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Psoriasis is a lingering inflammatory skin disease that attacks the immune system. The abnormal interactions
between T cells, immune cells, and inflammatory cytokines causing the epidermal thickening. International
guidelines have recommended topical treatments for mild to moderate psoriasis whilst systemic and
phototherapy treatments for moderate to severe psoriasis. However, current therapeutic approaches have
a wider extent to treat moderate to severe type of psoriasis especially since the emergence of diverse biologic
agents. In the meantime, topical delivery of conventional treatments has prompted many unsatisfactory
effects to penetrate through the skin (stratum corneum). By understanding the physiology of stratum
corneum barrier functions, scientists have developed different types of lipid-based nanoparticles like solid lipid
nanoparticles, nanostructured lipid carriers, nanovesicles, and nanoemulsions. These novel drug delivery
systems help the poorly solubilised active pharmaceutical ingredient reaches the targeted site seamlessly
because of the bioavailability feature of the nanosized molecules. Lipid-based nanoparticles for psoriasis
treatments create a paradigm for topical drug delivery due to their lipids’ amphiphilic feature to efficiently
encapsulate both lipophilic and hydrophilic drugs. This review highlights different types of lipid-based
nanoparticles and their recent works of nano formulated psoriasis treatments. The encapsulation of psoriasis
drugs through lipid nanocarriers unfold numerous research opportunities in pharmaceutical applications but
also draw challenges for the future development of nano drugs.
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1 Introduction

Psoriasis is an immune-mediated inflammatory dermatological
disease that is also widely referred to as a systemic inflamma-
tory disorder."* Psoriasis can be indicated by a rapid build-up of
cells on the skin's surface, forming erythematous (redness)
papules and plaques with silver scales.® The red, scaly plaques
on the skin are itchy and sometimes painful.* The psoriasis
lesions typically formed on joints such as elbows and knees and
may develop on any part of the skin such as hands, feet, scalp,
neck, and face.® The inflammation comes from the aberrant
interactions between innate immune cells, T cells, and kerati-
nocytes.® However, psoriasis is non-contagious since it inher-
ently involves innate and adaptive immune systems.”

The prevalence rate differs by region,® which is epidemio-
logically attributable to racial factors, genetic background,
lifestyle, and diet.>'® Psoriasis prevalence amongst adults and
children is reported to be ranging from 0.91% to 8.5% and 0 to
2.1%, respectively."**> Generally, it depicts a lower occurrence in
Asian and some African populations but has a higher occur-
rence amongst Caucasian and Scandinavian people, notably in
high-income countries.>® Nevertheless, the actual data amongst
worldwide occurrence is not precise as Parisi et al. reported that
the majority of low-income countries did not report the epide-
miology of psoriasis in their countries.”

The disease may be triggered by several known factors or
may also develop over the course of time. Infections from
bacteria and viruses are reportedly exacerbated psoriasis
conditions.”® Besides, certain medications (such as beta-
blockers, lithium  antimalarials, nonsteroidal anti-
inflammatory medications, and tetracyclines) for adult psori-
asis patients could also trigger the disease.'** They are also
associated with numerous psoriasis comorbidities, including
psoriatic arthritis, heart disease, hypertension, dyslipidaemia,
obesity, type II diabetes, metabolic syndrome, inflammatory
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bowel disease, anxiety, and depression.'*'® From psychosocial
impacts, psoriasis has been an intimidating disease as some
studies show that the risk for anxiety and depression has
become dominant comorbidities in psoriasis pathophysiology
that influences patients’ physical appearance and self-
esteem.'”'®

In determining the type of psoriasis (mild to moderate or
moderate to severe), Psoriasis Area and Severity Index (PASI)
score acts as the gold standard of severity lesion measurement,
with PASI = 10 indicating moderate to severe psoriasis."** For
mild to moderate psoriasis conditions, topical therapies are
generally recommended over systemic therapies.®* The latter is
preferable in cases involving moderate to severe disease
conditions.>** Conventional topical delivery of antipsoriatic
drugs typically utilises dosage methods at high concentrated
therapeutics for a certain period.*> Nonetheless, this treatment
possesses several limitations, including inadequate and
unpredictable delivery to the afflicted skin as well as local
toxicity due to skin irritation.**

Biologic drugs (biologics or biologic agents) are the recent
treatment strategy with superior efficacy to other treatments for
moderate to severe type of psoriasis.>** This treatment employs
recombinant proteins to inhibit inflammatory cytokines at the
target site while functions systemically.>® The advent of biologic
agents has transformed the psoriasis treatment landscape after
the first of its kind, etanercept, was approved by the Food and
Drug Administration (FDA) in 2004.>¢

Currently, the breakthrough of psoriasis treatments emerges
from the utilisation of novel drug -carrier systems or
nanotechnology-based approaches leading to greater drug effi-
cacy and long-term effects.*»*”*® Poorly soluble active pharma-
ceutical ingredients (API) can be improved through the use of
nanotechnology whilst increasing their bioavailability and
physicochemical stability.”*** It is presumed that ineffective
APIs have low pharmacokinetic profiles, lack of stability and
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solubility, or ones with limited dose toxicity.>* Therefore, by
employing novel drug delivery systems, these drawbacks can be
overcome and thus improve the therapeutic actions.**** Nano-
particles have been proven in preclinical and clinical studies to
reduce the drug's side effects at highly controlled drug delivery
with relevant therapeutic concentrations.®® Nanoparticles
through the application of nanomedicine are designed to
improve the drug's half-life, thus facilitating the API delivery to
its targeted action site through nanocarriers.* Nano-based drug
delivery or known as nanocarriers are nanosized particles that
enhance the API's therapeutic effectiveness and reduce adverse
effects. This is mainly because of their large surface area to carry
the APL.*” Nanocarriers are drug delivery systems employed to
regulate the pharmacokinetics and pharmacodynamic proper-
ties of the drug of interest.*® Widespread attention to utilising
topical nanocarriers for skin diseases has multiplied lately
because they provide better skin permeation and controlled
release at a reduced dosage regimen.*

Different interests in various types of nanoparticles have
been widely investigated for topical psoriasis treatments. Poly-
meric nanoparticles, namely nanospheres® and nanocapsules*
as well as polymer-based nanoparticles such as dendrimers,**
and polymeric micelles*” are a growing interest in these appli-
cations. Generally, many types of polymers are attractive
biocompatible materials with proven favourable skin penetra-
tion and deposition effects.**** Despite so, their constituents
are inclined to cytotoxicity while the cost of production is
expensive for a scale-up and requires high-end instruments.*>*¢

Hydrogels, water-insoluble cross-linked hydrophilic poly-
mers, have become a popular trend in psoriasis with/without
nanoformulations lately, as they can improve anti-psoriatic
activity after drug encapsulation. The gels can solely act as
drug vehicles,"” or formulated into nanostructured supra-
molecules,” or integrated as excipients in various types of
nanocarriers, such as graphene oxide,* polymeric nano-
particles,” nanosponge,” and niosomes.** With the growing
interest and research in hydrogels, it is expected that they would
become a significant component of nano-based drug delivery
systems in the future to further improve the therapeutic
profiles.>>

At a more advanced approach than conventional photo-
therapy treatments, photothermal therapy (PTT) is a new tech-
nology combined with nano-agents to kill cancer cells by
localised thermal damage,*® which can also be utilised for
psoriasis treatments. PTT results in the apoptosis of keratino-
cytes upon photo absorption of nano-agents that is activated by
light.>* Nirmal et al. developed gold nanorods and isatin (an
anti-inflammatory agent) loaded into poly(lactic-co-glycolic
acid) (PLGA) to form nanocomplexes for PTT, which was found
to be able to reduce hyperthermia as a result of near-infrared
(NIR) irradiation and also improve psoriasiform hyper-
proliferation.** Nevertheless, the use of gold as a nano-agent is
associated with low photostability, which is liable to structural
deformation.*® Photodynamic therapy (PDT) is also a form of
phototherapy, which is illuminated by a laser light beam of
a specific wavelength, matching the absorption band of the
topical administrated photosensitizer drug in psoriasis
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treatment. For example, a study reported by Liu et al.>® showed
that zinc phthalocyanine (ZnPc) via PDT significantly inhibited
the hyperproliferation of mouse vaginal epithelium induced by
diethylstilbestrol and improved propranolol- and imiquimod-
induced psoriasis-like symptoms. However, the PDT may
perform damage to the plasma membrane or DNA of harmful
cells, which may lead to cell death due to the highly reactive 'O,
generated in situ. Thus, nanocarriers based on carboxymethyl
chitosan loaded with ZnPc has been reported.*”

