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Psoriasis is a chronic immune-mediated inflammatory skin disorder characterized by
erythematous plaques, scaling, keratinocyte hyperproliferation, and infiltration of
inflammatory cytokines. Conventional topical therapies often exhibit limited efficacy
due to poor skin penetration, systemic adverse effects, and frequent dosing
requirements. The present study focuses on the development and systematic evaluation
of novel nanostructured lipid carriers (NLCs) loaded with Boswellic Acid for improved
topical treatment of psoriasis. Boswellic acid possesses significant anti-inflammatory,
antioxidant, and immunomodulatory properties; however, its therapeutic application is
restricted by poor aqueous solubility and low bioavailability. To overcome these
limitations, boswellic acid-loaded NLCs were formulated using suitable solid lipids,
liquid lipids, and surfactants through the hot homogenization—technique.The developed
formulations were systematically characterized for particle size, polydispersity index,
zeta potential, entrapment efficiency, and in vitro drug release behavior. The optimized
NLC formulation exhibited nanosized particles with high entrapment efficiency, good
physical stability, and sustained drug release characteristics. boswellic acids were
observed due to the occlusive and lipid-compatible nature of the NLC system.
Furthermore, the formulation demonstrated improved anti-psoriatic potential by
reducing inflammation, erythema, and epidermal hyperproliferations. That resulting
boswellic acid-loaded NLCs represent a promising nanocarrier-based topical delivery
system for psoriasis management. Novel formulation may enhance therapeutic efficacy,
improve patient compliance, minimize systemic side effects, and provide controlled
drug release. Therefore, NLC-based delivery of boswellic acid could serve as an
effective and safer alternative to conventional topical therapies for chronic psoriasis
treatment

INTRODUCTION

Psoriasis: Psoriasis is a chronic immune-mediated
inflammatory skin condition linked to various
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morbidities, including psoriatic Arthritis and
cardiovascular issues. Recognized by the World
Health Organization in 2014 as a serious non-
communicable disease, it is often associated with
misdiagnosis, inadequate treatment, and stigma.
Psoriasis is a chronic condition that impacts both
the skin and joints, characterized by erythematous
plaques with silvery scaling and a recurrent course.
Histological  features epidermal
hyperproliferation, elongated blood vessels, and
lymphocytic infiltrate surrounding blood vessels.
Recognized as an auto-immune disease, current
therapies focus on the skin immune system, which

include

plays a crucial role in its pathogenesis. [1]

Etiology: Psoriasis is a chronic autoimmune and
inflammatory caused by a
combination of genetic, immunological,
environmental factors. The causes of psoriasis are
complex, with genetics playing a key role,
especially in early onset plaque psoriasis. Studies
show that heritability is between 60% and 90%,
and over 60 susceptibility sites have been found.
Important genes involved include those related to
immune response and skin barrier function. The
interaction between T cells, dendritic cells, and
keratinocytes drives inflammation and skin cell
growth, especially through the IL 23/Thl7
pathway. Environmental factors like obesity,
stress, certain medications, and smoking can
worsen psoriasis. [2],[3]

skin disorder
and

Causing Function: Psoriasis is a chronic immune-
mediated inflammatory skin disorder caused by
abnormal activation of the immune system,
particularly T-lymphocytes, which mistakenly
attack healthy skin cells. This immune response
releases inflammatory cytokines such as TNF-a,
IL-17, and 1IL-23, leading to
inflammation and rapid proliferation of

excessive

keratinocytes. As a result, skin cells mature and
accumulate on the skin surface within a few days
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instead of the normal 28-30-day cycle, causing
thick, red, scaly plaques. Increased blood vessel
formation and persistent inflammation further
contribute to redness, itching, and skin thickening
associated with psoriasis. [4],[5],[6]

Treatments: Treatment of psoriasis aims to
reduce inflammation, control excessive skin cell
proliferation, relieve symptoms, and improve
quality of life. Depending on disease severity,
treatment includes topical therapies such as
corticosteroids, vitamin D analogs, retinoids, coal
tar, and moisturizers for mild psoriasis, while
moderate to severe cases may require
phototherapy, systemic drugs like methotrexate
and cyclosporine, or biologic agents targeting
inflammatory cytokines such as TNF-a, IL-17, and
IL-23. Recently, topical
delivery systems, including nanostructured lipid
carriers (NLCs), have gained attention for
enhancing drug penetration, controlled release,

and therapeutic efficacy with reduced side effects.

