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[ABSTRACT] Candida is an intractable life-threatening pathogen. Candida infection is extremely difficult to eradicate, and thus is the
major cause of morbidity and mortality in immunocompromised individuals. Morevover, the rapid spread of drug-resistant fungi has
led to significant decreases in the therapeutic effects of clinical drugs. New anti-Candida agents are urgently needed to solve the com-
plicated medical problem. Natural products with intricate structures have attracted great attention of researchers who make every en-
deavor to discover leading compounds for antifungal agents. Their novel mechanisms and diverse modes of action expand the variety
of fungistatic agents and reduce the emergence of drug resistance. In recent decades, considerable effort has been devoted to finding
unique antifungal agents from nature and revealing their unusual mechanisms, which results in important progress on the development
of new antifungals, such as the novel cell wall inhibitors YW3548 and SCY-078 which are being tested in clinical trials. This review
will present a brief summary on the landscape of anti-Candida natural products within the last decade. We will also discuss in-depth
the research progress on diverse natural fungistatic agents along with their novel mechanisms.
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Introduction

Candida is  a  fungal  pathogen which causes  a  vareity  of
human mycoses worldwide. Candida species are currently the
fourth leading  cause  of  hospital-acquired  bloodstream infec-
tion [1]. Candida  albicans infection is  the  most  common  in-
vasive human candidiasis,  accounting for  more than 50% [2].
Risk  factors  for  developing  this  disease include  the  use  of
broad-spectrum  antibiotics,  the  presence  of  central  venous
catheters,  gastrointestinal  surgery and parenteral  nutrition [3].
High-risk patients include but are not limited to immunocom-
promised individuals,  such  as  HIV-positive  people,  trans-
plant recipients, pediatric and elderly populations, cancer pa-
tients, as  well  as  those  receiving  immunosuppressive  treat-
ment for various reasons [4, 5].

There  are  limited  types  of  antifungals  in  use,  including
azoles,  polyenes  and echinochandins.  The azole  agents (e.g.,

fluconazole) are the most widely used fungistatic durgs which
inhibit  cytochrome  P450  enzyme  14α-demethylase to  pre-
vent  the  conversion  of  lanosterol  to  ergosterol,  an  essential
component  of  the  fungal  membrane.  Polyene  antifungals
(e.g., amphotericin  B)  selectively  bind to  ergosterol  and dir-
ectly disrupt  fungal  membrane  integrity.  As  for  the  echin-
ochandins  (e.g.,  caspofungin),  they can inhibit β-1,  3-glucan
synthase  which  mediates  an  essential  step  in  the  production
of  glucan  in  cell  wall.  Unfortunately,  the  above-mentioned
agents may induce severe fungal resistance, which needs ur-
gent research attention [6, 7].

Natural products,  well  known  for  unique  chemical  di-
versity and  bioactivity,  have  been  widely  used  to  treat  vari-
ous diseases for centuries [8]. According to the statistics, more
than half of all new drugs approved by the FDA from 1981 to
2019 were either natural products or related to them [9]. Not-
ably, some clinical antimycotics of the first line are typically
natural  products  or  their  derivatives.  The  above-mentioned
polyenes and echinochandins are derived from actinomycetic
and fungal metabolites, respectively [10, 11]. Several antifungal
molecules that  are  being  intensively  studied,  such  as  nikko-
mycins  and  sordarins,  are  also  derived  from  natural  produ-
cts [12, 13]. In recent years, the exploration of antifungal natural
products has made significant progress. A considerable num-
ber of  natural  molecules  have  been  found  to  possess  thera-
peutic effects against different Candida species. They belong
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to diverse types including essential oils, alkaloids, terpenoids,
etc. Their anti-Candida mechanisms of action may be assoic-
ated with anti-virulence activities, anti-biofilm properties, in-
hibiting  cell  wall  or  cell  membrane  synthesis,  and  inducing
cell apoptosis.

