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Abstract:

Fungal infections pose a significant challenge to public health
and agriculture, necessitating the search for effective and safer
antifungal agents. Phytoconstituents, particularly terpenoids and
coumarins, have gained attention due to their diverse
bioactivities, including antifungal properties. This review
explores the antifungal potential of selected terpenoids and
coumarins, focusing on their mechanisms of action, spectrum of
activity, and structure-activity relationships. Terpenoids, known
for their  membrane-disrupting and  enzyme-inhibiting
capabilities, exhibit promising antifungal efficacy against
pathogenic fungi. Similarly, coumarins, with their ability to
interfere with fungal growth and oxidative stress pathways, have
shown broad-spectrum antifungal activity. This review also
highlights recent studies, challenges in clinical translation, and
future prospects for developing plant-derived antifungal agents.
Understanding the molecular interactions and synergistic effects
of these phytochemicals can aid in the design of novel antifungal
therapies with enhanced efficacy and reduced resistance.
Keywords: Antifungal activity, Phytoconstituents, Terpenoids,
Coumarins, Natural products, fungal infections.
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Introduction:

Fungi are eukaryotes; they have a membrane surrounding their nucleus, their cells are much
larger than bacteria and their molecular processes closely resemble those of plants and animals. A
fungus is a vegetative organism. The most common species like Aspergillus and Candida are
found everywhere on earth. Gardens, playgrounds, houses, hotels, hospitals and even the skin
and mucous membranes have been identified as sources of fungi that caused life-threatening
infections. In the course of time more than 69.000 species of fungi have been described while it
has been estimated that the total number of fungal species is of the order of 1.5 million. They
range from giant puff-balls mushrooms- sometimes edible, often poisonous- to moulds and
yeasts only visible by microscope [1].

Table 1: WHO’s Priority Fungal Pathogen List (Adapted)

Pathogen Category | Common Infections

Candida auris Critical Bloodstream infections, multidrug resistance [ 2]

Aspergillus fumigatus | High Pulmonary aspergillosis, affects immunocompromised
patients[ 2]

Cryptococcus High Meningitis, lung infections [2]

neoformans

Fusarium spp. Medium | Eye infections, onychomycosis, systemic infections [3]

Mucorales (Rhizopus, | Medium | Mucormycosis, severe fungal infections in diabetics [3]

Mucor)

Fungal pathogens employ various mechanisms to evade the host immune system and to progress
the severity of infections. Opportunistic and systemic infections, fungal pathogens such as
Candida, Aspergillus, Fusarium, Mucorales and molds can cause healthcare-associated infections
(HAI) in patients with underlying diseases [4].Over 150 million people have severe fungal
infections, which lead to approximately more than one million deaths per year [5]. Kingdom
Fungi is diverse and includes different types of organisms such as molds, yeasts, mushrooms,
polypores, plant parasitic rusts, and smuts. Fungi can affect human health directly, but also
indirectly affect animal and plant health. Phytopathogenic fungi are the ones infecting
agricultural crops and forestry trees with a high impact on human nutrition, life quality, and
economy, as they may compromise production/yields and quality. The most relevant mycotoxins
harmful to human health are aflatoxins [6].

Limitations:

Traditional methods often misidentify Candida auris due to its similarity to other Candida
species, leading to incorrect treatment. Advanced techniques like MALDI-TOF MS and genetic
sequencing improves accuracy. Candida auris causes hospital outbreaks due to its persistence on
surfaces and resistance to disinfectants, making infection control difficult. Candida auris is
resistant to multiple antifungal drugs, including azoles, echinocandins, and amphotericin B,
limiting treatment options[7].
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Phytoconstituents as antifungal agents:
Phytochemicals are naturally occurring bioactive compounds derived from plants [8].

