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The prevalence of fungal infections is growing at an alarming pace and the pathogenesis is still not clearly

understood. Recurrence of these fungal diseases is often due to their evolutionary avoidance of antifungal

resistance. The development of suitable novel antimicrobial agents for fungal diseases continues to be a major

problem in the current clinical field. Hence, it is urgently necessary to develop surrogate agents that are more

effective than conventional available drugs. Among the remarkable innovations from earlier investigations on

natural-drugs, flavonoids are a group of plant-derived substances capable of promoting many valuable effects on

humans. The identification of flavonoids with possible antifungal effects at small concentrations or in synergistic

combinations could help to overcome this problem. A combination of flavonoids with available drugs is an excellent

approach to reduce the side effects and toxicity.

flavonoids  fungal diseases  mode of action  antifungal activity

1. Introduction

Fungal illness often can be fatal, killing more than 1.5 million a year, and such illnesses have an effect on over a

billion peoples in a year. Nevertheless, public health authorities have continued to neglect the issue, although the

majority of deaths are from fungal infectious diseases. The severe fungal infections often arise because of other

health issues, including acquired immunodeficiency syndrome (AIDS), cancer, asthma, diabetes, organ

transplantation, and treatment with corticosteroids . Fungal infections have augmented constantly in the current

decennium, mainly in immunocompromised hosts or hospitalized individuals with severe underlying infections .

Yeasts are large, widespread opportunistic agents in fungal infectious diseases, and various fungal pathogens

have been developed in the past decennium . Among the fungal infections, Candida, Aspergillus, Pneumocystis,

and Cryptococcus are the main threatening agents globally due to the severity and higher incidence of the

diseases . It is projected worldwide that these fungal species produce, annually, at least 1.4 million fatalities 

. Candida spp. is the most isolated yeast among systemic fungal infections . Candida is a genus of

eukaryotic fungus comprised of 17 species out of 150, which are well-known causative agents of candidiasis in

humans . According to the National Network of Health Security, Candida spp. are the third most widespread

causative agent of blood culture infections (15%) connected to intensive care units, after other common bacterial

pathogens . Candida albicans is the most ubiquitous species globally (50–70%), which produces more

infectious diseases than the total occurrence of infections produced by C. glabrata, C. tropicalis, C. parapsilosis,

and C. krusei   . These yeasts primarily cause superficial and systemic fungal infections that include biofilm-

associated infections candidaemia, and fungemia in patients with malignancies . Aspergillus infections are

another foremost infection occurring in recipients of hematopoietic stem cell transplants. About 30% of individuals
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may die from invasive aspergillosis, and the remaining 50% of deaths may occur by candidemia .

Cryptococcus spp. is another medically noteworthy yeast species, consisting of 40 species; among them, C. gattii,

and C. neoformans are the most clinically applicable . In addition, C. albidus and C. laurentii are developing

pathogens that are participated in various kinds of infectious diseases . Cryptococcosis is greatly

connected with AIDS and meningitis . This infection normally takes place exogenously through breathing or by

direct inoculation into the host tissue .

The growing resistance of microbes against exiting antifungal drugs is one of the main issues among researchers

and clinicians. Pathogenic fungi, viruses, bacteria, and protozoa are more challenging to treat with the existing

drugs due to the development of resistance . Numerous investigations related to antimicrobial resistance

estimated that the mortality rate may go above 10 million by 2050, possibly leading to higher mortality when

compared to malignancies and metabolic diseases . The resistance of pathogenic fungi to available

antibiotics has developed into a global epidemic. Therapeutic agents for fungal infections are negligible when

related to therapeutic agents for bacterial infections . In order to heal fungal infections, four categories of

antifungal drugs are often offered; viz., polyenes (amphotericin B, nystatin, candicidin, pimaricin, methyl partricin,

trichomycin), azoles (fluconazole, itraconazole, ketoconazole, miconazole, clotrimazole, voriconazole,

posaconazole, ravuconazole), echinocandins (caspofungins, micafungin, and anidulafungin), and flucytosine (5-

fluorocytosine). However, those antifungal agents are only partially effective, and many of them produce several

complications to host tissues. Based on a recent therapeutic search, limited antifungal agents have only been

structurally and systematically elucidated in the past 30 years .

