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Abstract: Psoriasis is a chronic autoimmune skin disease
with a worldwide prevalence of 1–3 % results from uncon-
trolled proliferation of keratinocytes and affects millions of
people. While there are various treatment options available,
some of them may come with potential side effects and
limitations. Recent research has shown that using bioactive
compounds that originate from natural sources with a lower
risk of side effects are relatively useful in safe management
psoriasis. Bioactive compounds are molecules that are
naturally available with potential therapeutic efficacy.
Some of bioactive compounds that have shown promising
results in the management of psoriasis include curcumin,
resveratrol, quercetin, epigallocatechin-3-gallate, etc.,
possess anti-inflammatory, antioxidant, immunomodula-
tory, and anti-proliferative properties, with capabilities to
suppress overall pathogenesis of psoriasis. Moreover, these
bioactive compounds are generally considered as safe
and are well-tolerated, making them potential options for
long-term use in the management of various conditions
linked with psoriasis. In addition, these natural products
may also offer a more holistic approach to treat the disease,
which is appealing to many patients. This review explores
the bioactive compounds in mitigation of psoriasis either
in native or incorporated within novel drug delivery.
Moreover, recent clinical findings in relation to natural
product usage have been also explored.

Keywords: bioactive compounds; drug delivery; natural
product; nanotechnology; psoriasis

1 Introduction

Excessive immunological abnormalities, environmental
risk factors, and various genetic risk foci interact dynam-
ically to develop psoriasis, which is known as chronic
inflammatory skin condition. Psoriasis affects about 1–3 %
of the global population, and major advancements have
been achieved in our understanding of the illness and its
therapies [1]. Its connection also causes damage to the
skin and lymphocytes to continually emit enormous
quantity of inflammatory cytokines, leading to several
systemic problems [2]. Pathological results show that
keratinocytes proliferate, differentiate abnormally, and
infiltrate many lymphocytes triggering inflammation.
Although the etiology of psoriasis is complex, extensive
study has uncovered it. Dendritic cells (DC) are immune
cells essential to developing psoriasis in its beginning
and progression stages. Furthermore, research on
macrophages implies that they serve an essential part
in the pathophysiology of psoriasis, particularly during
the beginning phase [3].

Immunity is determined by the delicate three-way
balance of type 1, type 2, and type 3 helper cells with innate
lymphoid cells; regulatory cells regulate the excess burden.
Psoriasis is categorized as an immunological disease of type
3 dominance, triggered by interleukin (IL)17. While psoriasis
has a type 3 cytokine profile, psoriatic blisters additionally
demonstrate an elevated level of interferon (IFN) γ/tumor
necrosis factor-α (TNF-α). In addition to being flexible
and reversible, the three-way balance can also become
unbalanced due to illness or drug side effects. This implies
that under normal conditions, the population of regulatory
cells strongly inhibits immunological activities and that
in psoriasis, the functional ability of regulatory cells is
compromised [4]. Physiological anomalies in keratinocytes,
DCs, along with other regions of the innate immune system
have been perceived among patients experiencing psoriasis
[5]. In this review we explored the bioactive compounds
in mitigation of psoriasis either in native or incorporated
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within novel drug delivery. Moreover, recent clinical
findings in relation to natural product usage have been also
investigated.

1.1 Role of dendritic cell, T-cells, and
neutrophils in psoriasis

In the immunological systems underlying psoriasis and
other disease processes, DCs have a crucial function.
Since their discovery in the lymphoid organs of mice by
Steinman and Cohn in 1973, DCs have been identified as
antigen-presenting cells (APCs), which are essential for the
presentation of molecules to T- and B-cells [6]. The produc-
tion of IFN-α and TNF-α by macrophages and plasmacytoid
DC, two kinds of innate immune cells, is stimulated by the
nucleic acid plus an array of antibiotic peptides generated by
harmed keratin cells in early-phase psoriasis. Monocytes
differentiate into inflammatory DC and resident dermal
DC mature as a result of IFN-α release. The generation of
cytokines such as (IL) 23, IL-12, TNF-α, as well as others by
fully functional indigenous DC and the ever-growing iDC
populace markedly encourages naïve T cells to split into Th1,
Th17, and Th22 subsets. IL-23 facilitates the expansion and
long-term survival of pathogenic Th17 cells. Keratinocytes
proliferate and undergo aberrant differentiation when IL-17
and IL-22 are released. Because keratinocytes produce
antimicrobial peptides, VEGF, IL-8, TNF-α, and other
immune-related chemicals, some of which activate DC,
they also function as immune cells. In the chronic stage
of psoriasis, this intractable inflammatory cycle keeps the
plaque present and deteriorates it [7].

Regulatory T cells (Tregs) in healthy individuals
influence type 1 and type 17 cytokine-producing cells, and
they’re responsible for disease development. Tregs block
immunological responses, which is how they play a crucial
role in immune homeostasis and help avoid autoimmune
illness. Tregs’ ability to suppress is compromised in psoria-
sis, which results in a change in the T-helper 17/Treg ratio.
While psoriasis patients’ Treg dysfunction is linked to
worsening of the illness, it is unclear how they are
functionally controlled [8].

The CD25, alpha-chain of the IL-2 receptor, is highly
expressed by Treg cells, a unique subpopulation of helper
T cells. Then, it was shown that Foxp3 (Forkhead Box P3), a
member of the fork head/winged-helix family, was the most
important transcriptional element modulating the prolifer-
ation and survival of Treg cells. Treg cells prevent other
functional immunity cells from responding by dealing with
them either explicitly or by releasing cytokines like IL-10
along with transforming growth factor that dampen the

immune system. Treg cells are therefore strongly linked
to autoimmune disorders, chronic inflammatory illnesses,
peripheral tolerance, and psoriasis [9].

The most prevalent kind of leukocytes in the blood-
stream is neutrophils. Recent data suggests that neutrophils
might be involved in autoimmune disorders. Psoriasis
patients had considerably greater neutrophil-to-lymphocyte
ratios, neutrophil activity, and NETotic cell counts than
healthy controls. Patients with psoriasis had much more
low-density granulocytes in their blood than in the control
group. Furthermore, neutrophils may play a major role in
the increased cardiovascular risk that psoriasis poses [5].

Many and varied endogenous and exogenous stimuli,
including antigens, trauma, infection, or psychological
stress, can set off the intricate immune responses that result
in psoriasis. Through their interactions among T cells, den-
dritic cell types, and neutrophils, which both the adaptive
and innate immune systems are linked. Psoriasis is caused
by an imbalance in T cells, keratinocyte proliferation,
angiogenesis, and the production of autoantigens, which
draw in neutrophils. As neutrophils in the blood approach
psoriatic lesions, they cause degranulation, respiratory
burst, and the formation of. Neutrophils from psoriasis
patients had enhanced respiratory burst, NADPH oxidases
and myeloperoxidase activity. MPO also has a role in
elevating degranulation and oxidative stress. Proliferating
dendritic cells (pDCs) may release cytokines, chemokines,
and other innate immune mediators in response to antigen
specific CD8+ T cells (memory T cells in the dermis and naive
T cells in the lymph node) by activating TLR receptors 7 and 9
as a result of the developed oxidative stress caused by neu-
trophils. These T cells have the ability to migrate to the
epidermis through the major histocompatibility complex
receptor on keratinocytes, where they can trigger kerati-
nocyte progression and trigger regional inflammation.
pDCs’ production of IFN-α and IFN-β then encourages
myeloid dendritic cells (mDCs) synthesis of inflammatory
cytokines such as TNF, IL-12, and IL-23. Neutrophil-secreted
proteinase 3 cleaves pro-IL-36 into active IL-36 cytokine,
thereby boosting the mDC response. TNF, IL-12, and IL-23
substantially induce the immune response of Th1, Th17, and
Th22 cells in the lymph node. Numerous chemokines and
cytokines, including as TNF, IFN-γ, IL-1, IL-17, TNF, CCL20
(Chemokine ligand 20), and cytokines produced by neutro-
phils and DCs, are released in response to a viral infection.
Proteinase 3 synthesizes LL-37, an autoantigen essential for
the establishment of the immune response in psoriasis
involving DNA chromatin and transforms resting TNFα
into active sTNFα. NETs play a major role in maintaining
psoriasis by supplying IL-17 and stimulating Th17 T-helper 17
cells to generate greater amounts of them. The above steps
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lead to regional inflammation of psoriatic tissue which
leads to the intricate responses to inflammation associated
with psoriasis. Acanthosis, skin thinning, and epidermis
hyperplasia are both psoriatic dermatological conditions
that have been connected to the growth of IL-22. The
activation of Nuclear factor kappa-light-chain-enhancer
of activated B cells NF-κB, cyclic AMP Cyclic adenosine
monophosphate, and JAK-STAT Janus kinase/signal trans-
ducer and activator of transcription family causes psoriasis
by boosting angiogenesis, vascular proliferation, and adhe-
sion molecules through the creation of TNF and IL-17 [10].

