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ABSTRACT:

Fungal infections pose a significant global health threat, driven by increasing drug resistance, limited efficacy,
and adverse effects of conventional antifungal therapies. Medicinal plants provide a promising alternative due
to their bioactive phytochemicals and broad-spectrum antifungal activity. Plants such as Acalypha indica,
Allium sativum, Azadirachta indica, Curcuma longa, Lawsonia inermis, Citrus limon, etc., exhibit potent
antifungal effects against pathogens fungal species like Candida albicans,Trichophyton rubrum, Aspergillus
niger. etc. Key phytoconstituents, including allicin, curcumin, lupeol, flavonoids, and alkaloids, target fungal
cell walls, membranes, and enzymatic pathways. These compounds also show synergistic potential with
antimycotic drugs, offering enhanced efficacy while mitigating resistance. The minimal toxicity, reduced side
effects, and eco-friendly nature of these plant-based agents underscore their therapeutic potential. In this
review we are going to discuss about a few indigenous plants of Tamil Nadu that have potent antifungal
properties which can be used for further analysis for alternatives to antifungal drugs that have high toxicity,
low efficacy and resistance to the current medications. Future studies should prioritize the
characterizationand isolation of active compounds to understand their specific antifungal mechanisms and
identify synergistic combinations. Research into standardizing extraction methods and developing
formulations is critical for ensuring consistent potency and clinical applicability. Preclinical and clinical studies
are needed to evaluate the safety, efficacy, and pharmacokinetics of these natural agents. Additionally, the
exploration of bioengineering approaches to enhance phytochemical production and testing these agents in
combination therapies could further lead to development of modern medicine. Leveraging these
advancements can pave the way for innovative, sustainable antifungal treatments to address the growing
burden of fungal infections.

Keywords:Medicinal plants, antimycotic plants, antifungal phytochemicals, traditional plants, fungal
pathogens, fungal infections

1. Introduction:

According to the World Health Organization (1998), infectious diseases are a major source of morbidity and
mortality globally and pose a serious threat to health. Even though human medicine has advanced
significantly, infectious diseases still exist (1). It is caused by fungus, and other microorganisms continue to
pose a serious risk to public health. This lack of access to medication and the rise in widespread drug
resistance make the effects much more severe in underdeveloped nations (2). Pathogenic fungal infections
are becoming more widely acknowledged as a growing public health concern(3,4). Due to an increase in the
number of immunocompromised people, including organ transplant recipients, cancer patients, and HIV
patients, fungal infections have become more common in recent years(5). When the immune system of their
human hosts is weakened, certain commensal fungus, such Candida species, can infect them(6). These
issues are also connected to toxicity during extended use of several antifungal medications and antibiotic
resistance(7). Fungal infections can be treated with a variety of synthetic and natural product-based
medications, although their efficacy varies drug interactions with fluconazole (8-11). Moreover, it has been
shown for a number of years that fungi have developed resistance to the majority of medications (12).
Amphotericin B, referred to as the "gold standard,” has limited use due to nephrotoxicity and issues with
infusion(13,14). Furthermore, the introduction of safe, innovative, and efficient antifungal medications is
highlighted by the low efficacy, side effects, and resistance to the current medications. Numerous secondary
metabolites, many of which have antifungal properties, are produced by plants. Similarly, a wide variety of
plant extracts, many of which have been tested for in vitro antimycotic activity, have been used in traditional
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medicine to treat fungal infections. Since plants can defend themselves against fungal infections (15). They
seem like a promising source of antifungal chemicals. Traditional medical systems have also documented
using medicinal herbs to treat mycoses in humans and animals. They are also thought to be a useful source
for the development of novel antifungal medications (16). The use of therapeutic plants in the conventional
medical system has been documented and reported in humerous literatures (17). Various aromatic and
medicinal plants have rich antimicrobial compounds, which could be used as an alternative in the treatment
for bacterial and fungal infections(18). In this review we are going to discuss about a few indigenous plants of
Tamil Naduthat have potent antifungal properties which can be used for further analysis for alternatives to
antifungal drugs that have high toxicity, low efficacy, and resistance to the current medications.

2. Antifungal plants:

One of South India's most botanized regions is Tamil Nadu, where the usage of plants is still very important,
a wealth of information about how to use them to treat various illnesses is abundant. Numerous researchers
in Tamil Nadu have investigated the plant’s therapeutic qualities. This paper reviews specifically about the
plants having anti-mycotic properties.