The development of resistance is habitually occurring by antifungal agents that usually bind with cell walls or

biosynthetic pathways. For instance, there has been elevated use of fluconazole and amphotericin B, owing to their

effectiveness and low toxicity and binding potential toward the membranes of fungal pathogens, consequently

stimulating drug resistance . A. fumigatus and C. krusei are fundamentally resistant to most azole class drugs;

viz., fluconazole, itraconazole, voriconazole, and posaconazole. Similarly, Cryptococcus neoformans are resistant

to fluconazole and echinocandins . Hence, it is an urgent need to investigate novel drugs that have greater

anti-fungal activity. The approaches of traditional plant-based medicine or bioactive natural products are great, as

such therapeutic medicine can better the prevailing fungal treatments with lesser side effects .

2. Antifungal Activities of Flavonoids

The screening of antifungal flavonoids from plants has been assayed by using broth dilution, spore germination,

and agar well or the disk diffusion. Derrone and licoflavone C extracted from Retama raetam, which has potent

antifungal effects against Candida spp. with minimum inhibitory concentrations (MIC) of 7.81 and 15.62 μg/mL,

correspondingly . Papyriflavonol A acquired from Broussonetia papyrifera that verified as antifungal agents

against C. albicans with a MIC of 25 μg/mL . A plant-derived flavonoid, Quercetin-3-O-rutinosides had beneficial

effects on C. albicans and C. krusei that exhibited with MICs of 16 and 32 μg/mL respectively . Two

distinguished flavonoids, 5,7,4′-trihydroxy-8-methyl-6-(3-methyl-[2-butenyl])-2S- flavanone and 7-hydroxy-3′,4′-

methylene dioxy flavan obtained from Eysenhardtia texana and Termanalia bellerica, which possess potential
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antifungal properties against A. flavus with MICs of 256 and 64 μg/mL respectively . Renowned flavonoids such

as quercetin, myricetin, baicalein (from Scutellaria baicalensis), gallotannin (from Syzygium cordatum), apigenin

and kaempferol (from propolis) isolated and reported as potential anti-candidal properties . In addition,

coumarins and lignans have also presented antifungal effects against numerous dermatophyte species 

. Flavonoids and catechins acquired from Brazilian traditional medicinal plants, Eugenia dysenterica, and

Pouteria ramiflora that have shown potential antifungal activities against C. tropicalis, C. famata, C. krusei, C.

guilliermondii, and C. parapsilosis .

Various folkloric medicinal plants contain various fractions of flavonoids that show antifungal properties. Ocotea

odorifera contain ellagitannins, has reported as a fungistatic potential against C. parapsilosis . Sanguiin H-6 and

lambertianin C and isolated from raspberry (Rubus idaeus L.) fruit reported as antifungal effects against

Geotrichum candidum . Acacia mearnsii contains encapsulated tannins that inhibit the effects against A. niger

and C. albicans . Propolis and its high flavonoid content have antifungal activity against dermatophytes and

Candida spp. Exclusively, propolis contains a flavonol, galangin, which has been demonstrated to have antifungal

activities against Cladosporium sphaerospermum, Penicillium digitatum, A. tamarii, A. flavus, and P. italicum .

Nobiletin, langeritin and hesperidin have extracted from the peels of tangerine oranges and assayed for the activity

towards Deuterophoma tracheiphila that exhibits promising antifungal activities . The antifungal effects have also

been reported in flavonoids extracted from citrus fruits after processing in industries and bergamot peel that averts

the growth of S. cerevisiae . Quercetin, naringenin is recognized to be potent inhibitors of C. albicans, and S.

cerevisiae . Chlorflavonin is the first chlorine-containing flavonoid type antifungal agent, produced by strains of

A. candidus . A recognized flavone, baicalein; and flavonol, myricetin have greater inhibitory effects on Candida

sp., with MICs of 1.9–21 and 3.9–64 μg/mL, correspondingly .

