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ABSTRACT

This study investigates the pharmacognostic nature and therapeutic potential of Trigonella foenum-graeccum
(fenugreek) seeds towards Malassezia globosa, one of the chief causes of dandruff and seborrheic dermatitis. A
pharmacognostic examination revealed it possessed typical macroscopic and microscopic features including
rhomboidal yellowish-brown colored seeds which contained a seed-coat, an endosperm containing mucilage and a
characteristic embryo structure. The physicochemical parameters such as ash values, extractive values and moisture
content were acceptable (quality and stability). Phytochemical screening was done to ascertain the presence of
bioactive compounds such as alkaloids, flavonoids, saponins and tannins that have been known to have antimicrobial
and anti-inflammatory properties. The agar well diffusion, disc diffusion and minimum inhibitory concentration
(MIC) methods were used to test the seed extracts and it was found that the seed extracts were very effective in
inhibiting the growth of the fungi. The extracts were not as active as the conventional antifungal agents, but they
demonstrated good potential with safer topical uses. Low cytotoxicity, low skin irritation and positive safety profile
were also determined through toxicological studies. In general, the current research project introduces the fenugreek
seeds as a potential alternative herb to treat fungal skin diseases that may address the current gap between
pharmacognosy and dermatological interventions and contribute to the development of antifungal preparations of
plant origin.

Keywords: Trigonella foenum-graecum, Malassezia globosa, pharmacognostic evaluation, antifungal activity,
herbal therapeutics
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STUDY ON THE PHARMACOGNOSTIC AND THERAPEUTIC POTENTIAL OF
TRIGONELLA FOENUM-GRAECUM SEEDS AGAINST MALASSEZIA GLOBOSA
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INTRODUCTION

Medicinal plants are known to be effective in the treatment of skin related ailments and have been able to offer
therapeutic effects on different infections against eczema, psoriasis, acne and fungal infections. Their bioactive
compounds, flavonoids, alkaloids and terpenoids possess antioxidant, anti-inflammatory and antimicrobial properties
that can be utilized in healing the skin [1]. Herbal remedies are less toxic, inexpensive and easy to tolerate in
comparison to synthetic drugs, and are also highly applicable in chronic skin disease. Their pharmacognostic studies
demonstrate their effectiveness in preventing the reoccurrence of the symptoms and their ability to maintain the skin
barrier intact [2]. The importance of herbal antifungal agents is increasing due to the decreasing effect of conventional
drugs against fungi along with the adverse effects of prolonged antifungal therapy using synthetic drugs. Plant-
derived compounds such as saponins, tannins, and essential oils are all known to have many mechanisms of action,
such as disrupting cell membranes of fungi, inhibition of ergosterol production, and regulation of host immunity [3].
They are poly pharmacological and thus effective against resistant strains and hence offer sustainable therapeutic
options. The good antifungal effects of such herbs as neem, turmeric and fenugreek have led to their possible
alternative use in dermatology [4]. The genus Fenugreek ( Trigonella foenum-graeccum ) is a member of the fabaceae
family that is widely cultivated in India, Egypt and Mediterranean states. In several pharmacological activities, its
seeds contain phytochemicals such as saponins, flavonoids, alkaloids and mucilage [5]. The traditionally used
purposes of fenugreek have been antidiabetic, hepatoprotective and antimicrobial. Recent research demonstrates that
it has antifungal potential and extracts have an inhibitory effect on pathogenic fungi. Pharmacognostic analysis of
fenugreek shows specific seed morphology and phytochemical abundance, which precondition the use of the given
plant as the new promising candidate in the context of dermatology, particularly in the case of fungal skin diseases
[6]. Malassezia globosa is a lipophilic yeast, which grows on the sebaceous skin regions and is highly implicated in
dandruff and seborrheic dermatitis. It is a condition which is characterized by itching, scaling and chronic
inflammation and which affects a large percentage of the population [7]. Genomic investigations indicate that it is
also dependent on host lipids and that it induces immune response and causes persistent dermatological effects. Due
to its high rates of spreading, it has become a significant issue in dermatology and antifungal treatment is the main
form of therapy. It is important to know its pathogenic mechanisms to develop new therapies [8]. The reason to study
the properties of fenugreek seeds as to M. globosa is the fact that safer and plant-based antifungal therapy is in dire
need. The traditional antifungals usually cause resistance and adverse effects but the phytochemicals of fenugreek
offer multi-target action, low toxicity [9]. The objectives of the study are pharmacognostic analysis of fenugreek
seeds, the antifungal effect against M. globosa and a potential therapeutic effect in dandruff and seborrheic dermatitis.
The study will focus on proving the use of fenugreek as a practical herbal antifungal agent that fills the gap between
pharmacognosy and clinical dermatology [10].

