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PHYTOPHARMACOLOGICAL APPROACHES IN PSORIASIS: MECHANISTIC INSIGHTS AND EMERGING THERAPEUTIC POTENTIAL


Abstract


Background: Psoriasis is a chronic immune-mediated disorder characterized by dysregulated interactions between inflammatory signaling pathways and keratinocyte proliferation, primarily driven by the IL-23/Th17 axis and oxidative stress. Although conventional therapies such as corticosteroids, methotrexate, cyclosporine, and biologics provide symptomatic relief, their long-term use is limited by adverse effects, relapse, resistance, and high cost. These limitations have increased interest in phytopharmacological approaches as safer, multi-target alternatives.

Purpose: This review critically evaluates phytopharmacological strategies in psoriasis, focusing on molecular mechanisms, experimental models, and the therapeutic potential of Plumeria alba.

Methods: Relevant literature on plant-derived bioactive compounds was analyzed, with emphasis on their effects in experimental psoriasis models and their modulation of key inflammatory and oxidative pathways, including cytokine regulation, NF-κB inhibition, and antioxidant activity.




Findings: Phytoconstituents such as flavonoids, alkaloids, terpenoids, and polyphenols demonstrate significant anti-inflammatory, immunomodulatory, and antioxidant effects in preclinical models. These compounds effectively target the IL-23/IL-17 axis and reduce keratinocyte hyperproliferation. Plumeria alba emerges as a promising candidate due to its bioactive constituents, including iridoids, flavonoids, and triterpenoids, although direct psoriasis-specific evidence remains limited.



Summary: Phytopharmacological agents show potential as alternative or adjunct therapies for psoriasis. However, their clinical translation requires well-designed trials, standardized extracts, mechanistic validation, and improved bioavailability. Integrating traditional knowledge with modern pharmacology may facilitate the development of safe and effective plant-based therapies.
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INTRODUCTION

Psoriasis is an inflammatory, chronic skin disease which is immune mediated and is commonly occurring in about 2-3 percent of the total world population and is regarded as one of the diseases that have heavy physical, psychological, and socioeconomic implications [1]. It is distinguished by clear erythematous spots with silvery scales, the main cause of which is an over proliferation of keratinocytes and the inappropriate operation of the immune system [2]. In addition to cutaneous lesions, psoriasis is becoming a well-known systemic inflammatory disease that has concomitant conditions such as psoriatic arthritis, metabolic syndrome, and cardiovascular disease [3].

It is more appropriate to consider psoriasis as a dysregulated immune- epidermal system in which several signaling pathways communicate to perpetuate chronic inflammation. Instead of being discrete occurrences, genetic primeval tendency and environmental stimuli come together to trigger immune activation, especially by means of dendritic cell communication, which reinforces a prolonged Th17 response. This results in sustained release of mediators IL-23, IL-17, and TNF- α which are pro-inflammatory and acts in unison to induce hyper
growth of keratinocytes and the continued development of plaque [4-5]. Moreover, intracellular
signaling pathways like NF-KB and the MAPK pathway are the key regulators that enhance the inflammatory reaction in the psoriatic microenvironment. [6] Oxidative stress is also necessary in the pathogenesis of diseases by increasing the inflammation and impairing epidermal homeostasis through greater increase in reactive oxygen species and weakening antioxidant defence mechanisms. [7]

Some of the common treatment options to psoriasis include topical corticosteroids, vitamin D

analogs, phototherapy, systemic immunosuppressors (methotrexate and cyclosporine), and
TNF -alpha, IL-17, or IL-23 [8,9]. Although these treatments have greatly enhanced the treatment of the disease, the long-term treatment has its own disadvantages despite its high cost which includes the likelihood of relapses, the effect of immunosuppression and access problems in third world countries. [8,9]. More so, single-target biologic therapy might fail to respond to the multifactorial pathogenesis of psoriasis.

More and  more interest  is  being  paid to  the field  of phytopharmacology  as  a potential alternative or adjunctive treatment approach in recent years. Various medicinal plants contain compounds which are bioactive in nature, including flavonoids, terpenoids, alkaloids, and polyphenols possessing activities such as anti-inflammatory, antioxidant, and immunomodulatory [10]. Plant-derived compounds have a tendency to act as multi-targets and regulate cytokine networks, inhibit NF-κB activation, Th17 responses, and keratinocyte proliferation, unlike single-target synthetic drugs [11,12]. The preclinical techniques have been extensively applied to use and evaluate the phytoconstituent isolation by applying the validated experimental models with anti-psoriatic properties, such as inducing psoriasis-like dermatitis by imiquimod [13].