There were a  few reviews concerning anti-Candida nat-
ural products in the past several years. In 2017, Soliman et al.
focused on the anti-Candida constituents  of  plants [14],  while
Zida et  al.  gave  a  review  limited  to  the  anti-C.  albicans
products [15]. In view of the fast-growing researches and in or-
der to provide a more comprehensive summary, we reviewed
nearly 200 references published in the last decade, hoping to
give a wide collection of anti-Candida natural products from
various sources  and  to  provide  an  overview  of  their  anti-
fungal mechanisms. 

Anti-Candida Activity of Natural Products

In  the  past  decade,  there  were  nearly  200  reported  anti-
Candida natural  products  isolated  from  different  sources
(Table  1, Fig.  1).  Fungal  metabolites  were  the  primary
source, followed by plants. Most of these compounds belong
to  alkaloids,  polyketides,  terpenoids,  phenolics,  macrolides,
and peptides. Among them, terpenoids are the most abundant
group,  followed  by  alkaloids  and  polyketides.  Here,  we
briefly  outline  the  antifungal  properties  of  the  above  three
classes and illustrate with examples. 

Alkaloids
There  are  36  alkaloids  in Table  1,  which  were  isolated

from diverse sources such as higher plants, endophytic fungi
and sponges. They belong to various types including indoles,
pyridines,  quinolone,  etc.  Among  them,  indole  alkaloids  are
the  most  abundant  group,  followed  by  quinolone  alkaloids.
These  two  types  of  alkaloids  were  reported  for  a  relatively
broad  antifungal  spectrum,  but  their  fungistatic  activity  was
generally moderate.  In  contrast,  the  reported  pyridine  alkal-
oids  all  showed  strong  antimycotic  activity.  For  instance,
penicolinate  B  displayed  great  activity  against C.  albicans
with  MIC50 of  1.45 μg·mL−1 [28].  In  addition,  piperidine  and
pyridone  alkaloids  account  for  the  smallest  proportion  in
which  only  one  active  compound  was  reported  for  each,
namely epidihydropinidine  and  didymellamide  A,  respect-
ively [20, 22]. 

Polyketides
There  are  34  polyketides  in Table  1,  and  most  of  them

were  isolated  from  fungal  metabolites.  These  polyketides
with different  carbon skeletons  were  reported to  have a  nar-
row  antifungal  spectrum,  as most  of  them  simply
presented fungistatic  effects  on C.  albicans (MIC  1−50
μg·mL−1). Among  them,  three  carbamidocyclophane  poly-
ketides  derived  from Nostoc sp. exerted  significant  anti-
fungal activity against C. albicans, especially carbamidocyc-
lophane B (MIC 1.3 μmol·L−1) [34]. A few polyketides exhib-
ited moderate antimycotic activity against other Candida spe-
cies  like C.  glabrata, C.  parapsilosis and C.  tenuis (MIC
5−25 μg·mL−1). 

Terpenoids
Terpenoids  is  the  largest  group  of anti-Candida natural

products in Table 1. The 52 compounds mainly are the meta-
bolites  of  higher  plants  and  endophytic  fungi,  and  primarily
belong to sesquiterpenes, diterpenes and triterpenes. Sesquit-
erpenes are the largest sub-group of anti-Candida terpenoids,
which include  eudesmane,  laurane,  and  others.  The  eudes-
mane type  account  for  the  highest  proportion  of  sesquiter-
penes, with good inhibitory effects on C. albicans (MIC 4−8
μg·mL−1).  The  laurane  type  from Laurencia  okamurai
showed  notable  anti-C.  glabrata activity,  such  as
lauokamurene  C  (MIC80 1  μg·mL−1) [92].  Furthermore,  there
are nine diterpenes and most of them can slightly inhibit  the
growth of C. albicans. It  is  worth mentioning that  the triter-
penes in Table 1 are basically derived from Ganoderma gib-
bosum, which effectively inhibited the vitality of C. albicans
(MIC50 3−10 μg·mL−1) [88]. 