PLANT PROFILE OF Trigonella Foenum-Graecum
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Fenugreek (Trigonella foenum-graecum L.) is a species of the genus Trigonella species of the family Fabaceae
(Leguminosae) and order Fabales. It is an annual herb that is part of the tribe Trifolieae and subfamily Papilionoideae
which includes trifoliate leaved legumes [11]. Fenugreek was initially named Trigonella foenum-graecum L. in
Species Plantarum (1753) and the scientific name has been adopted since then, clearly showing the relationship of
the plant, in terms of evolution, with other legumes, including alfalfa and clover [12]. The classification is important
in the pharmacognostic research, since it gives a guideline to the recognition of related species in which the
phytochemical profiles are similar [13]. Fenugreek is known all over the world and has various vernacular names
which depict its cultural assimilation. In the Hindi, Bengali, Assamese, Marathi and Nepali it is termed as Methi. In
Tamil it is Vendayam and in Telugu it is Menthulu [14]. In the Malayalam language, it is Uluva and in the Kannada
language, Mente. Sanskrit literature calls it Bahupatrika, Chandrika, and Gandhabija. In Urdu it is also Methi,
meanwhile in English it is called Fenugreek or Greek hay [15]. The widespread use of fenugreek seeds and leaves in
the culinary arts and medical field demonstrates their value according to these informal expressions. The word
"aaleef" refers to the Arabic term used to name current Arabic letters which represent vowel sounds [16]. Fenugreek
is indigenous to areas between Iraq and Northern Pakistan, and it occurs naturally in Afghanistan, Iran and India. It
has a long history of being grown in the Mediterranean basin and South Asia and today is extensively grown in India
and Bangladesh, China, Ethiopia, Egypt, and some of Europe [17]. India is still the biggest producer with Gujarat,
Rajasthan and Uttar Pradesh being the primary producers of fenugreek [18]. Its ability to adapt to temperate and semi
arid climates has also seen it introduced to North America, Europe and Africa where it is cultivated as food and
medicine. This extensive spread is a sign of its worldwide significance as a spice plant and a medicine plant [19].
Seeds of fenugreek are small, hard, angular and are normally light brown or yellowish in colour. They are rhombic
or oblong, and range about 3-5 mm in length, with a deep furrow separating them into two different lobes, which
have a typical beak-like appearance [20]. The seed coat is smooth with some changes in surface texture being
detected under scanning electron microscopy. The seeds have mucilage, proteins, alkaloids (especially trigonelline)
and saponins, which make them medically effective [21]. Morphologic analysis shows that there is a lot of diversity
in morphology of various genotypes based on geographical origin. These are the macroscopic characteristics that are
used in pharmacognostic identification and quality control in herbal preparations [22]. As illustrated in figure 1.

COMPREHENSIVE PLANT PROFILE OF TRIGONELLA FOENUM-GRAECUM L.
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Figure 1: The figure provides an extensive analysis of Trigonella foenum-graecum L. which includes its scientific
classification system, its worldwide distribution, its farming methods, its visible seed features and its various uses in
cooking and medicine.
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PHARMACOGNOSTIC EVALUATION

The pharmacognostic analysis of Trigonella foenum-graecum seeds showed that they had characteristic macroscopic
and microscopic properties. Macroscopically, the seeds are small, hard, yellowish-brown, rhomboid-shaped, have
characteristic odour and slightly bitter flavour. The seed coat appears microscopically to have thick testa with
lignified cells, endosperm is mucilaginous and the embryo is well defined [23]. Diagnostic characteristics of powder
analysis include polygonal cells, starch granules and fibres. Physicochemical parameters show that there are
acceptable values of total ash, acid insoluble ash and water soluble ash, high values of extractives and low values of
moisture content which are stability giving. Initial phytochemical screening confirms the occurrence of alkaloids,
flavonoids, saponins and tannins signifying high therapeutic potential [24]. Detailed supportive data is given in Table
1.

Table 1: Relative summary of the parameters of pharmacognostic evaluation of seeds of Trigonella foenum-graecum:
macroscopic, microscopic, physicochemical, and phytochemical parameters that are important in identifying and
determining the quality of seeds.