So far, having growing experimental data, the complex mechanistic assessment of experimental intervention of phytopharmacological treatment in psoriasis is deficient. The effects of plant- based compounds on certain molecular pathways, including IL-23/ IL- 17 axis, TNF-a signalling, oxidative stress regulation, and regulation of keratinocytes have to be comprehended and is crucial to the development of translational research.

Therefore, the present review aims to critically analyse the mechanistic basis of phytopharmacological approaches in psoriasis and summarize emerging evidence supporting their therapeutic potential in experimental and preclinical models.

METHODOLOGY OF LITERATURE REVIEW
The literature search strategy for this review was structured to identify relevant literature on phytopharmacological approaches to psoriasis. The articles published from 2000 to 2025 were systematically searched in electronic databases, such as PubMed, Scopus, Web of Science, and Google Scholar.
Keywords that were used to search include combinations of psychosomatic words like: psoriasis, phytopharmacology, medicinal plants, “IL-17”, “IL-23”, “NF-κB”, oxidative stress, and Plumeria alba.
Peer-reviewed original research studies and review articles about plant-derived compounds that are relevant to psoriasis or other inflammatory skin diseases, with a particular interest in molecular mechanisms, including cytokine modulation, signaling pathways, and oxidative stress, were included.
The exclusion criteria were non-English publications, studies without mechanistic or experimental relevance, duplicates, and low-quality or non-peer-reviewed sources.
The articles chosen were qualitatively assessed to determine the pharmacological effects, molecular targets, and therapeutic potential of phytoconstituents in psoriasis. Because of study design and outcome measure heterogeneity, quantitative meta-analysis was not conducted.

PATHOPHYSIOLOGY OF PSORIASIS

Immunological Mechanisms

Psoriasis may be characterized as a persistent homeostat- broken immune-mediated and inflammatory disease characterized by the cross-talk regulation error between the devastation and intrinsic immune trials. The exposure to environmental provocation is combined with an
inherent susceptibility of the genes to activate the plasmacytoid and myeloid dendritic cells in the dermis that finally triggers an immune response cascade which is dependent on cytokines[14]. The presence of the T-helper (Th)1 and Th17 cells provide stimulation of dendritic cells to release interleukin (IL)-12 and IL-23 that make the inflammation chronic [15].

Th17 Pathway

Th17 sub-set of CD4+ T cells is also a major contributor to pathophysiology of psoriasis. Also, Th17 cells proliferate and survive under the influence of IL-23, which further increases the synthesis of proinflammatory cytokines such as IL-17A, IL-17F, and IL-22 [16]. The IL-17A triggers several biological responses, such as direct action of the cytokine on the keratinocytes, consequently leading to chemokines (CXCL1 and CXCL8) and antimicrobial peptides, as well as other cytokines, augmenting leukocyte recruitment and the inflammatory response in the psoriatic plaques [17]. Also, IL-22 is associated with epidermal hyperplasia caused by cell proliferation of keratinocytes and repression of terminal differentiation [16]. The high clinical efficacy of biologic agents that target IL-17 against moderate-to-severe psoriasis serves as a great opportunity to support the importance of the huge role of the Th17-pathway. [18].

IL-17/IL-23 Axis

In psoriasis, IL-23/ IL-17 axis is the basic inflammatory pathway. Dendritic cells and macrophages are the main producers of IL-23 that stabilize the pathogenic Th17 cells and increase IL-17 production [15,19]. On its part, IL-17 enhances the effect of endothelial cells and keratinocytes which enhance adhesion molecules and inflammatory factors that allow infiltration of immune cells into epidermis [19]. Prolonged stimulation of this axis leads to the prolonged inflammation of the epidermis and the development of the plaque. The IL-23 or IL-
17-targeted therapeutic medicines have also affirmed the pathologic role of this pathway. [18,19]

TNF-α, tumor necrosis factor- alpha.


