different storage
conditions viz. normal conditions (25±2 °C and 75±5% RH) and
refrigerated conditions (4±2 °C and 75±5% RH). During the period
of the entire 3 mo, the curcumin-loaded LPHNPs were analyzed for
changes in their particle size, polydispersity index and drug
entrapment efficiency at a definite interval of 0, 30, 45, 60 and 90 d
to assess the stability of the formulations [34].

In the XRD analysis, the diffraction patterns of pure drug curcumin,
ethylcellulose, stearic acid, physical mixture and blank LPHNPs and
curcumin-loaded LPHNPs were recorded by X-Ray Diffractometer
(Ultima IV, Rigaku, Japan) using Cu anode at a voltage of 40 kV and a
current of 30 mA. The samples were scanned in the range of 10-80 °
diffraction angle with a speed of 2 ° per minute. XRD analysis was carried
out to know the crystalline structure of the above samples [28].

For the preparation of topical hydrogels, curcumin-loaded LPHNPs
were incorporated into Carbopol 940 gel. Accurately weighed of
Carbopol 940 polymer was dispersed in a sufficient quantity of
distilled water and stirred continuously using a magnetic stirrer (RCTB-S022, IKA, India) to form a gel-like mass. Now the prepared
curcumin-loaded LPHNPs were added to the hydrogels and mixed
properly under constant stirring at 1000 rpm for 5 min. The pH of the
hydrogels was adjusted to ~6 by dropwise addition of triethanolamine
solution and subsequently, other ingredients like methylparaben and
glycerin were added to it that act as a preservative as well as a
humectant. The prepared LPHNPs-loaded hydrogels (NLHG-1) were
further allowed to stand overnight to remove entrapped air. Similarly,
blank hydrogels (BHG-1) were prepared without the addition of
LPHNPs using the same procedure [35, 36].

In the DSC analysis, pure drug curcumin, ethylcellulose, stearic acid,
physical mixture and blank LPHNPs and curcumin-loaded LPHNPs
were crimped in standard aluminum pans of the Differential
Scanning Colorimeter (DSC 4000, Perkin Elmer, USA) and heated
from 0 to 400 °C at a heating rate of 10 °C per minutes under
constant purging of dry nitrogen. The DSC analysis was mainly
performed to investigate the thermal behavior of the various
samples [27].

Preparation of hydrogels containing LPHNPs
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Characterization of hydrogel formulations
Physical appearance
The physical appearance of the prepared hydrogels was checked
visually using a light microscope (Primo Star, ZEISS, Germany) for
consistency, color, homogeneity and texture [37].
pH measurement

The pH of the prepared hydrogels were determined using a digital
pH meter (pHTestr 10, Eutech Instruments, Singapore) at room
temperature. Simply, 2 g of hydrogels were dispersed in 10 ml of
distilled water and the electrode of the pH meter was then dipped
into hydrogel dispersion and reading was noted [38].

Spreadability measurement

The spreadability of the prepared hydrogels were determined by
measuring the spreading diameter of gel between two horizontal
glass plates (20×20 cm ). Briefly, 1 g of the prepared hydrogels were
placed in the mid of two glass plates and then a 200 g weight was
applied on the upper glass plate for 5 min to spread the hydrogels.
The diameters of the spreaded hydrogels were noted and then the
top plate was pulled with the help of a string. Time is taken in which
the upper glass plate separated from the lower glass plate was
considered as a measure of spreadability. The spreadability was
then determined according to the following formula [39]:
S=

M. L
T

Where, S=spreadability, M=weight placed to the upper glass plate,
L=length of the glass plate and T=time taken to separate the glass
plates completely from each other.
Drug content estimation

To determine the drug content, 1 g of the prepared NLHG-1
hydrogels were dissolved in 25 ml of ethanol in a 100 ml volumetric
flask. The volumetric flask was shaken for 2 h in order to get
complete solubility of the drug and made up the volume 100 ml with
ethanol. Then the solution was filtered using the Whatman syringe
filter and after subsequent dilution, curcumin content in the filtrate
was analyzed spectrophotometrically at 426 nm using UV-Visible
Spectrophotometer (UV 1800, Shimadzu, Japan) with respect to
blank ethanol [40].
In vitro skin permeation studies

The full-thickness of pig ear skin was used for the skin permeation
experiments. Fresh pig ears were collected from a local
slaughterhouse of the Dibrugarh University Market. Initially, pig ears
were thoroughly washed in running tap water and the hair on the
skin surface was removed using an electric trimmer (NHT 1065,
NOVA, India). The subcutaneous fat and other extraneous tissue
adhering to the dermis were completely removed by using scissors
and then it was kept in 2M sodium bromide solution for 36 h. After
that, a full-thickness of skin was taken out and the fat adhering to
the dermis and cut into appropriate sizes. Finally, the skin was
rinsed with distilled water and was kept in 0.9% sodium chloride
solution containing 1% formalin in a refrigerator (033E, Samsung,
South Korea) at a temperature of-20 °C for further use.