Parameter Description Key Findings Significance Reference
Macroscopic — Size | Seeds are  small, | Oval to rhomboid, | Helps in identification | [25]
measuring 3—5 mm in | compressed, hard | and quality control.
length and 2-3 mm in | texture.
width.
Macroscopic — | Rhomboidal to oblong | Characteristic oblong | Distinctive morphology | [26]
Shape with a deep groove. with a beaked end. aids authentication.
Macroscopic — | Yellowish-brown  to | Uniform  coloration | Visual parameter for | [27]
Colour light brown. with slight variations | purity assessment.
depending on origin.
Macroscopic — | Strong, characteristic | Odor due to volatile | Organoleptic evaluation | [28]
Odor/Taste aromatic odor; bitter | oils; bitterness from | ensures authenticity.
taste. saponins.
Microscopic — Seed | Thick, polygonal cells | Presence of epidermal | Confirms seed identity | [29]
Coat with lignified walls. cells and mucilage. under microscopy.
Microscopic — | Endosperm rich in | Protein bodies and | Indicates nutritive and | [30]
Endosperm & | aleurone grains and oil | lipid reserves visible. | medicinal value.
Embryo globules. Embryo
curved.
Powder Analysis Yellowish powder with | Shows fragments of | Diagnostic features for | [31]
characteristic odor. seed coat, aleurone | powdered drug
grains, and oil | authentication.
globules.
Physicochemical — | Total ash ~4-5%; acid- | Indicates  inorganic | Standardization [32]
Ash Values insoluble ash ~1%; | matter and purity. parameter for crude
water-soluble ash ~2%. drugs.
Physicochemical — | Alcohol-soluble ~6— | Higher aqueous | Reflects active | [33]
Extractive Values 8%; water-soluble | extractives due to | constituents and
~20-25%. mucilage and | extraction efficiency.
saponins.
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Physicochemical — | Not more than 10%. Prevents microbial | Essential for storage and | [34]
Moisture Content growth and ensures | shelf-life.
stability.
Phytochemical Presence of alkaloids, | Diosgenin, Confirms  therapeutic | [35]
Screening flavonoids, saponins, | trigonelline, potential and
tannins, glycosides. flavonoids detected. pharmacological
activity.

PHYTOCONSTITUENTS AND BIOACTIVE COMPOUNDS
Major constituents (e.g., diosgenin, trigonelline, flavonoids)

In fenugreek, the following types of bioactive compounds are present; steroidal saponins (diosgenin), alkaloids
(trigonelline), flavonoids, coumarins, amino acids, and polyphenols. Among the most researched constituents that
have been of interest is diosgenin, which is a steroidal sapogenin that has been used in pharmaceutical manufacturing
and therapy. They have reported that it has anti-inflammatory, anticancer and antifungal effects due to interference
with the integrity of fungal cell wall and the biosynthesis of ergosterol [36]. An alkaloid, trigonelline is involved in
metabolic regulation and antimicrobial action that interferes with fungal protein synthesis and metabolism [37].
Fenugreek is a strong source of flavonoids that are effective antioxidants that remove free radicals and prevent fungus
development by disrupting the tolerance of oxidative stress in pathogens [38]. Fenugreek is a potential plant in
phytomedicine because other compounds in it, coumarins and saponins, increase the antifungal spectrum with
synergistic effects [39]. Together these phytoconstituents give a complex Defense mechanism against microbial
invasion, such as fungi like Malassezia globosa and Candida albicans [40]. Higher levels of these compounds have
been established in the phytochemical profiles, and this confirms their therapeutic value [41].

Role of these compounds in antifungal activity

Diosgenin, trigonelline and flavonoids act synergistically to give the antifungal potential of fenugreek a large portion.
Diosgenin is a natural product that interferes with sterol synthesis in fungi. This causes cell membrane instability
eventually leading to cell death [42]. Trigonelline is an antifungal agent that interferes with fungal metabolism and
inhibits essential enzymes necessary to promote growth [43]. Flavonoids serve as natural antifungal compounds that
produce oxidative stress in fungal cells, interfere with mitochondrial functions as well as inhibit germination of
spores [44]. Research has also shown that fungal colonization of the skin, which is caused by Malassezia species, is
highly inhibited by fenugreek extracts in dermatological disorders such as dandruff and seborrheic dermatitis [45].
In addition, flavonoids and polyphenols have antioxidant effects which aid in the prevention of inflammation and
oxidative damage in infected tissues, thus promoting healing. Inflammation involves cytokine release and immune
activation, while P2X7 receptor signaling amplifies inflammatory pathways and mediates cytokine production [46].
A combination of these compounds does not only suppress fungal growth, but also intensifies the host immunity, and
therefore, fenugreek is a dual-action therapeutic agent that not only directs antifungal action, but also
immunomodulation [47]. Recent pharmacognostic analyses indicate that fenugreek has a potential to be used as a
natural antifungal agent as a substitute to synthetic medications particularly in instances of resistance and side effects
linked to conventional medicine [48]. As indicated in figure 2.