[7]

nanocarrier-based

Available Medicines/Methods: Psoriasis can be
treated using topical medicines, systemic
phototherapy, and lifestyle
management depending on severity. For mild to
moderate psoriasis, doctors commonly prescribe
topical corticosteroids (such as hydrocortisone,
betamethasone, clobetasol), vitamin D analogues
(calcipotriol,  calcitriol),  topical  retinoids
(tazarotene), coal tar preparations, salicylic acid,
and moisturizers/emollients to reduce scaling and
dryness. For moderate to severe cases, systemic
medicines like methotrexate, cyclosporine, and
acitretin are used, along with newer oral drugs
such as apremilast. In severe psoriasis and
psoriatic arthritis, highly effective biologic drugs
are available, including TNF-alpha inhibitors
(adalimumab, infliximab, etanercept), IL-17
inhibitors (secukinumab, ixekizumab), and IL-

medicines,
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inhibitors  (ustekinumab). Another

effective method is phototherapy, especially
narrowband UVB and PUVA therapy, which helps
slow skin cell growth. Along with medicines,
supportive methods like stress control, avoiding
smoking and alcohol, maintaining healthy weight,
regular moisturizing, and avoiding skin injury or
infections help reduce flare-ups and improve long-
term control. [§]

Types of Psoriasis:

1.

Plaque psoriasis (psoriasis vulgaris): It is a
long-lasting (chronic) autoimmune disease
that causes your cells to reproduce very
quickly. It’s a type of psoriasis that causes
thick, scaly patches called plaques on your
skin. It most commonly affects you: - Elbows,
Back, Knees., Scalp (skin on your head
usually covered with hair). [4]

Fig.: 1.1 Plaque psoriasis

Inverse Psoriasis: Inverse psoriasis is a
disease that causes your skin cells to
reproduce very quickly. It’s a type of psoriasis
that appears in areas where your skin rubs
against itself (skin folds), including Armpits
(axilla), Belly button (navel), Below your
breasts, Groin.[4]
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Fig.: 1.2 Inverse Psoriasis

Guttate Psoriasis: Guttate psoriasis is a skin
disease that often comes suddenly after
infections like strep throat. It mainly affects
young adults but can occur in older adults,
showing small, red scaly patches.[4]

Fig.: 1.3 Guttate Psoriasis

Pustular Psoriasis: Pustular psoriasis is a
type of psoriasis that causes pus-filled blisters
on plaques, which are patches of scaly, flaky
skin. Pustular psoriasis is common on your
hands and feet but can form anywhere on your
body.[4]

Fig.: 1.4 Pustular Psoriasis
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5. Nail Psoriasis: Pitting, irregular nail growth,
and discoloration can all be brought on by
psoriasis and affect both fingernails and
toenails. The nail bed may become loose and
separate from psoriatic nails (onycholysis).
The nail may break if the illness is severe.[4]

Drug Profile: Boswellic acid is a naturally
occurring pentacyclic triterpenoid compound
obtained mainly from the resin (gum) of the plant
Boswellia serrata (Indian frankincense). It is
widely used in traditional medicine and modern
herbal formulations due to its anti-inflammatory,
anti-arthritic, and immunomodulatory properties.
Boswellic acid works mainly by inhibiting 5-
lipoxygenase (5-LOX) enzyme, which reduces the
formation of inflammatory leukotrienes. It also
helps in reducing inflammation by inhibiting pro-
inflammatory cytokines like TNF-a, IL-1B3, and
IL-6, and may reduce oxidative stress. Because of
this mechanism, it is
inflammatory conditions.[9],[10]

useful in chronic

Fig.: 1.6 Boswellia Serrata

Chemical Structure: acetyl-keto-beta-boswellic
acid (AKBA)

AKBA

Nanostructured Lipid Carriers (NLCs):
Nanostructured lipid carriers (NLCs) are advanced
lipid-based nanocarriers composed of a mixture of
solid and liquid lipids, offering advantages such as
improved drug loading, controlled release,
enhanced skin permeation, and better stability.