TNF-α, which is one of the pro-inflammatory cytokines, is involved in psoriasis. It is produced by T lymphocytes, keratinocytes, macrophages and activated dendritic cells all [20]. Th17 interests that are induced by TNF-α stimulate the maturation of dendritic cells and act in conjunction with IL-17 to aggravate inflammatory cascades [20,21]. Moreover, TNF-α increases adhesion molecules on endothelial cells like ICAM-1 and VCAM -1 and stimulates the leukocyte migration into lesions in psoriatic patients. The high levels of TNF a are associated
to the extent of the sickness and clinical results that indicate TNF inhibitors are critical in the pathophysiology of the ailment support the importance of the cytokine.[21]

NF-κB Signalling

Nuclear factor kappa B (NF-κB) is a transcription factor that regulates the expression of numerous pro-inflammatory genes implicated in psoriasis. Activation of NF-κB occurs downstream of cytokines such as TNF-α and IL-17, as well as through Toll-like receptor signalling [22]. Once activated, NF-κB translocates to the nucleus and induces transcription of inflammatory mediators, including IL-6, IL-1β, and various chemokines, thereby perpetuating the inflammatory loop [22,23].  Persistent NF-κB activation in keratinocytes and immune cells contributes to chronic inflammation and epidermal hyperproliferation, making it a potential therapeutic target.




Keratinocyte Hyperproliferation


The second characteristic of psoriasis is increased keratinocyte proliferation with an abnormal differentiation process. Keratinocytes in healthy skin turnover at a rate of about 28 days; in psoriatic lesions, over the short period of 3-5 days [24]. IL-17, IL-22, and TNF-α are pro- inflammatory cytokines that promote the proliferation of Keratinocytes and interfere with terminal differentiation, resulting in epidermal thickening (acanthosis) and epidermal scaling [17,24].

Notably, the role of keratinocytes as active participants in the process of inflammation is important, as well as passive targets. They also release antimicrobial peptides like β-defensin and S100 proteins, as well as chemokines that enlist the presence of neutrophils and T cells in the epidermis on stimulation [25]. Two-way network between immune cells and keratinocytes generates an inflammatory cycle that is self-reinforcing, giving rise to the formation of the chronic plaque.

Oxidative Stress's Function

Also, the oxidative stress is beginning to contribute to pathophysiology of psoriasis. It is caused by the disproportion between the antioxidant defense mechanism and the production of reactive oxygen species (ROS). It has been demonstrated that psoriatic patients are found to be having high levels of ROS and lipid peroxidation products [26]. Excess of ROS is capable of triggering
redox sensitive signal transduction pathways including NF-kB and MAPKs, enhancing the production of cytokines and causing inflammation [27].

Moreover, it has been found out that psoriasis lowers the activity of natural antioxidants including glutathione peroxidase (GPx), catalase (CAT), superoxide dismutase (SOD), and others that leads to the possibility of impaired antioxidant defense systems. [26,28]. Keratinocyte damage, differentiation changes, and immune activation that occurs permanently are also caused by oxidative stress. Immune dysregulation and oxidative imbalance interact with each other, which highlights the possible therapeutic significance of antioxidant-based and plant- based interventions in the treatment of psoriasis.







Weaknesses of existing traditional therapies.

Although  considerable  progress  has  been  made in  the management  of psoriasis,  current conventional treatment options are linked to enormous shortcomings in terms of safety, cost, long time efficacy, and disease recurrence.

Topical Corticosteroids

Since topical corticosteroids are an efficient anti-inflammatory and immunosuppressive agent which inhibits phospholipase A2 along with the production of pro-inflammatory cytokines, they are still administered in the first line of treatment of mild to severe psoriasis. The long- term effects are skin shrinkage, telangiectasa, striae, tachyphylaxis, and rebound flare on withdrawal. Inhibition of the hypothalamic-pituitary- adrenal (HPA) axis can also be related to systemic absorption of long-term/ high-potentiated preparations. These are its safety concerns that limit its long-term use in a chronic disorder such as psoriasis. [29,30].

Methotrexate


Methotrexate (MTX) is an antagonist of folate with a range of activity including antiproliferative and immunomodulatory activities through the expression of inhibitory effects on dihydrofolate reductase and inhibition of T-cell activation. It is effective in moderate to severe psoriasis, but it has a limited long-term effect due to hepatotoxicity, bone marrow suppression, pulmonary toxicity, and teratogenicity. Frequent observation of liver activity and
haematology is also a compulsory measure, which raises the level of treatment and reduces the patient compliance [31,32].

Cyclosporine

Cyclosporine is a T-cell inhibitor of calcineurin and IL-2. Although it is a fast-acting clinical therapy, its application is limited due to nephrotoxicity, hypertension, greater chances of infection and probable malignancy with long-term treatment. It is therefore only indicated on a short-term basis or as an intermittent factor [33,34].