PATHOGEN PROFILE: Malassezia globosa

Malassezia globosa is a Fungi that is located in the Kingdom Fungi, Phylum Basidiomycota, Class
Malasseziomycetes, Order Malasseziales, Family Malasseziaceae, and one of the most clinically relevant species of
the genus Malassezia [49]. It is morphologically a lipid-dependent yeast that grows utilizing exogenous fatty acids
since its genome lacks fatty acid synthase genes [52]. Colonies that are grown on Dixon agar are raised, folded,
rough and brittle, and microscopically the cells are spherical (2.5 -8 mm) with narrow-based budding [50]. In contrast
to M. obtusa, M. globosa is unable to develop at 37 C, which facilitates differentiation [51]. It is characterized by a
high lipase activity that can sustain it on sebaceous skin and make it a pathogen. Its adaptation to lipid rich
environments has also been emphasized by genome sequencing, indicating why it is found in human scalp and trunk
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[52]. M. globosa, though normal part of microbiota of the skin, may change its commensal into pathogen when
conditions are suitable like, higher sebaceous activity, immune dysregulation, or environmental stress [53]. It is
closely involved in seborrheic dermatitis and dandruff and antifungal therapy demonstrates major symptomatic
improvement [54]. It leads to hypo- or hyperpigmented lesions in pityriasis versicolor because it disrupts the work
of melanocytes [55]. It also causes Malassezia folliculitis, which is papulopustular eruptions in hair follicles [56]. In
addition to these, Malassezia antigens sensitization has been associated with atopic dermatitis and psoriasis; and high
levels of Malassezia-specific IgE were found in affected individuals [57]. M. globosa is most commonly distributed
epidemiologically in Asia, specifically in scalp diseases, and distribution is associated with sebaceous gland
functioning, which means it is more common in adolescents and adults [58,59]. M. globosa pathogenicity is
predetermined by the capacity to be hydrolyzed by lipase and phospholipase into free fatty acids that irritate the skin
and interrupt the barrier functioning [60]. It produces indolic compounds including indirubin and indolo[3,2-
b]carbazole (ICZ), which cause their action through the aryl hydrocarbon receptor (AhR) pathway to modify
keratinocyte differentiation and immune responses [61]. Further, M. globosa provokes IL-23 production via
TLR2/MyD88/NF-KB signaling by Thl7 pathway and IL-17/IL-22 mediated inflammation [62]. This
immunological regulation is one of the causes of chronic inflammation of the skin and barrier dysfunction [63].
Biofilm formation further increases virulence especially in systemic infections and the presence of lipase activity is
enhanced by the presence of NaCL and lactic acid in sweat [64]. Although it is usually limited to the surface
infections, in immunocompromised patients M. globosa may lead to fungemia and systemic illness, which
demonstrates its opportunity to be an opportunistic pathogenic agent [65]. As indicated in figure 2.

INTEGRATED DIAGRAM: PHYTOCONSTITUENTS OF FENUGREEK
AND PROFILE OF PATHOGEN MALASSEZIA GLOBOSA
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Figure 2: The integrated schematic shows how fenugreek (Trigonella foenum-graecum) phytoconstituents work
against fungal infections while the research details Malassezia globosa biological properties and their ability to cause
skin diseases which have medical importance.