The antifungal activity of 40 coumarins have studied against C. albicans, A. fumigatus, and F. solani, among them,

osthenol and 4-acetetatecoumarin have demonstrated higher antifungal effects . Petroleum ether extracts of

Baccharis darwinii and Ferula foetida contain well-known coumarin, diversinin and 5, 8-dihydroxyumbelliprenin,

which have confirmed antifungal activity against T. rubrum, T. interdigitale, T. mentagrophytes, and M. gypseum

. Phenylpropanoids are natural compounds that classified as coumarins, lignans and phenylpropanoic acid,

often investigated due to their anti-candidal nature [3]. Scopoletin (coumarin), salicylaldehyde and anisyl alcohol

(phenylpropanoic acids) have potential antifungal effects against C. albicans, with MICs of 25, 31, and 31 μg/mL

correspondingly . Similarly, antifungal activities have been described in hesperidin, neohesperidin, naringin

which are normally isolated from the citrus fruits. These compounds have strong fungal inhibitory activity against P.

expansum, F. semitectum, A. parasiticus, A. flavus .

Grapes are a rich source of flavonoids, and their pomaces largely help to avert the growth of Zygosaccharomyces

bailii and Zygosaccharomyces rouxii . Chilean grape pomace extract is recognized to have antifungal activity

against Botrytus cinerea [68,69]. The growth of C. albicans could be averted by flavonoid extracts from Brazilian

grapes . Similarly, Eysenhardita texana has prenylated flavanones that have potential antifungal activity against

C. albicans . Flavanol is generally found in propolis that is also suggested to be used as antifungal agents .
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Flavonoid extracts of Sida acuta Burm f. have shown a varying range of antifungal activity against C. albicans. The

degree of MIC and Minimum fungicidal concentration of extracts have accounted for 0.078–0.625 mg/mL and

0.078–1.25 mg/mL, correspondingly . Bitencourt et al.  demonstrated that the four flavonoids such as

quercetin, ellagic acid, galangin, and genistein have shown the most potential antifungal property with MIC of 125,

250, 1000, 1000 µg/mL against Trichophyton rubrum, which is common species among the fungal associated

dermatophytosis. This team has further reported the antifungal potential of flavonoids that have been recognized

as FAS inhibitors which modulate the fatty acid synthesis gene expressions in T. rubrum. The crude and butanolic

leaf extract of Terminalia catappa contain the active components of hydrolyzable tannins (punicalin, punicalagin),

gallic acid, and flavonoid C-glycosides that exhibits antifungal activity against Candida sp. . Similarly, crude and

ethanol leaf extracts of Carya illinoensis contain gallic acid, ellagic acid, rutin, catechins and epicatechins that

exhibits antifungal activity against different Candida strains with MIC range of 6.25–25 mg/mL .

Gallic acid is established to have potent antifungal property against Candida spp., and T. rubrum. Gallic acid is

isolated from acetone fraction of Buchenavia tomentosa that inhibits the proliferation rate and disrupts 48 h-biofilm

abruptly in C. albicans . Ethyl acetate and butanolic extracts of Punica granatum contain ellagic acid, gallagic

acid, punicalins, and punicalagins which show antifungal activities against C. albicans, C. neoformans, and A.

fumigatus . Curcumin is a renowned flavonoid present in turmeric, which has potential anti-candidal activity

against various clinical isolates of C. albicans    and C. gattii . Curcumin can decrease the colony width,

sprouting, and sporulation of A. flavus and C. albicans . Similarly, Curcumin-silver nanoparticles have also

exhibited potential anti-candidal activity against Candida species acquired from clinical samples of infected HIV

individuals with MIC range of 31.2–250 μg/mL . All these findings strongly recommend that flavonoids exhibit a

broad spectrum of antifungal activity against Candida spp., Aspergillus spp., Geotrichum spp., Cladosporium spp.,

Penicillium spp., Deuterophoma spp., Trichophyton spp., Trichophyton spp., Dermatophyte spp., and Fusarium

spp.