Biologic Agents


TNF-a (e.g., infliximab, adalimumab), IL-17, and IL -23 biologics are a significant advancement in psoriasis. Despite its great efficacy and high-mechanistic nature, a number of issues continue to exist such as susceptibility to infections, immunogenicity, decreased efficacy with time, high cost, and the necessity of parenteral delivery. In addition, long term safety data are subject to ongoing assessment [35,36].




Adverse Effects and Safety Concerns

Systemic immunosuppression associated with conventional therapies increases the risk of opportunistic infections and malignancy. Cumulative organ toxicity and strict laboratory monitoring reduce long-term tolerability, particularly in elderly and comorbid patients [32,34].









Cost Burden

Biologic therapies are expensive and often inaccessible in low- and middle-income countries. The chronic nature of psoriasis necessitates long-term treatment, substantially increasing economic burden and affecting treatment continuity [35].

Relapse and Therapeutic Resistance

Psoriasis is characterized by chronic relapsing episodes. Discontinuation of therapy frequently results in disease recurrence. Also, loss of response to biologics through the formation of anti-
drug antibodies has been described as secondary and thus a requirement to switch therapies which further increases the costs [36].

Even though existing treatments have shown to be effective in the management of the symptoms along with suppressing the critical immunological responses, they have several limitations to their safety in the long-term, expensive nature, the possibility of relapse, and resistance to treatment, thus the necessity of safer, more cost-effective and multi-targeted approaches. These issues explain the increasing scientific focus on phytopharmacological solutions that provide immunomodulatory, antioxidant and anti-proliferative action but might have better safety profiles.

The use of Phytopharmacology in Psoriasis and Dermatitis.

The increasing worries about the safety, cost, and relapse of conventional treatment methods in the long term have fueled the consideration of plant-derived bioactive compounds. Multi- target actions of phytoconstituents, by regulating inflammatory signalling, oxidative stress and keratinocyte proliferation in tandem, have the benefit of acting in multifactorial immune- mediated diseases like psoriasis and dermatitis. Encouraging mechanistic evidence of these natural compounds is obtained in experimental animal studies (imiquimod-induced psoriasis, DNCB-induced dermatitis, TPA-induced inflammation) [37,38].

Flavonoids

Flavonoids are the most widely researched phytochemicals in inflammatory skin diseases since they have a high antioxidant and immunomodulatory effect.

Anti-inflammatory Mechanism

Flavonoid inhibits significant disease mechanisms, including NF- kB, MAPK and STAT3 signatures. They block the translocation of NF- kB nuclear, prevent the expression of COX-2 and iNOS in order to inhibit the production of Mediators of inflammatory factors such as prostaglandins and nitric oxide [39]. A great number of flavonoids also prevent the proliferation of Keratinocytes through the regulation of cell cycle regulators.

In particular, quercetin which is commonly found in fruits and medicinal plants, has been demonstrated to have protective activity in imiquimod-induced models of psoriasis by inhibiting the epidermal thickness and inflammatory infiltration by blocking the expression of NF-kB and IL-17 [40].
Cytokine Suppression

Flavonoids greatly inhibit cytokines like IL-17, IL-23, TNF-a and IL-6 which are related to psoriasis. Baicalein Scutellaria baicalensis produced baicalein that suppressed Th17-associated cytokines and ameliorated psoriasiform-like lesions in the mouse models [41]. On the same note, luteolin alleviated DNCB induced models of dermatitis by reducing serum IgE and IL-4 levels which is an indication that it inhibits Th2-induced inflammation [42].

These results indicate that flavonoids are natural immunomodulators of Th1/Th17 and Th2 inherent to psoriasis and dermatitis.




Alkaloids

Alkaloids  are  also  another group  of plant-based  substances,  which  have important  anti- inflammatory and antiprolliferative effects. A large number of alkaloids regulate immune cell responses and cytokine.

As a blocker of the proliferation of keratinocytes, as well as the IL-23/IL-17 axis, Berberis vulgaris, in the form of berberine, has been shown to be effective in imiquimod-induced psoriasis models [43]. This was also the case with Berberine that inhibited the synthesis of the proinflammatory cytokines and epidermal thickening in atopic dermatitis mice, which was proven to have both immunomodulatory and antioxidant properties. [44].

These results reflect the ability of alkaloid to attack the immune mal-regulation and unnatural epidermal growth.




Terpenoids

Terpenoids, triterpenes and diterpenes have potent anti-inflammatory and immunosuppressive properties. They also often disrupt NF-kB, STAT3 and MAPK signalling cascades.

