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Abstract: Candida albicans (C. albicans) is the most prevalent conditionally pathogenic fungus implicated in
clinical fungal infections. The formation of biofilms is a critical contributor to the pathogenicity of C. albicans,
facilitating its invasion and the subsequent spread of infection. Biofilm-associated C. albicans exhibits reduced
susceptibility to commonly used antifungal agents, leading to prolonged treatment durations, high rates of
recurrence, and the emergence of drug resistance. Consequently, the development of antifungals that are both low
in toxicity and effective in inhibiting biofilm formation is of paramount importance. Plant-derived natural products
have emerged as a vital resource for drug discovery, owing to their diverse chemical structures and myriad
biological activities. In this review, we provide a comprehensive summary of plant-derived natural products with
demonstrated anti-biofilm activity against C. albicans, as reported over the past five years. This includes an
examination of various classes of compounds such as alkaloids, polyphenols, terpenes, quinones, organic acids, and
essential oils, thereby offering insights that may advance the development of novel anti-fungal therapeutics
targeting C. albicans.
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Figure 1 Steps of C. albicans bioflm development. A: Adherence; B: Initiation; C: Maturation; D: Dispersal. EPS: Extracellular polymeric

substances
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Figure 2 The pathogenic process of C. albicans. A: Adherence; B: Invasion; C: Drug tolerance and immune evasion; D: Dispersal infection
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3.1 Y
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A W TR R ) P 2R 0 B 50%, RE % B L4 i S Bk
PRI SRR e 1) 75 T BROAT 48 HR A7 2%, 7F 128 pg-mL N A
i b R 44 ) (HBECs) & #1 . HUHIHE 70 R I, $HA

Promising plant derived natural products for inhibition of biofilm formation or eradication in alkaloids. MIC: The minimum

inhibitory concentration that inhibits yeast of growth; BIC,: Concentration that inhibits 50% of biofilm formation; BEC,: Concentration

that eradicates 50% of the biofilm formed; CHT: Chelerythrine; MET: Methylaervine

Molecule  Chemical structure  MIC/pg-mL" BIC_/ug'mL" BEC,/ug'mL’ Mechanism Ref.
Piperine O >1024 8 — Inhibition of hyphae formation and fungal morphological — [22]
N transformation
OW\Q
0
o—/
SHES80 HN’\ 16 16 — Inhibition of fungal morphological transformation through  [23]
. 0 interference with the sphingolipid pathway
~y SOL
H o H
CHT c 4 2 64 Inhibition of hyphae formation, fungal morphological [24]
l ° N b transformation and proteins and polysaccharides levels in
O EPS
MET N 16 16 16 Inhibition of hyphae formation and fungal morphological ~ [25]

transformation
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Table 2 Promising plant derived natural products for inhibition of biofilm formation or eradication in polyphenols. THA: Thonningianin

A; IBC: Isobavachalcone; QC: Quercetin; CBD: Cannabidiol

Molecule Chemical structure MIC /pg'mL" BIC, /ug-mL" BEC,/ug'mL" Mechanism Ref.
THA 40 o 2-8 8 16 Inhibition of hyphae formation; cell death by production [30]
o O O of ROS and CaMCA 1-mediated high caspase activity
" d 80 Lo. oH
IBC HO O O OH 8 4 32 Rupture of the cell wall and membrane integrity; induc- [31]
7z \ tion of apoptosis and autophagy associated cell death
OH O
Luteolin OH 32 16 256 Inhibition of adhesion and the generation of EPS [32]
o L]
QC 38.68 9.67 — Inhibition of hyphae formation by inhibiting the ASK1/  [33]
MKK4 signaling pathway
CBD > 400 12.5 6.25 Inhibition the generation of EPS; altering the fungal [34]
morphology and the cell wall; increasing ROS
production and the plasma membrane permeability
Rottlerin 62.5 31.25 — Inhibition of hyphae formation and the generation of [35]

EPS
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Table 3 Promising plant derived natural products for inhibition of biofilm formation or eradication in terpenes. Ala: Alantolactone; PB3:

Pulchinenoside B3

Mechanism Ref.

Molecule  Chemical structure MIC/ug-mL" BIC, /ug-mL"' BEC,/ug-mL’

Ala : 72 9
/”’r[%:
o
EN
CH, 10 10
e LT

Menthol
H
CHs OH
(=)-Fenchone 8 4
o
PB3 oH 12.5 12.5
Hoﬂ/o
Ho OH o
HO.
o.
HoZ72]

25-100

Inhibition of adhesion, fungal morphological [43]
transformation and the generation of phospholipase and

EPS

Inhibition of quorum sensing mediated virulence factors; [44]
ROS generation and biofilm development by targeting

TUP1

- [45]

Inhibition of expression of adhesins; the oxidative [46]
damage and inducing mitochondria-mediated apoptosis in
cells
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