3. Actions of Antifungal Flavonoids

Flavonoids have been extensively used for many centuries in the treatment of the range of human diseases.

Flavonoids often inhibit fungal growth with various underlying mechanisms, including plasma membrane disruption,

the induction of mitochondrial dysfunction, and inhibiting the following: cell wall formation, cell division, RNA and

protein synthesis, and the efflux mediated pumping system (Figure 1).

[73] [74]

[75]

[76]

[77]

[78]

[79] [80]

[81]

[82]



Anti-Fungal Efficacy of Flavonoids | Encyclopedia.pub

https://encyclopedia.pub/entry/10699 5/27

                        Figure 1. Mechanism of antifungal activity of flavonoids.

3.1. Induced Plasma Membrane Disruption

The ergosterols are a vital component for the manufacturing of cell membranes. Antifungal drugs normally inhibit

the ergosterol biosynthesis, and the cell membrane’s integrity is perhaps disrupted, leading to leakage of

intracellular components . This inadequate formation or disruption of the plasma membrane leads to a lesion

or membrane permeability changes . Furthermore, excess production of reactive oxygen species (ROS) also

causes severe oxidative stress to the cell, which results in the progressive membrane permeabilization, or injury to

nucleic acids and oxidation of fatty acids and amino acids . ROS often encounter the membrane lipids in

C. albicans and generate lipid hydroperoxides; this is known as lipid peroxidation .

Lipid peroxidation has been demonstrated to disturb the lipid bilayer and alter membrane potentials, resulting in

reduced fluidity, increased permeability, and disruption of phospholipids . The relationship between ROS

generation and the lipid bilayer leads to the synthesis of malondialdehyde, which is a chief marker of lipid

peroxidation . Apigenin has exerted antioxidant and antifungal activity against C. albicans, C.

parapsilosis, Malassezia furfur, T. rubrum, and T. beigelii all with the MIC of 5 µg/mL. Antioxidant potential of the

flavonoid inhibits biofilm formation and stimulates membrane disturbances, resulting in the reduction of cell size

and leakage of intracellular components . In the previous study, LicoA demonstrated antifungal activities against

T. rubrum with MIC of 11.52 μM, and the orientation of genes connected to the pathway of ergosterol biosynthesis

. In an earlier study, prenylflavanone 8PP obtained from Dalea elegans, had potential antifungal activity against

C. albicans, C. glabrata, C. krusei, C. neoformans, and T. mentagrophytes . In this study, prenylflavanone 8PP

potentially inhibited the biofilms of sensitive and azole-resistant C. albicans at 100 μM through the gathering and

elevation of endogenous ROS and reactive nitrogen intermediates .
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Similarly, Baicalein has been isolated from Scutellaria baicalensis, which shows inhibitory effects towards Candida

spp. when used in synergetic mixture with flucanazole at MIC of 64 μg/mL . Baicalein has induced the

apoptosis through alteration in the membrane potentials of mitochondria and elevates intracellular ROS and

upstream regulation of redox-related genes . In another study, baicalein presented antifungal activities toward

T. rubrum, C. albicans, T. mentagrophytes, and A. fumigatus with MICs of 120, 30, 60, and 230 μM respectively

. Baicalein has induced concentration-dependent ROS generation, deformation of membrane structure, and

efflux of a cotton-like constituents that are alleged to degenerate cytosol in fungal bodies of T. rubrum, T.

mentagrophytes, A. fumigatus, and C. albicans . However, Kang et al.  reported controversial outcomes,

including that antifungal screening of baicalein in C. krusei isolates showed higher alteration in the mitochondrial

homeostasis without elevating the intracellular ROS, thereby causing apoptosis . Antifungal activities of fisetin

inhibit the growth of C. neoformans, C. gattii, M. gypseum, T. mentagrophytes, T. rubrum, and T. tonsurans with

MIC range of 4–128 µg/mL. In this study, reductions of ergosterol levels and structural alterations were detected in

C. gattii .

Fatty acid synthase is a significant enzyme essential for endogenous fatty acid synthesis in the membrane of fungi,

indicating it as a potential target for novel antifungal drugs . Quercetin has been reported to have individual or

synergic antifungal properties with flucanazole, which is recognized as an inhibitor of fatty acid synthase. The

inhibitory effects of quercetin and fluconazole were reported as MICs of 125 and 63 μg/mL against T. rubrum .