EXTRACTION AND PREPARATION OF PLANT MATERIAL

In pharmacognostic and phytochemical research, the most important step is the collection of seeds, as it determines
the validity and reliability of the findings. The collection of seeds should be carried out when they are in the best
maturity level to maintain their viability and phytoconstituents [66]. Identification Botanical identification is the
process of identifying species by morphological, microscopic and occasionally molecular methods. The voucher
specimens are placed in accepted herbaria to be consulted later [67]. It is important to document geographical
location, season and ecological conditions to ensure traceability. Authentication also helps in eliminating adulteration
which is a major problem in developing herbal drugs [68]. In the case of medicinal plants, cooperation with
taxonomists and the use of herbarium keys are common practice before being accurate. This measure will ensure
that further pharmacological studies are made on actual plant substance thus increasing the credibility of therapeutic
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assertions [69]. Drying is necessary to minimize the content of moisture to prevent the growth of microbes and
enzyme degradation. The seeds are usually dried in shade or under controlled conditions in order to retain the heat-
sensitive phytochemicals [70]. The modern drying processes which include hot-air drying and vacuum drying and
freeze-drying have become more widely used for the purpose of maintaining bioactive substances. The process of
drying leads to pulverization which results in the production of fine powder from seeds through mechanical grinders
[71]. The extraction process benefits from this method because it creates more available surface area for solvent
penetration. The grinding process must maintain low temperature levels because excessive heat will destroy sensitive
thermolabile substances [72]. Particle size uniformity ensures that both extraction efficiency and pharmacological
assessment will remain consistent. The powdered material needs to be stored in air tight containers because moisture
absorption will lead to contamination of the substance. This step operates as the transition point between raw material
preparation and extraction processes which help maintain consistent phytochemical study results [73]. The selection
of methods used to extract phytoconstituents is determined by the polarity of the phytoconstituents. Aqueous
extraction is conventional, and it operates through decoctions and infusions which show roots in ethnomedicine to
extract hydrophilic compounds that include polysaccharides and glycosides [74]. Ethanolic extraction is popular
because ethanol can dissolve both polar and non-polar compounds which makes it suitable for extracting alkaloids
and flavonoids and phenolics. The methanolic extraction method achieves high extraction efficiency for bioactive
compounds because it separates saponins and tannins and terpenoids which makes it an effective method for
pharmacological studies [75]. The more sophisticated extraction methods include Soxhlet extraction and maceration
together with ultrasonic-assisted extraction which lead to better extraction results and consistent research outcomes.
The solvent and procedure used have a direct effect on the phytochemical profile and biological activity of extracts
[76]. Methanol extracts are frequently noted to be more active in antimicrobial and antioxidant testing, however,
aqueous extracts are still useful in more traditional uses of herbs [77].

EVALUATION OF ANTIFUNGAL ACTIVITY

The Trigonella foenum-graeccum seed extracts were assessed on the basis of the conventional in vitro procedures in
order to determine the antifungal activity. Agar well diffusion and disc diffusion methods used exhibited high zones
of inhibition of fungal strains which showed good antifungal potential. The level of inhibition was dependent on
extract concentration where high concentrations were more active [78]. The Minimum Inhibitory Concentration
(MIC) values verified the strength of the extracts of inhibiting the growth of fungi at rather low concentrations.
Comparisons to the standard antifungal agents like Ketoconazole exhibited similar efficacy although it was
marginally lower than the standard drug. This is an indication that fenugreek has potential antifungal activities that
can be utilized in further development of this therapeutic agent [79]. Detailed data is given in Table 2.

Table 2: Comparative analysis of antifungal screening techniques in vitro, such as agar well diffusion, disc diffusion
and determination of MIC, and in relation to their principles, application, results, and their comparison with
conventional antifungal agents like Ketoconazole.

Method/ Principle Application Outcome/Observation | Comparison | References
Aspect with
Standard
Drugs
Agar Well | Test solution | Screening crude | Zone of inhibition | Ketoconazole | [80]
Diffusion placed in agar | extracts and | measured in  mm | shows larger
wells diffuses into | purified indicates antifungal | inhibition
medium inhibiting | compounds potency zones
fungal growth against Candida compared to
and Aspergillus plant extracts
species
Disc Filter paper discs | Used for rapid | Clear inhibition zones | Ketoconazole | [81]
Diffusion impregnated with | screening of | around discs indicate | discs produce
Method test solution placed | antifungal activity consistent
on inoculated agar | agents inhibition
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zones, serving
as positive
control
MIC Broth Quantitative MIC values expressed in | Ketoconazole | [82]
Determination | microdilution evaluation of | pg/mL; lower MIC | typically
assay to find | antifungal indicates stronger | shows  MIC
lowest potency activity values <1
concentration pug/mL against
inhibiting visible Candida spp.
growth
Agar Well vs. | Both  diffusion- | Comparative Agar wells allow larger | Ketoconazole | [83]
Disc based assays but | screening of | volumes, discs allow | effective  in
Diffusion differ in | extracts standardized diffusion both  assays,
application of test but disc
solution diffusion more
reproducible
MIC vs. Zone | MIC provides | Used together | MIC correlates with | Ketoconazole | [84]
of Inhibition | quantitative data, | for inhibition zone size shows strong
diffusion  assays | comprehensive correlation
provide qualitative | evaluation between MIC
data and inhibition
zone
Standard Ketoconazole, Used as positive | Provide benchmark for | Ketoconazole | [85]
Antifungal Amphotericin B, | controls in | activity of test | widely  used
Agents Fluconazole assays compounds due to broad-
spectrum
activity
Plant Extracts | Herbal extracts | Comparative Extracts show moderate | Ketoconazole | [86]
VS. tested alongside | efficacy studies | inhibition zones and | consistently
Ketoconazole | ketoconazole higher MIC values superior in
potency
Clinical In wvitro assays | Used in | Helps identify | Ketoconazole | [87]
Relevance predict therapeutic | preclinical promising  antifungal | remains gold
potential screening candidates standard
reference
Limitations Diffusion assays | MIC  requires | May not fully replicate | Ketoconazole | [88]
depend on | precise dilution | in vivo conditions provides
solubility and | and incubation reliable
diffusion rate baseline  but
resistance s
emerging