Table 2: Classification of Phytochemicals:
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Tomatidine, Sapindoside B

Phytochemicals Examples Mechanism of action
Alkaloids Berberine, Phenanthridine | Disrupts fungal cell membranes and inhibits
enzyme activity [8]
Flavonoids Quercetin, Catechins Disrupts fungal cell walls [8]
Osthole, Psoralen, | Disrupts fungal cell walls, inhibits spore
Coumarins Imperatorin germination, and interferes with oxidative
metabolism [8]
Terpenoids Thymol, Carvacrol Disrupts fungal membranes by altering lipid
composition, leading to leakage of cell contents [8]
. Interacts with fungal membrane , causing structural
Saponins

disruption and cell lysis [8]

Table 3: Importanc

e of terpenoids and coumarins as bioactive molecules:

Compound Pharmacological Importance Industrial and Agricultural Uses
Anti-cancer, Anti-inflammatory Used as flavouring agents, fragrances,
Terpenoids Antimicrobial, Antioxidant, | natural pesticides and insect repellents [9]
Neuroprotective [8]
Anti-cancer, Antimicrobial, | Used in perfumes and flavouring agents.
Coumarins Antioxidant, Anti-inflammatory [8] | Used as pesticides and a plant growth

Anticoagulant [22]

regulators[10]

Terpenoids and the

ir antifungal potential:

Definition: Terpenoids are secondary metabolites that can be isolated from natural sources such
as plants, microorganisms, animals, insects, marines and endophytes. Terpenoids (also called
isoprenoids) are derived from five-carbon isoprene units. Terpenoids compose of more than
40,000 variations to date, which are still being explored [8].

Table 4: Terpenes can be classified into different classes based on the number of isoprene
units (n) in the molecule:

Types Molecular formula Examples
Monoterpenoids CioHas Linalool and Geraniol [9]
Sesquiterpenoids CisH24 Bisabolol, Bisabolene, and Farnesene [9]
Diterpenoids C20H32 Gibberellic acid, Carnosolic acid [9]
Triterpenoids CsoHas Betulin, Fusidic [9]

Example of antifung

al terpenoids: [11]
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Coumarins and their antifungal potential:

Coumarins are benzopyrone derivatives, primarily found in plants. Present in Tonka beans,
cinnamon, and various medicinal plants. They are found in over 150 different species of plants
belonging to almost 30 different families. They are mainly secondary metabolites of plants and
present in some microbes [8].

Example of antifungal coumarins: [10]
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Aflatoxins and their antifungal relevance:

Mycotoxins, low molecular weight compounds, naturally originate from different species of
filamentous fungi. Aflatoxins are toxic substances made by fungi, mainly Aspergillus flavus and
Aspergillus parasiticus. They contaminate food and animal feed, especially in warm and humid
conditions, and can cause serious health problems, including liver damage and immune
disorders. The most dangerous types are B1, B2, G1, and G2, with B1 being the most toxic. A.
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flavus mainly produces B-type aflatoxins, while A. parasiticus produces both B- and G-types.
Under UV light, B-types glow blue, and G-types glow yellow-green. While harmful to humans
and animals, their role in fungal biology is still being studied [10].

Comparative Analysis of Terpenoids and Coumarins as Antifungal Agents:

Table 5: Mechanism of Action of Terpenoids and Coumarins

Compound Mechanism of Action Examples
Disrupt fungal membrane integrity by targeting | Thymol, Carvacrol, Limonene [11]
ergosterol
Terpenoids | Inhibit fungal enzymatic pathways Farnesol, Artemisinin [11]
Induce oxidative stress causing fungal cell Carvacrol [12]
damage
Interfere with fungal cell division and wall Imperatorin, Osthole [8]
: integrity
Coumarins

Blocking essential fungal enzymes

Robustic acid [13]

Modulate oxidative stress responses in fungi Scopoletin [14]
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Figure 1.Antifungal Action of Terpenoids and Coumarins

Table 6: Comparative Antifungal Spectrum of Terpenoids and Coumarins

Compound Effective Against Example Compounds
Candida spp. (yeasts) Carvacrol [15], Eugenol, Linalool,
Terpenoids Citral[16]
Aspergillus spp. (molds) P-cymene, Thymol, Carvacrol [17]
Trichophyton spp. (dermatophytes) | Linalool, Geraniol, Bisabolol [9]
Coumarins Candida spp. (yeasts) Scopoletin [18], Robustic acid [13]
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Aspergillus spp. (molds) Scopolin, Osthenol [19]

Trichophyton spp. (dermatophytes) | Imperatorin [20]

| Core Structure I | Substituent Groups |

| Isoprerfe Units | | Benzopyfone Ring |

Volakility
| (Membrane Affinity) | | Hydroxylation / Methoxylation |

Increased [fisruption of E E
Fungal M¢mbranes Inhibition & RS Modulation

Enhanced Antifungal Activity
+ Drug Resistance Suppression

Figure 2. Structure -Activity Relationship (SAR) Flowchart for Terpenoids and Coumarins
Table 7: Synergistic Effects of Terpenoids and Coumarins with Conventional Antifungal
Drugs