1.2 Pathogenesis of acne

Physical most cases, acne vulgaris (AV) results physical
discomfort, mental anguish, deformity, and perhaps
permanent scarring. Furthermore, individuals may have
emotions of humiliation and fear, which contribute to the
state of mental depression [11]. The pathophysiology of acne
is multifaceted and involves overproduction of sebum,
aberrant hyperkeratinization of pilosebaceous follicles,
hyperproliferation of the cutibacterium acnes bacteria, and
inflammatory processes [12].

Increased sebum production in hair follicles, primarily
influenced by androgen hormones like testosterone and
IGH-1, is a key factor contributing to acne development,
affecting the frequency and severity of acne lesions [13–15],
[14–16]. In contrast to healthy follicles that release single-cell
keratinocytes into the lumen, hyperkeratinization anoma-
lies in pilosebaceous follicles result in irregular desqua-
mated corneocytes, lipid buildup, and monofilament
accumulation [17–19]. When the immune system comes into
contact with P. acnes, it triggers an inflammatory process
that damages and ruptures hair follicles, releasing bacteria,
lipids, and fatty acids into the dermis layer and causing in-
flammatory lesions such as ulcers. Reactive oxygen species
are produced by neutrophils, which damages the follicular
epithelium and exacerbates acne inflammation [20–22].
Because of its connection to inflammatory, autoimmune,
and malignant skin conditions, DNA methylation – a type of
epigenetic modification – is becoming more and more
recognized in the field of dermatology. It has been demon-
strated to play a role in the etiology and development of
inflammatory skin conditions, including psoriasis, atopic
dermatitis, and hidradenitis suppurativa. The development
of acne vulgaris is also influenced by epigenetics, which
provides information on the disease’s biological causes and
possible treatments [23].

2 Bioactive compounds as safe and
potential alternative in
management of psoriasis

2.1 Therapeutic drug approaches for
psoriasis

Formerly thought to be an infection of the skin that
relapsed, psoriasis is now understood to be a systemic
immune-mediated inflammatory disease that can co-exist
with psychiatric problems, cardiovascular disease, and
psoriatic arthritis. Treatment should consider factors like
psoriasis phenotype, treatment history, psychosocial
impact, comorbidities, medications, and individual pref-
erences. A holistic approach is essential, flexible, and
adaptable to patient needs. The development of psoriasis
therapy over time century is a testament to successful
translational research [24].

First-line treatments for moderate to severe instances
of psoriasis, which affect less than 10 % of the total area
of the body, are conventional/topical therapy, which are
time-consuming, greasy, sticky, and odor-causing. Multiple
techniques, comprising traditional pharmaceuticals,
nanocarrier-based therapy, and herbal medicines, are used
to treat psoriasis. Liposomes, chitosan coated liposome,
nanostructured lipid carriers, solid lipid nanocarriers, nio-
somes, dendrimers, nanosuspension, metallic nanoparticles,
transfersomes, and ethosomes are a few possible nano-
carriers for psoriasis therapies [25, 26]. Other cutting-edge
drug delivery methods that are helpful for treating psoriasis
include hydrogels, microspheres, microemulsions, micelles,
microneedles, and microsponges [27–31].

For mild to severe inflammatory conditions, topical
treatment is the primary line of management. It includes
corticosteroids, dithranol, vitamin D analogue, tretinoids,
Tacrolimus, Babchi oil, and 8-methoxypsoralen [32]. It is
better accepted by skin that is sensitive and lessens adverse
effects. Calcipotriol, a synthetic counterpart, has disadvan-
tages such as a quick metabolism and skin irritation. These
problems have reportedly been resolved with calcipotriol-
loaded liposome gel [33].

Vitamin A is retinoid, and it comes in both synthetic and
natural forms. Hyperkeratosis in the skin is a result of a
vitamin A deficiency. Retinoids decrease psoriasis-related
epidermal hyperplasia and control gene transcription
through their interaction with nuclear receptors. While for
psoriasis of moderate to severe intensity that has not
improvedwith traditional systemic treatments, biologics are
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recommended. For psoriasis of moderate to severe intensity
that has not improved with traditional systemic treatments,
biologics are recommended. Various potential pharmaceu-
tical synthetic medications for psoriasis have been shown in
Table 1.

2.2 Bioactive compounds in management of
psoriasis

Bioactive compounds are natural substances found in plants,
animals, and other organisms that have biological activity
and can have a beneficial effect on health [38, 39]. These
compounds have been significantly explored and investi-
gated for their potential therapeutic effects in the manage-
ment of psoriasis. Several bioactive compound that has been
studied are elaborated below.

2.2.1 Flavonoids

Plant secondary metabolites include flavonoids, a class of
polyphenolic chemicals. Studies have demonstrated the
therapeutic potential of flavonoids, with a particular
emphasis on their potent anti-inflammatory activities in the
treatment of psoriasis [40]. Flavonoids are the main type of
polyphenolic compound. From plants, more than 4,000

flavonoids have been identified. It has been demonstrated
that flavonoids have strong antioxidant properties and can
block the enzymes microsomal monooxygenase, lip-
oxygenase, mitochondrial succin-oxidase, glutathione
S-transferase, nicotinamide adenine dinucleotide NADH
oxidase, and cyclooxygenase [41]. Bioactive compound in
management of psoriasis shown in Figure 1.

The primary anti-inflammatory properties of certain
flavonoids as possible psoriasis treatment agents are amen-
toflavone that reduces the thickness of the skinfold and ear
folds, promote apoptosis, restrict the growth of Immortalized
human epithelial cell line (HaCaT) cells, prevent Imiquimod
(IMQ) induced increases in mRNA expression, and suppress
the production of IL17A, IL-22, and NF-κB [41]. Vegetables and
fruit offer an outstanding way to acquire apigenin, a flavone
possessing fascinating biological characteristics with anti-
inflammatory properties and antioxidant activity. It has been
noted that two of the best compounds for reducing the pro-
duction of inflammatory cytokines in different cell lines are
luteolin and apigenin [42]. As Astilbin has demonstrated Im-
provements in circulating CD4 and CD81 T cells, keratinocyte
proliferation, and inflammatory cytokines [43].

In a study 2,4-dinitrofluorobenzene-induced contact
hypersensitivity along with the mouse-tail test was used to
assess baicalin’s in vivo anti-inflammatory and keratinocyte
differentiation-inducing characteristics. The results suggest
that applying a lotion containing baicalin over the skin de-
creases inflammation and promotes proper keratinization
[44].