The in vitro skin permeation through excised pig ear skin was
performed by Franz diffusion cell. Briefly, the skin was clamped
between the donor and the receptor chamber of a modified Franz
diffusion cell (effective diffusion area of 1.77 cm2) with a stratum
corneum facing the donor compartment. The receptor chamber was
then filled with dissolution medium (Acetate buffer pH 4.5 + 40%
v/v PEG 400) and the temperature of the diffusion cell was
maintained at 37 °C using a re-circulating water bath. The whole
setup was placed over a magnetic stirrer (RCT-B-S022, IKA, India)
with constant stirring at 150 rpm. After that, 1 g of prepared NLHG-1
hydrogels were gently placed in the donor chamber. At different
time intervals, 2 ml of dissolution medium is withdrawn from the
receptor chamber and replaced by the same volume of the fresh
medium to maintain the sink conditions. The samples were further
diluted and the amount of curcumin permeated from the NLHG-1
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hydrogels were quantified spectrophotometrically at 439 nm using
UV-Visible Spectrophotometer (UV 1800, Shimadzu, Japan) with
respect to blank [41].

The permeation profile of curcumin through excised pig ear skin
was determined by plotting the amount of drug permeated per unit
area of skin (μg/cm2) vs time. The steady-state flux (Jss) of curcumin
was calculated from the slope of the plot using linear regression
analysis and the permeability coefficient (Kp) of the drug through
excised pig ear skin was calculated according to the following
formula [42].
Kp =

Jss
C

Where C= initial concentration of the drug in the donor
compartment.

At the end of the skin permeation study, the mounted skin was
removed from the compartments of the modified Franz diffusion cell
and washed thoroughly with distilled water. The skin was then cut
into small pieces and put into a stoppered conical flask containing
10 ml of ethanol and stirred continuously at 200 rpm using a
magnetic stirrer (RCT-B-S022, IKA, India) for 24 h. After that, skin
samples were homogenized by using a homogenizer (Ultra-Turrax T
25 Digital, IKA, India) and then centrifuged at 10000 rpm for 15 min
to get the clear supernatant. The supernatant was then diluted with
ethanol and the amount of curcumin retained in the skin was
quantified spectrophotometrically at 426 nm using UV-Visible
Spectrophotometer (UV 1800, Shimadzu, Japan) with respect to
blank ethanol [43].
Skin accumulation of LPHNPs by TEM analysis

After the in vitro permeation study, the skin samples were
successively collected for TEM analysis. Skin samples were washed
properly and fixed for 3 h in a solution of 2.5% glutaraldehyde in
0.1M sodium cacodylate buffer (pH 7.2). The fixed samples were
washed with 0.1 M sodium cacodylate buffer (pH 7.2) twice for 5
min and then post-fixed for 1 h at 4 °C with 1% osmium tetroxide
solution. Post-fixed samples were dehydrated with ethanol and then
embedded in epoxy resin. The resin embedding samples were placed
in a desiccator for 30 min to remove any moisture content and
finally observed under the transmission electron microscope (JEM
2100, JEOL, USA) operating at an accelerating voltage of 200 kV and
photographs were captured in several different magnifications [44].
In vivo antipsoriatic efficacy

The in vivo antipsoriatic efficacy of the prepared hydrogels were
performed using healthy Wister Albino Rats of both sex and
weighing of 150-200 g. All the rats were randomly divided into four
groups, each containing three rats. Group I was taken as the positive
control group (without any infection or treatment), Group II was
taken as the negative control group (IMQ application and no
treatment), Group III was taken as the standard group (IMQ
application and treated with the standard marketed formulation of
Betamethasone Valerate 0.1% w/w cream, GSK Pharmaceuticals
Ltd., India) and Group IV was taken as the test group (IMQ
application and treated with prepared NLHG-1 hydrogels). Before
the experiment, animals were housed properly in polypropylene
cages placed in a temperature-controlled environment at 22±3 °C
under 12 h light and 12 h dark cycle with free access to food and
water. The experiment in these animals was performed in
accordance with the protocol approved by the Institutional Animal
Ethical Committee (IAEC), Dibrugarh University, Dibrugarh, Assam,
India under Approval No. IAEC/DU/149, Dated. 12/06/2018.
The psoriatic animal model was developed by the topical application
of 5% w/w Imiquimod (IMQ) cream (Glenmark Pharmaceuticals
Ltd., India). Briefly, the dorsal skin of each rat was shaved by using
an electric trimmer (NHT 1065, NOVA, India) and IMQ cream was
applied topically to the shaved skin (2.5×2.5 cm2skin area) at an
interval of 24 h up to 5 d. The induced areas were visually examined
for symptoms resembling psoriasis such as erythema, scaling, skin
thickening, infiltration of inflammatory cells as well as hyper-and
Para-keratosis. After the induction period, all the animals were
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treated for three weeks with the standard marketed gels and
prepared NLHG-1 hydrogels once in a day, except the positive and
negative control group. All the animals were observed at least twice
daily to check the therapeutic efficacy of prepared hydrogel against
psoriasis. At the end of the study period, all the rats were sacrificed
according to the ethical guidelines of Dibrugarh University, India
and skin samples of treated areas were excised histopathological
analysis [45, 46].
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finally observed under the light microscope fitted with a camera (BX
40, Olympus, Japan) and photographs were captured [47].