Natural Compound Conventional Drug Synergistic Effect
. Inhibits fungal efflux pumps,

I FI I . : .
Scopoletin uconazote increasing drug retention [18]
Carvacrol, Eugenol and Fluconazole Inhibits biofilm formation and
Thymol enhances drug efficacy [21]

Table 8: Potential side effects and toxicity considerations.

Compound Side effects an toxicity
. Cytotoxicity, [11]
Terpenoids Local Irritation [22]
Neurological Effects [22]
Coumarin Hepatotoxicity [23]

Table 9: Challenges and Future Perspectives:

Challenge Proposed Solution
To improve antifungal activity Structural modifications [14]
Regulatory hurdles Clinical trials to validate efficacy and safety [11,18]
Fungal resistance to existing drugs | Combination therapy with conventional antifungals [21]
Low bioavailability Nanotechnology-based drug delivery (nanoemulsions,
liposomes) [24]
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Discussion:

Terpenoids and coumarins exhibit significant antifungal potential through mechanisms such as
membrane disruption, oxidative stress induction, and enzyme inhibition [11, 12, 13, and 14].
Their ability to target drug-resistant fungi makes them promising alternatives to conventional
antifungals [21].However, challenges like low bioavailability and limited clinical studies must be
addressed. Further research on formulation improvements, structural modifications, and clinical
validation is essential for their future application in antifungal therapy [14, 18, 21 and 24].

Conclusion:

Terpenoids and coumarins exhibit strong antifungal properties through multiple mechanisms,
including membrane disruption, oxidative stress induction, and inhibition of fungal growth. Their
potential synergy with conventional antifungals enhances efficacy and mitigates resistance.
Advancements in nanotechnology and structural modifications can improve bioavailability,
stability, and therapeutic effectiveness. However, further research is essential to optimize
formulations, ensure safety, and validate clinical applications for their successful integration into
modern antifungal therapies. Further research is needed to ensure safety, optimize formulations,
and validate clinical use for effective antifungal therapy.

References:

1. De Pauw, B. E. (2011). WHAT ARE FUNGAL INFECTIONS? Mediterranean Journal
of Hematology and Infectious Diseases, 3(1), €2011001.

2. WHO (2022). Fungal Priority Pathogen List. World Health Organization.

3. Perfect, J. R. (2017). The antifungal pipeline: a reality check. Nature Reviews Drug
Discovery, 16(9), 603-616.

4. Reddy, G. K., Padmavathi, A. R., &Nancharaiah, Y. (2022). Fungal
infections:Pathogenesis, antifungals and alternate treatment approaches. Current
Research in Microbial Sciences, 3, 100137.

5. Shah, K., Deshpande, M., & Shah, P. (2024b). Healthcare-associated fungal infections
and emerging pathogens during the COVID-19 pandemic. Frontiers in Fungal
Biology, 5.

6. Simdes, D., De Andrade, E., &Sabino, R. (2023e). Fungi in a one health
perspective. Encyclopedia, 3(3), 900 918.

7. Sanyaolu, A., Okorie, C., Marinkovic, A., Abbasi, A. F., Prakash, S., Mangat, J., Hosein,
Z., Haider, N., & Chan, J. (2022). Candida auris: An Overview of the Emerging Drug-
Resistant Fungal Infection. Infection and Chemotherapy, 54(2), 236.

8 M,N.E.a A, N,N.S.,FN.B.F,H-y, N. H. Y. Z, M, N. S. H,, & J, N. S. (2020).
Phytochemicals with antifungal properties: Cure from nature. Malaysian Journal of
Microbiology.

9. Trepa, M., Sutkowska-Ziaja, K., Kata, K., &Muszynska, B. (2024). Therapeutic potential
of fungal terpenes and terpenoids: application in skin diseases. Molecules, 29(5), 1183.



Jyoti V. Mali /Afr.J.Bio.Sc.7(4) (2025) Page 183

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Loncar, M., GaSo-Sokac, D., & Molnar, M. (2023). Coumarin derivatives as antifungal
agents - A review. Czech Journal of Food Sciences, 41(2), 79-91.