Others
Other anticandidal  natural  products  are  phenolics,  mac-

rolides, peptides, saponins and glycolipids. Most of the phen-
olics  showed mediocre  inhibition  on C. albicans  (MIC > 10
μg·mL−1),  while  a  few  displayed  relatively  strong  effects
against C. albicans, for instance, latifolol with MIC value of
2 μg·mL−1 [63]. It is also worth noting that pinocembrin, a po-
tential neuroprotective compound, possessed good anti-C. al-
bicans activity  (MIC 6.25  μg·mL−1) [53]. Moreover,  the  mac-
rolides  and  peptides  are  small  groups  in Table  1,  but  both
have  good  potential  anticandidal  activity.  For  example,
PF1163A is  a  13-membered  macrolide  which  showed  re-
markable  activity  against C.  albicans (MIC 1  μg·mL−1) [73].
Cavinafungin A and cavinafungin B, two linear peptides, ex-
hibited a broad spectrum of activity against Candida species
(MIC 0.5−4 μg·mL−1), where C. tropicalis was the most sus-
ceptible [77].

In  addition,  essential  oils  are  proved  to  be  effective
against Candida species, such as thyme oil, tea tree oil, pep-
permint and clove oil [103]. Since there are several reviews de-
scribing the antimycotic activity of essential oils [104, 105], those
studies are not included in the current article. 

Anti-Candida Mechanism of Natural Products

In  this  part,  we  summarize  the  representative  natural
products with in-depth mechanism exploration in the past ten
years. They are mostly pure compounds (Fig. 2), but several
unique  essential  oils  and  extracts  are  also  introduced.  Their
anti-Candida mechanisms  are  primarily  related  to  inhibition
of virulence  factor,  suppression  of  biofilm  formation,  dam-
age of cell wall integrity, destruction of cell membrane flex-
ibility and induction of cell apoptosis (Table 2). 

Inhibition of Candida virulence factors
The major  virulence  factors  that  mediate  fungal  patho-

genesis  are  adherence,  hypha  formation  and  the  secretion  of
aspartyl proteases (SAPs) [106]. Adherence plays a crucial role
in  the  early  stages  of Candida colonization  and  invasion
through a  variety  of  mechanisms.  Disrupting  the  adhesion
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Table 1    Sources, classifications and MICs of anti-Candida natural compounds

Classifications Organism Compounds Candida
species MIC/(μg·mL−1) Ref.

Alkaloids

Bromopyrrole alkaloids Agelas sp. Nagelamide U, W Ca 4 a [16]

Bipyridine alkaloids Actinoalloteichus cyanogriseus Caerulomycin A, C Ca 21.8, 19.3 # [17]

Bisindole alkaloids Hyrtios sp. Hyrtimomine D, E Ca 4, 8 a [18]

Imidazole alkaloids Pilocarpus pennatifolius Pennatifoline A Ck 3.12 [19]

Piperidine alkaloids Picea abies Epidihydropinidine Ca, Cg 5.37 [20]

Monoterpene indole
alkaloids

Rhazya stricta
16, 17-Epoxyisositsirikine; tetrahydrosecodine;

rhazinaline Nb-oxide; antirhine; eburenine;
strictanol

Ca, Cg, Cl 3.125−12.5 [21]

Pyridone alkaloids
Stagonosporopsis
cucurbitacearum

Didymellamide A Ca, Cg 3.1 [22]

Quinolone alkaloids Waltheria indica
8-Deoxoantidesmone; waltherione E, F, G, J;

antidesmone
Ca, Ck, Cp 2−16 [23]

Alkaloids Aristolochia orbicularis Aristoloxazine A Ca 25 [24]

Cytochalasan alkaloids Aspergillus micronesiensis Cyschalasin A, B Ca 43.3, 94.7 a [25]

Indole alkaloids Asteropus sp. Indolo[3, 2-a]carbazole Ca 25 [26]

Guanidine alkaloids Pseudaxinella reticulate Crambescin A2 364, 392, 406, 420 Ca, Cg, Ck 6.1−39 #, a [27]

Pyridine alkaloids Penicillium sp. Penicolinate B, C; phenopyrrozin; gliotoxin Ca 1.45−12.48 a [28]

Alkaloids Isaria farinose Militarinone B Ca 43.4 ± 1.2 #, a [29]

Alkaloids Pseudallescheria boydii Tyroscherin; N-methyltyroscherin Ca, Cp 2−32 [30]

Polyketides

Alternaria alternata
Altenuene-2-acetoxy ester; altenuene-3-acetoxy

ester; altenuene; alterlactone
Ca 13.7−25 b [31]