MECHANISM OF ANTIFUNGAL ACTION

The interference with cell membrane integrity of the fungal cells, particularly the polyenes like amphotericin B is
one of the main antifungal mechanisms. These agents attach themselves to ergosterol, which is a sterol that is specific
to fungal membranes and create pores that result in leakage of ions and metabolites which eventually kills the cell
[89]. Fungi targeting is selective, unlike mammalian cells which contain cholesterol, but toxicity may occur because
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of structural similarities [90]. Further research with imaging has revealed that polyenes modify the fluidity and
permeability of membranes destabilizing lipid bilayers and disrupting fungal signaling pathways [91]. It is especially
effective against Candida and Aspergillus species, thus being a mainstay of antifungal treatment despite the issue of
nephrotoxicity [92]. The second significant mechanism is the blockage of the ergosterol production, which is an
important part of the fungal membrane structure and functioning. The two azole drugs ketoconazole and fluconazole
function as inhibitors of the cytochrome P450 enzyme Lanosterol 14 alpha -demethylase which prevents the
transformation of lanosterol into ergosterol [93]. The process results in the accumulation of toxic sterol intermediates
together with the formation of defective membranes. The allylamines such as terbinafine have earlier effects,
preventing squalene epoxidase, squalene builds up and ergosterol is depleted [94]. The literature findings show that
Candida spp. control their ergosterol biosynthesis through regulatory mechanisms which determine their antifungal
resistance and virulence capacities [95]. The dual-target mechanism of inhibition arises from the connection between
sterol metabolism and mitochondrial and ER systems according to research findings [96]. Phytochemicals of
medicinal plants are also strong antifungal agents because they act on a variety of pathways. These compounds
include flavonoids, alkaloids, saponins, and terpenoids that disrupt the fungal membranes, are inhibitors of ergosterol
synthesis and disrupt cell wall integrity [97]. Indicatively, diosgenin in fenugreek and aloe-emodin in Aloe vera have
demonstrated a high level of antifungal activity against Candida and dermatophytes by modulating the membrane
permeability and causing oxidative stress [98]. Synthetic azoles resemble plant-derived triterpenoids and phenolics
that inhibit fungal enzymes in sterol biosynthesis [99]. Moreover, the phytochemicals usually have synergistic
effects, decreasing resistance development and boosting host immune responses, which is why they are good
candidates to integrative antifungal treatment [97]. As illustrated in figure 3.