2.1 Acalyphaindica:

Acalypha indica is commonly called Indian copperleaf. It belongs to the Euphorbiaceae family(19,20). Its
vernacular names are Kuppivaeni, Kuppaimeni (Tamil), Kuppichettu, Muripindi, Kuppinta, (Telugu), and
Kuppamani (Malayalam)(21-23).Acalypha indica is a herb grown in tropical dry deciduous forest and plains,
In India, it is distributed in Karnataka, Kerala, Madhya Pradesh, Uttar Pradesh, Punjab, Rajasthan,
Lakshadweep (20,24).Acalypha indica has various therapeutic properties like anti-diabetes, rheumatism, skin
problems, anti-inflammation, anthelmintic, anti-cancer, antimicrobial, arthritis, gout, and anti-venom, and it is
used to treat headaches, obesity, epilepsy, asthma, and pneumonia(24—-27). Phytochemicals present in the
roots of Acalypha indica are mycophenolic acid, octadecanoic acid, strychnine, oxtriphylline, C16
sphinganine, evoxine, indospicine, mimosine, retusoquinone, oxymorphone, ramipril glucuronide,
diamorphine, normeperidine, N-acetylsphingosine, dimethylglycine, dehydrovariabilin, phendimetrazine,
mexiletine, quinine, peucenin, 25-hydroxycholesterol, edrophonium, penbutolol, dihydrodeoxystreptomycin,
harderoporphyrin, zearalenone, anandamide, penbutolol, phytosphingosine, and evoxine, and Acalypha
indicaleaves contains lupeol, squalene, and dl-alpha. Tocopherol beta-curcumene, Kaempferol, 2-[2-[2-
ethylcyclopropyl)m  ethyllcyclopropyl] methyl, Phytol, Cysteine, E-2-Hexenyl benzoate, 3’,5-
dimethoxyacetophenone, benzoic acid, and bis(2-ethylhexyl) phthalate 4-Amino-3-methoxypyrazolo[3,4-d]
pyrimidine, = Campesterol gamma-  Sitosterol  2-Methoxy-4-vinylphenol, = n-Hexadecanoic  acid,
cyclopentaneundecanoic acid, 2Hydroxymethyl[1]5- (1-hydroxy-1-isopropyl) -2- cyclohexen-1-one 1,6,10-
Dodecatriene, 7,11-dimethyl-3-methylene(28,29). Methanolic and ethanolic extracts of Acalypha indica
effectively show activity against Aspergillus nigerandCandida albicans. Chloroform extract shows activity
against Candida kefyr. The acetone extract of Acalypha indicahave activity against Candida kefyr, Candida
tropicalis, and Candida albicans(27). Flavonoids and alkaloids present in the Acalypha indica is responsible
for its antifungal activity (30).

2.2 Allium sativum:

Allium sativum is commonly known as garlic, which belongs to the family of Amaryllidaceae (31). It is widely
distributed in Kerala, Tamil Nadu, and Arunachal Pradesh (32). Allium sativum is one of the most important
spices, which is often known as a stinking rose (33). Fresh garlic contains numerous nutrients, vitamins and
minerals, such as carbohydrates, proteins, vitamin B1, vitamin B6, vitamin C, calcium, copper, manganese,
selenium, phosphorus, and trace elements. Phytochemicals isolated from Allium sativum bulbs are alliin,
allicin, diallyl trisulfide,E-Ajoene,diallyl sulfide, Z-Ajoene, 2-Vinyl-4H-1,3-dithiin, diallyl disulfide, allyl methyl
sulfide, minerals, vitamin B, and flavonoids (34—36). Allicin, diallyl trisulfide, and ajoene are the major
chemical constituents present in the garlic (37). Allium sativum has many health benefits as caused by the
presence of allicin, such as antimicrobial, anticancer, cholesterol-lowering, antioxidant and blood-thinning
properties (38).Alliin is transformed by the allinase enzyme into allicin after breaking or cutting the
parenchyma cells of garlic(39). Fresh aqueous extract of Allium sativum shows potent activity against
A.niger, A.nidulans, A.fumigatus and A.terreus. This antifungal activity as caused by the presence of allicin
and alliin-related compounds(40,41).

2.3 Azadirachta indica:

The evergreen tree Azadirachta indica, often known as neem, grows quickly and can withstand both drought
and extreme heat. It is indigenous to nations like Bangladesh, Pakistan, and India (42—44). Neem is the
member of Meliaceae family. It grows in tropical and semi-tropical climates and is indigenous to India and
Burma(45,46).In some regions of the Asian subcontinent, it is consumed as a vegetable, but it has been used
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as traditional medicine for the wide range of human infections and diseases. Neem components have been
demonstrated to have sedative, anti-inflammatory, antifungal, anthelmintic, antibacterial, anti-angiogenic,
antiviral, anti-diabetic, anti-cancer, antioxidant and contraceptive properties(47-52).The Indian tradition has
acknowledged the benefits of neem for 1000 of years. Every portion of the neem tree has some therapeutic
use(45). Neem leaf, oil and seed kernel extracts work well against Trichophyton, Trichosporon, Candida,
Microsporum, Geotricum, and Epidermophyton,among other human fungi.lt has previously been observed
that extracts of several neem components have strong antimycotic action(53).Compounds that include sulfur,
like cyclic trisulphide and tetrasulphide, which were extracted from the steam distillation of mature, fresh
neem leaves, exhibit antifungal properties(54).

2.4.Azima tetracantha:

Azima tetracantha is known as kundali. It belongs to the family of Salvodoraceae(55). Its vernacular names
are Mulsangu (Tamil),Mundra Kampa, Tella Uppili, Puttupodha, Mursangu, Uppara podha (Telugu), Essanku,
Yeshenku, Sankukuppi (Malayalam). Azima tetracantha is a shrub found in the foothills of the deciduous
forests and tropical dry deciduous forests in Andhra Pradesh, Karnataka, Odisha, Kerala and Tamil Nadu. In
Tamil Nadu, it is found in Villupuram district and Tiruvannamalai district(56).It is used in the treat diarrhea,
phthisis, asthma, cough, and smallpox. The stem bark decoction is considered antiperiodic, expectorant and
astringent(57). The phytochemicals found in the plant are the dimeric piperidine alkaloids
azacarpaine,azimine, triterpenoids, neoascorbinogen, carpaineand glucosinolates, as well as new fatty acids.
Its leaves also contain isorhamnetin-3-O-rutinoside, carpine, azecarpin and azimine. From A.tetracantha
leaves, B-sitosterol, glutinol, lupeol, and friedelin are extracted(58,59). The hexane extract of leaves shows
antifungal activity in vitro. Friedelin present in the extract is responsible for antifungal activity. It can be
considered a potential candidate of drug effective against pathogenic fungi-caused infective disease(59).