Statistical analysis

All the experimental data are expressed as mean±SD (n=3) and
analyzed using one-way ANOVA followed by Dunnett’s post hoc tests
by GraphPad Prism Version 7.0 statistical software. A value of
P≤0.05 was considered statistically significant.

Histopathological studies

RESULTS AND DISCUSSION

The skin of the sacrificed animals was then subjected to
histopathological analysis for the confirmation of the treatment
efficacy of nanoformulations. The skin samples were collected from
all the respective groups of animals and were fixed in 10% formalin
fixative for 24 h. Collected skin samples were then processed in a
tissue processor to remove the formalin content, embedded in
paraffin wax for fixing and vertical skin sections (4 µm) were taken
using a microtome. After removing the traces of paraffin, skin
sections were mounted on the glass slide and stained with
hematoxylin and eosin (H and E). The mounted specimens were

Preparation and optimization of curcumin-loaded LPHNPs
The curcumin-loaded LPHNPs were successfully prepared by the
emulsification solvent evaporation method. In this investigation,
ethylcellulose was used as an innermost hydrophobic polymeric core
which encapsulating the anticancer drug curcumin and stearic acid
was used outermost lipid layer that provides the protective shell over
the polymeric core (fig. 1). All the ingredients used in the preparation
of lipid-polymer hybrid nanoparticles were reported as biocompatible,
biodegradable and safe for clinical purpose [48, 49].

Fig. 1: Schematic representation of LPHNPs formulation process

For optimization purposes, the composition of the formulation was
varied and several trials has been performed for the preparation of
blank formulations. All the blank formulations were subjected to the
characterization on the basis of particle size and polydispersity index
to assess the effect of the lipid-to-polymer ratio. During optimization,
it was found that ethylcellulose concentration lower than 20 mg
rendered the structure of nanoparticles and also chances for low drug
entrapment, whereas greater than 20 mg or excess amounts of
polymer concentration produced larger size of nanoparticles, mainly
due to formation of aggregation, which is further decrease the drug
release and biostability of formulations [50]. Further, stearic acid

concentration lower than 5 mg leading to sediment at the bottom of
the container due to precipitation and coalescence of the polymeric
core resulting from incomplete lipid layer coverage, whereas greater
than 5 mg or excess amounts of lipid concentration resulting in the
formation of thick lipid layers, which is further increasing the particle
size as well as causing some challenges during drug release [51].
Hence, for the preparation of stable nanoformulations, the amount of
ethylcellulose and stearic acid was fixed at 20 mg and 5 mg,
respectively, as optimal and chosen for subsequent experiments with
the addition of varying amounts of the drug. The composition of all the
formulations is shown in table 1.

Table 1: Formulation design of blank and drug-loaded LPHNPs

Formulation code
BN-1
DLN-1
DLN-2
DLN-3

Ethyl cellulose (mg)
20
20
20
20

*BN: Blank LPHNPs, DLN: Drug-loaded LPHNPs.

Stearic acid (mg)
5
5
5
5

Characterization of LPHNPs
Particle size, polydispersity index and zeta potential
The particle size, polydispersity index and zeta potential are the
crucial parameters that describe the quality and stability of the
formulations. All the developed formulations, both blank and drugloaded LPHNPs were characterized for particle size, polydispersity
index and zeta potential and the observed values are shown in table

Drug (mg)
2
3
4

Ethanol (ml)
2
2
2
2

Tween 80 (% w/v)
1
1
1
1

Aqueous phase (ml)
10
10
10
10

2. The average particle size and polydispersity index of the prepared
LPHNPs were measured by Dynamic Light Scattering using the
particle size analyzer (90 Plus, Brookhaven Instrument, USA) and
the zeta potential of the prepared LPHNPs were measured by
Zetasizer (Nano ZS, Malvern Instruments, UK) (fig. 2). From the
observation, it was found that particle size, polydispersity index and
zeta potential were significantly affected by the concentration of
polymer and lipid as well as the concentration of the drug. The
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particle size and polydispersity index of DLN-1 to DLN-3 were
increased with increment amount of the polymer and lipid. During
the emulsification process, an increase in polymer and lipid
concentration led to an increase in the viscosity of the organic phase
leading to the formation of larger nanodroplets at the interface [52,
53]. The zeta potential measurement suggested that surface of the
nanoparticles was negatively charged. This is mainly due to the
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presence of negatively charged stearic acid on the nanoparticle
surface imparts anionic nature to the nanoparticles which confirmed
that the polymeric core was successfully covered up by the lipid
layer. The observed value revealed that drug-loaded LPHNPs were
more stable than the blank since the zeta potential value of
nanoparticles (˃+30 mV or ˂-30 mV) were considered favorable for
better colloidal stability of the developed nanoparticles [54].