Cananga latifolia Cananginone H, I Ca 75.2, 37.4 #, a [32]

Penicillium sp. Penctrimertone Ca 4 [33]

Nostoc sp. Carbamidocyclophane F, A, B Ca 2.9, 5.5, 1.3 # [34]

Biatriospora sp.
Biatriosporin D, K; anhydrofusarubin;

methoxynaphthazarin
Ca 16−64 b [35]

Phoma sp.
Colletotric A; 3-hydroxy-5-methoxy-2, 4, 6-

trimethylbenzoic acid
Ca 3.27, 2.62 [36]

Janthinobacterium sp. Janthinopolyenemycin A, B Ca 15.6 [37]

Pestalotiopsis heterocornis Heterocornol C, G; agropyrenol; vaccinol G Cp 100 [38]

Ulocladium sp. 7-Hydroxy-3; 5-dimethyl-isochromen-1-one Ca 97.93 ± 1.12 # [39]

Decaschistia parviflora Parvifloral A, E; syriacusin A, C Ca 64−198 #, a [40]

Evodia lepta (−)-Evodialone A; (+)-evodialone A Cp, Cg 17.1, 34.2 # [41]

Hohenbuehelia grisea Dihydropleurotinic acid Ca, Ct 33.3, 25 [42]

Triadenum japonicum (−)-Nemorosonol; trijapin D Ca 32, 8 a [43]

Floricola striata Floricolin C Ca 8 [44]

Dendrodochium sp. Dendrodochol A, C Ca, Cg, Cp 8−16 b [45]

Phenolics

Coumarins Clausena excavata Excavarin A Ca, Ct 78, 39 [46]

Coumarins Pilocarpus pennatifolius Dimethyl allyl xanthyletin; jaborandine Ck 15.6, 1.56 [19]

Isocoumarins Lachnum palmae Palmaerone A, B, D, E Ca 50−75 [47]
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Continued        

Classifications Organism Compounds Candida
species MIC/(μg·mL−1) Ref.

Isocoumarin derivatives Pestalotiopsis sp. Pestalactone C Cg 3.49 a [48]

Isocoumarins Saccharomonospora azurea Saccharonol B Ca 128−248 [49]

Isocoumarins Penicillium minioluteum Peniisocoumarin H Ca 30 [50]

Flavonoids Mimosa caesalpiniifolia Mimocaesalpin B, C, D, E Cg 3.9 a [51]

Flavonoids Psiadia punctulata Arcapillin; 5, 7, 3′, 4′ tetramethoxyflavone Ca 60, 30 [52]

Flavonoids Combretaceae species Pinocembrin Ca 6.25 [53]

Flavonoids Eriosema chinense 2-Hydroxylupinifolinol Ca 37.5 [54]

Flavonoids Derris eriocarpa
4′-Hydroxy-5, 7-dimethoxy-6-(3-methyl-2-

butenyl)-isoflavone
Ca, Cu 12.5 [55]

Flavonoids Dalea formosa Sedonan A Cg 20 # [56]

Polyphenols Sapium baccatum
Tercatain; 1, 2, 3, 4, 6-penta-O-gally-β-D-

glucopyranose
Ca 64 [57]

Polyphenols Glycyrrhiza iconica (3S)-Licoricidin; topazolin Ca 31 [58]

Polyphenols Dimocarpus longan Ellagic acid Cp 7.81 [59]

Polyphenols Limonium caspium
5-Methylmyricetin; myricetin; myricetin-3-O-β-

glucoside
Cg 6−16 a [60]

Polyphenols Symphyocladia latiuscula Symphyocladin G Ca 10 [61]

Polyphenols Woodfordia uniflora
Woodfordiamycin; catechin 4′-O-gallate;

procyanidin B3-3-O-gallate
Ca 15−60 # [62]

Polyphenols Spirotropis longifolia Piceatannol; latifolol Cp, Ca, Ck 1−2 [63]

Quinones Streptomyces sp. Strepoxepinmycin A, B, C, D; medermycin Ca 5−10 [64]