2.5 Bauhinia tomentosa:

Bauhinia tomentosa, commonly called as Yellow Bell Bauhinia, St. Thomas Tree, and Yellow Orchid Bauhinia
Belongs to the family of Fabaceae (60,61). Its vernacular names are Mani mandara (Kannada), Kaanchini,
Kanchini (Tamil), Manjamanaram, Kanchanapoovu, Kanjenapoovu, Kanjanam, Kanchanamaram
(Malayalam),Mandaramu, Kanchini (Telugu)(61—-63). Bauhinia tomentosa is a shrub found occasionally along
riverbanks of Kerala,Tamil Nadu, Karnataka, Odisha, Andhra Pradesh and West Bengal. In Tamil Nadu, it is
found in Cuddalore district, Dharmapuri district, Villupuram district, Vellore district and Tiruvannamalai
district(61). Bauhinia tometosa is traditionally used as an anthelmintic, diuretic, and externally applied on
abscesses and skin conditions(64). It contains amino acids, proteins, fatty acids, minerals, lectins,
protocatechuic acid, phytohemagglutinins, rutin, quercetin and isoquercetin(62).The methanol leaf extract
ofBauhinia tomentosashows significant antifungal activity(65,66).Studies suggest that leaf alcoholic extracts
contain kaempferol-7-O-rhamnoside, kaempferol-3-O-glucoside, quercetin-3-O-glucoside and quercetin-3-O-
rutinoside(67).

2.6 Cassia auriculata:

Cassia auriculatais a shrub known as Tanners Cassia or Tanners Senna,it is a member of Caesalpiniaceae
family. Caesalpiniaceae is often treated as a subfamily of the large family Leguminosae. In Tamil, it is often
known as "Avaram” (68-71). It is found throughout hot deciduous woods of India and wild dry regions of
Rajasthan, Tamil Nadu, Madhya Pradesh, and other parts of India(70). For diabetes patients, tea prepared
from the flower of cassia auriculata was prescribed. Pod husk of cassia auriculata contains chrysophanol,
nonacosane, nonacosan-6-one, emodin, and rubiadin(72,73). The phytochemical in Cassia auriculataleaves
was identified by GC-MS analysis and they are of 1,2,3,4-Tetrahydroisoquinolin-6-ol-1-carboxylic acid
(1.98%), 13-Octadecenal (2.18%), n-Hexadecanoic acid (3.21%), resorcinol (11.80%), a-Tocopherol-B-D-
mannoside (14.22%), and 3-O-Methyl-d-glucose (48.50%)(69). The alcoholic extract of Cassia auriculata
showed maximum antifungal activity againstCandida albicans and Aspergillus niger(74).

2.7 Citrus limon:

Citrus limon is also known as lemon or lime. Citrus limon is the memberofRutaceaefamily(75). Citrus limon is
a small evergreen tree generally produced in temperate climates (76). In India, it is distributed in Karnataka,
Kerala, Maharashtra, Tamil Nadu, Jharkhand, Sikkim, Arunachal Pradesh, Meghalaya, Assam, Nagaland,
Punjab, Mizoram, Manipur and Tripura. Its vernacular names are Nimma (Telugu),Malai Elumichai,
Kolumichai (Tamil), Kadu Ilimbe, Gaja limbe (Kannada) and Cherunaregam, Ilumbichinaregam,
Oduchukuthinaregam (Malayalam)(77). The pulp and peels of the fruit are known for their nutritional, flavor
and medicinal values. The secondary metabolites present in the flavedo and albedo of the peels are
responsible for medicinal activity, such as phenolic compounds, monoterpenes (limonene) and citric acid, etc.
(78-80). In 100% of total Citrus limon essential oil, 45 constituents were identified. In these components, the
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major constituent is limonene (43.07%). It also contains B-pinene (12.61%), gamma terpinene (11.48%), a-
terpineol (7.20%), a-pinene (3.39%), linalool (1.08%), myrcene (1.87%), geraniol (1.48%), cis-a-bergamotene
(1.38%), o-terpinolene (2.37%) and o-terpinene (1.32%)(81). The essential oils of Citrus limon show
antimycotic  activity against the various fungi such as P.verrucosum, A.niger, P.chrysogenum
and A.flavus(82).The methanolic extract of Citrus limon has in vitro fungicidal property (83).