The pentacyclic triterpenoidursolic acid occurrence in Ocimum sanctum and other medicinal plants was also shown to mediate the imiquimod-induced psoriasis-like inflammation down- regulating TNF-a, IL-6 IL-17 level and reducing hyperplasia of keratinocytes [45].
In the same manner, the Glycyrrhizin extract of Glycyrrhiza glabra exhibited higher efficacy in dermatitis models by regulating HMGB1-mediated inflammatory responses and decreasing oxidative stress [46].

Such multi-target actions render terpenoids good prospects to be used in long-term management.




Polyphenols

Polyphenols have strong antioxidant and anti-inflammatory properties, which deal with oxidative stress as a pathogenesis factor of psoriasis. They clean up reactive oxygen species (ROS), put back endogenous antioxidant enzymes, and inhibit transcriptional factors of inflammation.

Curcumin, which is derived out of Curcuma longa, has demonstrated therapeutic effects in psoriasis models by inhibiting the activation of NF-kB and the decrease in the levels of IL-17 and TNF-a [47]. It also controls the growth of keratinocytes by controlling cell cycle proteins.


[bookmark: _GoBack]TABLE-1: Proposed Mechanism of Action for different plant species 


	Plant (Family)
	Extract/Active

Constituent
	Experimental

Model
	Proposed

Mechanism     of

Action
	Key Findings
	Ref.

	Scutellaria baicalensis (Lamiaceae)
	Baicalein (flavonoid- rich fraction)
	Imiquimod- induced psoriasis-like dermatitis (mouse)
	Suppression of Th17 pathway; inhibition of NF- κB; ↓ IL-17 and IL-23
	Reduced epidermal hyperplasia and inflammatory cell infiltration
	[41]

	Berberis vulgaris (Berberidaceae)
	Berberine (alkaloid)
	Imiquimod- induced psoriasis;
	Inhibition  of  IL-

23/IL-17       axis; AMPK
activation; NF-κB

suppression
	Decreased keratinocyte proliferation     and pro-inflammatory cytokines
	[43,44]

	Ocimum sanctum (Lamiaceae)
	Ursolic       acid–rich extract (terpenoid)
	Imiquimod- induced
	Downregulation

of  TNF-α,  IL-6, IL-17;   inhibition
	Attenuated erythema,   scaling,
	[45]




	
	
	psoriasis

(mouse)
	of STAT3/NF-κB

signaling
	and         epidermal

thickening
	

	Curcuma  longa

(Zingiberaceae)
	Curcumin

(polyphenol)
	Imiquimod- induced psoriasis model; inflammatory skin models
	NF-κB inhibition;

antioxidant

action;   ↓   IL-17 and TNF-α
	Improved lesion severity  and reduced oxidative stress markers
	[47]

	Vitis      vinifera

(Vitaceae)
	Resveratrol  (stilbene polyphenol)
	Psoriasis-like murine model
	Suppression of Th17 response; ROS scavenging; SIRT1 activation
	Reduced epidermal thickness          and inflammatory cytokines
	[48]

	Quercetin-rich plants        (e.g., Allium cepa)
	Quercetin (flavonoid)
	Imiquimod- induced psoriasis (mouse)
	NF-κB inhibition; cytokine suppression (↓ IL-
17)
	Decreased erythema,   scaling, and   immune   cell infiltration
	[40]

	Plumeria    alba

(Apocynaceae)
	Methanolic/ethanolic leaf extract
	Experimental inflammatory skin       models (preclinical)
	Anti- inflammatory and antioxidant activity; modulation       of cytokines (proposed mechanism)
	Histopathological improvement    and reduction             in inflammatory markers
(preclinical evidence)
	—


Resveratrol, a stilbene polyphenol in grapes, showed signs of psoriasiform lesions suppression

in  murine  models  via Th17-mediated  restriction  of  damages  to  antioxidants,  as  well  as oxidative stress reflectors, which will be especially beneficial in cases of chronic dermatitis.