Anthocyanidin delphinidin is found in a large quantity
in fruits and vegetables with color, especially in blueberries
with intriguing anti-inflammatory and antioxidant qualities.
The consequences of delphinidin upon psoriatic cutaneous
keratinocyte differentiation, growth, and inflammation have
been recently investigated with a rebuilt human psoriatic
skin equivalent (PSE) model [45].

In vivo, isoliquiritigenin has been shown to reduce IL-6
and IL-8 levels, as well as CD4, CD8, CD11b/c, F4/80, and
Vascular Endothelial Growth Factor (VEGF) expression in
the ear and back skin, therefore alleviating psoriatic lesions
and slowing the pathogenic development of psoriasis. Iso-
liquiritigenin inhibited NF-κB activation, resulting in lower
levels of proinflammatory cytokines IL-6 and IL-8. Iso-
liquiritigenin reduced both protein and mRNA levels of NF-
κB. This discovery suggests isoliquiritigenin as a potential
NF-κB inhibitor and psoriasis treatment medication [41]. In
another research, the mouse tail test was used to investigate
quercetin’s anti-psoriatic properties derived through Smilax
China’s tuber. The substance’s antiproliferative properties
were further examined in vitro on HaCaT cells. Quercetin
with 25 and 50 mg per kilogram substantially changed

Table : Pharmaceutical medications for psoriasis.

Drug Activity Reference

Vitamin A Reduce the epidermal hyperplasia
associated with psoriasis and regulate gene
transcription by means of their contact with
nuclear receptors.

[]

Fumaric acid Preventing the expression of
proinflammatory cytokines and adhesion
molecules, stopping the differentiation of
D-cells, and reducing the generation of
intracellular free radicals.

[]

Ciclosporin Demonstrated that the T cells act as the
disease’s mediators while treating
psoriasis.

[]

Adalimumab The current recommended initial recourse
biologic for psoriasis in conjunction with
psoriatic arthritis.

[]

Certolizumab
pegol

Psoriatic arthritis and psoriasis []

Tofacitinib Targeting the signaling pathways inside
cells that are linked to the etiology of
psoriasis, hence inhibiting Janus kinase and
, which in turn controls the immunological
response.

[]
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epithelial width and accomplished incredible orthoker-
atosis in the mouse-tail test compared to the placebo group.
In actuality, psoriatic lesions are distinguished by a
significantly diminished or missing granular layer of the
epidermis. With its capacity to function through several
pathways, quercetin has been suggested as a possible
treatment for psoriasis, a persistent inflamed dermatolog-
ical condition with several triggers [46].

2.2.2 Phenylpropanoids

Phenylpropanoids, such as gallic acid, coumarins, phenyl
propionic acids, and curcumin, have demonstrated encour-
aging outcomes in the treatment of psoriasis.

2.2.2.1 Coumarins
Coumarins are a crucial family of natural compounds that
exhibit a benzoquinone α-pyran one core. It has been
discovered that coumarins have an anti-psoriatic effect via
reducing the generation of chemokines and cytokines that

are associated with inflammation. Usually, phototherapy is
used in conjunction with coumarins, such as psoralen, to
enhance the therapeutic benefits of psoriasis. Researchers
investigated the effectiveness and safety of psoralen-UVA
(PUVA) therapy for 48 individuals with palmoplantar
psoriasis (mean age 51 years). While 63 % of the patients
were deemed successfully treated following topical PUVA
treatment. However, in situations when topical PUVA
treatment is ineffective after eight to 10 sessions, it was
coupled with acitretin. In the course of therapy, 25 % phenyl
propionic acids and other phenylpropanoids [47].

2.2.2.2 Phenyl propionic acids
Phenyl propionic acid, or ferulic acid, has demonstrated
encouraging outcomes in the management of psoriasis. In a
research by Lo et al., it was discovered that mice given
ferulic acid had much fewer skin lesions, lower scores for
scaling and erythema, and lower expression of the IL-17A
gene [48]. Following intraperitoneal injections, Danshensu,
a traditional Chinese herbal treatment, has shown to

Figure 1: Bioactive compound for management in psoriasis.
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ameliorate skin thicknesses and scales in psoriasis mice.
The anti-psoriatic benefits of the high-dose therapy may be
mediated by inhibition of YAP expression, as evidenced by
the 80 % reduction in skin thickness and the reduction in
YAP protein expression [49].

2.2.2.3 Curcumin
A polyphenolic substance called curcumin has been
demonstrated to successfully cure psoriasis in mice. One
research found that curcumin reduced Baker scores, TNF-α,
IFN-γ, IL-2, IL-12, IL-22, and IL-23 levels, aswell as the amount
of T cells in mice’s ear skin [50, 51].

2.2.2.4 Terpenoids
Terpenoids are compounds with antiviral, antibacterial, and
anti-neurotoxic effects that are produced from isoprene
units could be also used to treat psoriasis. In psoriasis-
affected mice, betulinic acid was shown to drastically lower
Psoriasis Area and Severity Index [52] scores, the goal was to
reduce epidermal thickness, CD3+ T cell infiltration, and
Th17, γδT production, as well as NF-κB signaling. Paeoni-
florin is a clinically effective therapy for psoriasis, even
though its exact mechanism of action is yet unclear. Paeo-
niflorin was studied in mice with IMQ-induced psoriasis
to determine its mechanisms and therapeutic benefits.
Psoriatic mice were administered 150 mg/kg of intraperito-
neal paeoniflorin for 16 days, and their ear thickness
dropped considerably. The paeoniflorin therapy decreased
epidermal thickness and alleviated skin inflammation,
according to the histopathology test. Paeoniflorin treatment
decreased the number of CD11b- Gr-1- neutrophils and F4/80-
CD68-macrophages in the skin. Pedoniflorin lowered TNF-α,
iNOS, IL-1β, IL-6, IL-12, IL-23, and TNF-α levels [50] .

2.2.2.5 Alkaloids
Because of its substantial anti-inflammatory qualities, the
molecule indorubin, which is present in bacteria, fungus,
and plants, has shown to offer potential as a psoriasis
treatment. Studies have demonstrated that indirubin
suppresses EGFR stimulation along with EGF-induced
CDC25B gene regulation in keratinocytes of the epidermis,
hence lowering inflammatory reactions. In one research,
indirubin therapy boosted keratinocyte proliferation,
decreased the expression of many inflammatory mediators’
mRNA, and nearly cut down on PASI scores [53, 54].

2.2.2.6 Steroids
A naturally occurring substance containing a cyclo-
pentanoperhydrophenanthrene carbon backbone, steroids
exhibit pharmacological effects those are particularly
beneficial for treating psoriasis. Psoriasis therapy diosgenin

dramatically reduced proinflammatory cytokine expression
and elevated differentiation marker expression, accounting
for half of the model group’s score [55].

2.2.2.7 Organic acids
To lessen adverse effects and improve skin permeability,
salicylic acid, an organic acid containing carboxyl groups, is
used as a therapeutic anti-psoriasismedication in conjunction
with tacrolimus, mometasone furoate, or calcitriol. Salicylic
acid and mometasone furoate together proved to be a more
efficient and secure combination, according to research
including 408 patients [56]. Research has shown that gambo-
gic acid, a substance found in the resin of the Garcinia han-
buryi tree, has anti-psoriatic properties. Study demonstrates
that gambogic acid administration reduces adhesion mole-
cules, inhibits hyperplastic and inflammatory vasculature,
and improves scarring, cutaneous building, along with para-
keratosis in K14-VEGF transgenic mice [57, 58]. Table 2 gives
the various molecular targets of bioactive compound.