Quinone Rubia yunnanensis 2-Methoxy-1, 4-naphthoquinone Ca 16.0 #, a [65]

Stilbenoids Scirpus yagara Sciryagarol I, II Ca 152, 79.3 [66]

Phenols Cadophora sp. Isosclerone Ca 40 [67]

Xanthones Talaromyces funiculosus Funiculosone Ca 35 a [68]
Phenylpropanoid

glycosides
Cathaya argyrophylla 3-O-β-D-glucopyranoside Ca 10.74 ± 1.25 #,a [69]

Saponins

Spirostanol glycosides Trillium kamtschaticum
β-D-glucopyranoside; floribundasaponin B;

pennogenin 3-O-β-chacotrioside; polyphyllin V;
ophiopogonin B

Ca 8−22 # [70]

Glycolipids

Ustilago maydis Ustilagic acid B, C Ca 50−100 [71]

Macrolides
Penicillium fuscum and P.
camembertii/clavigerum

Berkeleylactone A Ca, Cg 6−26 [72]

Penicillium meleagrinum PF1163A, B Ca 1−2 [73]

Streptomyces sp. Bahamaolide A Ca 12.5 [74]

Acremonium sp. (+)-Brefeldin A Ca 32 [75]

Peptides

Antimicrobial peptides Hylaeus signatus HYL-3, 8 Ca 5−5.2 # [76]

Linear lipopeptides Colispora cavincola Cavinafungin A, B
Ca, Cg, Ck, Cp,

Ct, Cl
0.5−4 [77]

Hydrophilic peptides Satureja khuzistanica Skh-AMP1 Ca, Ck, Cg 19~22 # [78]

Cyclic pentapeptides Xylaria sp. Cyclicpeptide 1 Ca 6.25 [79]
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process  can  prevent  further  colonization  of  host  tissue,
thereby  controlling  the  infected  proceedings [107].  Hypha
formation  is  essential  for  candidiasis  at  the  superficial  and
systemic  levels.  Targeted  inhibition  of  this  morphological
switch  may provide  an  attractive  approach for  inhibiting  the

infectious  progression [108-110].  Besides,  the  SAPs  have  been
reported to directly mediate virulence by cleaving several im-
portant proteins in host defense, such as antibodies of immun-
oglobulin  G and A isotypes,  thus  damaging host  tissues  and
promoting  infection.  Repression  of  these  proteases  may  not

Continued        

Classifications Organism Compounds Candida
species MIC/(μg·mL−1) Ref.

Glutarimide peptides Streptomyces sp. Streptoglutarimide D, I Ca 8, 12 [80]

Terpenoids

Sesquiterpenoids Anvillea garcinii Guaiane sesquiterpene lactone 1, 2 Ca, Cp 15−45 [81]

Sesquiterpenoids Acremonium sp. Trichodermol Ca 64 [75]

Sesquiterpenoids Penicillium minioluteum Purpuride E, F, G Ca 6−25 [50]

Diterpenoids Stachybotrys chartarum Atranone Q Ca 8 [82]

Sesquiterpenoids Chloranthus angustifolius
Henriol A; spicachlorantin A; chloramultilide

A; shizukaol B; tianmushanol; 8-O-
methyltianmushanol

Ca 4−8 [83]

Diterpenoids Chloranthus henryi 3β-Hydroxyabieta-8, 11, 13-trien-7-one Ca 97.3 #, a [84]

Sesquiterpenoids Chiliadenus montanus Chiliadenol A, D Ca 6.25, 3.125 [85]

Diterpenoids Drechmeria sp. Drechmerin B Ca 12.5 [86]

Meroterpenoids Eucalyptus robusta (+)-Eucalrobusone X; eucalrobusone U Ca, Cg 10.78, 1.53 a [87]

Triterpenoids Ganoderma gibbosum
Gibbosicolid A, D; gibbosic acid I, L;

applanoxidic acid A, B, F
Ca 2−10 a [88]

Meroterpenoids Hypericum yojiroanum Yojironin A Ca 2 a [89]

Sesquiterpenoids Hyalis argentea Onoseriolide acetate Ca 15.6 a [90]

Diterpenoids Heteroscyphus coalitus Heteroscyphin D Ca 4 [91]