Fig. 2: Particle size distribution of (A) BN-1, (B) DLN-3 and Zeta potential of (C) BN-1, (D) DLN-3

Drug entrapment and drug loading efficiency
The drug entrapment and loading efficiency are two important
parameters for assessing the total amount of drug feed during the
formulation of nanoparticles. The drug entrapment and loading
efficiency of all the LPHNPs formulations (DLN-1, DLN-2 and DLN-3)
were determined using UV-Visible Spectrophotometer (UV 1800,

Shimadzu, Japan) and the observed results are shown in table 2. From
the observation, it was found that drug entrapment and loading
efficiency were drastically decreased as the amount of polymer and lipid
were increased. This is due to the fact that a higher amount of polymer
and lipid would produce tinny size droplets with large surface areas,
such that diffusion of the drug was very fast from the nanoparticles
leading to the lower drug entrapment and loading efficiency [55].

Table 2: Characterization of LPHNPs
Formulation code
BN-1
DLN-1
DLN-2
DLN-3

Particle size (nm)
190.8
268.1
300.1
200.9

Polydispersity index
0.379
0.384
0.373
0.342

Zeta potential (mV)
-16.3
-36.7
-31.5
-28.3

*DEE: Drug entrapment efficiency, DLE: Drug loading efficiency., Data are presented as mean±SD (n=3).
Drug-excipient compatibility studies
For FT-IR analysis, the characteristic spectrums of the pure drug
curcumin, ethylcellulose, stearic acid, physical mixture, blank
LPHNPs (BN-1) and curcumin-loaded LPHNPs (DLN-3) were
recorded and results are shown in fig. 3. From the FT-IR spectrum, it
was observed that curcumin (fig. 3A) showed major characteristic
peaks at 3475.58 cm-1 due to O-H stretching, 2909.05 cm-1due to C-H
stretching, 1625.9 cm-1 due to C=O stretching, 1499.73 cm-1due to CC stretching (aromatics) and 1263.27 cm-1 due to C-O stretching
[56]. The FT-IR spectrum of ethyl cellulose (fig. 3B) indicates the
characteristic bands at 3498.62 cm-1 due to O-H stretching, 2917.75
cm-1 due to C-H stretching, 1697.07 cm-1 due to C=O stretching and
1373.89 cm-1 due to C-H bending [57]. In the FT-IR spectrum of
stearic acid (fig. 3C), a characteristics peak was observed at 2912.90

DEE (%)
81.83±0.23
80.24±0.87
87.40±0.99

DLE (%)
2.37±0.14
3.52±0.11
4.57±0.04

cm-1 due to O-H stretching, 2845.78 cm-1 due to C-H stretching,
1694.65 cm-1 due to C=O stretching and 1464.06 cm-1 due to C-H
bending [58]. The spectrum of the physical mixture (fig. 3D)
illustrates the characteristic bands of all the individual components
without any remarkable shift from the normal position. The FT-IR
spectrum of blank LPHNPs (fig. 3E) indicates the presence of distinct
bands of both ethyl cellulose (1739.70 cm-1) and stearic acid
(2861.89 cm-1), which further supports the development of
formulation. However, in the spectrum of curcumin-loaded LPHNPs
(fig. 3F), it was seen that curcumin reserved its identity, with a slight
shift of distinct bands at 1453.91 cm-1 and 1252.80 cm-1, suggesting
C-C stretching and C-O stretching of the drug in the developed
formulation, was not observed in the spectrum of blank LPHNPs
which might be due to the overlapping of identical groups in ethyl
cellulose and stearic acid [59].
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Fig. 3: FT-IR spectrums of (A) Curcumin, (B) Ethylcellulose, (C) Stearic acid, (D) Physical mixture, (E) Blank LPHNPs (BN-1), (F) Curcuminloaded LPHNPs (DLN-3)

For DSC analysis, the thermograms of the pure drug curcumin,
ethylcellulose, stearic acid, physical mixture, blank LPHNPs (BN-1)
and curcumin-loaded LPHNPs (DLN-3) were recorded and results
are shown in fig. 4. From the DSC thermogram, it was found that
curcumin (fig. 4A) exhibits a sharp endothermic peak at 185.22 °C,
indicating its melting point, respectively [60]. The thermogram of
the ethylcellulose (fig. 4B) showed an exothermic peak at 187.74 °C,
which is mainly due to the presence of crystalline domains within an
amorphous base or semi-crystalline structure of the sample,
whereas stearic acid (fig. 4C) as a lipid component of formulation
showed an apparent endothermic peak at 62.28 °C [61, 62]. By
comparing the DSC thermograms of the physical mixture (fig. 4D)
and blank LPHNPs (fig. 4E) as well as curcumin-loaded LPHNPs (fig.
4F), it is clearly seen that both contain similar endothermic peaks.
However, in the case of a physical mixture, the peaks are more
prominent and sharper than the thermogram of formulations, which
is mainly due to some components in the formulation may get
covered or entrapped by other components. Further, the DSC
thermogram of prepared curcumin-loaded LPHNPs showed the full
disappearance of all the characteristics peaks of curcumin except
those pertaining to ethylcellulose and/or stearic acid, confirms the
molecular dispersion of the curcumin within the polymeric core of
hybrid nanoparticles or existed in an amorphous form [63].
For XRD analysis, the diffractograms of the pure drug curcumin,
ethylcellulose, stearic acid, physical mixture, blank LPHNPs (BN-1)
and curcumin-loaded LPHNPs (DLN-3) were recorded and results
are shown in fig. 5. From the XRD diffractograms, it was observed
that the curcumin (fig. 5A) showed a group of sharp peaks in the
range of 10-30 °, which reflecting its crystalline structure [64]. The
XRD patterns of ethyl cellulose (fig. 5B) displayed a broad peak at
20.5°, indicating ethyl cellulose have mostly an amorphous region
with semi-crystalline properties, whereas the diffractogram of
stearic acid (fig. 5C) showed a typical diffraction peak at 21.0° and
24.0° indicating that stearic acid has good crystallization properties
[65, 66]. The typical crystalline peaks of the curcumin (10°, 15°,