Lipid-based nanoparticles (also known as lipid-based nano-
carriers or nano-delivery systems) have been futuristic for
topical nanocarriers in the treatments of wound-healing activity
of skin diseases such as those found from psoriasis.***® Such
interest in lipid-based nanoparticles is the result of their low
toxicity potential and much easier sample preparation with low-
production cost allowing mass industrial production, and
better thermal stability when compared to other types of
nanoparticles.®>*> On top of that, their constituents are also
more biodegradable and biocompatible relative to synthetic
polymer constituents like in other types of nanocarriers.”®*

In this review, the pathophysiology of psoriasis is briefly
explained such as the interaction of the inflammatory infil-
trating cells with specific cytokines and alleles in the dermal
layers. Multiple diagnosis strategies and the conventional
treatments as recommended by dermatologists depending on
the types of psoriasis are presented to provide information on
different existing therapies that are regulated worldwide. As
psoriasis is a skin disease, the skin penetration barrier of the
stratum corneum and the challenges in delivering current
therapies are further explained. This includes the discussion on
unsatisfactory results from existing approaches. Subsequently,
the emerging roles of lipid-based nanocarriers including their
pros and cons are to be associated with the conventional
strategies of psoriasis treatments, as well as their recent works.
Lastly, current opportunities and challenges that arise from this
novel therapeutic in treating psoriasis are also discussed
comprehensively.

2 Pathogenesis of psoriasis

Psoriasis is a T cell-mediated inflammatory disease originating
from the autoimmune system of the body. It is also construed to
stem from a combination of genetic, epigenetic, and environ-
mental factors,** and also attributable to endocrine hormones
and immunological factors.'® Human leukocyte antigen (HLA)
alleles (also known as major histocompatibility complex (MHC)
molecules) that reside in both innate and adaptive immune
systems and other susceptibility loci that bear genetic factors
lead to the risk of developing psoriasis.®** It remains vague
whether the inciting antigens are self-antigens, environmental
antigens, or some combination of the two to a certain extent.*”
This autoimmune expedites the life cycle of skin cells and often
be characterised by an excessively rare hyperproliferation of
keratinocytes,** caused by inflammatory cell infiltration that
generates into the epidermis and dermis skin layers.** Inflam-
matory cells are from many types of leukocyte population
including lymphocytes, monocytes, and neutrophils that are

© 2021 The Author(s). Published by the Royal Society of Chemistry
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accelerated by tumour necrosis factor (TNF)-a, a type of
inflammatory cytokine aided by dendritic cell activation.'®®®
Hence, the feedback loop between adaptive immune cells (T
cells), innate immune cells (e.g., dendritic cells, Langerhans
cells, natural Kkiller cells, macrophages, granulocytes), and
resident skin cells (e.g., keratinocytes, endothelial cells) will
increase the inflammatory thus, cause cell
hyperproliferation.*®

TNF-a has the highest concentration of cytokine in psoriatic
lesions since it is the target of immune response that is
produced by various skin cells such as activated T cells, natural
killer cells, keratinocytes, and Langerhans cells.”” Psoriatic
lesions are also indicated by the rich in mature CD4" helper T
(Ty1 and T,,17) and CD8' cytotoxic T cells as well as the increase
in both Ty1 and Ty17-related cytokines.®””® The major pathway
of antigens and cytokines in the psoriasis pathophysiology is
illustrated in Fig. 1 and summarised below.

(1) Antigen-presenting cells (APCs), such as Langerhans cells
(the specialised form of dendritic cells), act as T-cell recogni-
tion. They mediate specific HLA antigens that carry psoriasis
alleles to migrate from the epidermis to the lymph nodes via
afferent lymphatic vessels. The migration process is promoted
by inflammatory cytokines such as TNF-o and interleukin (IL)-
1B. The APCs present their antigens (a process called antigen
presentation) to naive T cells, which results in the activation of
T-cell proliferation in the dermis to regulate the immune
response.”*7?

(2) Dermal dendritic cells activate T,,1 and T, 17 infiltrate by
secreting pro-inflammatory cytokines IL-12 and IL-23, respec-
tively. Besides, other APCs (inflammatory dendritic cells) help
secrete IL-18, IL-23, and TNF-a cytokines. This process is also
accompanied by the change of phenotype of the naive T cells,
from CD45RA that are often expressed as cutaneous
lymphocyte-associated antigens (CLA) on their surface (known
as CD45RA" CLA"), to the effector memory T cells, CD45RO"
CLA7 ‘70,72774

(3) The memory CD45RO* CLA™ T cells are accompanied by
the Th1 and Tu17 cells to be carried out through the blood
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Fig. 1 A schematic pathway diagram of psoriasis pathology.
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vessels from the dermis to the epidermis as the result of the
intradermal proliferation of T-cells.”

(4) In the epidermis, the natural killer T cells are responsible
for direct antigen presentation due to their proximity to the
keratinocytes. The activated T,1 cells are stimulated by IL-18
and IL-23 to secrete interferon-gamma (IFN-v) cytokine. Mean-
while, Tj,17 cells are stimulated by IL-23 to secrete IL-17 and IL-
22 cytokines.” Then, the IL-23/IL-17 immune axis induces the
infiltration of skin resident innate lymphocytes.” IFN-y
enhances IL-22 to initiate keratinocyte activation causing
epidermal acanthosis (skin thickening) such as found in plaque
psoriasis,”>”® thus the activation also induces IL-17 family to
promote keratinocyte amplification and further chemokine
secretion.”

3 Treatment options and
management of psoriasis

Psoriasis is an acute recurrent disease that requires long-term
therapy, therefore tailored treatment is normally recom-
mended based on the drug's compatibility with the patient.”
Another pertinent factor is the patient's background in terms of
gender, age, and previous medical history since individuals
respond to drugs is somehow unique. The quality of life and the
effects of the disease on the patient's responsiveness and
tolerability are also essential psychosocial assessments to be
evaluated by dermatologists before prescriptions.”

In general, there are three different treatment options
according to the type of psoriasis, which are topical, systemic,
and phototherapy. Milder topical treatments can be recom-
mended for patients with mild to moderate psoriasis. On the
other hand, systemic treatments that include oral and biologic
drugs are suitable for patients with moderate to severe type of

Coal tar
Dithranol
Retinoids Tazarotene
y Calcineurin Tacrolimus,
Mild to Topical inhibitors pimecrolimus
moderate
soriasis therapy
P Salicylic acid
— Calcitriol,
Vitamin D calcipotriol
analogues
Betamethasone
dipropionate,
. . mometasone
Tre?tment Corticosteroids furoate,
Options for fluocinolone
Psoriasis acetonide, etc.
Oral agents Methotrexate,
cyclosporine
Systemic
therapy Etanercept,
Biologic agents infliximab,
ustekinumab,
Moderate to guselkumab,
severe secukinumab,
psoriasis Narrowband etc.

ultraviolet B
(NB-UVB)

Excimer laser
Phototherapy

Psoralen &
ultraviolet A
(PUVA)

Fig. 2 Currently available treatment options by type of psoriasis.
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psoriasis. Phototherapy treatment is commonly suggested for
patients with moderate to severe type of psoriasis in the event of
unsuccessful topical and systemic treatments. A list of treat-
ment options under topical, systemic, and phototherapy are
depicted in Fig. 2.>%

3.1 Topical treatments

The recommended first line of defence is topical treatment, in
which the therapeutic is applied onto the afflicted skin. Such
topical formulations are typically rendered in cream, solution,
ointment, and shampoo (for scalp treatment). A wide range of
topical treatments is available to treat psoriasis with different
mechanisms of action. Topical drugs are expedient and acces-
sible but usually deliver better efficacy in combination with
other topical agents. In this section, the type of topical agents is
sorted by older to the latest treatments relevant to the
medications.