2.8 Coriandrum sativum:

Coriandrum sativum, commonly known as coriander and dhanya. Coriandrum sativum is a member of the
Umbelliferae family(84,85). Its vernacular names are Dhaniyalu (Telugu), Kotthambari (Tamil), Malli,
Kothambalari (Malayalam), and Kotthambari (Kannada)(84,86—89). It is a well-known plant distributed in
Tamil Nadu, Karnataka, Andhra Pradesh, Rajasthan, Madhya Pradesh, and Uttar Pradesh(84,90). Coriander
reports various therapeutic activities, such as sedative-hypnotic activity, hepatoprotective activity, anti-
diabetic activity, antioxidant activity, antifertility, anti-ulcer activity, and treating indigestion, bloating, acidity,
vomiting, rheumatism, and diarrhea(91-100). Coriandrum sativum contains various chemical constituents,
including essential oils, phenolics, alkaloids, flavonoids, terpenoids, reducing sugars, sterols,glycosides, fatty
acids, and tannins(87,99,101,102). Essential oil of C.sativum contains oxygenated monoterpenes and
monoterpene hydrocarbons. The major compound present in essential oil is d-linalool (19.8-82%), followed
by a-pinene (10.5%), y-terpinene (9.0%), geranyl acetate (4.0%), camphor (3.0%), and geraniol (1.9%)(103—
105). The alcohol constituents of coriander oil have more antifungal activity(106). Essential oil of coriander
shows activity against C. tropicalisandC. albicans. The synergistic effect was observed between coriander
essential oil and amphotericin B against C. tropicalis and C. albicans(98).

2.9 Curcuma longa:

Curcuma longa is commonly known as turmeric. It is a well-known indigenous plant that belongs to the
Zingiberaceae family (107). In India, turmeric is referred to as the Indian golden spice (108). Its vernacular
names are Haldi (Hindi), Manjal (Tamil), Arishina, Haladi (Kannada), Halad, Haldi (Marathi), Pasupu
(Telugu), and Manjal (Malayalam). In India, it is distributed in Kerala, Maharashtra, Odisha, Arunachal
Pradesh and Tamil Nadu (109,110). It has various medicinal properties such as wound healing, anti-
inflammatory, antiallergic, anticancer, hepatoprotective, antispasmodic and anti-HIV properties(111-116). It is
also used for treating infections, fever, cough, dysentery, skin diseases, gastritis, chest congestion,
hypertension, hypercholesterolemia, menstrual disorder, jaundice, liver problems, diabetic wounds, urinary
tract infections and rheumatoid arthritis(117-119). From essential oils of turmeric, more than a hundred
chemical compounds are identified. The fundamental constituents are a-turmerone, ar-turmerone, [-
turmerone, a-zingiberene, terpinolene, ar-curcumene, santalenone, (Z)-B-ocimene, B-caryophyllene, (2)-B-
farnesene, B-selinene, (E)-y-atlantone, curlone, a-santalene, [B-sesquiphellandrene, B-bisabolene, a-
phellandrene, humulene oxide, caryophyllene oxide and 1,8-cineole(120). Essential oils from Indian turmeric
rhizome contain a-turmerone, B-elemene, $-sesquiphellandrene, a-farnesene, 1,8-cineole, (Z, Z)-farnesol, -
caryophyllene, ar-turmerone and camphor(121-123). An in-vitroevaluation study was conducted on the
action of turmeric against C. albicans. This study suggests the natural constituent of Curcuma longa inhibits
the growth of C.albicans and it also shows synergy with fluconazole. Comparing curcumin and fluconazole,
curcumin has more potent antifungal activity(124,125).

2.10. Elettaria cardamomum:

Elettaria cardamomum is commonly called as cardamom. It is the member of Zingiberaceae family. Due to its
aroma and flavor, It is also called as queen of spices (126-128). In world, Elettaria cardamomum is the third
most expensive spice (129). Elettaria cardamomum has various therapeutic activities such as analgesic,
anticarcinogenic, anti-inflammatory, antioxidant, antifungal, antiviral, antidiabetic and to treat , influenza,
depression, dysentery, bronchitis, gallbladder problems(130-135). Essential oil of Elettaria cardamomum
contains various phytochemicals. In that the major constituents are a-terpinyl acetate (29.9-61.3%), linalool
(0.4-11.0%), 1,8-cineole (15.2-49.4%), a-terpineol (0.8-13.2%), p-cresol (0.9-9.0%) and Limonene (0.9-
9.4%). The minor constituents are a-thujene, a-terpinolene, Nerolidol, terpinen-4-ol, a-citral, B-citral, a-
pinene, B-pinene , geranyl acetate, o-terpinene, y-cadinene, 3-carene, myrcene, and cis-sabinene
hydrate(135,136). Acetone extract of Elettaria cardamomum seeds show activity against Candida albicans.
Essential oil of Elettaria cardamomum show fungicidal activities against A.niger, A.oryzae, A.solani
andA.flavus. Phytochemicals like 1,8-cineole, linalool, limonene, sabinene, eucalyptol, sabinene, etc. may be
responsible for antifungal activities(137-140).