20.5°, 24° and 30°) are clearly visible in the physical mixture (fig.
5D), but these characteristics peaks are not apparent in the blank
LPHNPs (fig. 5E) due to the absence of drug and curcumin-loaded
LPHNPs (fig. 5F), which supports that curcumin was encapsulated in
the polymeric core of the LPHNPs or might have undergone
amorphization during formulation [67]. Therefore, drug excipient
compatibility studies revealed that all the components used for the
preparation of hybrid nanoparticles are compatible with each other,
without producing any types of interactions.
Morphological studies

The outer shape and surface morphology of the prepared LPHNPs
were assessed by SEM analysis and results are shown in fig. 6. The
SEM photomicrographs of the blank (BN-1) (fig. 6A) and curcuminloaded LPHNPs (DLN-3) (fig. 6B) affirmed that the shape of the
nanoparticles was spherical and slightly pyritohedron with smooth
surface characteristic and no such difference was observed in the
morphological properties of nanoparticles due to the presence of the
drug. Moreover, the SEM photomicrographs also revealed that the
agglomeration of nanoparticles might be due to the lipidic nature of
the nanoparticles surface and the drying process at the time of
sample preparation prior to SEM analysis [68].

The internal structure and surface morphology of the prepared
LPHNPs were further examined by TEM analysis and results are
shown in fig. 6. TEM photographs of the blank (BN-1) (fig. 6C) and
curcumin-loaded LPHNPs (DLN-3) (fig. 6D) suggested that the
prepared nanoparticles were well identified with essentially
spherical or round shape. As seen in TEM photographs, a relatively
dense region was observed in the center portion. The probable
reason is that during TEM analysis, the electrons are pass through
the specimens like lipid or other materials, but in the case of a
polymer, the electrons are unable to pass through the polymeric
layer, as a result, the dense region was observed. This result
indicates that the polymeric core was properly encapsulated within
the lipid layers [69].
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Fig. 4: DSC thermograms of (A) Curcumin, (B) Ethyl cellulose, (C) Stearic acid, (D) Physical mixture, (E) Blank LPHNPs (BN-1), (F)
Curcumin-loaded LPHNPs (DLN-3)

Fig. 5: X-ray diffractograms of (A) Curcumin, (B) Ethylcellulose, (C) Stearic acid, (D) Physical mixture, (E) Blank LPHNPs (BN-1), (F)
Curcumin-loaded LPHNPs (DLN-3)
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Fig. 6: Surface morphology: SEM images of (A) BN-1, (B) DLN-3 and TEM images of (C) BN-1, (D) DLN-3

In vitro drug release studies
The in vitro release studies of various curcumin-loaded LPHNPs
formulations (DLN-1, DLN-2 and DLN-3) were performed using the
dialysis bag method and the release profile of curcumin from the
prepared LPHNPs are presented in fig. 7. During the experiment,
40% v/v PEG 400 was added to the phosphate buffer solution pH
4.5, to improve the water solubility of curcumin in maintaining sink
condition throughout the drug release study. The drug release data
revealed that all the formulations DLN-1, DLN-2 and DLN-3 were
showed maximum drug release as 42.73±0.7, 46.16±1.4 and

55.37±1.4% up to 24 h, respectively. However, all the formulations
DLN-1, DLN-2 and DLN-3 were showed an initial burst release of
32.60±1, 32.81±1.3 and 39.34±3.1% in 12 h period and thereafter
showed slower sustained drug release. The reason behind the initial
burst release is attributed that the presence of the drug on the
surface of nanoparticles which might have got desorbed upon
contact with the dissolution medium, while the slower and sustained
release may be attributed to the diffusion of drug molecules through
the polymer core matrix. This finding was further confirmed that
successful incorporation of curcumin in the polymeric core of the
LPHNPs could impactfully sustain the release of curcumin [70, 71].