Likewise, catechin or epigallocatechin gallate have also shown synergic antifungal effects with the MIC values of

16 and 1 µg/mL respectively. These active flavonoids induce the activation of phosphatidylserine, which inhibits

fatty acid synthase. In addition, they stimulate the intracellular accumulation of ROS, structural modifications,

apoptosis, mitochondrial depolarization, and fragmentation of DNA in C. tropicalis . Isoquercitrin has also shown

antifungal activities against C. albicans, M. furfur, C. parapsilosis, T. rubrum, and T. beigelii with MIC values of 2.5–

5.0 μg/mL through inhibition of fatty acid synthase and plasma membrane disruption .

3.2. Inhibition of Cell Wall Formation

The cell walls of fungi are primarily composed of β-glucans and chitin. The antifungal mechanism has been based

on cell wall deformation which is caused by the inhibition of the synthesis of those compounds . Glabridin is

a chief active isoflavane isolated from Glycyrrhiza glabra, and has significant antifungal activities against C.

albicans, C. tropicalis C. neoformans, and C. glabratas with MIC values ranging from 16 to 64 µg/mL. The

antifungal process is achieved based on the cell wall deformation which includes the remarkable decreasing of cell

size and increasing membrane permeability [118]. Similarly, glabridin treatment enhances the expression of various

genes in C. glabrata which participate in the fragmentation of DNA (chromatin condensation) resulting in apoptosis

. These deformations of the cell wall normally occur due to the presence of the prenylation of glabridin .

Antifungal effects of pedalitin (5, 6, 3’,4’ tetrahydroxy-7-methoxyflavone) have been reported against several strains

of C. albicans and Cryptococcus spp. . An animal model study against disseminated Candidiasis showed

epigallocatechin-o-gallate’s synergistic interaction with amphotericin B against C. albicans . Infected animals

administered with mixed doses of epigallocatechin-o-gallate and amphotericin B exhibited an augmented survival

rate compared to animals administered with amphotericin B. The results show that epigallocatechin-o-gallate
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exclusively inhibits the hyphal formation and ergosterol synthesis in C. albicans . The investigations of propidium

iodide assay and artificial membrane permeability study specified that pedalitin stimulates the elevation of

permeability and physical alarm of the plasma membrane, permitting the diffusion of molecules smaller than about

3.3 nm. These cell wall deformations and the membrane damage are generally promoted by pedalitin, which

contributes to malfunctions of the membrane that causes depolarization, K+ leakage, and reduction in membrane

fluidity, eventually leading to cell death .

3.3. Induced Mitochondrial Dysfunction

Inhibition of the mitochondrial electron transport chain (ETC) leads to diminishing membrane potential. This

inhibition generally takes place in the ETC by inhibition of proton pumps, which reduces ATP synthesis, and thus,

cell death . Wogonin (5,7-dihydroxy-8-methoxy flavone) showed antifungal activity against A. fumigates, T.

rubrum, and T. mentagrophytes with MICs of 230, 60, and 60 µM respectively. The treatment with wogonin induces

accumulation of ROS in mitochondria and causes a decreased membrane potential and reducing ATP synthesis

and eventually contraction or cracking of fungal filaments . Baicalein inhibits biofilm formation in a dose-

dependent manner from 4 to 32 µg/mL. The results of confocal scanning laser microscopy, flow cytometry, and

transmission-electron-microscopy analysis have shown baicalein treatment reduces cell surface hydrophobicity

and mRNA expression, and elevates apoptosis that is connected to the failure of mitochondrial membrane potential