3.1.1 Coal tar. Since ancient times, coal tar has been part of
psoriasis treatment, especially for scalp psoriasis but shows
declining popularity in the past decades when compared to
other tropicals.*>® This is probably because of its cosmetically
unpleasant nature such as malodorous smell and staining of
cloth, especially in patients with non-black hair.***> Out of
thousand compounds constituted in the tar, polycyclic aryl
hydrocarbon is the most analysed compound as it is believed to
generate an effect in psoriasis treatment.** Contrariwise,
carbazole of aryl hydrocarbons is suggested to exhibit a potent
effect in the coal tar.®® Even so, coal tar has raised concerns
among clinicians and patients due to its thousands of uniden-
tified components.® It is also banned in Canada and the
European Union for cosmetic use because of carcinogenic
concerns.®

3.1.2 Dithranol. Dithranol (also known as anthralin) is one
of the oldest treatments to alleviate plaque psoriasis®® through
inhibiting proliferation and inducing keratinocyte apoptosis, as
demonstrated through human keratinocyte (HaCaT) cells.?”*¥ In
essence, the direct or indirect effects of dithranol on the
inflammatory response of psoriasis are not entirely compre-
hended, although they have been investigated by multifaceted
studies.***® Notwithstanding the statement, a recent study
showed that topical dithranol leads to a rapid reduction in the
PASI score, resultant in a decrease in epidermal hyper-
proliferation and delayed reduction of inflammatory penetra-
tion in psoriatic skin.*” The study also suggested that psoriatic
activity can be suppressed by targeting the keratinocytes
(residing in the epidermis) rather than the immune cells.
Despite the benefits, dithranol may not be powerful enough for
skin permeation as it is associated with low solubility and
stability, toxicity, staining, and skin irritation.**

3.1.3 Retinoids. Retinoids are the derivatives or vitamers of
Vitamin A. The sole FDA-approved retinoids for psoriasis
treatments are tazarotene and acitretin.®* Tazarotene is a topical
drug, whilst acitretin is an oral agent. The retinoids work on
retinoic acid receptors and retinoid-X-receptors, initiating gene
expression's modification of inflammatory cytokines and thus,

inhibits the keratinocyte proliferation. However, topical
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tazarotene can cause localised toxicity such as skin irritation
and photosensitivity.®*** Tazarotene's efficacy has been widely
studied through combination with topical corticosteroids as
they optimally enhance the post-treatment effects of psoriasis,
in which tazarotene reduces the irritation whilst corticosteroids
provide anti-inflammatory effects.?>*¢

3.1.4 Calcineurin inhibitors. Tacrolimus and pimecroli-
mus are two different types of topical calcineurin inhibitors
(immunosuppressants) that act as the first-line therapeutic
options for inverse psoriasis (body fold area) for long-time
use.””*® They are functional in anti-inflammatory and immu-
nomodulatory activities to inhibit calcineurin phosphatase;
hence, suppressing T-cell activation and cytokine production.®
Tacrolimus is also used to treat genital psoriasis, is well-
tolerated amongst adults, and is suitable for patients who are
sensitive to steroids but with certain side effects like mild
pruritus and burning sensation onset the treatment.'**"%
Similarly, pimecrolimus has also been used for such psoriasis
conditions and facial psoriasis with equivalent potency in
children but has less therapeutic efficacy than tacrolimus in
adults.98,101,102

3.1.5 Salicylic acid. Salicylic acid is a potent keratolytic
agent, often used in combination with other topical agents such
as corticosteroids and calcineurin inhibitors. Its combination
with calcineurin inhibitors is believed to help in the excellent
drug absorption into psoriasis plaques.'® The use of salicylic
acid alone for scalp psoriasis may result in temporary shedding
of telogen hair, but the cessation of use may resolve the issue.**
Besides, it is not recommended to use salicylic acid with
a concentration greater than 10% on large body surface areas.
This is mainly to avoid possible side effects such as oral
mucosal burn, frontal headache, and nausea. Some previous
research has shown the potent effects of salicylic acid as
a penetration enhancer through combination with a calcineurin
inhibitor, vitamin D analogue, and corticosteroid for better skin
permeation and sustained release profile.'**%”

3.1.6 Vitamin D analogues. Calcipotriol and calcitriol are
two types of vitamin D analogues derived from sunlight.
Presumably, vitamin D deficiency is associated with psoriasis as
its presence at an adequate amount helps suppress the
production of inflammation's potent cytokine mediators,
namely IL-2, IL-6, and IFN-y; thus, keep the body healthy.
Moreover, there is a correlation between T,17 cells (that work
for a healthy immune system) and vitamin D in psoriasis
patients.’® Vitamin D evidently stimulates suppressor T cells
that regulate other cells in the immune system and inhibits
cytotoxicity and, thus, is a natural killer of cell hyper-
proliferation. Nevertheless, their association remains debat-
able, albeit well-documented,'® and vitamin D analogues are
often recommended with other topical agents. Calcipotriol and
betamethasone dipropionate (a type of corticosteroid) has been
studied widely to treat trunk and limb psoriasis as they both
work synergistically to reduce inflammation. The combination
therapy of the two helps control the imbalance between regu-
latory CD8" or CD4" T cells and pro-inflammatory CCR6"
gamma delta (yd) T cells for antipsoriatic activity."*

© 2021 The Author(s). Published by the Royal Society of Chemistry
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3.1.7 Corticosteroids. Corticosteroids are the mainstay for
topical therapies of psoriasis. They work by inhibiting the
release of phospholipase A2 and act directly on deoxy-
ribonucleic acid (DNA) and inflammatory cytokines."** The use
of corticosteroids alone acts as first-line topical therapy by
reducing inflaimmation and slowing down cell hyper-
proliferation, especially in genital psoriasis."* As discussed
earlier, the effects of corticosteroids are more powerful through
combination with other topical agents, namely retinoids, sali-
cylic acid, and vitamin D analogues, as evidenced by multiple
studies. However, local side effects like perioral dermatitis,
striae, hypertrichosis, and infections are reportedly developed
from the long-time use of topical corticosteroids."** On a side
note, studies showed that there is a moderately high perception
of steroid phobia among our current generation, especially in
women.”*"* In general, the studies indicate that the fear of
using steroid-related drugs are due to skin deterioration
conditions, weight gain, asthma, and stunted growth after
obtaining sources from dermatologists and media.

3.2 Systemic treatments

The systemic treatment utilises drug that circulates through the
whole body. It can be divided into two types: (1) oral agent; and
(2) biologic agent that is administered into the system by
injection or intravenous (IV) infusion. International guidelines
for psoriasis treatments have recommended that if topical and
phototherapy treatments are deemed unsuccessful, systemic
nonbiologic (oral agent) and biologic therapies may be pursued
to achieve skin clearance. Since monotherapy of topical treat-
ments to moderate to severe psoriasis causes many dissatis-
factions, patients can also benefit from systemic therapies that
provide better efficiency and favourable tolerability to reduce
clinical symptoms, accomplish treatment efficacy targets, and
improve their quality of life."*

3.2.1 Oral drugs. Systemic nonbiologic therapies work by
suppressing inflammatory responses in the form of oral
consumption. Methotrexate and cyclosporine are the two famous
oral, systemic therapies used for decades to treat psoriasis, often
recommended as monotherapy or other systemic therapies.
Although biologics have widespread attention in psoriasis treat-
ments recently, systemic nonbiologic therapies are with many
advantages. Oral systemic generally curb pervasive psoriasis, is
lower cost than older medications and biologics, and has the
convenience of use and availability.”” Besides can be adminis-
tered orally, the active ingredients are also loaded in nano-
formulations to treat psoriasis topically.

3.2.1.1 Methotrexate. Methotrexate is a comprehensive
treatment for all types of psoriasis conditions. It normalises
psoriasis conditions by inciting the apoptosis process of kera-
tinocyte proliferation.® It is usually administered weekly at
a low single dose to reduce side effects before the dose can be
gradually increased to achieve its optimal efficacy.'™ However,
the continuous use of methotrexate would cause liver damage
and pulmonary toxicity (lung damage). Besides, myelosup-
pression (low blood cell production) and immunosuppression
(weakened immune system) are other problems associated with
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methotrexate's long-term use. It is also reported that
methotrexate-receiving patients have a higher cardiovascular
event risk than TNF inhibitor users.**

3.2.1.2 Cyclosporine. Cyclosporine (sometimes spelt as
cyclosporin and known as cyclosporine A) is another type of
calcineurin inhibitor that has been one of the most effective
systemic psoriasis treatments. Both cyclosporine and metho-
trexate's rotational use are found to help reduce long-term
kidney toxicity (nephrotoxicity) whilst minimising the adverse
impacts of plaque psoriasis.’** The use of cyclosporine drug is
reportedly equally safe and effective for severe paediatric and
adult plaque psoriasis patients*** but with mild side effects such
as pain abdomen and an increase in serum creatinine (a
chemical waste product in the blood)."**'** However, liver
toxicity (hepatotoxicity) has been subject to the most affected
organ for prolonged use of cyclosporine.'*

3.2.2 Biologic drugs. After the successful case of treating
a patient that suffered from Crohn's disease and moderate to
severe psoriasis with a TNF-a blocker in 2000,"° the last decade
witnessed the discovery of IL-17 and IL-23 pathways responsible
for the pathogenesis of psoriasis.'”**® Biologics have pragmatic
strength of recommendations for psoriasis treatments, typically
recommended based on the patient's case evidence and the
drug's performance. The American Academy of Dermatology
(AAD) and the National Psoriasis Foundation define biologic
agents as “engineered monoclonal antibodies and fusion
proteins that exert their therapeutic actions by blocking specific
cytokines or cytokine receptors critical to psoriatic inflamma-
tion”.”® Presently, there are 11 types of FDA-approved biologic
agents for adult psoriasis treatments, classified by their cyto-
kine classes (TNF, IL-12, IL-23, IL-17A) (Fig. 3). Secukinumab, as
the first-line systemic biological treatment' is discussed to
represent the overview of this type of advanced drug.