Phytopharmacological products such as flavonoids, alkaloids, terpenoids and polyphenols show potential therapeutic effects in animal models of psoriasis and dermatitis. The able ability to sustain cytokine networks (IL-17, IL-23, TNF-a), block NF-kB signalling, inhibit hyper- proliferation of KSF and reduce the oxidatively stress are their strength as viable alternatives to standard treatment. Nevertheless, standardised extracts, mechanistic clarity and designed clinical trials are valuable before they can be extrapolated into practice [37,38].
Although the preclinical evidence was promising, there are a few limitations that need serious consideration. The majority of the research on the assessment of phytoconstituents in psoriasis is based on murine models induced with imiquimod, which cannot be considered to be fully representative of the chronic, relapsing, and heterogeneous nature of human psoriasis. There is also a high degree of variability in the composition of plant extracts, dosing regimens, and study design, which restricts the ability to reproduce and compare across studies.
The clinical use of flavonoids and polyphenols is always characterized by high anti-inflammatory and antioxidant properties, but limited by their low bioavailability and rapid metabolism. Alkaloids like berberine are multi-targets but pose some risk in terms of toxicity with an increase in the dosage. Terpenoids are strong immunomodulators whose mechanisms are not well understood, and their safety profiles are not well established.
Moreover, there is no direct comparative study of various phytoconstituents, and it is not easy to ascertain the relative effect or even to establish standardized treatment procedures. All in all, even though these compounds affect important pathways, including the IL-23/IL-17 axis and NF- κB signaling, the existing body of evidence is largely preclinical and needs to be confirmed by well-designed clinical trials.
Plumeria alba Linn
 Botanical Description

Plumeria alba Linn. Family: Apocynaceae (white frangipani) A small ornamental tree, shrubby in form, distributed with ease all over the tropical and subtropical regions including India. It has fat, fleshy branches; elongated, lanceolate leaves, that close in at the end; extremely fragrant, and of a yellowish color, with a yellow throat. It is an extensively cultivated garden and temple ground plant, much employed in obsolete regimens of medicine, in the treatment of inflammation, ulcers, skin-diseases, rheumatism, wounds, etc. [49,50]

The presence of diverse secondary metabolites characteristic of Apocynaceae species and many of which have important biological effects is due to the fact that the plant is latex bearing.

Phytochemical Constituents


The use of phytochemical techniques in the study of Plumeria alba has identified several bioactivity-promoting components including flavonoids, iridoid supply, triterpenoids, alkaloids, tannins, saponins and phenolic species [51].

Plumierides like iridoid glycosides regarded as typical compounds of the genus Plumeria are reported to have anti-inflammatory and antioxidant properties [52]. Moreover, triterpenes (lupeol and b-sitosterol) have also been attributed, which perform the immunomodulatory and anti-proliferative effect [53]. The free radical scavenging and the inhibition of xoxidative stress pathways are helped by the flavonoid and phenolic fractions.

Such a variety of phytochemical profile points to a multi-target pharmacological activity of it in relation to inflammatory skin diseases.

Reported Pharmacological Activities.
Some of the preclinical trials have shown favorable biological effects of Plumeria alba extracts: Anti-inflammatory effects: Inflammatory C Methanolic extracts and ethanol extracts exhibit a

marked inhibition of carrageenan-induced paw oedema, as well as produced effect reducing the number of inflammatory mediator in animal models, which suggests that inhibition of carrageenan will be effective in prostaglandin generation and / cytokines [54].

Antioxidant activity: In vitro studies like DPPH radical scavenging and lipid peroxidation inhibitory assays have been used to corroborate excellent antioxidant activity which indicates the possibility of reducing oxidative stress in the plant [55].
Analgesic effect: The reduction in pain reactions in experimental models has also corroborated this effect on analgesia [54].

Healing of wounds and antimicrobial action: Extracts have shown improved wound contractive power, epithelialization and antimicrobial effects against most frequently occurring skin pathogens, which confirms a long-standing dermatological use [56,57].

This is taken together making the activities mechanistically relevant to systematic inflammatory dermatoses.




Potential Role in Psoriasis

Psoriasis is characterized by immunologic deregulation (without doubt the IL-23/IL-17 axis), long-term inflammation, oxidative stress, and increased cell proliferation of keratinocytes. Despite the fact that direct experimental data assessing the powers of Plumeria alba in animal models with psoriasis specificity is scarce, the pharmacological profile of this plant suggests its incorporation as a medicine in a very solid way.

The flavonoid and iridoid fractions could contribute to inhibition of the pro-inflammatory cytokine i.e. TNF-a, IL-6 and IL-17, by inhibiting the NF-kB signal. It has been established that terpenoids, such as lupeol and 2-sitosterol, typically control the effect of the immune system, and may potentially control hyper proliferation by the keratinocyte. Also, resistance to reacting with reactive oxygen species, which prevail in the establishment of psoriatic inflammation, can be displaced through the antioxidant effect of phenolic compounds.