Fig. 7: In vitro drug release profile of prepared LPHNPs (DLN-1, DLN-2 and DLN-3) in acetate buffer pH 4.5+PEG 400 (40% v/v). Each data
points are presented as mean±SD (n=3)
In vitro drug release kinetics
The drug release mechanism of all the curcumin-loaded LPHNPs
formulations (DLN-1, DLN-2 and DLN-3) was interpreted by
comparing the obtained correlational coefficient (R2 value) of the
various kinetic models like zero-order, first-order, Higuchi and
Korsmeyer-Peppas model with one another by model fitting
equation (table 3). A close observation of R2 values of all the

curcumin-loaded LPHNPs formulations (DLN-1, DLN-2 and DLN-3)
attributed the release kinetic with the Korsmeyer-Peppas model
with R2 values of 0.975 (DLN-1), 0.973 (DLN-2) and 0.975 (DLN-3).
The release exponent ‘n’ values are 0.91, 0.89 and 0.90 for DLN-1,
DLN-2 and DLN-3, respectively, indicating that drug release from
these formulations follows super case II transport mechanism
operated by swelling and erosion of the polymer/lipid matrix in the
dissolution medium [72, 73].
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Table 3: Correlational coefficient (R2) of different kinetic models for interpreting the drug release mechanism
Formulation
code
DLN-1
DLN-2
DLN-3

Zero-order model
R2
K0
0.855
2.075
0.884
2.207
0.884
2.644

Stability studies

First-order model
R2
K1
0.880
-0.011
0.912
-0.012
0.923
-0.016

The stability of the prepared curcumin-loaded LPHNPs (DLN-1,
DLN-2 and DLN-3) were investigated in terms of particle size,
polydispersity index and drug entrapment efficiency (table 4).
During the entire study period, it was observed that all the
formulations were stable with minor variations in particle size and
polydispersity index, without any significant changes in drug
entrapment efficiency when stored at normal condition (25±2 °C)
and refrigerated conditions (4±2 °C) for 90 d. The reason behind
the slight variations in particle size and polydispersity index is
that when stored at normal conditions the particle size and
polydispersity index of the formulations were increased due to
swelling, aggregation and photolytic degradation of particles.
However, under refrigerated conditions, the particle size and

Higuchi model
R2
KH
0.919
11.713
0.919
11.713
0.921
14.045

Korsmeyer-peppas model
R2
n
0.975
0.918
0.973
0.897
0.975
0.909

polydispersity index were decreased due to the prevention of
swelling, aggregation and photolytic degradation, stating better
stability under these conditions. These results further suggested
that temperature has a significant impact on LPHNPs properties
and storage under refrigerated conditions is recommended for
better stability [74, 75].

Preparation of hydrogels containing LPHNPs

After characterization of all the prepared curcumin-loaded LPHNPs
(DLN-1, DLN-2 and DLN-3) in terms of particle size, polydispersity
index, zeta potential, drug entrapment efficiency, drug loading
efficiency and in vitro drug release profiles, the formulation DLN-3
with optimum physicochemical properties was selected for the
preparation of topical hydrogels. The composition of the prepared
topical hydrogels are shown in table 5.

Table 4: Stability studies of prepared curcumin-loaded LPHNPs (DLN-1, DLN-2 and DLN-3) for 90 d

Time (d)
0

30
60
90

Formulation code

Normal conditions (25±2 °C)
PS (nm)
PDI
268.1
0.384
300.1
0.373
200.9
0.342
308.5
0.264
342.5
0.403
247
0.394
313.4
0.383
352.2
0.366
260.7
0.315
346.1
0.400
368
0.388
269.2
0.359

DLN-1
DLN-2
DLN-3
DLN-1
DLN-2
DLN-3
DLN-1
DLN-2
DLN-3
DLN-1
DLN-2
DLN-3

Refrigerated conditions (4±2 °C)
PS (nm)
PDI
DEE (%)
268.1
0.384
81.83±0.23
300.1
0.373
80.24±0.87
200.9
0.342
87.40±0.99
248.8
0.363
81.37±0.57
297.1
0.375
80.40±1.20
167.5
0.341
87.16±0.96
241.0
0.358
79.30±0.45
287.9
0.307
80.51±0.69
165.1
0.324
87.30±1.70
218.1
0.264
78.06±0.83
282.2
0.357
79.88±2.14
158.0
0.383
88.76±0.50

DEE (%)
81.83±0.23
80.24±0.87
87.40±0.99
80.93±1.20
80.24±1.30
87.80±0.43
79.53±1.59
82.18±0.74
89.53±0.80
79.60±1.60
81.78±0.78
90.50±1.20

*PS: Particle size, PDI: Polydispersity index, DEE: Drug entrapment efficiency. Data are presented as mean±SD (n=3)
Table 5: Formulation design of blank and LPHNPs-loaded hydrogels

Gel formulation
BHG-1
NLHG-1

Carbopol 940 (%
w/v)
2
2

DLN-3
(% w/v)
0.1

*BHG: Blank hydrogels, NLHG: LPHNPs-loaded hydrogels.

Glycerin
(% w/v)
5
5

Characterization of hydrogel formulations

The physicochemical properties like physical appearance, pH,
spreadability and drug content of both blank and LPHNPs-loaded
hydrogels were studied and results are shown in table 6.
Physical appearance

The physical appearance of prepared BHG-1 hydrogels was found to be
off-white in color whereas, NLHG-1 hydrogels were found to be light
yellow in color (fig. 8) due to the presence of curcumin with smooth in
texture, semisolid consistency and highly homogenous nature [76].
pH measurement

The pH of the prepared BHG-1 and NLHG-1 hydrogels were found to
be 4.90±0.15 and 5.53±0.32, respectively, which indicates that the

Methyl paraben
(% w/v)
0.7
0.7

Triethanolamine
q. s.
q. s.