Secukinumab (Cosentyx®) inhibits IL-17A from binding to
its cytokine receptor for inflammation.™* It is highly favourable
in safety profile as its efficacy demonstrates comparable with
the commonly used psoriasis treatments (e.g., methotrexate and
TNF-o. blockers).”** Its efficacy is widely reported in treating
moderate to severe plaque psoriasis*** and psoriatic arthritis.
Other than that, those with a past treatment failure, difficult-to-
treat patterns of psoriasis (nail, scalp, and palmoplantar
psoriasis),’* and have clear skin desire'* can also be benefited

133

Tumor Interleukin 12/ Interleukin 23 Interleukin 17
necrosis Interleukin 23 (IL-23) (IL-17/1L-17A)
factor (TNF) (IL-12/1L-23) » Risankizumab « Secukinumab
- Etanercept + Ustekinumab « Tidrakizumab « Ixekinumab
« Adalimumab + Guselkumab « Brodalumab
* Infliximab
« Certolizumab

G

Fig. 3 FDA-approved biologic agents by their classes.
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from this biologics. Having said that, secukinumab is also
perceived to have the most frequent side effects, mainly infec-
tions, compared with other biologic agents.”*® It has been re-
ported that nasopharyngitis, upper respiratory tract infections,
and headaches are the expected side effects of secukinumab.***
Overall, biologic agents are considered expensive or as high-
investment treatment based on the type of biologics and indi-
vidual's PASI score.”” In the wake of the globally impacted
pandemic era of COVID-19 (novel coronavirus disease) that
severely affects the human respiratory system, the continuation
of biologic treatments is controversial. This is due to the high
respiratory rate before the pandemic emerged.**® That raises
concern if it could increase the consumers' susceptibility to the
virus. On the contrary, treatment discontinuation would cause
loss of response when treatments are reintroduced or further
exacerbated by antibody formation to the biologics.***

3.3 Phototherapy treatments

Photo-based therapy has been developed for psoriasis treat-
ments since the 1920s, and presently serves as a mainstay for
the moderate to severe type of psoriasis.'* In general, photo-
therapy is deemed an effective and comparatively affordable
treatment. For instance, it is estimated that a 3 year photo-
therapy treatment would cost about $5000 as compared to the 3
year duration cost of secukinumab at about $182 718."° Pho-
totherapy treatments also have relatively rare side effects,
particularly immunosuppression as compared to systemic
therapies.""'** Presently, narrowband ultraviolet B (NB-UVB),
excimer laser/lamp (targeted phototherapy), and psoralen plus
ultraviolet A (PUVA) are three different types of phototherapy
treatments to treat psoriasis as recommended by international
guidelines.

Nevertheless, phototherapy might be unpopular among
psoriasis patients due to concerns about its carcinogenicity and
is therefore not recommended for long-term treatment.*** The
declining usage of phototherapy is also contributed after the
advent of biological agents.>'** Moreover, NB-UVB is also not
suitable for psoriasis patients with photosensitive disorders
(such as those suffering from xeroderma pigmentosa).'**'**
Other than that, the literature reveals that PUVA undergoes
a higher adverse risk than UVB and is not recommended for
maintenance therapy due to cutaneous malignancy risks.*

3.3.1 Narrowband ultraviolet B (NB-UVB) and excimer
laser. NB-UVB light (311 nm) and excimer lamp/laser (308 nm)
are two effective phototherapies that currently act as the first-
line treatment for stable plaque psoriasis.’*® Both therapies
are equally useful for psoriasis’ skin clearance.**"'** The choice
of NB-UVB is usually made after the failure of a series of topical
agents.*® Phototherapy requires repetitive skin exposure to UV
light. The generation of phototherapy works where the UV
radiation from the treatments induce apoptosis in T lympho-
cytes and keratinocytes in the epidermis to control the psoriatic
lesions.’” The trend of the highly cost-effective UVB treatment
is the exclusive option for a particular group of patients, such as
human immunodeficiency virus (HIV), internal malignancy,
and pregnancy, where contraindication of their systemic
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immune reaction might happen (if modified while using other
psoriasis treatments).**®

The excimer laser is remarked to be more efficacious than
the excimer lamp and is recommended by the AAD for PASI <
10."** Whilst other parts of the body can be induced by the NB-
UVB phototherapy, the nose, ear, and palpebral region repre-
sent difficult-to-treat areas of psoriasis. Therefore, the excimer
laser is a better phototherapy alternative to target those
mentioned psoriasis areas."*® Besides being a powerful and
effective treatment, it is preferable amongst psoriasis patients
as the laser offers long-term remission of psoriasis.**®

3.3.2 Psoralen plus ultraviolet A (PUVA). PUVA is a photo-
chemotherapy treatment considered another effective treat-
ment of chronic plaque psoriasis.”** The combination of
psoralens and UVA has been shown to reduce PASI by 75% to
80% amongst the users, making this phototherapy useful as
a second-line treatment after unresponsive topical and NB-UVB
treatments.*** Instances of specific failure treatment indications
of NB-UVB relapse are when the patients develop pustular
psoriasis and pityriasis rubra pilaris conditions. Consequently,
to introduce PUVA phototherapy to the patients after such
psoriasis deterioration, psoralen needs to be sensitised upon
them as a form to enhance the therapeutic procedure.**® Psor-
alen is a group of light-sensitive compounds derived from
natural plants, commonly found in Psoralea corylifolia (Babchi)
that exhibit therapeutic properties.**® They are likely to instigate
skin-related conditions namely burning, itching, and pigmen-
tation, and also nausea after this therapeutic action.***

4 Overcoming skin barrier challenges
for nano-based drug delivery

A thorough analysis and understanding of the various skin's
structures and physiology is required to design drugs with
improved permeability and skin penetration. Skin is the largest
organ in the human body and is also responsible for protecting
one's system against exogenous pathogens and environmental
factors and preventing water and electrolyte loss from the
internal.®>**¢ As a result, the stratum corneum prevents the
penetration of larger molecules (>500 Da)'” across the outer-
most layer of the skin epidermis. The barrier is referred to as
a ‘brick-and-mortar system’ and comprises approximately 15
layers of flattened corneocytes (anucleated keratinocytes) within
a multilamellar, lipid-rich extracellular matrix,"*® The three
essential components of stratum corneum are: (1) natural
moisturising factor (NMF)-laden and lipid-bound corneocytes

ol e el. [ <" -1 - Na(:arzt‘or:(()s&]rg)smg
Stratum 3 I S I S ) I 0 A )| .

Keratinocytes

(bricks)

Intracellular lipids

EPIDERMIS

Fig. 4 The 'brick-and-mortar’ system of the stratum corneum within
the epidermis.
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Fig. 5 The pathways of topical drug delivery for psoriasis treatments.

(terminally differentiated keratinocytes); (2) corneodesmo-
somes (proteinaceous rivets holding corneocytes together); and
(3) lipids as shown in Fig. 4.

Optimal skin barrier function can be achieved by the correct
stratum corneum lipid lamellar structure with well-structured
lipid bilayers, a massive amount of phytosphingosine-contain-
ing ceramides, and a high stratum corneum lipid/protein
ratio.”® Other than that, the lipid matrix is also vital in the
skin barrier function. Ceramides, fatty acids, and cholesterol
are the principal components of the skin barrier lipids present
in an equimolar ratio. Headgroup chemistry (hydroxyl
group's number and position) and tail structure (unsaturation
of sphingoid moiety) play parts in the ceramide bilayers’
structural and transport properties.***

As a result of the complicated skin barrier lipids, nano-
particles may act as a tool to overcome the complexity of the
stratum corneum in which chemical enhancers are unable to. In
this way, nanoparticles stimulate drugs' residence time by
channelling them to the target size while improving their
penetration.'® As conventional topical treatments possess low
drug permeation across the scaly psoriasis lesions, nano-
particles’ microscopic morphology ensures that drugs can
penetrate through the skin layers effectively.