2.11. Ficus racemosa:
Ficus racemosa is commonly known as fig. It is the member of Moraceae family. It is known by several
vernacular names, including Atthimara (Kannada), Umber (Marathi), Atthi, Atthi-al (Malayalam), Atti, Bodda
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(Telugu), and Aththi (Tamil) (141). Ficus racemosa is reported to have various traditional properties, such as
having vermicidal, antipyretic, antispasmodic, antiseptic, expectorant, diuretic laxative, anti-inflammatory and
anti-diarrhea. It is also used to treat cardiovascular, gastrointestinal, respiratory, liver and spleen diseases
(142-148). Ficus racemosa is a tree that grows in tropical semi-evergreen forests and plains. In India, it is
distributed in Andhra Pradesh, Karnataka, Kerala, Maharashtra, Odisha, Tamil Nadu, Jharkhand, Madhya
Pradesh, Uttarakhand, Sikkim, Himachal Pradesh, Arunachal Pradesh, Meghalaya, Assam, Nagaland, Delhi,
Uttar Pradesh, Punjab, Jammu and Kashmir, Mizoram, Manipur and Tripura(141). Ficus racemosa contains
sterols, tannins, alkaloids, triterpenoids and flavonoids. There are various phytochemicals present in various
parts of plants, such as gluanol acetate, leucopel-argonidin-3-O-B-D-glucopyranoside, lupeol, leucocyanidin-
3-0O-B-D-glucopyrancoside, [-sitosterol, a-amyrin acetate, stigmasterol, lupeol acetate, tiglic acid,
taraxasterol and friedelin(149-152). The extract of Ficus racemosa by methylene chloride: hexane (1:1). It
shows activity against Fusarium species, Corynesporacassiicola, Colletotrichum gloeosporioides, Curvularia
species, and Alternaria species. Psoralen present in ficus racemosa are responsible for antifungal
activity(153).

2.12. Lawsonia inermis:

The Lawsonia inermis Commonly referred to as henna, it is a member of Lythraceae family. It is a shrub-like
tree that grows up to 6 meters, and it is cultivated in arid tropical and subtropical regions. Gorante,
Madhurangi (Kannada), Gorintachettu, Goranti (Telugu), Mailanchi, Mylanchi, and Pontalasi (Malayalam) are
some of the colloquial names for henna. In India, It is distributed in Andhra Pradesh, Kerala, Maharashtra,
Uttar Pradesh, Punjab, Rajasthan and Tamil Nadu(154). Lawsonia inermis is traditionally used as a hair dye,
hair tonic, to treat burn wounds, jaundice and liver ilinesses, and itchy skin conditions, and to promote wound
healing(155-157). In henna, all the parts contain many phytochemical constituents, such as alkaloids,
steroids, phenolic compounds like coumarins, flavonoids, tannins, naphthalenes, naphthoquinones,
xanthones, lignans, and alkylphenones, and terpenes compounds, including non-volatile terpenoids and
volatile terpenoids(158). Ethanol, ethyl acetate, and hexane extracts from Lawsonia inermis show excellent
activity against Trichophyton mentagrophytes and Tinea rubrum(158,159). Polar leaf extracts of henna show
potent antifungal activity(160).

2.13. Moringa oleifera:

Moringa oleifera is commonly known as drumstick. It belongs to the moringaceae family (161,162). Its
vernacular names are Muringa, Moringa, Sigru (Malayalam); Munaga, Mulaga, Tella munaga (Telugu);
Moringa, Murungai (Tamil); Sojna, Sainjna (Hindi); and ShevgaNugge mara (Kannada)(162). Traditional uses
of the plant include diuretics, expectorants, stimulants, and antispasmodics. The taste of fresh root is
vesicant and bitter, similar to horseradish. It is used internally as an antilithic, diuretic, and stimulant. Gum is
mucilaginous and tasteless. Seeds are stimulating and bitter. Additionally, bark has antifungal, antibacterial,
and emmenagogue properties. Flowers have cholagogue, stimulant, tonic, and diuretic properties, and they
can help to improve bile flow. Additionally, the plant has antibacterial and cardiac circulatory tonic properties.
According to reports, this plant's leaves have a number of biological properties, such as
hypocholesterolaemia, antidiabetic, and hypertensive effects(163). According to research, the Moringa
oleifera plant contains phytochemical elements such as proteins, carbohydrates, glycosides, alkaloids,
flavonoids, saponins, tannins, and terpenoids. Candida tropicalisand Saccharomyces cerevisiaeare inhibited
by Moringa oleifera. When it came to Saccharomyces cerevisiae, Moringa oleifera water and ethanol extract
generated the biggest zone of inhibition(164).

2.14. Murrayakoenigii:

Murrayakoenigii is known as curry leaf. Murrayakoenigii belongs to the Rutaceae family (165-168). It is a
small tropical tree or evergreen bush found in India. Murrayakoenigii is distributed in Maharashtra, Tamil
Nadu,Jharkhand, Mizoram, Madhya Pradesh,Uttarakhand, Sikkim, Himachal Pradesh,Odisha,
Kerala, Andhra Pradesh, Jammu and Kashmir, ArunachalPradesh, Meghalaya, Assam, Nagaland, Delhi,
Manipur and Tripura(165,168,169). Its vernacular names are Khadilimb, Karipatta (Marathi), Karuveppilai
(Tamil), Karivepu, Karuveppu, Veppila (Malayalam), Karivempu, Karuveppilai, Kari Bevu, Bevare (Kannada)
and Karuvepaku, Karepaku (Telugu)(165,170). Murrayakoenigiiis used asfebrifuge,anti-inflammatory,
antiemetic, blood purifier,antidiarrheal, depressant, body aches, kidney trouble, and vomiting remedy. It also
has significant anti-diabetic, antioxidant, antimicrobial, and anti-inflammatory properties(166,171-177). Curry
leaves contains chemical constituents like tannins, flavonoids, saponins,alkaloids,glycosidesand
triterpenoids/steroids. The major chemical constituents present in the essential oil of Murrayakoenigii leaf are
3-carene, [-pinene, a-pinene, B-elemene, linalool, eucalyptol, a-eudesmol, p-cymene, y-terpinene, a-
amorphene, carvone, allo[1]ocimene, Sabinene, y-terpinene, linalyl acetate, myrcene, f-eudesmol, limonene,
a-terpineol, (Z2)-B-ocimene, (E)-B[1]ocimene and a-thujene(178,179). M.koenigii leaf essential oil has good
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antifungal activity. Fungicidal activity of essential oil of M.koenigii leaf is due to the presence of mono and
sesquiterpenoid constituents(180).