T
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3D Structure

Therefore, the development and evaluation of
NLCs for the topical delivery of boswellic acid
represent a promising strategy to enhance its
therapeutic efficacy and provide an effective and
safer approach for the management of
psoriasis.[2],[22]
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Fig.: 1.7 NLCs

Types

(NLCs):

1. Imperfect Crystal Type NLC — mixture of
solid and liquid lipids creates imperfections in
crystal structure, allowing higher drug
loading.

2. Amorphous Type NLC - lipid matrix
remains in amorphous (non-crystalline) form,
preventing drug expulsion during storage.

3. Multiple Type NLC (Oil-in-Fat-in-Water)
— contains tiny oil nanocompartments inside
solid lipid matrix, suitable for high drug
entrapment and controlled release.[22]

of Nanostructured Lipid Carriers

Methods: The formulation process involves hot
homogenization techniques. Initially, the lipid
phase, containing the drug, was heated to a
temperature exceeding the melting point of the
lipids. Simultaneously, the aqueous phase, which
included a surfactant and a co-surfactant, was also
heated to this same temperature. The next step
involved the gradual addition of the aqueous phase
into the lipid phase while maintaining continuous
stirring, resulting in the formation of a coarse
emulsion. The optimized nanosystem was
effectively integrated into a gel base formulated
with Carbopol 934, which was initially dispersed
in distilled water and hydrated overnight. Careful
incorporation of the nanosystem was performed
with continuous stirring to ensure uniformity,
followed by pH adjustment to achieve a skin
compatible range of 5.5 to 6.5, resulting in a
homogeneous nano-gel.[18],[19]

T
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"

*VV; ) INTERNATIONAL JOURNAL OF PHARMACELITICAL SCIENCES

Evaluations:

1. Particle Size Analysis: Measures average
size of NLCs (nm) using Dynamic Light
Scattering (DLS). Smaller sizes improve skin
penetration and stability.

2. Polydispersity Index (PDI): Indicates size
distribution uniformity. PDI < 0.3 shows a
uniform and stable formulation.

3. Zeta Potential: Measures surface charge of
NLCs (mV). High zeta potential (+30 mV)
indicates good physical stability by
preventing aggregation.

4. Drug Entrapment Efficiency (%EE):

percentage of drug
encapsulated inside NLCs. Calculated after
centrifugation by measuring free drug in
supernatant.

5. Drug Loading Capacity (%DL): Shows
how much drug is loaded per total lipid
weight. Higher drug loading means better
formulation efficiency.

6. In-vitro Drug Release Study: Determines
drug release pattern from NLCs using Franz
diffusion cell. Helps identify sustained or
controlled release.

7. pH Determination: Important for topical
formulations. Ideal pH should be around skin
pH (5.5-7) to avoid irritation.

Determines the

8. Viscosity  Measurement (for NLC
Gel/Cream): Determines thickness and
spreadability. Measured using Brookfield

viscometer.

9. Stability Studies: Checks physical
chemical stability over time by storing at
different temperatures and measuring particle
size, PDI, zeta potential, and drug content.
[15].[16]

and

METHOD AND MATERIALS

Plant Profile: Boswellic Acid used as a novel
topical derived from Boswellia
serrata,(Family: Burseraceae) has demonstrated

carriers,
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potent anti-inflammatory and anti-psoriatic
activity by inhibiting inflammatory mediators such
as leukotrienes. However, its poor aqueous
solubility and limited skin penetration restrict its
clinical application in topical therapy. [11],[12]
Botanical Profile: Boswellia Serrata (Indian
Frankincense)

Family: Burseraceae

Part used: Oleogum resin extracted from the bark
Genus: Boswellia

Species: B. serrata

Kingdom: Plantae

Class: Anacardiales

Active Constituents: Alpha-boswellic acid and
beta-boswellic acid, Essential oils,
Polysaccharides.