1t is widely regarded that topical drug delivery is the ideal route
for skin diseases owing to its ability to deliver a high concentration
of drugs whilst reducing systemic toxicity,'® as illustrated in Fig. 5.
Its mechanism allows the API or drug to pass through the skin to the
local therapy or across the skin by systemic treatment. Topical drug
formulations like cream, gel, and ointment have been studied for
local effect rather than systemic action. Thus, chemical enhancers
like surfactants, alcohols, and amines are employed to deliver active
therapeutics by overcoming the skin barrier (topical delivery).*
Besides topical, transdermal drug delivery can also target local skin
disease and reach the bloodstream (systemic treatment). In trans-
dermal delivery, the drug's systemic circulation (distribution
process) is deemed successful upon skin absorption to the body's
tissues via capillary action at a specific rate.’® In a common occur-
rence, the release of drugs are influenced by environmental
parameters such as pH, redox reaction, and enzymes.*”

5 Types and properties of lipid-based
nanoparticles for psoriasis treatments

Lipids (Fig. 6) are amphipathic since they possess both the
hydrophilic (polar head group) and the hydrophobic (non-polar
tail group) properties.’®® They self-assemble in aqueous
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(A) Lipid as a surfactant for drug delivery systems

Dynamic non-covalent interactions between

lipid molecules such as hydrogen bonding,

van der Waals forces, hydrophobic effects,
etc. that hold them altogether
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(polar group) Supramolecular
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(B) Influence of critical packing (Cpp) on the g trical shape of lipid-based nanoparticles
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Fig. 6 Properties of lipids as nanocarriers.

solutions to minimise contact of their non-polar part with the
water molecules. This characteristic allows them to spontane-
ously organise themselves into ordered patterns without human
interference.'®” This usually results in a micelle formation or
micellization process when the surfactant concentration is
above the critical micelle concentration (CMC).'*”'*® Such
a phenomenon is one of the most important physicochemical
properties since many types of lipid-based are micelles and act
as surface-active agents (surfactants). Micelles act as carriers for
the majority of hydrophobic (lipophilic) drugs upon their
incorporation at nanoscale size whereby their architecture has
a resemblance to lipid-based nanoparticles.”® The micellar
resemblance of drug carriers has benefited nearly all possible
drug administrations to increase bioavailability whilst reducing
adverse effects.'”®

In addition to CMC, the critical packing parameter, Cpp of
the lipid surfactants also governs the geometrical shape of the
aggregates,"””*"”* as shown in Fig. 6. Their self-assembly
morphology in an aqueous medium generally can be pre-
dicted to be either spherical micelles, cylindrical micelles or
vesicles, as proposed by Israelachvili.’”**”* For example, spher-
ical (Cpp < 1/3), cylindrical, (1/3 < Cpp < 1/2), and vesicles (1/2 <
Cpp < 1). Traditionally, the self-assembly properties and
supramolecular chemistry are important for drug delivery
systems through the bottom-up approach in nanotech-
nology.”’*'”® Supramolecular chemistry is generally referred to
as the soft and dynamic non-covalent interactions of the
assemblies, such as hydrogen bonding and van der Waals
forces, but the interactions are capable of holding the amphi-
philes together."”**7%*”” This bottom-up approach has been an
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Fig. 7 Structural diagrams of lipid-based nanoparticles.

exciting route before the aggregates are formed into their
shapes that are mainly influenced by their Cpp prediction.'”*'"*
Therefore, the stable colloidal lipid systems in nanoscale
supramolecular structures help overcome skin physiological
barriers for optimised targeting and controlled release of drug
delivery‘168,178,179

Solid lipid nanoparticles (SLNs), nanostructured lipid
carriers (NLCs), liposomes, niosomes, transfersomes, etho-
somes, and nanoemulsions are classified as lipid-based nano-
particles because of their lipid arrangements. This section
focuses on these different types of lipid-based nanoparticles
because of their significant applications in psoriasis treatments
lately. Their structural representations are illustrated in Fig. 7.
This section also describes their overall concept, roles,
components, preparation methods, advantages, and disadvan-
tages for topical and transdermal psoriasis delivery. Recent up-
to-date works involving psoriasis drugs loaded in the lipid-
based nano delivery systems (nanoformulations) are compiled
in Table 1.

5.1 Solid lipid nanoparticles (SLNs)

SLNs is the first generation of lipid nanocarrier systems intro-
duced in the 1990s. It is an advanced drug delivery carrier where
the submicron particles (40 to 1000 nm) are lipids that are
dispersed in an aqueous surfactant solution.”™ The surfactant
used for SLNs acts as an emulsifier while the lipids (e.g., fatty
acids, steroids, glycerides) are solid at the body and ambient
temperature.'® SLNs are commonly formulated by a cold or hot
homogenisation method, depending on the drug's thermal
stability.’**'®* SLNs can also be formulated by high-pressure
homogenisation and ultrasonication methods.®*>'®* SLNs are
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site-specific, developed to overcome the drawbacks of polymeric
nanoparticles and liposomes, such as polymer degradation and
cytotoxicity, and drug leakage, and also liposome's phospho-
lipid degradation.™ Their dynamic system also allows modifi-
cation in formulating the components compared to the
liposomes, such as the surfactant can either be ionic or
nonionic and is often used with a co-surfactant to reduce the
particle size.'®® Nevertheless, established studies show that
there is a particular type of surfactant and lipid components in
SLN formulation which might have influenced their high cyto-
toxicity level and thus, have less biocompatibility feature such
as sodium dodecyl sulphate (surfactant) and stearic acid
(lipid).187,188

Within SLN systems, there exists a perfect crystal structure
that resembles ‘a wall of brick’ in which drug molecules are
encompassed between similar lipid components.’® For this
reason, the nanosized particles remain in the solid-state even
after administration, which offers a controlled release profile.***
Because of the same reason, SLNs can provide drug protection
from external factors by their rigid core matrix.'*® They are also
possible to be produced on large scale by the high-pressure
homogenisation method.®* Despite the basis of SLNs' core
matrix that is better suited for hydrophobic-loaded drugs,
research has reported for SLNs' capability to entrap and release
hydrophilic drugs.">**> However, since the solid core encapsu-
lated in the lipid system has a perfect crystalline structure, this
would lead to inefficient drug loading and possible drug
repulsion due to the crystallisation process. Other inevitable
factors may also affect SLNs' drug encapsulation in the lipid
matrix, such as the melting of lipids, and the miscibility or
dispersion of the drug with the lipids.®

5.2 Nanostructured lipid carriers (NLCs)

About two decades ago, researchers observed some limitations
in SLNs, such as drug leakage through the matrix during storage
and the less efficient drug loading as mentioned previously.®
The limitations led to the invention of NLCs, second-generation
lipid carrier systems that are capable of better drug loading
efficiency. Within NLCs' system, the drug is encapsulated in the
mixture of unsaturated, amorphous, or liquid lipids (oils) to the
solid lipids.”* The premise of NLCs' design was also improved
to obtain a solidified core with a little-to-no crystalline matrix.***

NLCs also have similar preparation methods to SLNs,
namely cold homogenisation, hot homogenisation, and hot
emulsification-ultrasonication.*®® However, unlike SLNs, the
oils in NLCs formulation ensure the expulsion of the loaded
drug is minimised during the storage period as they obstruct
the recrystallisation process. The incorporation of drugs is
also improved due to lipid imperfections within their matrix
systems.*** Thus, higher drug solubility and a controlled release
profile can be achieved by NLCs.®* Currently, NLCs are regarded
as a more superior drug carrier than SLNs due to their more
excellent formulation and biocompatibility properties. NLCs are
also site-specific, and their topical applications improve skin
irritation and occlusive properties, as well as skin permeation
and retention.”>*%”
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Table 1 Recent developments of lipid-based nanoparticles for psoriasis treatments (2016-2020)
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No. Lipid carrier

Antipsoriatic agent

Route of drug
administration

Method

Remark Reference

1 Solid lipid nanocarriers
(SLNs)

2 Nanostructured lipid
carriers (NLCs)

3 Liposomes

Methotrexate and
etanercept

Cyclosporine

Thymoquinone (Nigella
sativa extract)