Sesquiterpenoids Laurencia okamurai
Laurepoxyene; 3β-hydroperoxyaplysin;

laurokamurene C
Cg 1−4 b [92]

Diterpenoids Microporus Species Microporenic acid D, E Ct 37.5 [93]

Sesquiterpenoids Pogostemon cablin Patchouliguaiol C, F Ca 500, 300 # [94]

Triterpenoids Pitcairn Island
3-Oxo-cycloart-24E-en-21, 26-diol-21, 26-

diacetate
Ca 64 [95]

Sesquiterpenoids Plagiochila fruticosa Plagicosin F Ca 16 [96]

Triterpenoids Rubia yunnanensis Rubiarbonol G Ca 10.8 #, a [65]

Diterpenoids Swartzia simplex
(5S, 10S)-11, 15(R)-Dihydroxy, 12-

methoxyswartziarboreol G; simplexene D
Ca 32 [97]

Sesquiterpenoids Streptomyces albolongus
Bafilomycin C1; bafilomycin C1 amide; 21-

deoxybafilomycin A1;
dimethyloctahydronaphthalene-1, 4a(2H)-diol

Cp 1.56−3.13 [98]

Sesquiterpenoids and
Diterpenoids

Xylaria sp.

(1S, 4S, 5S, 7R, 10R, 11S)-Guaiane-1, 10, 11,
12-tetraol; (1R, 4S, 5S, 7S, 9R, 10S, 11R)-

guaiane-9, 10, 11, 12tetraol; 9-deoxy-
hymatoxin A

Ca 16−32 [99]

Sesquiterpenoids Trichoderma brevicompactum
Trichodermin; (4β)-4-(acetyloxy)-12, 13-
epoxytrichothec-9-ene-9-carboxaldehyde

Ca 1~2 [100]

Sordarin diterpene
glycosides

Curvularia hawaiiensis Moriniafungin E Ca 2.9 # [101]

Triterpenoid saponins Sapindus mukorossi Oleanolic acid arabinopyranoside Ca 8 b [102]
a MIC50: the minimum concentration of a drug that inhibits 50% fungal growth; b MIC80: the minimum concentration of a drug that inhibits 80%
fungal growth; #  μmol·L−1;  Ca:  Candida albicans;  Cg:  Candida glabrata;  Cu:  Candida.guilliermondii;  Ck:  Candida krusei;  Cp:  Candida
parapsilosis; Ct: Candida tropicalis; Cl: Candida lusitaniae
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kill Candida cells but cause their incapability in infection [111].
In brief, targeting virulence is an appealing method in the de-
velopment of  novel  antifungals.  Many  natural  products  pos-
sess virulence inhibitory properties over the last decade.

The  essential  oil  extracted  from Rosmarinus  offcinalis
showed  strong  anti-adherent  activity  against C.  albicans
through  significant  cell  disruption [112].  The  extracts  of
Schinus  terebinthifolius and Croton  urucurana inhibited  the
adherent potency on biofilm formed by C. albicans [113].  Tea
saponin effectively inhibited the yeast-to-hyphal transition in
vitro by decreasing the intracellular cAMP level which is es-
sential  for  filamentation [114].  Similarly,  biatriosporin  D  (1)
isolated  from  an  endolichenic  fungus Biatriospora sp.  also
exhibited anti-virulence  activity  through  reducing  intracellu-
lar cAMP levels [35, 115-117]. Solasodine-3-O-β-D-glucopyranos-
ide  (2)  isolated  from Solanum.  nigrum L. constructively  at-
tenuated the virulence and biofilm formation of C. albicans.
Further  studies  showed that  down-regulation  of  genes  in  the
Ras1-cAMP-PKA signaling pathway and reduction of cAMP
content accounted for its activity [118, 119]. Plagicosin F (3) dis-
played potent anti-virulence activity by inhibiting adherence,
hyphal  morphogenesis  and  biofilm  formation  of C.  albic-
ans [98].  Curcumin  (4),  a  yellow  pigment  extracted  from  the
roots  of Curcuma  longa,  reduced  the  proteolytic  enzyme
activities of phospholipases and the SAPs without down-reg-
ulating  gene  expression,  thereby  exhibiting  slight  antifungal
activity  against C.  albicans [120].  Ellagic  acid  (5)  from Mi-
conia myriantha also inhibited the SAPs of C. albicans [121]. 