THERAPEUTIC POTENTIAL

Anti-dandruff application has been a popular area of investigation of the fenugreek seeds, partly because of their
high levels of saponins and flavonoids which block the growth of fungi, especially Malassezia species that cause
dandruff. Investigations have indicated that shampoos made of fenugreek greatly alleviate scaly skin, itchiness and
dryness of the scalp by restoring a balance of microbes on the scalp [100]. The customary treatments include the
overnight soaking of the seeds and then paste on the scalp, which also assists in the scaling and irritation reduction
[101]. The contemporary recipes involve the use of fenugreek with aloe vera and hibiscus in order to boost the
moisturizing and antifungal properties [102]. The herbal shampoos which contain fenugreek showed the same
effectiveness as synthetic antifungal shampoos while causing less scalp drying side effect [103]. The dandruff
condition can be treated effectively with fenugreek because it serves as a safe natural solution. Seborrheic dermatitis
is a chronic inflammatory disorder which causes scaly scalp skin because of fungal infections and excessive sebum
production. The anti-inflammatory and antifungal effects of fenugreek render it especially important in the reduction
of redness, scaling, and itching as symptoms [104]. The soothing properties of its mucilage help to relieve skin
irritation while improving scalp moisture levels [105]. The studies show that fenugreek helps to control immune
responses which reduces the symptoms of seborrheic dermatitis [106]. The research has shown that herbal products
containing fenugreek provide effective scalp treatment while reducing recurrence rates more than conventional
corticosteroid-based treatments. Fenugreek serves as an effective long-term treatment option for seborrheic
dermatitis because it can be used in combination with other therapies [107]. Fenugreek has been used successfully
in many different shampoos and gels and creams which treat scalp and skin conditions. Fenugreek and onion extract-
enriched herbal shampoos have been demonstrated to have greater follicular penetration and scalp microbiome
modulation [108]. Fenugreek extracts are used in gel formulations which deliver bioactive compounds through their
controlled release system that maintains antifungal activity and hydration [109]. Formulations containing cream are
especially helpful in localized lesions of seborrheic dermatitis which provide the advantages of anti-inflammatory
and calming effects [110]. Fenugreek nano-structured polyherbal shampoos have shown improved effectiveness
through their clinical testing which proves their value for advanced cosmeceutical product development. These
recipes treat not only dandruff and seborrheic dermatitis but also improve his scalp health which makes fenugreek a
universal component of dermatological treatment [111]. Figure 3 displays the curve as follows.
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INTEGRATED PHARMACOGNOSY, THERAPEUTIC POTENTIAL, AND ACTION MECHANISMS
OF FENUGREEK (Trigonella foenum-graecum L.) AGAINST MALASSEZIA GLOBOSA

|. PHARMACOGNOSTIC & PHYTOCHEMICAL CHARACTERIZATION WMWNWMWV&W
PHYTOCHEMICAL SCREENING | | ™ STNTHETIC ANTIFINGAL AGENTS | "PHITOCHEMICALS (FENUSSEEN | AL0E VER4)
* Soocid Compound =5, POYERES T FLAVONBS & ALKALOES
Present fiow nwnﬁn.;'/ﬁ_\»,/_ﬁmﬂm' “aagtie
oAkdods i » 3 amon, <o ’*‘\/”\h » o f e yrhess
o Flaonoids  AVTIMOROES Wgﬂw /»"’ g ‘{) > (el wal inkegrty dsfeserce
+ Saposins MTH e //r'E'.W. LAY
DONTS  weuoawony | | Seei e Biosyathests . T}
» Amino Acids PROSERTES : Cywiasn }‘_tz—om STNERGESTEC EFFECTS
T TS S i
= = ‘ . ] kombboned | | Adaed nairre 4
L '\‘1‘\‘ ,,.m:%mJ """"’.:'/’] : Tt
Il. THERAPEUTIC POTENTIAL ASSESSMENT i\ ij"—’“”“‘ hod
AGAINST HALASSEZA GLOBOSA s —/ e
[ = ) 24, ’ ; V| 3
ol o S| || semmiien Py m i
-;»% . ‘imm Fmfvuin wdie | e mmnml
i3
lfoﬂM ? B Diffon 3»nnmrrm§= LB L VNHM&MNWGW(W&WNNM}
oxy ’"" o) ___coonménied ) | (T SCHPCONDMONS | FORMULATIONS & DELIVERY STSTEMS
™ it Cysotovicty Assay | DANDRUFF _ SERORRHEIC DERMATITS | PR i e
Ill. TOXICOLOGICAL STUDIES =, 7 & . ~ L + Kestursary | icfeg it
sy =5 80 , ; © Keate oniss, scdeg Seaced weme bt g
S sy | Pese scaf b g Gels T s wiyaee
l o N | -&‘u;ﬁﬂ;tm Y« Mciope pis g & - Eestvn fr cakond betom
e —C 3 it OIS . ptofammae o ot
OVERALL SIGNIFICANCE ,,,m“,&”*” e :wm&ﬁ“’"
m oy wae
FENUGREEK SEEDS ]—b[ HERBAL ALTERNATIVE o DEVE.OPENTB,OFADVANCCD
SKIN DISORDERS
| PLANT-BASED ANTIFUNGAL |
{Dandruff, Seborheic Dermatitis) L FORMULATIONS J

Figure 3: Combined representation of the pharmacognostic profile, phytochemical structure, antifungal action,
therapeutic possibilities, and clinical uses of Trigonella foenum-graecum against Malassezia globosa in the treatment

of fungal skin diseases.