Tacrolimus

Methotrexate

Mometasone furoate

Dithranol

Methotrexate

Cyclosporine

Psoralen

Cyclosporine

Topical

Topical

Topical

Topical

Topical

Topical

Topical

Topical

Topical

Topical PUVA

Topical

© 2021 The Author(s). Published by the Royal Society of Chemistry

Hot ultrasonication

Microemulsion

Melt-emulsification and
ultrasonication

Emulsification and low-
temperature solidification

Solvent diffusion

Microemulsion

Hot melt homogenisation

Solvent diffusion

Thin-film hydration
Cationic liposomes by thin-

film hydration method

Cationic liposomes by
ethanol injection method

Prolonged drug release in 272
vitro and nontoxic towards
human keratinocytes and
fibroblasts

Exhibited systemic
absorption and reduced
side effects whilst increased
its concentration in the
skin layers in vitro

Low skin irritation score
and reduced symptoms in
erythema, oedema, and
thickening in PASI score
High ex vivo skin
penetration value and
deeper in vivo skin layer
penetration

Significant entrapment
efficiency and drug
deposition whilst no
erythema was indicated at
primary skin irritation
index

High skin deposition and
low primary skin irritation
index with complete
clearance of parakeratosis
in vivo

Reduced the symptoms by 278
PASI score and enzyme-
linked immunosorbent
assay with depletion in
disease severity and
cytokines like ILs-17, 22, 23,
and TNF-a

Improved therapeutic
response and reduced local
side effects in vivo with

a decline of PASI score,
oxidative stress,
inflammatory cytokines like
TNF-a, IL-1B, and IL-6, and
IMQ-induced
histopathological
alterations in mouse ear
models

Showed acceptable safety
profile in the remedy of
chronic plaque psoriasis
Multiple fold increase in
skin permeation study with
reduced psoriasis plaque
symptoms and levels of
psoriatic cytokines (TNF-a,
IL-17, and IL-22)

Had shear-thinning
behaviour and reduced the
symptoms of psoriasis
plaque and levels of
psoriatic cytokines (TNF-a,
IL-17, and IL-22)

273

274

275

276

277

279

280

281

282
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No. Lipid carrier Antipsoriatic agent

Route of drug
administration

Method

Remark Reference

Zedoary turmeric oil and
tretinoin

trans-Retinoic acid and
betamethasone

Liposomal spherical
nucleic acids (L-SNA)

Bexarotene (retinoid X

receptor)

4 Niosomes Diacerein

Acitretin

Celastrol

5 Transfersomes Tacrolimus

Methotrexate

6 Ethosomes Methotrexate and salicylic
acid (MTX-SA)

Anthralin (dithranol)

7  Nanoemulsions Cyclosporine

29090 | RSC Adv, 2021, 11, 29080-29101

Topical

Topical

Topical

Topical

Topical

Topical

Topical

Transdermal

Topical

Topical

Topical

Topical

Ethanol injection

Thin-film hydration

IL-17A receptor targeting

Thin-film hydration

Thin-film hydration

Thin-film hydration

Thin-film hydration

Rotary evaporation-
sonication

The fusion method

The cold method

Thin-film hydration

Phase inversion
composition

High drug penetration and 283
drug retention in vitro and
significant psoriasis drug-
dependent in vivo

Nontoxic and time- 284
dependent cellular uptake

on HaCaT cells whilst

reducing the epidermal
thickness and cytokine

level (TNF-o. and IL-6) in

vivo

Reduced significantly in the 285
PASI score and epidermal
thickness on imiquimod
(IMQ)-remedied mouse

skin, and in the expressions

of IL17RA, IL-17C,

defensin, beta 4 (DEFB4),
TNF-a,, and

phosphoinositide 3-kinase
(PI3K) on psoriatic 3D rafts

A significant reversal of 286
psoriasis (reduced scaling,
inflammation without any
toxicity) on IMQ-induced
psoriatic plaque model

mice whilst reducing the
expression of cytokines (IL-

17, IL-23, and IL-2)

Prominent skin penetration 287
in epidermal and dermal

layers in vitro and found

stable at low temperature
Improved ex vivo 288
permeability assay and

drug deposition in HaCaT

cells

Alleviated erythema and 51
scaling psoriasis symptoms

in vivo

Higher mean residence 289
time and skin permeation

in vivo compared to that of
liposomal formulation
Reduced the thickness 290
score in dose-dependent
IMQ-induced psoriasis

mouse model with no organ
toxicity observed

Decreased in PASI score 291
whilst MTX-SA had more
prolonged release than

MTX alone

High permeation rate ex 292
vivo with minimised

adverse effects after

treatment in clinical

studies

High efficacy rate in vitro 293
and improvement in skin
hydration in vivo
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Route of drug

No. Lipid carrier Antipsoriatic agent administration

Method Remark Reference

Tacrolimus Topical

Methotrexate Topical

Curcumin (natural
compound)

Topical

Imiquimod and curcumin Topical

5.3 Nanovesicular systems

Nanovesicular systems (also known as nanovesicles) can typi-
cally be distinguished by their unilamellar structures, which
have become up-and-coming drug delivery and targeting
systems.’® The original vesicles are conventional liposomes
before they are adapted into niosomes, transfersomes, and
ethosomes, named after their characteristics and composi-
tions.* They can be assembled per need of their membrane
components, and the type of the drug (hydrophobic or hydro-
philic),"® which are useful for topical delivery of psoriasis.?”

5.3.1 Liposomes. The liposomes are nano-, and micro-
sized colloidal multilayer vesicles (50-1000 nm in diameter)
consist of an aqueous compartment enclosed by natural or
synthetic lipid bilayers.*”** Liposomes are permeable to water
and osmotically sensitive.””* Liposomes may present in multi-
lamellar, small unilamellar, large unilamellar, or multivesicular
shapes. Regardless of that, liposomes' size and homogeneity are
more essential for drug encapsulation compared to the lamellar
numbers.**>** Liposomes can be prepared conventionally by
thin-film hydration, reverse-phase evaporation, detergent dial-
ysis, or solvent injection method.****** Further formation steps
namely sonication, high-pressure homogenisation or extrusion
technique is required to obtain smaller unilamellar
vesicles. 2

Several drawbacks associated with phospholipid bilayers of
conventional liposomes are revealed in literature such as high-
cost production, short half-life, and low solubility.***** Besides,
the encapsulated drug molecules within liposomes may leak out
and fuse because of their less stable surfactants (phospho-
lipids).>* Phospholipids that make up the membrane compo-
nents of liposomes have a negatively charged phosphate
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hydrophilic head group with two adjacent fatty acid chains on
their tail. Phospholipids are disposed to undergo hydrolysis—
oxidation reactions due to several factors: (1) small liposome
size and low concentration; (2) the presence of oxidant agents
(chemical oxidants and enzymatic oxidants); and (3) modifica-
tion on fatty acyl chain. The literature also stated that liposome
size is an essential parameter for a stable liposome, whilst
phospholipids’ starting material could cause free radical
oxidation.>*”

Accordingly, some characteristics are modified to improve
liposomal formulations for gene delivery application and are
pertinent to antipsoriatic activity. The recent shift towards
cationic liposomes by adding cationic lipids on the surface of
liposomes to form stable complexes has gained a lot of interest
for select nucleic acid delivery.?****” In this regard, liposomes
provide some protection to the genes from degradation reac-
tions. The cationic liposomal structures will get entrapped to
the large negatively charged DNA fragments, possibly about
chromosome size, and, most importantly, can target specific
cells or tissues.**

5.3.2 Niosomes. Niosomes are the best alternative to lipo-
somes. They are developed to overcome the low physical
stability and expensive production of liposomes.>***° Niosomes
obtained the name because they consist of nonionic surfac-
tants, thus are less toxic to the human's body since they carry no
charge.?*®?'® However, the earliest reported use of niosomes
(known as synthetic liposomes) was in cosmetical application,
coined by cosmetic giant L’'Oréal in the 1970s and 1980s,2***'2
before being explored in pharmaceutical applications. Since
they are made up of nonionic surfactants, they are less hae-
molytic and disrupt the cellular surfaces, thus, exhibiting
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biocompatible properties.”**>** The formation of niosomes is
usually with or without cholesterol, in which the latter affords
the membrane rigidity and stability due to its charge
presence.>'*?*'”