. Similarly, quercetin, resveratrol, and curcumin modulate mitochondrial functions by inhibiting oxidative

phosphorylation through various mitochondrial enzymes, or by changing the generation of ROS in mitochondria

and by modulating the activity of transcription factors which control mitochondrial proteins’ expression . All

these compounds exhibit pro-apoptotic functions, mediated by the ability to discharge of cytochrome c from

mitochondria, or indirectly by upregulating pro-apoptotic proteins of Bcl-2 expressions and downregulating anti-

apoptotic proteins . Honey extract also contains a flavonoid that improves mitochondrial functions and

decreases the vacuolization, adjusting the branching process connected with virulence. Honey extract induces

alterations in the cell cycle, membrane integrity, functions of mitochondria, and biogenesis . A synergistic study

has also investigated the synergy between epigallocatechin gallate and conventional antimycotics agents, such as

miconazole, fluconazole, and amphotericin B, against biofilms of C. albicans, C. glabrata, C. parapsilosis, C. kefyr,

C. tropicalis, and C. krusei. Similarly, epigallocatechin gallate has described as an anti-candidal agent, which has

been demonstrated through the mechanism of mitochondrial membrane dysfunction . Likewise, Spondias

tuberosa rich flavonoids elevate the levels of the superoxide anion via the lysosome, causing hyperpolarization in

the mitochondrial membrane, so granting anti-Candida activity .

3.4. Inhibition of Cell Division

The inhibition of cell division generally causes inhibition of microtubule polymerization, which inhibits the mitotic

spindle formation ( . Honey flavonoid extract inhibits the proliferation of C. albicans phenotypes, diminishes the

infection, and reduce the distressing membrane integrity. This inhibition is measured by using flow cytometry and

scanning electron microscopy analyses. Honey flavonoid extract affects the hyphal transition by decreasing the

G0/G1 phase and increasing the G2/M phase . Some flavonoids, such as apigenin, α-naphthoflavone, 3′-
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methoxy-4’-nitroflavone, and 2′-amino-3′-methoxy flavone, have various ligands of the aryl hydrocarbon receptor

that inhibit the cell cycle . Studies show that alizarin and chrysazin suppress biofilm formation in C. albicans,

and effectively inhibit hyphal formation and inhibit the cell cycle . Another study shows that magnolol and

honokiol inhibit the growth of C. albicans through the Ras1-cAMP-Efg1 pathway. These compounds have potential

inhibitory effects on the cell cycle and biofilm-formation-ability of C. albicans . Rubus chingii is a well-known

traditional Chinese medicinal plant that possesses flavonoid-rich compounds, known to have significant

antimicrobial and antifungal activities. The crude extract of this plant synergistically interacts with fluconazole to

inhibit C. albicans. The probable mechanism behind this synergistic interaction could be the cell cycle arrest at S

phase in C. albicans. The crude extract containing flavonoids reduce the efflux of Cdr1 ABC transporter, which may

be the reason for fluconazole resistance . Similarly, daphnegiravone D, a prenylated flavonoid, has cytotoxic

effects and significantly inhibits cell division. Systematically, daphnegiravone D arrests the G0/G1 phase and

stimulates apoptosis, by reducing the expression of cyclin E1, CDK2, and CDK4, and promote the cleavage of

caspase 3 and PARP .

3.5. Inhibition of Efflux Pumps

Efflux pumps are transporters present in most living cells, including fungi; they have the noteworthy function of

removing toxic substances from the fungal body . This transporter can detoxify a fungal cell through the

removal of a drug being accumulated. The high efflux pump’s expression can lead to drug-resistance. Hence,

inhibiting the efflux pumps is a crucial aim for reducing drug resistance . A flavone, 7,4′-dimethoxy apigenin,

inhibits the growth of C. albicans when synergistically combined with miconazole. This combination reduces

ergosterol biosynthesis and inhibits drug efflux pumps with IC  of 51.64 µg/mL . Baicalein (5,6,7-trihydroxy

flavone) is a flavone, isolated from Scutellaria baicalens, that has significant anticandidal activity with a MIC value

of 26 mg/mL. This compound is well recognized as a lipooxygenase inhibitor or efflux pump inhibitor when in

combination with fluconazole; it decreases the capacity of the cells to efflux out drugs . Similarly, diorcinol D