2.2.3 Antiproliferative strategy to ameliorate psoriasis

Antiproliferative, having a propensity to impede or restrict
the growth of cells, strategy represents a targeted and
multifaceted approach aimed at addressing the character-
istic of excessive skin cell growth associated with this
chronic skin disorder. Psoriasis, a prevalent autoimmune

Table : Molecular targets of bioactive compound.

Molecular Target Bioactive
compound

Therapeutic
strategies

Reference

ILA, IL-, and
NF-κB

Amentoflavone Reduces the thickness
of the skinfold and ear
folds, promote
apoptosis, restrict the
growth of immortal-
ized human epithelial
cell line (hacat) cells

[]

IL-A Phenyl
propionic acid,
or ferulic acid

Fewer skin lesions,
lower scores for
scaling and erythema

[]

TNF-α, IFN-γ, IL-,
IL-, IL-, and
IL- l

Curcumin
(polyphenol)

Reduced baker scores
and cure psoriasis in
mice.

[]

TNF-α Pedoniflorin Decreased epidermal
thickness and
alleviated skin
inflammation

[]

IL- and IL- Isoliquiritigenin Slowing the
pathogenic
development of
psoriasis

[]
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condition which is non-communicable disease, establishes
as raised, red, and scaly patches on the skin owing to an
accelerated multiplication of skin cells. An antiproliferative
strategy’s main goal is to control and prevent this aberrant
cell proliferation, which will diminish the severity of psori-
asis symptoms and improve the general health of the skin.
This approach encompasses several therapeutic approaches,
all expected at transforming the fundamental mechanisms
causing the hyperproliferation of skin cells.

One fundamental aspect of antiproliferative
interventions involves the use of topical treatments [60].
These may include corticosteroids [61], which exert anti-
inflammatory effects and help regulate cell proliferation.
The Working Group on Topical Therapy of the International
Psoriasis Council has evaluated the effectiveness and security
of corticosteroids that are applied topically that provided
recommendations concerning secure, prolonged application
of suchmedications [62]. Additionally, vitamin D analogs [63],
retinoids [64], and calcineurin inhibitors [65] are employed to
target specific pathways engaged in the differentiation and
development of cells, along with inflammation. An additional
vital component of the antiproliferative strategy is photo-
therapy [66], which slows down skin cell turnover by using
supervised UV light irradiation. Through regulating cellular
activity and inhibiting excessive proliferation, two popular
phototherapeutic strategies that demonstrate effectiveness
in treating psoriasis are narrowband UVB and PUVA [67].
Biologic therapies have become revolutionary medical prod-
ucts in the antiproliferative paradigm in the past few years.
These substances, which are injected or infused, work against
particular elements of the immune system like interleukins
and tumour necrosis factor to stop the inflammatory cascade
that causes faster proliferation of skin cells [68].

In addition, systemically administered drugs such as
immunosuppressants [69] and oral retinoids [70] have been
employed in extreme situations to lessen aberrant skin cell
turnover and stop systemic inflammation. Usually, such
systemic approaches are saved for circumstances in where
conventional therapies are found to be inadequate or
undesirable. The antiproliferative approach aims to improve
the quality of life for psoriasis sufferers in addition to
managing their symptoms. These therapies try to reduce the
frequency and intensity of psoriatic flare-ups, relieving
the physical and psychological effects of the disease by
altering the mechanisms controlling cell proliferation [71].
The antiproliferative strategy for psoriasis is a thorough
and dynamic method that includes a range of topical,
phototherapeutic, systemic, and biologic treatments. This
approach aims to provide long-lasting relief by focusing on
the abnormal cellular processes that cause psoriatic lesions,
giving psoriasis sufferers amore tolerable and satisfying life.

2.2.4 Bioactive compounds for antiproliferation against
keratinocytes

Keratinocytes, the predominant cells in the epidermis, play a
crucial function in preserving the skin’s integrity. Ungov-
erned keratinocyte multiplication, nevertheless, may result
in a variety of dermatological issues in specific situations,
such as hyperproliferative skin conditions or the beginning
phases of skin malignancy.

Scientists and researchers are continuously investi-
gating both natural and synthetic substances that possess
bioactive qualities and have antiproliferative actions,
especially towards keratinocytes. These substances can be
produced chemically, extracted from plants, and sometimes
obtained from marine organisms. These compounds can
alter the complex processes controlling keratinocyte prolif-
eration. A crucial component of the study is comprehending
the molecular interactions that occur between bioactive
substances and keratinocytes.

The top-performing external herbal remedies in man-
agement of psoriasis includes aloe vera, indigo naturalis,
polyphenolic compounds, capsaicin, Rubia cordifolia, Cur-
cuma longa, Rheum palmatum, Lonicera japonica, Mahonia
aquifolium, and Rehmannia glutinosa [49]. Such bioactive
compounds have the ability to reduce psoriatic lesions
through molecular pathways associated with preventing
angiogenesis, apoptosis, and suppression of inflammatory
responses [72]. Table 3 listing some compounds derived from
plants that are known for their potential in treating the
hyperproliferation associated with psoriasis, along with a
brief description of their effects.

2.3 Anti-psoriasis effects of bioactive
compounds based novel drug delivery
system

Bioactive ingredient delivery is severely limited in tradi-
tional psoriasis therapies that frequently use topical medi-
cines, phototherapy, or systemic drugs. The difficulty is in
getting these compounds to be as bioavailable as possible at
the psoriatic lesions that result in less-than-ideal treatment
results. Given the chronic nature of psoriasis, certain
bioactive chemicals may be less useful in managing the
condition due to their intrinsic low solubility and stability.

In the last few years, the growth of novel drug delivery
systems, as shown in Figure 2, has materialized as an
encouraging avenue to improve the therapeutic effects of
bioactive compounds in treating psoriasis. By employing
nanocarriers such as liposomes, nanoparticles, andmicelles,

P. Patel et al.: Bioactive compounds as safe and potential alternative in management of psoriasis 7



the solubility issues of bioactive substances are resolved, and
their bioavailability simultaneously improve. These systems
ensure a prolonged presence of bioactive chemicals at the
target region by providing controlled and sustained release
mechanisms. These carriers minimize systemic exposure
and lower the risk of negative effects associated with
conventional systemic drugs by adding customized delivery.
This method represents a substantial improvement in the
individualized and effective management of psoriasis by
optimizing the therapeutic effects of bioactive substances
while also improving the overall safety and efficacy of
treatment.

2.3.1 Liposomes

Liposomes are lipid-based vesicles that have become more
prominent in medication administration for the reason
that of their unique capability to contain hydrophilic and
hydrophobic bioactive substances [84, 85]. These spherical,
phospholipid bilayer-based structures provide targeted dis-
tributionwhile preserving and increasing the bioavailability
of the encapsulated drug [86–90]. Liposomes contain tiny
uni-lamellar vesicles that could boost their capacity to
penetrate the epidermal stratum corneum [91]. Liposomes

are adaptable vesicle that effectively deliver bioactive
substances to targeted locations while reducing systemic
exposure and reducing adverse effects [92]. Studies revealed
how the liposomal gel having the bioactive component cur-
cumin in combination with ibrutinib substantially lowered
the level of inflammatory cytokines, psoriasis and the
epidermal hyperplasia associated with imiquimod [93].
Additionally, Wadhwa et al. synthesized liposomes encap-
sulating fusidic acid to aid in the therapeutic management of
plaque psoriasis. While in comparison with conventional
cream, the produced liposomes showed 1.41 and 3.40 times
greater skin penetration and retention [94]. Similarly, Sut-
tiwan and coworker reported in their investigation that the
Rhodomyrtus tomentosa derived Rhodomyrtone serum
was effective and safe for treatment of inflammatory acne
lesions [95, 96], (Figure 3). Amphipathic substances, lipids
have both hydrophilic and hydrophobic characteristics.
They may spontaneously organise into structured patterns
in aqueous solutions by self-assembly, without the need for
human intervention. As a result, micellisation or micelle
production occurs, which is essential for many lipid-based
micelles functioning as agents that are surface-active.
When combined at the nanoscale level, micellas function
as transporters for hydrophobic medicines, much like

Table : Compounds that have been reported for their potential in treating the hyperproliferation associated with psoriasis.