2.15. Ocimum basilicum:

Ocimum basilicum is commonly called basil. It belongs to the Lamiaceae family. It comes from India and is
distributed all around the country. Its vernacular names are Tulasi, Tirunirrippachai (Tamil), Tulsi-chettu
(Telugu), Pachcha/sivatulasi (Malayalam), Amli, and Huli (Kannada) (181). Basil is useful for toothache,
earache, cephalalgia, gouty joints, fever, otitis, snake bite, and headaches. It also helps with digestion(182).
The main phytochemicals present in basils are fatty acids (arachidonic acid, linoleic acid, stearic acid,
palmitic acid, myristic acid, oleic acid, a-linolenic acid, lauric acid, and capric acid), antioxidants (p-
hydroxybenzoic, caffeic, rutin, rosmarinic acids, chlorogenic, quercetin, vanillic, and apigenin), and phenolic
compounds(183-186). The essential oils of Ocimum basilicum are eugenol, methyl chavicol, a-pinene, B-
pinene, 1,8 cineole, borneol, linalool, geraniol, B-caryophyllene, ocimene, and n-cinnamate(187-189). Six
strains of Eurotiumamstelodami,Aspergillus flavus,Cladosporium herbarum, Alternaria species., Botrytis
cinerea, and Eurotiumchevalieri were used to investigate the antimycotic activity of the Ocimum basilicum
oils. The essential oils of Ocimum basilicum showed significant antifungal activity(190,191).

2.16. Phyllanthus emblica:

Phyllanthus emblica is commonly known as Amla. It belongs to the family of Euphorbiaceae. Other common
names of Emblica officinalis are Emblic Myrobalan and Indian Gooseberry. Its vernacular names are Nelli
(Tamil), Bettadanellikaayi (Kannada), Amla (Marathi), Amalakamu (Telugu), and Amalakam, Nelli
(Malayalam). The synonym of Phyllanthus emblica is Emblica officinalis(192,193). It is grown for commercial
purposes in the Indian state of Uttar Pradesh. It is also grown in Madhya Pradesh, Rajasthan, and Tamil
Nadu (193,194). Dried fruit treats diarrhoea, diabetes, dysentery, and haemorrhage and has antibacterial
properties. The fruits of Phyllanthus emblica have antimicrobial properties such as antibacterial, antifungal,
and antiviral properties (195). Alkaloids, benzenoid derivatives, diterpenes, furano-lactones, flavonoids, and
sterols are among the many compounds found in varying concentrations in E. officinalis. It has analgesic,
antipyretic, anticancer, antioxidant, antivenom, antitussive, antibacterial, antitumor, antiulcerogenic,
hepatoprotective, cytoprotective, and antidiarrheal effects (196-199). Chemical components found in amla
are hydrolysable tannins (Emblicanin A and B), alkaloids (phyllantine), phenolic compounds (gallic acid,
methyl gallate), amino acids (glutamic acid), carbohydrates (pectin), vitamins (ascorbic acid), flavonoids
(quercetin, kaempferol), and organic acids (citric acid)(200). Both bacterial and fungal diseases could be
treated with Emblica officinalis. The methanolic extract of Emblica officinalis showed little antifungal activity,
whereas the aqueous extract showed strong antifungal activity at low concentrations(192,201).

2.17. Piper betle:

Piper betle is known as betel leaf and is a member of the Piperaceae family (202). Bengal, Bihar, Orissa,
Andhra Pradesh, Karnataka, Uttar Pradesh, and Tamil Nadu are the Indian states where the plant may be
found(202—-204). Betel leaves are known as Vettila, Vettilakkoti (Malayalam); Vetrilai (Tamil); Vilya, Veeleya,
and Villayadel (Kannada)(202,205). Betel leaf is used for bad breath,conjunctivitis, boils,constipation,
abscesses, headache, hysteria, itches, mastitis, mastoiditis, leucorrhea, otorrhea, ringworm, gum swelling,
rheumatism, abrasion, cuts and injuries, etc.(203). The chemical constituents are 2-methoxy-4-2-propenyl,
eugenol (18.27%), 5-(2-propenyl)-1,3-benzodioxol (25.67%), and acetate-phenol (8.0%). The phytochemicals
present in piper betle are chavicol (53.1%) and chavibetol acetate (15.5%). Other components are chavibetol
methyl ester (methyl eugenol 0.48%), eugenol, estragole, camphene, ally pyrocatechol diacetate, 1,8-
cineole, a-pinene, a-limonene, safrole, y-lactone, B-pinene, dotriacontanoic acid, ally pyrocatechol
monoacetate, and allyl catechol(205-207). Betel oil contains several terpenoids and terpenes. C.
stellatoidia,C. glabrata, C. parapsilosis, C. tropicalis,C.krusei, C. pseudotropicalis, and C. albicansweretested
against betel leaf oil, and betel oil inhibited candida development. Eugenol and estragole are phytochemicals
with fungicidal properties(208-210).