Plumeria alba has a promising future as a phytotherapeutic agent due to its multi-targeted action as an anti-inflammatory, antioxidant, and potentially immunomodulatory agent which should be considered as a scientific country component to be evaluated further in psoriases models, mechanistically and in vivo. To allow future development of translational progress, standardization of extracts and understanding of molecular pathways will be necessary [54-57].
Nevertheless, relative to other established phytoconstituents like curcumin, resveratrol, and quercetin, there is limited evidence to support the use of Plumeria alba in psoriasis-specific models, and additional focused experimental and clinical research is needed to ascertain the therapeutic value.

Psoriasis Experimental Animal Models.


In order to know more about psoriasis pathogenesis and also to study new therapeutic drugs, experimental animal models are required. Despite psoriasis being a disease unique to humans, an array of murine models can recreate several characteristic aspects of the disease, including erythema, scaling, epidermal hyperplasia, immune cell infiltration, and cytokine deregulation-
especially the IL-23/ IL-17 axis. There are very general categories, so-called chemically induced, genetically engineered, xenograft, and transgenic models [58,59].

11.1 Psoriasis-Like Model Induced by IMQ.

The most common experimental model of psoriasis is the imiquimod-induced murine model. Applying the imiquimod cream (TLR7/8 agonist) to mouse skin causes an erythematous scale acanthosis inflammatory response within 5-7 days. IMQ activates dendritic cells mechanistically which activate IL-23 and propagates Th17, resulting in elevation of IL-17A, IL-22, and TNF-a levels [60,61].

This model is a close replica of IL-23/IL-17 axis-based immunopathogenesis of human plaque psoriasis and is hence best utilized in the assessment of immunomodulatory and anti- inflammatory phytoconstituents.




11.2 Mouse Models that have been Genetically Engineered.

Psoriasis-like inflammation of the skin occurs in genetically modified mice overexpressing cytokines like IL-17, IL-23 or TNF-a. Demonstratively, K14-VEGF transgenic mice display epidermal hyperplasia and inflammatory angiogenesis and IL-23 injection models recreate Th17-mediated responses [62, 63].

In as much as the genetically modified models yield mechanistic information on cytokine- mediated pathology, it is expensive and less frequently deployed to perform standard pharmacological screening.




11.3 Xenograft Models

A translational model transplanted into immunodeficient mice (e.g. SCID mice) of human psoriatic skin has been shown to retain human histopathological and immune characteristics. In this technique the therapeutic agents can be evaluated against the psoriatic tissue of human beings [64].

There is, however, a limitation to the wide application due to high cost, technical complexity, and ethics.
11.4 Hyperproliferation Model of TPA-Induced.

In one study when the topical use of 12-O-tetradecanoylphorbol-13-acetate (TPA) leads to epidermal hyperplasia, neutrophil tissue infiltration and augments the release of cytokines, it was found to be mediated by overlapping HPV vectors. It simply resembles the chronic immune component of psoriasis though it can be used to ascertain the anti-inflammatory and anti-proliferative abilities of compounds [65].

The model induced by imiquimod is theoretically the best when it comes to preclinical studies of psoriasis, as it is reproducible, founded upon a quick upsurge, and involved in the IL-23/IL-
17 axis largely. Selection of an appropriate animal model is determined by the objectives of the study, that is, it could be a mechanistic study, phytotherapeutic agent pharmacologic screening, or translational validation. These models are of the utmost importance in prediction of plant derived extract as part of an immune mediated plant infection in the skin such as plumeria alba.




Literature and Research gaps and perspectives.

Although, there is good preclinical evidence showing that phytopharmacological agents are useful in the management of psoriasis, there are several important gaps that restrict the potential of translating the evidence into clinical practice. However, overcoming these obstacles is a critical step to ensuring the transformation of plant-based interventions as experimental candidates into the therapeutic options of evidence-based nature [66].




Absence of properly constructed Clinical Trials.


The bulk of accessible information on medicinal plants and isolated phytoconstituents is based on in vitro experiments and animal models, especially on imiquimod induced psoriasis-like inflammation. Although  these models  are useful  to  recreate the  essential  immunological pathways, e.g. the IL-23/IL-17 axis, they fail to capture the complexity, chronicity, and comorbidity of human psoriasis [67].

Strong randomized controlled clinical trials which assess standardized plant extracts are few. The limited number of human studies A priori studies commonly have low sample sizes, intensive follow-up, weak blinding and imprecise outcomes measures [68]. Unless of high-
quality clinical evidence, phytotherapeutic agents cannot align well in the overall dermatological practice.




Issues of standardization and Quality Control.