is another natural compound obtained from a lichen endophytic fungus, Aspergillus versicolor, that inhibits the

efflux pump activity by decreasing the Cdr1 expression in C. albicans . Curcumin from rhizomes of Curcuma

longa is also another natural polyphenolic compound that modulates the efflux pump activity in Saccharomyces

cerevisiae, and overexpresses the C. albicans ATP binding cassette (ABC) multidrug transporters, Candida drug

resistance protein 1, and Candida drug resistance protein 2 . Similarly, the quorum-sensing molecule

farnesol is drug efflux a modulator that mediates through ABC multidrug transporters and synergizes with

fluconazole, ketoconazole, miconazole, and amphotericin B in C. albicans. This synergistic interaction of quorum-

sensing molecule farnesol with those antifungal drugs leads to ROS generation, which causes early apoptosis 

. Naturally occurring flavones, such as apigenin, chrysin, baicalein, luteolin, tangeritin, scutellarein, 6-

hydroxyflavone, and wogonin inhibit efflux mediated pumps that induce cell death in the fungi . An

isoflavone, sedonan A extracted from Dalea formosa, also inhibits efflux pumps in C. albicans and C. glabrata, and

disturbs various intracellular transcription genes with MIC of 15 and 7.6 mg/mL, respectively . Another

isoflavone has been identified as dorsmanin isolated from dorstenia mannii that inhibits efflux pumps in C. albicans

with a MIC of 64 mg/ml .

[130]

[131]

[132]

[133]

[134]

[135][136][137]

[138][139]

50
[140]

[141][142]

[143]

[144][145]

[146]

[147]

[45][148][149]

[150]

[151][152]



Anti-Fungal Efficacy of Flavonoids | Encyclopedia.pub

https://encyclopedia.pub/entry/10699 9/27

3.6. Inhibition of RNA/DNA and Protein Synthesis

The antifungal agent generally enters into the cell through active transport that reaches into the nucleus, and thus

inhibits DNA, RNA, and protein synthesis. The inhibition of protein synthesis is well-recognized as an antifungal

target . For instance, 5-flurocytosine inhibits nucleic acid synthesis by the formation of fluorinated

pyrimidine metabolites, which can cause a deficit of cytosine deaminase, resulting in the deregulation of the

pyrimidine biosynthesis . Similarly, Catechin inhibits C. albicans nucleic acid synthesis; analysis by flow

cytometry shows that it exhibits the inhibition of FCS-induced hyphal formation; western blotting results also reveal

that the treatment with catechin in the C. albicans reduces the hypha-specific gene expression in mitogen-activated

protein kinase cascade and the cyclic adenosine 3,5-monophosphate pathway. Based on the findings, the team in

question highlighted catechin as a potential antifungal candidate in clinical therapy for the management and

prevention of candidosis . Similarly, flavonols (myricetin, kaempferol, fisetin, quercetin, 3-hydroxy flavone,

and 3,7-dihydroxyflavone), a flavone (luteolin), a flavanone (naringenin), and isoflavones (genistein, biochanin A)

inhibit filamentous fungus Cochliobolus lunatus through the inhibition of nucleic acid synthesis . Apigenin is a

well-known flavone found in a wide variety of plants and herbs that interferes with the translational activity of fungal

foot-and-mouth disease driven by the internal ribosome entry site, and was thus identified as a potential drug for

foot-and-mouth disease infection . Carvacrol, a chalcone extracted from Lavandula multifida L. that inhibits the

nucleic acid synthesis and disrupts the cellular cytoplasmic membrane, eventually causes apoptosis in various

candida species . Gallic acid extracted from Paeonia rockii inhibits the protein synthesis of C. albicans, which

has been shown to be involved in a decreasing number of hyphal cells and germ tubes with a MIC of 30 mg/mL

. Similarly, gallotannin obtained from Syzygium cordatum inhibits RNA synthesis and possess antifungal activity

against C. albicans with an MIC value of 0.195 mg/mL .