Different preparation methods of niosomes have been re-
ported including ether injection method, thin-film hydration
method, emulsion method, reverse phase evaporation method,
and micro fluidisation method, which each could yield different
vesicles sizes.>***'®?' It is signified that a favourable niosome of
amphiphilic bilayers for high entrapment efficiency can be
produced by taking into consideration of the hydrophilic-
lipophilic balance (HLB) value of nonionic surfactants between
4 and 8.”****° The choice of nonionic surfactants that falls within
the range is typically amongst Tween, Span, and Brij. Besides,
a stable niosome formation for better drug loading can be ach-
ieved had long hydrocarbon chains used without a double
bond.** It is also ubiquitous for nonionic surfactants with a high
HLB value, notably Tween 20, Tween 60, and Tween 80 to inte-
grate cholesterol for stabilisation due to their imbalance hefty
hydrophilic heads and small hydrophobic tails.***

In general, niosomes exhibit similar physicochemical prop-
erties, drug delivery studies, and in vivo behaviour with lipo-
somes.*'**** Even so, they have different structural composition
bilayer as niosomes exhibit higher chemical, physical, and
biological stabilities of the vesicles.”' As a result, niosomal
formulations may offer several advantages over liposomes in
respect of higher drug entrapment and cheaper industrial
manufacturing.”*®?'**** However, this interesting nanovesicle is
relatively new and young in pharmaceutical applications
compared to liposomes.*”* The lack of generally recognised as
safe (GRAS) components in niosomes (like phospholipids in
liposomes) might be one of their drawbacks,”* whilst the
aforementioned commercial surfactants (Tween and Span)
reportedly exhibit polydispersity feature, which is held as
another shortcoming from niosomes.**

5.3.3 Transfersomes. Transfersomes (also known as ultra-
deformable liposomes or elastic liposomes),?*>*** was
designed by Cevc and Blume in 1992.”***** The main compo-
nents of transfersomes are phospholipids (similar to lipo-
somes) and edge activators (EA), a single chain surfactant that is
also a membrane-softening agent (e.g., Tween 80, Span 80, and
sodium cholate).>**?* Novel approaches have been introduced
to provide better deformability, but there is no general recipe in
formulating the vesicles since their medium suspending
composition must be tailored individually to each type of drug
and the specific payload.?***** Besides, the high bilayer adapt-
ability and vesicle stability are the two vital factors in the
process of forming transfersomes.>**

In essence, transfersomes are more deformable and elastic
to efficiently penetrate through the small channels in the skin
compared to conventional liposomes.”****” As a result of their
self-optimising deformability, the membrane changing flexi-
bility upon reaching and passing through the skin pores can be
attained spontaneously as they open up extracellular pathways
of the cells.”” EA acts as a permeation enhancer to enable
transdermal penetration by destabilising lipid bilayers of the
vesicles while enhancing the fluidity of stratum corneum
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lipid.****** Thus, transdermal delivery can be enhanced by
avoiding the first-pass effect and be controlled and prolonged
the duration of the drug activity. These pharmacokinetic effects
allow the efficiency of short half-life drugs and increase the
physiological and pharmacological response.””® Amongst the
common preparation methods of transfersomes are either thin-
film hydration, reverse-phase evaporation, ethanol injection, or
freeze-thaw method.”***** 1t is generally regarded that trans-
fersomes are superior to liposomes in terms of skin penetra-
tion*****723° but relatively inferior to ethosomes in terms of
deformability.”** However, transfersomes and ethosomes have
equivalent skin deposition ability had ethosomes not incorpo-
rated another type of alcohol as will be discussed in the next
subsection.>*?

5.3.4 Ethosomes. Ethosomes were developed by Touitou
et al. in 1996, acting as another enhanced delivery of active
agents.”**>* Ethosomes are composed of phospholipids
(similar to liposomes) and ethanol, in which ethanol plays an
essential role in efficient topical drug delivery.”***” Ethosomes
have a better penetration rate through the skin, probably due to
their high ethanolic content (20-50%). The soft and malleable
vesicles are obtained as a result of the coexistence of both
phospholipids and ethanol as proved by Touitou et al.*****
Similar to transfersomes, therapeutic delivery can be adminis-
tered via transdermal route by ethosomal systems.**° Thus, the
vesicles have a higher therapeutic efficacy over liposomes in
terms of the greater permeation of the drug's ability as they can
squeeze themselves through the skin pores as established by
several studies.”**?** A study by Yang et al. showed that etho-
somal formulation had a higher quantity and depth of lipo-
philic drugs to be delivered across the skin (transdermal
delivery) for a longer period when compared to liposomes due
to their interdependent composition.***

The proposed mechanism of ethosome transportation across
the skin is well-described by the literature; however, the exact
method of how they act as vehicles is not fully understood.*”
The underlying mechanism is upon ethanol's polar head group
interaction with the lipid regions of the skin to allow the
increase of cell membrane lipid fluidity, which results in
improved skin penetrability of the ethosomes.*®” These etho-
somes then permeate the skin, merge with cell membrane
lipids, and release the system's drug.?*> A recent investigation by
Niu and co-workers reported that that the ethanol solution
influenced the swelling of the stratum corneum and the
increase in the size of keratinocytes, except that the ethosomes
were not responsible for the results. The findings also
concluded that the ethosomes had better transdermal perme-
ation effects since some of the ethosomes fused to the upper
stratum corneum whilst some others travelled and released the
drug to the intercellular space during their penetration into the
deeper skin layers.**®

Amongst popular ethosomal formulations are the classical
cold method, the hot method, ethanol injection-sonication,
thin-film  hydration, and reverse phase-evaporation
methods.”®® Ethosomal systems can be further classified into
their composition as (1) classical ethosomes; (2) binary etho-
somes (added with another type of alcohol like isopropyl
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alcohol); and (3) transethosomes (added with a chemical
surfactant or edge activator).”®® Several studies published
comparative studies between these different types of ethosomes
and transfersomes. For instance, upon the comparison between
classical ethosomes, binary ethosomes, and transfersomes, it
was reported that binary ethosomes have the highest penetra-
tion depth and fluorescence intensity but both types of etho-
somes have lesser skin deposition than transfersomes.***
Similarly, Zhang et al. concluded that the significant amount of
ethanol had influenced the transdermal drug delivery rather
than the skin deposition (topical delivery) of ethosomes. Hence,
the ethosomal formulations could be adjusted with propylene
glycol to prolong the movement of the vesicles and accumulate
in the skin.** On top of that, transethosomes showed the
highest drug's incorporation efficiency as opposed to etho-
somes and transfersomes, and as such, were more deformable
than the two because of the presence of both ethanol and
surfactant compositions.**?

5.4 Nanoemulsions

Nanoemulsions are isotropic, heterogeneous system, consisting
of two immiscible liquids of a sufficient drug's dispersion in
nanodroplet sizes.>” The two liquids usually are either water in
oil (W/O) or oil in water (O/W) or double emulsion (W/O/W and
O/W/0)*** stabilised by amphiphilic surfactants, with mean
droplets of <200 nm depending on the phase media.** The
systems have been proven to virtually encapsulate lipophilic
active compounds for enhanced skin delivery topically.”*®
Besides, nanoemulsions are also excellent vehicles to encapsu-
late essential oils and natural bioactive compounds as stated in
the literature and proven in recent studies.>®'>>* The emulsion
technique is versatile, and as such, it can be rendered in spray,
gel, cream, and aerosol. Several other reasons also lead to the
overwhelming number of research that utilises nanoemulsion
methods as drug delivery, such as they are feasible, non-
invasive, and cost-effective, especially for high metabolic
active drugs.>>?%¢

The choice of surfactants is vital in reducing the surface and
interfacial tension between oil and water, which can either be
ionic or nonionic.*** Amongst common surfactants or emulsi-
fying agents are Tween® 80, amphiphilic proteins (caseinate),
phospholipids (soy lecithin), polysaccharides, and polymers
(PEG).*” Generally, nonionic surfactants are regarded as safer
than anionic surfactants because they have less local irritation,
which is suitable for pharmaceutical applications.>*® In addi-
tion, they also have a lower CMC value than their ionic coun-
terparts of the same alkyl chain length for a more stable drug
delivery system.”®**° Concurrently, a co-surfactant is often
needed whereby alcohol groups with C3-C8 chain length like
ethylene glycol, propylene glycol, ethanol, and propanol are
added to enhance the entropy and stabilise the colloidal
system.**” It is interesting to note that, nanoemulsion structure
has the closest resemblance of a micelle, out of other lipid
nanocarriers, except that the innermost part of nanoemulsions
is the oil phase that solubilises hydrophobic drugs. In choosing
the oils, different types of triglycerides from long-chain