Lack of standardization of extraction of plants constitutes one of the greatest challenges in phytopharmacology. Phytochemical variability due to variation in the source of the vegetation, geographical factor, growth and harvesting time, next extraction and phytochemicals affect inconsistency in the pharmacological effect [69].

Instead of synthetic drugs which have a predetermined chemical structure and set dosage, herbal extracts are complex mixtures of several constituents. Lack of validated biomarkers, chromatographic fingerprinting and determination of active compounds interferes with reproducibility and approval of the regulation [70].

In the case of Plumeria alba among other plants, systematic phytochemistry profiling and markers of bioactive character are vital preparations leading to standard formulation production.




Mechanistic and Molecular Studies Requirement.


The anti-inflammatory and antioxidant effects were quite often reported, but the molecular mechanisms remain to be not fully investigated. Most works describe a decrease in cytokine levels without specifying about an upstream signalling event or a particular pathway regulation.

Subsequent studies must aim to clarify molecular targets including the NF-kB, STAT3, MAPK, and IL-23/ IL-17 axis with sophisticated tools, which are: gene expression profiling, proteomics, and pathway-specific assays [71]. When accurate mechanisms are understood, science will have a better standing, and development of drugs will occur with logic.




Bioavailability/ Pharmacokinetic problems.


A number of phytoconstituents showing in vitro effectiveness have low oral bioavailability, high metabolism, and low skin absorption. Flavonoids, polyphenols, among others, are prone to first-pass metabolism and this decreases the systemic level of arbitrating limitation [72].
Clinical efficacy may also be diminished in topicals by poor dermal penetration and solubility. Therefore, the introduction of evolved delivery technologies (nanoformulations, liposomes, phytosomes, transdermal carriers, etc.) may be discussed as one of the possible solutions to the enhanced bioavailability and efficacy [73].

Future Directions

Future research should prioritize:

•    Conducting multicentric, randomized, placebo-controlled clinical trials

•    Establishing standardized extract preparation and quality control guidelines

•    Identifying molecular targets through mechanistic validation

•    Optimizing pharmacokinetic profiles using novel drug delivery systems


•    Exploring synergistic combinations of phytoconstituents with conventional therapies

Integrating rigorous pharmacological evaluation with traditional knowledge may pave the way for safer, multi-targeted therapeutic options for psoriasis.

Limitations
There are a number of limitations to this review. To begin with, most of the studies included are preclinical, which restricts the direct applicability to the clinical. Second, direct comparison of studies is limited by the heterogeneity of experimental models used, the preparation of plant extracts, and outcome measures.
Also, the bias in publication that only positive results should be published can exaggerate the therapeutic potential of phytoconstituents. The absence of standardized methodologies of phytopharmacological studies and large-scale clinical trials is also a limitation of the review.
Lastly, despite the attempt to cover extensive literature, there might be some studies that are relevant but missed because of the limitations of the database and language.

Conclusion

It is an immune-mediated inflammatory disease that is mostly mediated by the IL-23/IL-17 axis, continual activation of NF-κB signalling, oxidative stress, and unrestrained keratinocyte stimulation. Even though there are corticosteroids, methotrexate, cyclosporine, and biologics that treat the symptoms in an organ transplant, it has been shown that these drugs cannot be used over the long-run due to their adverse effects, substantial costs, relapse, and resistance to treatment.

Timely data, based on preclinical trials, show that phytopharmacological agents are multi- targeted in action, and simultaneously they can be considered to have been shown to regulate pro-inflammatory  cytokines,  oxidative stress  pathways,  and  epidermal  hyperproliferation. Bioactive molecules, including flavonoids, alkaloids, terpenoids, and polyphenols, have shown good efficacy with initial psoriasis research models, especially activation of the IL-23/IL-17 axis and repression of NF- every signalling.

In this respect, the Plumeria alba Linn. will provide a potentially useful candidate because it has been documented with anti-inflammatory, antioxidant, and immunomodulatory activity.
The variety of its phytochemical profile has implications of therapeutic importance in treating psoriasis because the pathogenesis of the disease is multifactorial.

However, there remains insufficiency in extrapolating experimental results on clinical practice. They prove to be effective models of drug delivery, which are well-designed and optimised and required to enhance safety, efficacy and reproducibility: clinical trials, extract standardization, and mechanistic validation. Sealing such loopholes will advance research in phytotherapeutic as well as offer less expensive, less dangerous, and multi-targeted interventions to consider attempting the long-term treatment of psoriasis.
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