Compound Plant source Mechanism of action Potential benefits in psoriasis Reference

Curcumin Turmeric
(Curcuma longa)

Anti-inflammatory, antioxidant, inhibits cell proliferation by
inhibiting TNF-α-activated NF-κB, IL-, and IL-.

Reduces inflammation, inhibits
keratinocyte proliferation.

[]

Gucomannans Aloe vera
(Aloe barbadensis)

Anti-inflammatory, moisturizing, promotes wound healing. Soothes irritated skin, may help in
reducing psoriatic plaques.

[]

Indigo naturalis Baphicacanthus cusia
plant

Anti-inflammatory, inhibits angiogenesis and keratinocyte
growth by controlling apoptosis, proliferation, and
differentiation

Traditional remedy for psoriasis,
shows efficacy in studies.

[]

Mahonia
aquifolium

Oregon grape
(Mahonia spp.)

Anti-inflammatory inhibits keratinocyte proliferation.
Prevent -lipoxygenase and reduce in T-cell infiltration

Used topically for psoriasis,
contains berberine with benefits.

[]

Willow bark
extract

Salix species Contains salicylates, anti-inflammatory, keratolytic effects. Similar to salicylic acid, helps in
reducing scaling and redness.

[]

Licorice extract Glycyrrhiza glabra Anti-inflammatory, antioxidant, may modulate immune
responses.

Topical application may help in
alleviating psoriatic symptoms.

[]

Neem oil Neem tree
(Azadirachta indica)

Anti-inflammatory, antimicrobial, may modulate immune
responses.

Traditional use in managing skin
conditions, potential for psoriasis.

[]

Oat extract Avena sativa Anti-inflammatory, soothing, may reduce itching and
irritation by suppressing the keratinocytes’ nuclear factor
kappa B function

Suitable for sensitive skin, may offer
relief from psoriatic symptoms.

[]

Chamomile
extract

Matricaria chamomilla Anti-inflammatory, soothing, may promote wound healing. Topical application for calming
psoriatic skin and reducing redness.

[]

Tea tree oil Melaleuca alternifolia Antimicrobial, anti-inflammatory, may alleviate itching. Used for its potential to reduce
inflammation and manage
psoriasis.

[]

Evening
primrose oil

Oenothera biennis Contains gamma-linolenic acid, anti-inflammatory
properties.

May help in managing inflamma-
tion associated with psoriasis.

[]
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lipid-based nanoparticles. Because of this similarity, medi-
cation administrations have been enhanced by increased
bioavailability and decreased side effects [97] .

2.3.2 Ethosomes

Ethosomes, a variation of vesicle, incorporate ethanol in
their composition, enhancing their penetration through the
skin layers. Substantial interactions between ethanol along
with lipidic structure of skin allow the enclosed medication
to penetrate beneath the skin’s layers more effectively [98].
This characteristic makes them particularly suitable for
topical and transdermal drug delivery [99]. Modified
ethosomes further optimize this delivery by adjusting their
composition for improved stability and bioactive compound
release. Ethosomes and modified ethosomes, with their
skin-penetrating properties, represent promising avenues
for topical applications of bioactive compounds, enhancing
their therapeutic efficacy in dermatological conditions such
as psoriasis. Mangiferin is a naturally occurring substance
that was extracted from Mangifera indica L. It was
added to glycerosomes, a modified ethosomes [100]. The
better capability of mangiferin incorporated glycethosomes
to encourage wound healing in association to the raw
mangiferin was highlighted by the in vivo data, indicating
that theymight be beneficial in themanagement of psoriasis.
Additionally, research developed ethosomes and liposomes
of psoralen and their ability to penetrate and efficacy were
assessed and it was found that psoralen flux of ethosomes
reported 3.5 folds greater compared liposomes [101].

2.3.3 Niosomes

Niosomes are vesicles made of non-ionic surfactant, provide
an alternate method of drug administration. These were
developed to get beyond liposomes’ inadequate physical
resilience and high manufacturing expenses [102]. They are
capable to encapsulate a variety of bioactive substances
due to their amphiphilic nature [103]. Niosomes address
issues with drug solubility by offering regulated release
and enhanced stability when combined with bioactive
substances. This technique is very useful for efficiently
delivering bioactive substances to specific locations, which
makes it a helpful tactic for improving the management of
a range of illnesses, including skin disorders.

Triterpenoid celastrol is derived from tripterygium,
exhibits strong anti-psoriasis properties [104]. Meng et al.
used probe sonication and thin film hydration to create
celastrol noisome [105]. In addition, hydrogel has been
employed as a fundamental transporter to spread the topical
medication’s period onto the surface of the skin and
preserve wetness. According to the in vitro penetration
examination, celastrol noisome hydrogels had an active
ingredient loading in the skin that had been almost 13 times
greater than celastrol hydrogels. When hydrogel using
celastrol niosomes was used instead of hydrogel by itself,
the psoriasis area and severity index were smaller, as well
as the psoriasis plaques showed less erythema along with
white patches.

Niosomal gel was developed by Hashim and colleagues
using acitretin, retinoid of the second generation, niosomes

Figure 2: Novel approaches for the
management of psoriasis.
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that were distributed in hydroxyl propylmethyl cellulose gel
structure [106]. Comparing with standard acitretin gel,
niosome-based gel demonstrated a considerable increase in
drug accumulation in the functional epidermal layers with
a better ex vivo penetration characteristic lasting for as
long as 30 h. Ex vivo HaCaT cells demonstrated the acitretin
niosomes’ anti-psoriatic properties.

2.3.4 Transferosomes

Lipid-based vesicular transporters called transferosomes
are renowned for their plasticity and flexibility in bridging
the skin barrier [107]. Due to their exceptional capacity to
efficiently encapsulate and distribute bioactive chemicals,
these nanocarriers have drawn interest andmay represent a

breakthrough in the treatment of psoriasis. Transferosomes
containing bioactive substances, such as immunomodula-
tors [108], antioxidants [109], and anti-inflammatory drugs,
are commonly intended for the management of psoriasis.
These elements provide a more targeted and effective
therapy strategy by addressing the underlying causes of
psoriasis, such as autoimmune disorders and a hyperactive
immune system [110]. Because of their flexibility, trans-
ferosomes can effectively permeate the different layers
of skin, increasing the bioavailability of the bioactive
substances they have contained [111]. By limiting systemic
exposure, such selective administration lowers the possi-
bility of adverse reactions that are frequently connected to
traditional psoriasis therapies. Additionally, transferosomes
are able to adjust to the particular milieu of psoriatic skin,

Figure 3: Case study: Patientwithmild severity of acne vulgaris at the baseline set up investigator following investigator global assessmentwere on scale
2, reduced and left no more than one small inflammatory lesions after 8 weeks of application of rhodomyrtone serum twice a day daily. (A) In the same
study another patient withmoderate severity of acne vulgaris at baseline of 3 changed to 2with nomore inflammatory lesions after 8weeks of application
of rhodomyrtone serum twice a day daily. Adapted under creative commons CC BY 4.0 license from [95].
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which is marked by inflammation and increased perme-
ability. This flexibility maximizes the therapeutic effect
while reducing the impact on healthy tissues by ensuring
optimumdrug release at the location of action. Scognamiglio
et al., developed the transferosomes counting resveratrol, a
non-flavonoid polyphenolic compound, showed better
penetration through skin [112].