Excipients: Excipients included solid lipids (e.g.,
stearic acid), liquid lipids (e.g., oleic acid),
surfactants (e.g., Tween 80), co-surfactants (e.g.,
propylene glycol), gelling agents (e.g., Carbopol
934 or HPMC), preservatives (e.g., methyl
paraben), and penetration enhancers
applicable. All chemicals and reagents used were
of analytical grade and procured from approved
suppliers.[17]

were

Method of Preparation: The formulation process
involves hot homogenization techniques. Initially,
the lipid phase (stearic acid, oleic acid), containing
the drug (Boswellic acid), was heated to a
temperature exceeding the melting point of the
lipids. Simultaneously, the aqueous phase (Tween
80, propylene glycol), which included a surfactant
and a co-surfactant, was also heated to this same
temperature. The next step involved the gradual
addition of the aqueous phase into the lipid phase
while maintaining continuous stirring, resulting in
the formation of a coarse emulsion.

Incorporate into gel base: The optimized
nanosystem was effectively integrated into a gel
base formulated with Carbopol 934, which was
initially dispersed in distilled water and hydrated

4 'fy INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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overnight.  Careful incorporation of the
nanosystem was performed with continuous
stirring to ensure uniformity, followed by pH
adjustment to achieve skin compatible range of 5.5
to 6.5, resulting in a homogeneous nano-gel.
[23],[24],[25]

Evaluation Parameters:

1. Particle Size, Polydispersity Index, and
Zeta Potential: Dynamic light scattering
technique was used to determine particle size
distribution, polydispersity index (PDI), and
zeta potential to evaluate the stability and
uniformity of the formulation.

2. Drug Content: To determine the drug content
of a formulation, a precise amount is weighed
and then dissolved in an appropriate solvent.
This solution is subsequently filtered to
remove any undissolved materials. The
analysis of the drug content is performed
using UV-Visible spectrophotometry.

3. pH Measurement: The pH of the topical
formulation was assessed through the use of a
calibrated digital pH meter. This measurement
is crucial to ensure that the formulation is
compatible with the skin, as the pH level can
significantly affect the product's safety and
efficacy when applied topically. Maintaining
an appropriate pH balance is essential for

optimal  skin tolerance and overall
effectiveness of the formulation.
4. Viscosity and Rheological Behavior:

Viscosity of the formulation was assessed
using a Brookfield viscometer across various
shear rates. This evaluation was conducted to
analyze the flow behavior and spreadability
characteristics of the formulation, providing
insights into its handling and application
properties.

5. Spreadability: was assessed utilizing a glass
slide method, which involved quantifying the
duration required for the formulation to
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disperse when subjected to a defined load.
This approach enables the measurement of
how effectively the formulation can spread a
critical characteristic in various applications.

. In Vitro Drug Release Studies: In Vitro,
drug release studies were conducted utilizing
a Franz diffusion cell equipped with an
appropriate dialysis membrane. The receptor
compartment was maintained at a temperature

therapeutic efficacy

in the management of

Psoriasis

DISCUSSION

The developed nanostructured lipid carriers
(NLCs) of Boswellic Acid showed suitable
physicochemical properties such as small
particle size, uniform distribution, and high

) drug  entrapment  efficiency. These
of 37 £ 0.5°C and filled with phosphate buffer - . )
t anH of 7.4. During th - i characteristics  contribute to  improved
atap .0 - ourng .c:experlrr}en,samp ©s stability and effective drug delivery.
were withdrawn at specific time intervals. .
- . e . e Furthermore, evaluation parameters
Stability Studies: Stability studies were . ..
demonstrated improved anti-inflammatory

conducted following ICH guidelines, where

and anti-psoriatic activity against Psoriasis

the formulation was stored under varyin . .
e compared to conventional formulations. The

temperature and humidity conditions. The
samples periodic
focusing on their physical appearance, pH,
drug content, and particle size. [16],[24],[25]

lipid-based system also helps in reducing

evaluation . .
irritation and side effects.

underwent
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