© 2021 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

triglycerides (LCT), medium-chain triglycerides (MCT), and
short-chain triglycerides (SCT) with potent therapeutic benefits
have been utilised as excipients and act as determinants in the
bioavailability of the encapsulated API.>** Nevertheless, it is
assumed that a more stable O/W formulation could be achieved
through a less polar oil base.”®

The preparation methods of nanoemulsions can generally be
divided into high energy and low energy methods.*** The high-
energy method, such as high-pressure homogenisation,
produces a robust way of synthesising nanoemulsions by
applying excess shear or mechanical device, to break large
droplets into nanosized particles.”***** However, the high-
energy method merely produces 1% nanoemulsion whilst
99% of its heat is dissipated off, thus, a repeated series of cycles
is required, which is more applicable in large scale produc-
tion.*® On the other hand, two different types of low-energy
methods, namely phase inversion composition (PIC) and
phase inversion temperature (PIT) are known to be energy-
saving since nanoemulsions are produced by exploiting the
system's low interfacial property.”*#****¢” The PIC and PIT
methods have gained special attention lately and become more
favourable methods in which temperature and composition are
kept constant, respectively.”*® Given the requirements of the
low-energy methods, composition variables act as determinants
in producing nanodroplets rather than the preparation vari-
ables as in the high-energy method.>*”

Nanoemulsions are non-equilibrium systems with thermo-
dynamically unstable and kinetically stable systems that are
sensitive to environmental parameters like pH and tempera-
ture.’*®*** Consequently, they have a propensity to undergo
flocculation, coalescence, and/or Ostwald ripening phenomena
that are associated with unstable emulsions.?”®?”* However,
with appropriate optimisation in the selection of their compo-
nents as well as during formulating preparation, a stable
nanoemulsion system can be achieved for drug delivery.

6 Future prospects of lipid-based
nanoparticles in pharmaceutical
applications

In line with nanotechnology evolution, we witness an over-
whelming number of nanotechnology uses in pharmaceutical
applications. As a result, the utilisation of nanomaterials into
nanotechnology-based drug delivery systems is futuristic, and
the market value is projected to skyrocket six-times fold for
approximately US$334 billion by 2025 compared to that of over
a decade ago.””® Nanomedicine will witness rigorous research
progress within the next 20 years as more focus on materials
design is driven by clinical needs.”®® Therefore, a new paradigm
of psoriasis treatments is moving towards this novel therapeutic
platform.3°3

Interestingly, lipid-based nanoparticles have garnered
special attention in psoriasis treatments because of their
adaptability and feasibility approach. Each different type of
lipid-based nanoparticle is distinctive since their lipid compo-
nents as surfactants can be tailored per suitability. This leads to
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a further novel approach as researchers can broaden their
horizon in selecting the lipid components as the starting
materials for more natural and greener products, such as car-
danol, sugar-based surfactants, glycolipids, and bio-
surfactants.?**=*® However, the Cpp of the lipid surfactants must
be acknowledged since the morphology prediction would
determine the success of preparing any lipid-based nano-
particles. For example, non-ionic lipid surfactants that have (1/2
< Cpp < 1) would form vesicles (niosomes) in an aqueous
medium but other types of non-ionic lipid surfactants with (1/3
< Cpp < 1/2) would form cylindrical micelles (nano-
emulsions),"”**”* as discussed in Section 5.0.

Moreover, the option of encapsulating the API does not limit
to a certain type of lipid-based nanoparticles based on the
compilation in Table 1. In this regard, we can see the develop-
ments of the same API via different nanocarriers such as
methotrexate was successfully encapsulated into SLNs,*”*
NLCs,?”%?7  transfersomes,>® ethosomes,** and
emulsions,*” with significant therapeutic profiles. Further-
more, these different types of lipid-based nanoparticles have
successfully encapsulated several different antipsoriatic agents
or API. For example, liposomes have encapsulated cyclo-
sporine,”®**** psoralens,”®" zedoary turmeric oil and tretinoin,***
trans-retinoic acid and betamethasone,?®* L-SNA,*®** and bexar-

nano-
295

otene.”®® Therefore, these discriminations demonstrate that
lipid-based nanoparticles are versatile and highly promising
drug carriers for antipsoriatic activity. They also have a high
potential for clinical studies and thus, to be developed in
pharmaceuticals.

An online platform, http://www.ClinicalTrials.gov, serves as
the clinical trials database that gathers worldwide research and
any clinical studies should be reported there to avoid evidence
distortion for clinical practice.’*”**® However, based on the
database, there is no psoriasis nano-drug yet to be approved for
use after clinical studies. The database also shows that there is
only one psoriasis nano-drug that is undergoing clinical trial.
The study (Identifier: NCT03348462) successfully developed two
different anthralin nanoformulations encapsulated into lipo-
somes and ethosomes, which has already completed phase 4
clinical trial and showed higher potent effects through ethoso-
mal systems.>*?

In the pharmaceutical industry, it was reported that com-
mercialised nano drugs are currently at the first generation of
phase II clinical trials carried out by small and medium-sized
enterprises (SMEs) before entering the market.?*® The tedious
procedures of clinical trials and financial constraints have
hindered the current progress whilst big pharmaceutical
companies are only interested in acquiring these SMEs once
these emerging drugs get approved by the FDA.>*® Some other
challenges to realise in pharmaceuticals include that there is
a need for further nanoparticle characterisation profile for
safety and toxicity-related issues, as well as a lack of
nanotechnology-regulated guidelines for the industry.**>*'* It is
also noteworthy to mention that current nanomedicine inves-
tigation on nano drugs is limited to the evaluation of in vitro
and in vivo studies.** Lastly, the interactions between the
tissues and lipid-based nanoparticles should also be deeply

29094 | RSC Adv, 2021, 11, 29080-29101

View Article Online

Review

explored since the drug delivery systems may exhibit intricate
behaviour in the human's body.**> For example, nanoparticles
may be deposited in the internal organs and thus interact with
other immune cells, which could develop other immune reac-
tions.** However, the bottom-up approach through the self-
assembled lipid nanoparticles could improve the safety
measures.*" Besides, the application of state-of-the-art technol-
ogies namely artificial intelligence (AI) and machine learning
could facilitate the nanotherapeutic delivery via stimulation
and modelling processes by understanding both biochemical
and physicochemical properties of the nano drugs.*'® Therefore,
profound knowledge on the cytotoxicity and biological activities
of nano-drugs are vital to be further investigated inclusively to
providing coherent knowledge on their short-term and long-
term effects before being pursued in clinical studies.*"*****?

7 Conclusion

Psoriasis is a skin disease that is affected by several known
factors including environmental and genetic, causing cell
hyperproliferation. Psoriasis treatments provide a wide array of
treatment options, namely topical, systemic nonbiologic,
systemic biologics, and phototherapy. Despite the many anti-
psoriatic drugs with different mechanisms of action, topical
treatment serves as the most convenient way to transport the
therapeutics across the skin barrier. Lipid-based nanoparticles
are promising novel nano delivery systems to improve the API
delivery to the target site. Recent works show that different APIs
can be encapsulated into different lipid nanocarriers but lipo-
somes and nanoemulsions have the highest number of
successful nano-based drugs formulated for psoriasis treat-
ments. Enhanced skin permeation and alleviated psoriasis
symptoms are the improvements of antipsoriatic agents in
tandem with lipid-based nanoparticles. Besides, the therapeu-
tics also show highly favourable outcomes in alleviating psori-
asis lesions as they enhance skin penetration, retention, and
prolonged release due to their large surface area at nanoscale
size. However, further research and opportunities with other
types of lipid-based nanocarriers like niosomes, transfersomes,
and ethosomes are needed to explore their tremendous poten-
tial in the antipsoriatic application's topical delivery. In general,
the production cost of nano drugs is expensive in the pharma-
ceutical industry. The development of nano drugs is also asso-
ciated with cytotoxicity and safety issues but could be overcome
by an in-depth understanding of their interactions in the
human's body. Based on the compilation of the recent works of
the API with lipid-based nanocarriers, it is also observed that
they exhibit higher drug penetration and bioavailability
compared to that of the control variable (conventional treat-
ments without nanocarrier). Therefore, the production of nano
drugs is guaranteed success if optimised strategies are taken in
nanomedicine applications.
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