2.3.5 Solid lipid nanoparticles

Solid lipid nanoparticles (SLNs) are the primary era of lipid
nanocarrier frameworks, presented within the 1990s. It is an
imaginative drug delivery carrier with submicron particles
(40–1,000 nm) of lipids dispersed in an aqueous surfactant
solution [113]. The surfactant acts as the emulsifier in SLNs,
however the lipid (fatty acid, steroids, glycerides) is stable at
body and ambient temperature. SLNs are usually prepared
using either a cold or a hot homogenization process,
depending on the temperature stability of the drug [114].
High-pressure homogenization and ultrasonication can also
be used to form SLNs [115]. In comparison to liposomes, their
dynamic system allows for modifications in component
formulation, such as the surfactant, which can be ionic or
nonionic and is frequently utilized with a co-surfactant to
minimize particle size [116].

2.3.6 Nanoemulsion

Nanoemulsions are new formulations for topical medica-
tion delivery. The key advantage of nano emulsion is that it
loads less drug, reducing the danger of side effects from
large dosage pharmaceuticals, and it can carry poorly
water-soluble drugs to the bottom of the skin layer. The
medication absorption rate can be enhanced since the drug
particles are submicron in size (up to 10–200 nm). Nano
emulsions are repeatable, and controlled medication
release at the target location is another significant benefit
[117]. Clobetasol propionate was administered by nano-
emulsions, an innovative delivery technology for topical
medication administration. The efficacy of psoriasis ther-
apy was solely reliant on the extended effect of the drug,
without any adverse effects. Sarfaraz Alam et al. developed
oil in water nano emulsions in which the oil phase was
constituted of clobetasol propionate [118]. Nanoemulsions
are isotropic, heterogeneous systems composed of two
immiscible liquids with adequate drug dispersion in
nanodroplet sizes [97].

In order to reduce the surface and interfacial tension
between water and oil – which may be ionic or nonionic
surfactants must be carefully chosen. Tween® 80, amphi-
philic proteins (caseinate), phospholipids (soy lecithin),

polysaccharides, and polymers [119] are examples of
common surfactants or emulsifying agents [120]. Since
nonionic surfactants cause less local irritation than anionic
surfactants, they are frequently regarded as safer than
anionic surfactants, which makes them perfect for use in
medicine. Additionally, they offer a steadier drug delivery
mechanism since their CMC value is lower than that of
their ionic counterparts with the same alkyl chain length
[121].

Since methotrexate is considered the gold standard in
psoriasis treatment, an attempt was made to include this
medication in nanoemulsion gel. In order to target animal
model-induced skin inflammation similar to that of psoria-
sis, a formulation based on olive oil was created. The
psoriasis area and severity Index decreased by 91 % in the
methotrexate tablet group, and this reduction was equal to
or greater in the methotrexate nanoemulsion gel formula-
tion. The study’s findings demonstrated the efficacy of a
methotrexate nanoemulsion gel formulation in treating
psoriasis and lowering the rate at which symptoms diminish
[122]. Using the spontaneous emulsification approach, Sahu
et al. created tacrolimus and kalonji oil based NEs with
cremophor RH 40 and PEG 400 to treat psoriasis. When
compared to free drug in gel, the in vitro investigation
revealed 100 % release of the drug in gel at 12 h, however the
drug release from NEs and NEs gel was slower, releasing 80
and 50 % of the drug in 24 h, respectively. Consequently, as
compared to NEs gel, the NEs formulation with cremophor
RH 40 and PEG 400 yields a greater release rate. With NEs,
the droplet size and polydispersity indexwere determined to
be 93.42 ± 3.23 nm and 0.330 ± 0.015, respectively. Research
conducted in vivo revealed a considerable improvement in
psoriatic conditions, a 4.33-fold increase in BA, and a
decrease in blood cytokines. According to a SEM investiga-
tion, skin treatedwith kalonji oil also exhibited a therapeutic
response, but skin treated with plain oil showed a poor
reaction. Additionally, the dissolution investigations of the
NEs formulation and the organoleptic characterizations and
drug contents did not exhibit any significant changes based
on the stability experiments [123]. Similarly utilizing an
ultrasonication aided cold maceration process, Kadukkattil
et al. optimised Alpinia galanga extract [124] based NEs with
different polymers, surfactant, and co-surfactant such as
cremophor RH 40, tween 80, tween 20, propylene glycol, and
propylene glycol 400 for the management of psoriasis. The
produced NEs were found to have a mean droplet size of
59.79 ± 17.77 nm and a zeta potential of −8.05 ± 4.18 mV.
Ex vivo permeation tests on porcine skin revealed flux
values of 125.58 ± 8.36 µg/cm2h−1 for AGE NEs and
12.02± 1.64 µg/cm2h−1 for AGEper se. Themicewho received
NE treatment showed a substantial (p < 0.05) improvement
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in their psoriasis. The histology showed that NEs receiving
mouse treatment had a lower psoriasis area severity index
(ASI) [125].

2.3.7 Foams

Colloidal solutions with gas dispersed across a liquid, solid,
or gelled substrate are called foams. Because of their
minimal risk for irritation, even distribution, lack of leftover
oil, and non-stickiness, foams are superior to conventional
formulations as new topical carriers. Foams have recently
shown potential in the management of psoriasis. The prop-
erties of foams make medications ideal for treating scalp
psoriasis because they break down quickly on the scalp and
allowmedication to enter the SC through the hair roots [126].
The foam propellant evaporates quickly, increasing the
concentration of surfactant in the leftover foam and
improving its permeability. Foams are also investigated to
increase permeability and lessen irritation in natural
products like capsaicin and oxymatrine for the topical
treatment of psoriasis [57].

In order to include cholecalciferol and salicylic acid,
Janja et al. designed an oil-in-water emulsion-based
foam, and their physical and chemical stabilities were
examined. A stable viscoelastic interfacial coating was
guaranteed by combining nonionic and ionic surfactants
with the viscosity-modifying polymer HPMC to produce
physical stability in the foam. With at least a 30-fold
decrease in degradation rate constant as compared to its
aqueous solution, cholecalciferol was stabilized in the
emulsion-based foam. Cholecalciferol was shielded from
degradation by the composition of the emulsion-based
foam itself and by the inclusion of the antioxidant
tocopherol acetate, which scavenges radicals, to the oil
phase. The irritancy potential, which was below the
predetermined threshold designating a non-irritant
dermal product, was also evaluated with the patient in
mind [127].

2.3.8 Nanocrystals

Nanocrystals are nanometric-sized crystals (20–100 nm)
that contain 100 % pure medication with no polymer
conjugations. Nanocrystals increase the dissolving pressure,
surface area, and curvature of particles, which are primarily
responsible for boosting the drug’s oral bioavailability [128].
Nanocrystals also achieve increased penetration due to their
quicker follicular and intercellular penetration pathways,
which is extremely favorable. Theymade it possible to avoid
giving the medication more than once and extended its
duration of action [129]. In order to cure lesions, Döge et al.

fabricated nanocrystal loaded with dexamethasone and
found that the nanocrystal improved the drug’s skin pene-
tration [130, 131].