Distilled
water
q. s.
q. s.

pH of prepared hydrogels was slightly below 6.0 or almost near to
the skin pH. It is physiologically suitable for topical use and also
adequate for chemical stability since curcumin is unstable at pH 7.0
or above. As a result, skin irritation was avoided when topically
applied on the skin surface [77].
Spreadability measurement

The spreadability of the prepared BHG-1 and NLHG-1 hydrogels
were found to be 17.54±5.76 g-cm/sec and 20.94±14.52 g-cm/sec,
respectively. These values suggest that the prepared hydrogels are
easily spreadable on the skin surface by applying a small amount of
shear. Moreover, the spreadability is not only exhibiting the
behavior of the hydrogels but also provides better therapeutic
efficacy, patient compliance as well as suitability for topical
administration [78].

Table 6: Characteristics of blank and LPHNPs-loaded hydrogels

Gel formulation
BHG-1
NLHG-1

Physical appearance
Off white
Light yellow

Data are presented as mean±SD (n=3).

Homogeneity
Highly homogenous
Highly homogenous

pH
4.90±0.15
5.53±0.32

Spreadability (g-cm/sec)
17.54±5.76
20.94±14.52

Drug content (%)
89.92±3.4
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Fig. 8: Physical appearance of (A) BHG-1 hydrogels at 10X and (B) NLHG-1 hydrogels at 10X

Drug content estimation
The curcumin content in the prepared NLHG-1 hydrogels was found
to be 89.92±3.4%, which indicates that drug-loaded LPHNPs were
uniformly distributed and efficiently mixed in the hydrogels and the
loss of drug or drug-loaded LPHNPs during formulation processes
was minimal [79].
In vitro skin permeation studies

The in vitro skin permeation study was performed using modified
Franz diffusion cell and results suggested that prepared NLHG-1
hydrogels showed better permeation through the excised pig ear
skin and retained in the skin layers for a prolonged period of time.
As shown in fig. 9, the amount of curcumin permeated from the
prepared NLHG-1 hydrogels was found to be sustained
(38.39±2.67%) over a period of 12 h. Further, steady-state flux (Jss)
and permeability coefficient (Kp) of the prepared NLHG-1 hydrogels
were found to be 18.74±3.59 µg/cm2/h and 1.87±0.36×10-2 cm/h,
respectively, which indicates that the curcumin was significantly

permeated through the pig ear skin from the NLHG-1 hydrogels. The
enhanced skin permeation of the curcumin from the NLHG-1
hydrogels is mainly due to the smaller particle size and increased
surface area of LPHNPs that interface with skin corneocytes and
more effectively hydrated by the stratum corneum [80]. After
investigating the skin permeation profile, the amount of curcumin
retained in the skin was quantified spectrophotometrically and skin
deposition of the curcumin in the NLHG-1 hydrogels was found to be
10.20±1.99 µg/ml, which indicated that the LPHNPs were strictly
confined in the skin layers and exhibit maximum therapeutic efficacy
in targeted localized skin area. This accumulation of curcumin in the
epidermis might be attributed to that the uppermost layer of the
epidermis i.e., stratum corneum consists of 70% proteins, 15% lipids
and 15% water and this composition of the epidermis affirm
retention of intact LPHNPs from which curcumin is released slowly
in the epidermal site of skin where involving the hyper-proliferation
of keratinocytes and psoriasis. Hence, observed results manifested
that NLHG-1 hydrogels were suitable for further in vivo study [81,
82].

Fig. 9: In vitro drug permeation profile of prepared LPHNPs-loaded hydrogels (NLHG-1) employing pig ear skin. Each data points are
presented as mean±SD (n=3)

Skin accumulation of LPHNPs by TEM analysis
To further confirm the skin accumulation of LPHNPs, skin samples
from the in vitro permeation study were subjected to TEM analysis
and photographs are shown in fig. 10. TEM images clearly revealed
shape-dependent accumulation of various-shaped LPHNPs in the
diverse layers of skin (red color dotted circles), indicates their
penetration via the intercellular pathway. The number of LPHNPs

observed inside epidermis, dermis and adipose tissues was
dependent on particle size. As the particle size reduced, the higher
amount of LPHNPs was found to aggregate in the deeper skin layers
and eventually could reach the viable dermis. Earlier, Tak YK et al.
(2015) studied skin penetration of silver nanoparticles (AgNPs)
through mouse skin and found that AgNPs were permeated via an
intercellular pathway in a size-dependent manner. In our study,
LPHNPs accumulation appears to be in a similar way [83].
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Fig. 10: TEM images of skin samples from in vitro skin permeation study