3.7. Synergistic Action between Flavonoids and Antifungals

The combination of natural products with antifungal drugs is recognized as an effective strategy to fight invasive

fungal infections and microbial resistance . This combination is often beneficial and effective for both the rate

and degree of microbial killing . Generally, each drug has a diverse mechanism of action, and two drugs may

play on diverse targets, resulting in multi-targeting. Based on the multi-targeting strategy, the progress of drug

resistance can be reduced . Toxicity and intolerance of the drug can also be evaded with the aid of two or

more collective drug treatments. Several in vitro studies have shown a reduced inhibitory concentration of natural

products with antifungal drugs . For instance, bioactive compounds help elevate the intracellular

concentration of related antifungals by potentiating their action, inhibiting the efflux pumps, and inhibiting the

morphogenesis of drug-resistant C. albicans .

Studies have exhibited that Brazilian Red Propolis and Acca sellowiana produce in vitro synergistic activity with

fluconazole against resistant fungal isolates of C. parapsilosis and C. glabrata . Propolis offered action on

the cell membrane, permitting fluconazole penetration into the cells . The synergistic effect accelerates

between the extracts of Uncaria tomentosa and fluconazole against Candida non-albicans, and quite likely this

effect is connected to teamwork events happening outside the cell membrane . For antifungal therapeutic
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approaches, a combination of antifungals with the host’s immune system is more essential . This

combination may trigger the healing of lesions and control most of the symptoms connected to fungal infections

. Hence, the phytotherapy adjuvant is the main healer for fungal infections exclusively for pharmaceutical

companies.

Curcumin, when combined with fluconazole, miconazole, ketoconazole, nystatin, and amphotericin B in vitro,

results in synergistic interaction against C. albicans . Curcumin elevates the level of ROS and regulation of

expression of numerous genes related to fungal oxidative stress, including superoxide dismutase, catalase, and

oxydoreductase . Chalcones are naturally occurring flavonoids that have been synthesized by aldol

condensation, which possess significant antifungal properties when combined with fluconazole and resistant

strains of C. albicans. Chalcones are the main inhibitors of the efflux pump, which in combination with fluconazole

decrease the ability of cells to efflux out the drugs . Osthole is a natural methylated derivative of coumarin

isolated from Candida fructus, which has been extensively used for the treatment of supportive dermatitis and

vaginitis in China. It is synergistically combined with fluconazole and possesses significant antifungal effects

through the generation of ROS . Similarly, eugenol-tosylate, a semi-synthetic analog of eugenol, has a

synergistic interaction with fluconazole that exhibits antifungal activity against fluconazole-resistant C. albicans

which occurs through the inhibiting of ergosterol biosynthesis . Glabridin exhibits a synergistic combination

with fluconazole against resistant strains of C. albicans, causing cell wall alteration . Likewise, quercetin’s

synergistic combination with fluconazole inhibits C. albicans biofilm, which is isolated from vulvovaginal candidiasis

patients. These drugs combined, have the ability to avert the adhesion of cell-cell communication and disturb the

expression of genes accountable for biofilm formation .

4. Conclusions

The elevation of fungal infections is alarming. They lead to high levels of morbidity and mortality globally. Emerging

new fungal species and the incidence of elevated drug resistance for fungal diseases continues to rise. The

scenario of the existing antifungal agents and their complications is quite critical. There are limitations manifest by

antifungal agents: the lower fungistatic ability, high toxicity, and kidney failure. Hence, it is vital to search novel

agents as alternative therapies that are potentially active against most fungal diseases. Medicinal plants containing

flavonoids are recognized as safe and endowed with numerous biological functions. Various flavonoids have been

extracted and investigated in association with their anti-fungal activities and can be promising, efficient, and cost-

effective agents for the inhibition of fungal infections. They often inhibit fungal growth in various underlying

mechanisms by enhancing the disruption of the plasma membrane and mitochondrial dysfunction; and inhibiting

cell wall formation, cell division, protein synthesis, and the efflux-mediated pumping system. These flavonoids are

capable and efficient in synergetic combination therapy with conventional drugs, which can be more appropriate

and supportive for finding novel drug therapies against fungal pathogens.
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