2.18. Punica granatum:

Punica granatum is known as pomegranate. Punica granatum is a tree that belongs to the family of
Punicaceae(211). Punica granatum fruits are edible and vitamin-rich. It is distributed throughout Karnataka,
Kerala, Tamil Nadu, West Bengal, Delhi and Uttar Pradesh (212). Juice of Punica granatum contains 85.4%
water, 10.6% total sugars, 1.4% pectin and 0.2-1.0% polyphenols (213,214). About 80% of the oil is made up
of conjugate doctadecatrienoic fatty acids, with a high concentration of cis 9, trans 11, and cis 13 punicic
acid, itself about 7% of Pomegranate seed oil. Seed oil contains over 95% of the fatty acid components, of
which triacylglycerols are 99%(215,216). The peels of wild-crafted fruits contain more flavonoids and tannins
than those of cultivated fruits(217). Punicalagin isolated from Punica granatum peels shows activity against
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Candida parapsilosis and Candida albicans. The synergistic effect is showed between punicalagin and
fluconazole (218).

2.19. Trigonella foenum-graecum:

Trigonella foenum-graecum is commonly called as Fenugreek.lt is belongs to the family Leguminosae (219).
Its Vernacular names are Ventayam(Tamil), Pesara (Telugu), uluva, Ulathyam (Malayalam), Menthulu
(Kannada) (220,221). In India it is distributed in Punjab, Madhya Pradesh, Gujarat, Uttar Pradesh,
Maharashtra and Rajasthan(222,223). Fenugreek has various medicinal uses such as antidiabetic agent,
lactation aid, digestive aid, galactogogue, antioxidant property and antimicrobial activity(224-231). Leaves of
fenugreek composite of moisture (86.1%), protein (4.4%), fiber (1.1%),minerals (1.5%), carbohydrates(6%)
and fat (0.9%,). Iron, zinc, riboflavin, phosphorous, vitamin C, thiamine, Calcium, niacin and carotene are the
Vitamins and minerals present in the leaves of fenugreek(232). Fenugreek contains phytochemicals like
Alkaloids, amino acids, saponins, steroidal, flavonoids, fibers and proteins such as trimethylamine, carpaine,
neurin, trigonelline, betain, choline, gentianine, isoleucine, histidine, 4-hydroxyisoleucine, lysine, leucine,
arginine, L-tryptophan, trigofoenosidesAeG, graecunins, fenugrin B, yamogenin, fenugreekine, diosgenin,
smilagenin, isovitexin, rutin, gum, quercetin, vitexin, neutral detergent fiber and coumarin(233-235). Aerial
parts of T.foenum-graecum extract using different solvents including methanol, ethyl acetate and petroleum
ether shows antifungal activity against Fusarium graminearum, Botrytis cinerea, Alternaria species,
Rhizoctonia solaniand Pythium aphanidermatum. Fenugreek leaves methanolic extract shows more
antifungal activity(227,236).

2.20. Vitex negundo:

Vitex negundo is commonly known as the five-leaved chaste tree. It belongs to the verbenaceae
family(237,238). Its vernacular names are Bilinekki (Kannada), Nirgudi (Marathi), Notchi, Nochchi (Tamil),
Vavili (Telugu), and Karinochi (Malayalam). In India, it is distributed in Andhra Pradesh,
Telangana, Karnataka, Kerala, Maharashtra, Odisha, Tamil Nadu, Jharkhand, Uttarakhand, Sikkim, Himachal
Pradesh, Arunachal Pradesh, Mizoram, Meghalaya, Assam, Nagaland, Uttar Pradesh, Punjab, Jammu and
Kashmir, Andaman and Nicobar Islands, Manipur, Tripura, Lakshadweep. In Tamil Nadu it is distributed in
Coimbatore district, Dindigul district, Dharmapuri district, Kanchipuram (Chengalpattu-CGP) district, Karur
district, Krishnagiri district, Madurai district, Namakkal district, Pudukkottai district, Sivaganga district, Salem
district, Tiruchirappalli district, Tiruvannamalai district, Villupuram district, and Vellore district(239,240).Vitex
negundo is used traditionally for various purposes such as anti-nociceptive (analgesic), antipyretic, anti-
inflammatory, anti-rheumatic, antihyperglycemic, smooth muscle relaxant, hepatoprotective, and
antidiarrheal(241-244). Vitex negundo contains phytochemicals like phenylpropanoids, steroids, flavonoids,
phenylnaphthalene-type lignans, furanofuran lignans, S-phenylindene-type lignan, sesquiterpenoids,
Triterpinoids, Coumarin and Irioids(245-250). Vitex negundo exhibited significant activity against
Cryptococcus neoformans, Aspergillus niger, Trichophyton mentagrophytes, Alternaria alternata,
Curvularialunata,and Candida albicans(251,252). Essential oil from seeds of Vitex negundo shows activity
against C. albicans. Diterpenoid and furanofuran lignan derivatives are the phytochemicals from Vitex
negundo that may be responsible for its antifungal activity. These phytochemicals are effective against C.
neoformans, C. albicans, Aspergillus fumigatus and Trichophyton rubrum(241,248,253).