In vivo antipsoriatic efficacy
The in vivo antipsoriatic efficacy of the prepared NLHG-1 hydrogels
and standard marketed gels were evaluated in healthy Wister albino
rats using 5% w/w IMQ cream-induced psoriatic animal model (fig.
11). IMQ is an immune modulator mainly used for the treatment of
external anogenital warts caused by human papillomaviruses (HPV).
The topical application of IMQ on wild-type mice back skin was
reported to induce skin lesions or inflammation that closely resembles
to human psoriasis [84, 85]. After the induction period, the formation
of lesions and inflammation over the rats skin were examined visually.
Initially, all the animals and Group I animals (fig. 11A) showed normal
skin structure without producing any clinical features of psoriasis-like
inflammation, but the IMQ-treated rats back skin (Group II) (fig. 11B)
started to exhibit symptoms of very mild thickening, erythema,

swelling and scaling between 2-5 d. From day 6 onward, the
inflammation was noticeable and got gradually increased in severity
up to day 9 (fig. 11C and fig. 11D). These symptoms significantly
reduced after topical application (started from day 10) of standard
marketed gels in Groups III (fig. 11C’) and prepared NLHG-1 hydrogels
in Group IV (fig. 11D’) for the period of three weeks. The results of the
visual observation were further indicated that the rats were treated
with prepared NLHG-1 hydrogels showed a maximum reduction of
skin lesions, erythema, thickening and inflammation as compared to
the standard marketed gels, which may be due to better skin
penetration and accumulation of LPHNPs at the site psoriatic skin as
well as the sustained release of curcumin for a long duration by the
LPHNPs. Hence, the therapeutic potency of the prepared NLHG-1
hydrogels was found to be a magnificent and promising alternative
formulation for psoriasis treatment [86-88].

Fig. 11: In vivo evaluation of IMQ induced psoriatic skin (A) Positive control group, (B) Negative control group, (C/C )׳Standard group,
where C is the psoriatic skin and C ׳is the cured skin, (D/D )׳Test group, where D is the psoriatic skin and D ׳is the cured skin
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Histopathological studies
Histopathological analysis of the skin samples collected from a
various group of animals i.e., positive control (Group I), negative
control (Group II), standard (Group III) and test (Group IV) were
done to observe the psoriatic features and the efficacy of treatment
in the recovery of psoriatic skin to normal condition. The H and E
stained images of collected skin samples from various groups of
animals are shown in fig. 12.
In the positive control group (fig. 12A), no abnormal phenotype,
dermal or epidermal irregularities were observed since this group
does not treated with any chemicals. When compared to the positive
control group, the negative control group (IMQ-treated group; fig.

Int J App Pharm, Vol 13, Issue 3, 2021, 150-164
12B) displayed inflammatory cell infiltration, irregular epidermal
and subcutaneous tissue thickness due to hyperplasia of basal and
suprabasal keratinocytes, suggesting the induction of psoriasis [89,
90]. The above-mentioned clinical features of psoriasis were
significantly hindered after topical treatment with standard
marketed gels (standard group; fig. 12C/C’) and NLHG-1 hydrogels
(test group; fig. 12D/D’). Both the standard marketed gels and
NLHG-1 hydrogels treated group showed an almost similar
therapeutic effect, but desirable outcomes were seen in the case of
NLHG-1 hydrogels treated group, probably due to better skin
penetration and accumulation of LPHNPs as well as the sustained
release of curcumin for a prolonged period of time from the LPHNPs
[91, 92].

Fig. 12: Histopathological obser vation of r ats skin via H and E staining (A) Positive contr ol gr oup, (B) Negative contr ol gr oup, (C/ C )׳Standar d
gr oup, wher e C is the psor iatic skin and C ׳is the cur ed skin, (D/ D )׳Test gr oup, wher e D is the psor iatic skin and D ׳is the cur ed skin
CONCLUSION
In the present study, LPHNPs-loaded hydrogels (NLHG-1) were
developed and characterized for topical delivery of curcumin in the
management of chronic inflammatory skin disorders related to
psoriasis. The curcumin-loaded LPHNPs were successfully prepared
by the emulsification solvent evaporation method and the results of
in vitro characterization, drug-excipient compatibility and
morphology of the developed LPHNPs were found to be in an
appropriate range along with good compatibility and surface
properties. In vitro drug release studies revealed that curcumin was
released from the matrix of LPHNPs in a sustained manner over a
period of 24 h via super case II transport mechanism followed by the
Korsmeyer-Peppas model. Further, curcumin-loaded LPHNPs were
incorporated into the hydrogel matrix for the topical administration
of curcumin on IMQ-induced psoriatic skin. The results of in vitro
skin permeation and skin retention study demonstrated that NLHG1 hydrogels could significantly increase the permeation of curcumin
and accumulation of LPHNPs into the pig ear skin for a prolonged
period of time. Additionally, in vivo evaluation against IMQ-induced

psoriasis in rats model and the histopathological study
demonstrated that NLHG-1 hydrogels displayed better therapeutic
efficacy as compared to the standard marketed gels by showing
maximum reduction of skin lesions, erythema, thickening and skin
inflammation. Therefore, it can be concluded that the prepared
NLHG-1 hydrogels are a suitable and good alternative carrier for the
management of various skin diseases like psoriasis.
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