Wiart, C., Kathirvalu, G., Raju, C. S., Nissapatorn, V., Rahmatullah, M., Paul, A. K.,
Rajagopal, M., Seelan, J. S. S., Rusdi, N. A., Lanting, S., &Sulaiman, M. (2023).
Antibacterial and Antifungal Terpenes from the Medicinal Angiosperms of Asia and the
Pacific: Haystacks and Gold Needles. Molecules, 28(9), 3873.

Khwaza, V., &Aderibigbe, B. A. (2023). Antifungal activities of natural products and
their hybrid molecules. Pharmaceutics, 15(12), 2673.

Ayine-Tora, D., Kingsford-Adaboh, R., Asomaning, W., Harrison, J., Mills-Robertson, F.,
Bukari, Y., Sakyi, P., Kaminta, S., &Reynisson, J. (2016). Coumarin Antifungal Lead
Compounds from  Millettiathonningii and  Their Predicted Mechanism of
Action. Molecules, 21(10), 1369.

Gao, X, Li, X., Zhang, C., & Bai, C. (2024). Scopoletin: a review of its pharmacology,
pharmacokinetics, and toxicity. Frontiers in Pharmacology, 15.

Rao, A., Zhang, Y., Muend, S., & Rao, R. (2010). Mechanism of antifungal activity of
terpenoid phenols resembles calcium stress and inhibition of the TOR
pathway. Antimicrobial Agents and Chemotherapy, 54(12), 5062-5069.

Zore, G. B., Thakre, A. D., Jadhav, S., &Karuppayil, S. M. (2011). Terpenoids inhibit
Candida albicans growth by affecting membrane integrity and arrest of cell
cycle. Phytomedicine, 18(13), 1181-1190.

Bisht, D., Pal, A., Chanotiya, C., Mishra, D., & Pandey, K. (2011). Terpenoid
composition and antifungal activity of three commercially important essential oils
againstAspergillusflavusandAspergillusniger. Natural Product Research, 25(20), 1993—
1998.

Lemos, A. S. O., Floréncio, J. R., Pinto, N. C. C., Campos, L. M., Silva, T. P., Grazul, R.
M., Pinto, P. F., Tavares, G. D., Scio, E., Apolbnio, A. C. M., Melo, R. C. N., &Fabri, R.
L. (2020). Antifungal Activity of the Natural CoumarinScopoletin Against Planktonic
Cells and Biofilms From a Multidrug-Resistant Candida tropicalis Strain. Frontiers in
Microbiology, 11.

Tsivileva, O. M., Koftin, O. V., &Evseeva, N. V. (2022). Coumarins as Fungal
Metabolites with Potential Medicinal Properties. Antibiotics, 11(9), 1156.

Wu, H., Liu, M., Liu, S., Yu, H., & Chen, H. (2023). Isolation of coumarins with anti-
Trichophytonrubrum activity from HeracleumvicinumBoiss. Brazilian Journal of
Microbiology, 54(2), 1093-1102.

Zhong, H., Han, L., Lu, R., & Wang, Y. (2022). Antifungal and Immunomodulatory
Ingredients from Traditional Chinese Medicine. Antibiotics, 12(1), 48.

Camara, J. S., Perestrelo, R., Ferreira, R., Berenguer, C. V., Pereira, J. a. M., & Castilho,
P. C. (2024b). Plant-Derived Terpenoids: A Plethora of Bioactive Compounds with
Several Health Functions and Industrial  Applications—A  Comprehensive
Overview. Molecules, 29(16), 3861.



Jyoti V. Mali /Afr.J.Bio.Sc.7(4) (2025) Page 184

23. Montagner, C., De Souza, S. M., Groposo, C., Monache, F. D., Smania, E. F. A,
&Smania, A., Jr. (2008). Antifungal activity of coumarins. ZeitschriftFirNaturforschung
C, 63(1-2), 21-28.

24. Sousa, F., Ferreira, D., Reis, S., & Costa, P. (2020). Current Insights on Antifungal
Therapy: Novel Nanotechnology Approaches for Drug Delivery Systems and New Drugs
from Natural Sources. Pharmaceuticals, 13(9), 248. https://doi.org/10.3390/ph13090248