2.3.9 Microsponges

Microsponges are a novel kind of perforated microparticles
used as pharmaceutical administration. They consist of
large-surface-area hydrogel granules. This delivery method
alters the drug’s clearance in the body, boost therapeutic
efficacy, and reduce undesirable side effects. Themedication
is released into the epidermal secretions by the micro-
sponges [28]. For the mometasone furoate, Amrutiya et al.
developed microsponge; an emulsion solvent diffusion
technique is used. Psoriasis and other inflammatory and
pruritic disorders are treated with methotreasone furoate.
The emulsion solvent diffusionmethodwas used to generate
MDS. The release profiles showed an initial burst effect
followed by a biphasic release.Within thefirst hour, 29–36 %
of the medication was released, and 8 h later, 78–95 % of
the drug was discharged. A microsponge gel containing
clobetasol propionate was utilised for psoriasis therapy in
order to minimise the number of administrations required
because of the drug’s continuous release. They found that,
as opposed to the typical form’s 2.5 h, drug release might
extend up to 12 h [132].

2.3.10 Microneedles

Microneedles have the ability to deliver medications trans-
dermally that address key difficulties with existing topical
administration methods. The use of microneedles can help
medications penetrate the epidermis. This methodology
might be employed to furnish an extensive assortment of
hydrophilic pharmaceuticals. The microneedle gadget
consists of a patchwork of micron-sized needles. Drugs will
be able to penetrate the skin more readily because to this
needle technology. After that, the medication is immediately
absorbed via the skin, where it may quickly enter the
bloodstream [133]. Using a CO2 laser cutter, Khorshidian et al.
created a low-cost, chitosan-based microneedle patch (MNP)
for in vitro testing. The influence of the microneedle’s
administration of Glycyrrhiza glabra extract [134] on the
cell population was then assessed. The effectiveness of the
patch was evaluated by microscopic examination, swelling,
penetration, disintegration, biocompatibility, and drug
delivery. To assess the number of cells, DAPI and acridine
orange (AO) staining were used. The results showed that
the MNs (diameter: 400–500 μm, height: 700–900 μm) were
sufficiently sharp and conical. They displayed significant
swelling (two folds) in 5 min and good degradability (a burst
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release) in 30 min, which can be considered a burst release.
The MNP did not exhibit any cytotoxicity towards the L929.
fibroblast cell line. Additionally, it showed promising results
for GgE delivery. The decrease in the cell population
following GgE administration was confirmed by the findings
of AO and DAPI labelling. In conclusion, the artificial MNP
may be a helpful suggestion for research conducted on a lab
size. Additionally, skin conditions where it’s necessary
to regulate cell proliferation may benefit from the use of a
GgE-loaded MNP [135].

2.3.11 Lipospheres

Lipospheres are lipid-based nanoparticulate carriers that
are developed by adding coat lipid phospholipid molecules
on the surface of an aquaphobic solid lipid core to stabilize it.
Compared to other lipid-based systems, lipospheres provide
a number of advantages, including less expensive reagents,
reduced stability issues, improved dispersibility in aqueous
settings, trouble-free manufacture, and a controlled release
rate due to the phospholipid coating and a carrier [136].
Lipospheres have been effectively utilized to treat a variety
of conditions, including psoriasis, orally, intravenously,
and transdermally. Jain et al. developed a tacrolimus and
curcumin-loaded liposphere gel formulation and tested
its anti-psoriatic effectiveness. A topical gel formulation
containing a combination medication contained lipospheres
with particle sizes of around 50 nm. The produced gel
displayed sluggish drug release for both tacrolimus and
curcumin as compared to TAC-CUR solution. Furthermore,
skin distribution research using dye-entrapped formula-
tions suggested deeper dye absorption across skin layers.
They then conducted effectiveness research on imiquimod-
induced psoriasis plaque, with psoriatic biochemical
markers as a critical assessment criterion. They found
improved phenotypic and histological aspects of psoriatic
skin after utilizing the new liposphere gel formulation. Like
the imiquimod group, the novel formulation decreased
the levels of TNF-α, IL-22, and IL-17. To put it briefly, they
suggested using the developed liposphere gel formulation
as a novel and promising drug for the effective treatment
of psoriasis [136].

2.3.12 Nanospheres

Nanospheres (NSs) are particles smaller than 1 µm with a
polymer matrix that evenly distributes the medication. NSs
give increased stability, enhanced solubility, better regula-
tion of medication release, and improved absorption [137].
NSs containing vitamin D3 were produced, and their
potential for topical psoriasis therapy was investigated. The

results showed a greater diffusion of vitamin D3 into the
epidermis compared to the control (Transcutol®). Previous
research has shown that the non-cytotoxic properties of NSs,
as well as their capacity to be encapsulated without losing
activity, are an attractive advantage for evaluating these
systems in cutaneous applications NSs have the ability
to encapsulate huge amounts of hydrophobic compounds
while also enhancing their solubility due to their structure,
which consists of hydrophilic blocks and a hydrophobic
core. Following their assessment of these NSs for photo-
degradation, they discovered that hydrolysis and degrada-
tion had been prevented. As a result of its shown stability,
vitamin D3 qualifies for used in a topical formulation [137].
Improved skin permeability of lipophilic medications,
biocompatibility and biodegradability, increased cutaneous
penetration, and resistance to degradation are a few benefits
of NSs [137]. Table 4 shows various lipid carriers used for the
treatment of psoriasis loaded with bioactive compounds.

2.3.13 Phototherapy

To treat moderate-to-severe psoriasis, phototherapy tech-
niques such as narrowband UV-B, broadband UV-B, and PUVA
have been employed. The narrowband UV-B has a superior
safety profile and is more effective than the broadband
variant. UV-B phototherapy inhibits DNA synthesis, which
causes keratinocytes to undergo apoptosis and produces less
pro-inflammatory cytokines. Erythema, pruritus, blistering,
photoaging, and photocarcinogenesis are examples of adverse
consequences. Since narrowband UV-B is more effective
than broadband UV-B and has a longer period of remission, a
lower risk of skin cancer, and less erythema, it is used more
frequently. The combination of systemic retinoids with
narrowband UV-B may improve effectiveness and lower the
risk of skin cancer. The use of psoralens in PUVA treatment to
inhibit UV-A irradiation and DNA synthesis is no longer
recommended because of the danger of skin cancer and
other side effects. For palmoplantar psoriasis, topical PUVA is
employed; however, patients undergoing phototherapy must
travel for their office appointments. Although it’s a practical
choice, space and insurance restrictions may apply to home
phototherapy [138, 139]. Several topical treatments when fails
to clean the skin, stable plaque psoriasis patients can benefit
from phototherapies such as excimer lamp/laser and NB-UVB
radiation. In order to manage psoriatic lesions, phototherapy
includes repeatedly exposing the skin to UV radiation, which
causes T lymphocytes and keratinocytes to undergo apoptosis.
Extremely economical UVB therapy is only appropriate for
specific individuals with conditions including HIV, internal
cancers, and pregnant women, where systemic immune
responses may not be appropriate [97].
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2.4 Clinical findings and histopathological
features of psoriasis

The diagnosis of psoriasis is generally confirmed by histo-
logical analysis. The presence of neutrophil aggregates in
the epidermis, perivascular lymphocyte infiltration, supra-
papillary plate thinning, uniform rete ridge elongation, and
dilated blood vessels are all indicative signs. Finding the
histology diagnosis requires carefully examining the results
[144]. Histological diagnoses for inflammatory dermatoses
were often done based on a qualitative approach, meaning
the clinical diagnosis may or may not be accurate. In
some cases, however, the relationship between the disease’s
clinical severity and histological findings must be examined
in order to quantitatively quantify the severity of the illness
[145].

After utilizing a 4-mm punch biopsy to gather the
tissues, hematoxylin-eosin (H&E) staining was used. Ten
representative features of psoriasis were examined
histo-pathologically on each slide: dilated blood vessels,
perivascular and dermal lymphocyte infiltrates, spongiform
pustules of Kogoj, elongation of the rete ridges, elongation
of the dermal papillae, edoema of the dermal papillae,
intermittent parakeratosis, absence of a granular layer,
perivascular and dermal lymphocyte infiltrates, and
sporadic neutrophil aggregates in the stratum corneum.
The five-point rating system was used to rank these 10 his-
topathological traits: 0, none; 1, faint; 2, moderate; 3, marked;
and 4, highly prominent. The psoriasis histopathologic

score was calculated by adding the grading values from 10
samples. Histopathological differences were assessed based
on the clinical type of psoriasis using two measures:
(i) the mean grade and total frequency of each of the 10
histopathological abnormalities, and [146] the psoriasis
histopathologic score [145].