3. Discussion:

The growing prevalence of fungal infections, coupled with the rise of antimycotic drug resistance and
associated toxicity underscores the need for alternative therapeutic solutions. Natural antifungal compounds
derived from medicinal plants offer significant potential as alternatives to conventional allopathic antifungal
agents. Various plants are notable for their antifungal properties attributed to their rich phytochemical
composition. Some of the plants are Acalypha indica, Allium sativum, Azadirachta indica, Curcuma longa,
Citrus limon, Lawsonia inermis, Moringa oleifera, Murrayakoenigii, Ocimum basilicum, Phyllanthus emblica,
Trigonella foenum-graecum, Vitex negundo, etc. Acalypha indica, demonstrates significant antimycotic
activity against various fungal species. Key phytochemicals, such as lupeol, squalene, and flavonoids,
contribute to its antifungal potential. Its methanolic and ethanolic extracts have been particularly effective in-
vitro. Allium sativum is rich in bioactive compounds such as allicin, diallyl sulfide, and ajoene. These
compounds disrupt fungal cell walls and membranes, inhibit the growth of Aspergillus niger, A.nidulans, and
Candida albicans. Its efficacy highlights its potential as a natural antifungal agent. Azadirachta indica has
long been recognized for its antifungal properties. Itsactive compounds such as cyclic trisulfide and
tetrasulfide inhibit fungi like Trichophyton, Epidermophyton, and Candida albicans. Neem leaf and oil extracts
show significant antimycotic activity, demonstrating its versatility as a therapeutic agent. Curcuma longa
contains curcumin, which exhibits potent antifungal activity, particularly against Candida albicans. Studies
suggest that curcumin can act synergistically with fluconazole to enhance its antifungal effects. This synergy
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emphasizes its potential role in combination therapies. Citrus limon peels and essential oils contain limonene,
B-pinene, and citric acid, which exhibit strong antimycotic activity against Aspergillus and Penicillium species.
Methanolic extracts of Citrus limon also demonstrate fungicidal properties. Lawsonia inermis leaves contain
coumarins, flavonoids, and naphthoquinones, which exhibit potent antifungal effects against Tinea
rubrumandTrichophyton mentagrophytes. ethyl acetateand Ethanolextracts of Lawsonia inermis have
demonstrated excellent in vitro antifungal activity Moringa oleifera is rich in alkaloids, flavonoids, and tannins.
Its water and ethanol extracts inhibit Saccharomyces cerevisiae and Candida tropicalis, highlighting its broad-
spectrum antifungal potential. Murrayakoenigii leaf extracts are rich in mono- and sesquiterpenoids such as
B-pinene, linalool, and y-terpinene, which contribute to its antifungal activity. Essential oils from
Murrayakoenigii effectively inhibit the growth of C.albicans and other fungi. Ocimum basilicum contains
essential oils like eugenol, methyl chavicol, and linalool, which exhibit strong antifungal properties. The oils
have been effective against Alternaria species, Aspergillus flavus, and Cladosporium herbarum. Fenugreek
leaves contain alkaloids, flavonoids, and diosgenin, which exhibit antifungal activity against Fusarium,
Botrytis, and Rhizoctonia species. Its methanolic extracts are most effective. Phyllanthus emblica contains
emblicanin A and B, gallic acid, and quercetin, which possess strong antifungal and antimicrobial properties.
Aqueous extracts of amla are particularly effective against fungal infections. Vitex negundo is rich in
phenylpropanoids, flavonoids, and lignans, which show significant activity against Aspergillus niger, Candida
albicans, and Trichophyton rubrum. Its essential oils from the seeds enhance its fungicidal properties.

These phytoconstituents, with their diverse modes of action, offer a broad-spectrum approach to combating
fungal infections while minimizing the adverse effects seen with synthetic drugs. The integration of plant-
derived antifungal agents into therapeutic regimens presents a promising approach, particularly in light of
their minimal toxicity, reduced drug interactions, and sustainable sourcing. However, variability in the efficacy
of plant extracts due to environmental and genetic factors warrants standardized extraction and formulation
techniques. The plant's phytochemical diversity and antifungal efficacy highlight the potential of natural
compounds as effective alternatives to synthetic antifungal drugs. However, challenges like standardization of
extracts and understanding synergistic mechanisms need to be addressed for clinical application.

4. Conclusion:

Natural antifungal compounds derived from medicinal plants hold immense promise as sustainable and
effective alternatives to conventional antifungal drugs. The antifungal activity demonstrated by plants such as
Acalypha indica, Allium sativum, Azadirachta indica, Curcuma longa, Citrus limon, Lawsonia inermis, Moringa
oleifera, Murrayakoenigii, Ocimum basilicum, Phyllanthus emblica, Trigonella foenum-graecum, and Vitex
negundo demonstrate significant potential in combating fungal infections. These plants are rich in bioactive
phytochemicals such as flavonoids, alkaloids, curcumin, allicin, limonene, and phenolic compounds, which
exhibit broad-spectrum antifungal properties.

Future research should focus on isolating and characterizing the active compounds from these plants to
identify their specific mechanisms of action. It should also explore synergistic effects between these natural
compounds and existing antifungal drugs to reduce resistance and enhance efficacy. Additionally, developing
standardized extraction methods and formulations is essential to ensure consistent potency and reliability in
clinical applications. Extensive preclinical and clinical studies are needed to validate the safety, efficacy, and
side effects of these plant-based antifungal agents.

By leveraging the rich bioactivity of medicinal plants, we can develop innovative antifungal therapies that are
not only effective but also safer and environmentally sustainable. This approach provides a promising
alternative to conventional antifungal treatments and aligns with the global need for accessible and low-
toxicity healthcare solutions to address the increasing burden of fungal infections.
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