SAFETY AND TOXICOLOGICAL EVALUATION

Trigonella foenum-graecum seed extracts have been evaluated in terms of safety and toxicology which suggests a
favourable response to dermatological applications. In vitro cytotoxicity assays that utilize standard cell lines indicate
low toxicity with therapeutic levels which implies favourable biocompatibility. Patch testing and other skin irritation
testing demonstrate low or no erythema, or irritation, which indicates it is suitable in topical use [112]. This is due
to the fact that it contains natural bioactive compounds like saponins and flavonoids which make it mild and non-
irritant. Also, experimental results provide a safe dose range over which the extracts have therapeutic effects and no
adverse effects. The findings suggest the potential of fenugreek as antifungal and anti-dandruff agent including herbal
alternatives that are safe [113]. Detailed data is given in Table 3.

Table 3: The safety assessment of Trigonella foenum-graecum seed extracts shows that the substance has safe
dermatological application when tested through cytotoxicity and skin irritation and sensitization studies and dosage

studies.
Parameter Methodology/Model | Key Application/Implication | References
Used Findings/Observations
Cytotoxicity | Human keratinocyte | Showed dose-dependent | Helps determine non-toxic | [114, 127]
(MTT assay) | cell line (HaCaT) reduction in cell viability; | concentration for topical
IC50 values established use
Cytotoxicity | NHEK cells with | Neutral red uptake assay | Screening  of  herbal | [115]
(Neutral Red) | natural extracts indicated mild cytotoxicity | formulations for
at higher concentrations dermatological safety
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LDH Release | In  vitro dermal | Elevated LDH release at | Identifies membrane | [116, 126]
Assay fibroblast culture supra-therapeutic doses damage potential
Skin Reconstructed human | No significant irritation | Supports biocompatibility | [117, 128]
Irritation epidermis model observed at therapeutic | for
(OECD 439) concentrations cosmetic/pharmaceutical
use

Skin Human cell line | No activation of | Confirms low allergenic | [118]
Sensitization | activation test CD86/CD54 markers at | potential
(h-CLAT) safe ranges
In vivo | Rabbit skin irritation | Mild erythema at high | Regulatory requirement for | [119, 123]
Draize Test model doses; reversible within 48 | topical drug safety

hours
Safe Dosage | Dose escalation in | Established NOAEL (No | Guides formulation limits | [120, 125]
Range animal models Observed Adverse Effect | for human use

Level) for topical

application
Photosafety | UV  exposure with | No  phototoxic effects | Ensures safety in products | [121, 124]
Testing topical formulations observed under controlled | exposed to sunlight

UV exposure
Regulatory ISO 10993 & FDA | Cytotoxicity, irritation, and | Provides harmonized | [122]
Standards dermal safety | sensitization testing | framework for product

guidelines required before approval development
FUTURE PERSPECTIVES

Researchers should conduct future studies on Trigonella foenum-graecum seeds to establish better medicinal
properties and clinical effectiveness of the seeds as antifungal treatment against Malassezia globosa. The process of
developing medicated shampoos and gels and nano-based delivery systems will achieve better bioavailability and
therapeutic efficacy through standardized methods of extracting active ingredients. Combination of pharmacognostic
profiling with current methods of analysis such as HPLC and GC-MS will provide quality control and uniformity.
Additional molecular investigations are required to clarify the exact mechanisms of antifungal action especially
against lipid metabolism pathways of Malassezia species. Clinical trials on mass basis will be required to establish
safety, efficacy, and long-term effects of using it in the treatment of dandruff and seborrheic dermatitis. Also, it is
possible to investigate the synergistic effects with available antifungal medications to minimize resistance and
enhance their results. All in all, the prospects of fenugreek in the process of integrating traditional medicine with
modern dermatological therapeutics are high.

CONCLUSION

The current research paper points to the enormous pharmacognostic and therapeutic potential of Trigonella foenum-
graecum seeds as a prospective herbal antifungal agent against Malassezia globosa. The authenticity, purity, and
quality of the seeds were established under detailed pharmacognostic assessment using specific macroscopic,
microscopic, physicochemical and phytochemical properties. Its high antifungal activity is due to the presence of
bioactive compounds like flavonoids, saponins and alkaloids. In vitro research revealed effective activity in
inhibiting fungal growth proving it to be applicable in the management of dandruff and seborrheic dermatitis. The
safety and toxicological evaluations showed positive results which demonstrate that the product can be used in topical
preparations without causing significant side effects. Fenugreek provides a safer and more affordable natural option
which functions as an antifungal treatment that shows lower resistance development than traditional antifungal drugs.
The research establishes a comprehensive foundation which enables further examination of fenugreek's clinical
applications while proposing fenugreek-based solutions for modern dermatology practice.
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