As 98 lesions from 98 people (57 men, 41 women; mean
age, 34.1 years) were analyzed, the clinical manifestations of
psoriasis were divided into four categories: guttate (15.3 %),
popular (40.8 %), tiny plaque (32.7 %), and large plaque
(11.2 %). Figure 4 shows sample patients from each of the
four clinical groups along with the histology that corre-
sponds with them [145].

One significant way to understand the disease’s pro-
cesses is to examine the histopathological component of
the skin (Figure 5). Psoriasis has three main HP features:
leukocyte infiltration, vascular dilation (both present in
the dermis), and epidermal hyperplasia. Full understand-
ing of the natural history of the illness requires correla-
tions between elements of HP and clinical characteristics.
A straightforward lymphocytic infiltration around larger
blood arteries distinguishes the early macule at the
beginning of the disease. Epidermal hyperplasia, the
following stage of normal growth, causes scaly papules
with parakeratosis to appear. Generally speaking, rete
ridge elongation, parakeratotic, neutrophilic infiltration,
and a thinner subpapillary plate characterize the tradi-
tional HP look of psoriasis plaques. The lesions’ histology is
mostly reversible; fibrosis and a decrease in neutrophils

Table : Various lipid carrier used in fabrication of delivering bioactive compounds for the treatment of psoriasis.

Lipid carrier Anti-psoriatic
agent

Route of drug
administration

Class of bioactive
compound

Remarks References

Solid lipid
nanocarriers

Thymoquinone
(Nigella sativa
extract)

Topical Monoterpene Reduced erythema, oedema, and thickness
concerns aswell as a low skin irritation score in the
PASI score

[]

Tacrolimus Topical Polyketide Greater in vivo skin layer penetration and a high
ex vivo skin penetration value.

[]

Nanostructured
lipid carriers

Dithranol Topical Natural anthraqui-
none derivative

Decreased symptoms as measured by the PASI
score and the enzyme-linked immunosorbent test,
along with a drop in the severity of the illness and
cytokines such TNF-a, IL-, and 

[]

Liposomes Psoralen Topical PUVA Linear
furanocoumarins

Increased skin penetration studies by several
times, accompanied with decreased psoriasis
plaque symptoms and psoriatic cytokine levels
(TNF-a, IL-, and IL-).

[]

Niosomes Acitretin Topical Retinoid Improved drug deposition and ex vivo
permeability test in HaCaT cells

[]

Ethosomes Anthralin (dithranol) Topical Anthracenes In clinical trials, high penetration rate ex vivo and
few negative effects after treatment were
observed.

[]
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are the initial signs [147]. The function and release of
exosomes from psoriatic keratinocytes were studied by
Jiang et al. in relation to the course of the illness. Their
results showed a substantial correlation between the
production of proinflammatory proteins that aid in the
development of psoriasis and keratinocyte exosomes. The
function that keratinocyte exosomes play in stimulating
neutrophil activation helps to explain this [148]. Their work’s
most notable discovery is that keratinocyte exosomes and
neutrophils have intimate “communication” during psoriasis

inflammation. Skin cells, immune cells, and other biological
signaling molecules have a pathogenic interaction [149].

Understanding the immunopathology underlying this
illness might allow us to better manage the course of the
lesions, resulting in a significant improvement in patients’
quality of life. However, nothing is known about the precise
predictors of this condition, or the circumstances that might
lead to clinical remission [150]. Nikhil et al. made an effort to
connect the pathogenesis of psoriasis with its histological
characteristics in their research. A substantial correlation

Figure 4: Categorization of the corresponding psoriatic lesions’ clinical categories and histological characteristics (H&E, × 100). There are four types of
plaque: Guttate (A), papular (B), tiny (C), and giant (D). Reproduce from [145] under creative commons attribution non-commercial license −3.0.
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was found between the degree of epidermal hyperplasia and
the inflammatory infiltrate, the grade of inflammation and
pustule of Kogoj, the inflammatory infiltrate, and the capil-
lary proliferation. They also found that 100 % of the cases
had inflammatory infiltration [151]. The authors conclude
that psoriasis’ immunopathogenesis is mostly based on an
inflammatory response. In this investigation, we discovered
100 % incidences of inflammatory infiltration [152].

2.5 Future challenges

Because they are safe and convenient, herbal sources are
becoming more and more reliable. The main factors to
consider for herbal therapy and screening plant extracts for
anti-psoriatic efficacy include T-cell trafficking, activation,
and inhibition of cytokinase, as well as counteroffensive
tactics. Psoriasis can be treated using next generation
immunosuppressants and anti-inflammatory medications.
Future issues include patient care andmonitoring, as well as
biological surveillance of the patient’s history and chronic
inflammatory mediators.

Cytokines such as HMGB1, IL-15, and IL-23 can affect
TNF-α levels. Elucidating the fundamental process by which
the illness is transferred from one generation to another is
another aspect of the research that must be researched
in order to explore some additional herbal medications
for the treatment of psoriasis [153].

As nanotechnology evolves, we see an increasing number
of applications in pharmaceuticals. Because of this, adding
nanomaterials to nanotechnology-based drug delivery sys-
tems is futuristic; by 2025, the market is predicted to have
grown six times, to around US$334 billion, from more than
a decade ago [154]. Within the next 20 years, nanomedicine
will see rigorous scientific advancement as clinical demands
push a greater emphasis on material design [155]. As a result,
a new paradigm in psoriasis therapies is shifting towards
this unique therapeutic platform [156].

2.6 Conclusions

This review has shown that naturally produced chemicals
are expected to play an important role in future psoriasis

Figure 5: Histopathology patterns of psoriasis, chronic phase (regular acanthosis, hypogranulosis, hyperkeratosis, parakeratosis) at 100X (a) and chronic
phase (parakeratosis, hyperkeratosis, munro micro-abscesses) at 200X (b) magnification, whereas acute phase (congested capillaries, pustules of Kogoj,
perivascular lymphocytic infiltrate) at 200X (c) magnification and acute phase (elongation and fusion of rete ridges, congested and tortuous capillaries in
the edematous dermal papillae, perivascular lymphocytic infiltrate) at 200X (d) magnification. Reproduce from [147] under creative commons attribution
non-commercial license −4.0.
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therapies. Nature, on the other hand, contains a wealth of
unexplored resources. Phytochemicals have been claimed
to have several health advantages, and continuous study
is being done to establish their physiological effects.
The traditional use of natural chemicals in psoriasis
therapy is inexpensive due to plant availability and
easy product production procedures. However, commer-
cializing natural chemicals for psoriasis therapy may
result in a depletion of natural resources and difficulties
in creating consistent quality adulteration. However, the
use of synthetic drugs has resulted in several side ef-
fects, including psoriasis. In recent years, research in
this field has produced several therapy alternatives for
treating psoriasis. Herbal extracts can be used in combi-
nation with synthetic drugs to treat psoriasis. Dual usage
may result in a lower synthetic medication dosage and
a repeat of undesirable effects. To ensure the safety and
efficacy of psoriasis therapy, herbal medications must be
standardized through regulatory regulations and quality
control systems. More research with bigger sample size
is required to evaluate the therapeutic efficacy of these
natural compounds. Fresh plant resources should also be
investigated in this area.
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