Inhibition of Candida biofilm formation
The  biofilm  of Candida has  a  dense  three-dimensi-

onalstructure  and  contains  rich  extracellular  polymer  mat-
rix [122, 123]. It can generate highly drug-resistant persisters, and
thereby protect fungal cells from external factors such as host
immune system defense and antifungal drugs. With respect to
biofilm formation, the fungi can adhere to different surfaces,
such  as  intravascular  catheters,  prosthetic  heart  valves  and
joint  replacements,  or sustain in different tissues in the host,
and eventually exacerbate clinical  fungal  infections [124].  The
formation of Candida biofilm has important clinical repercus-

sions, and the emergence of antifungal resistance with the de-
velopment of biofilms is still an intractable problem. As there
are  few  therapeutic  options  for Candida biofilm-related dis-
eases,  it  is  urgent  to  develop  new  anti-biofilm  agents [125].
Some natural products exhibited anti-biofilm effects by redu-
cing  cell  adhesion,  inhibiting  yeast-hypha  morphological
transformation, or acting directly on mature biofilm.

Formyl-phloroglucinol  meroterpenoids  (FPMs)  are  a
unique  class  of  secondary  metabolites  of  the  genera Euca-
lyptus and Psidium,  which were reported for their  antifungal
activities  against Candida spp. [126].  Our  previous  research
found that an FPM from the leaves of E. robusta, eucarobus-
tol E (6), exhibited potent inhibitory effects against C. albic-
ans biofilm [127]. It inhibited the expression of hypha specific
genes,  which  might  be  achieved  through  stimulating  the
farnesol production to active the negative regulatory mechan-
ism [128].  Riccardin  D  (7) is  a  macrocyclic  bisbibenzyl  isol-
ated from the liverwort Dumortiera hirsute, which interfered
with the biofilm formation of C. albicans through downregu-
lating  the  expression  of  hypha  specific  genes  and  inhibiting
the formation of hyphae [129]. Waikialoid A and waikialide A
(8, 9)  are  obtained  from  the  metabolites  of  an Aspergillus
spp., which were found to reduce cell  adherence, hyphal de-
velopment, and/or biofilm assembly during the early stage of
surface  colonization [130].  Baicalein  (10)  is  a  major  active
component  of Scutellaria  baicalensis,  and  studies  indicated
that  it  reduced  the  cell  surface  hydrophobicity  (CSH)  of
biofilm by decreasing CSH1 expression, thus reducing adhe-
sion,  thereby  inhibiting  the  biofilm  formation  of C.  albic-
ans [131].  Roemerine  (11)  is  an  aporphine  alkaloid  isolated
from Fibraurea  recisa, which  showed  anti-biofilm  effects
similarly through decreasing the CSH [132]. Xanthochymol and
garcinol  (12, 13)  are  benzophenones  isolated  from Garcinia
xantuochymus,  which  effectively  inhibited  the  germination
tube and induced apoptosis of early and mature biofilm cells,
hence directly killing hypha and biofilm [133]. 

Disruption in Candida cell wall
The  essential  cell  wall  of  fungi  is  mainly  composed  of

chitin,  glucan  and  glycoproteins [134, 135].  It  protects  fungal
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Fig. 1    The structures of anticandidal natural products in Table 1
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cells from changes in osmotic pressure and different environ-
mental stress, while mediating cell interaction with the envir-
onment. Fungal  cell  walls  are  structurally  unique  and  signi-
ficantly differ from mammalian cells, which therefore are at-
tractive  targets  for  antifungal  therapy [136].  The  echinocandin
is the first clinic agent that targets fungal cell wall by inhibit-
ing the synthesis of β-1, 3-D-glucan [137]. The nikkomycin Z is
currently under  Phase II  clinical  trials,  and reported to  com-

petitively  inhibit  chitin  synthase [138].  This  section  describes
several natural products that also act on the cell wall of Can-
dida.

Poacic acid (14) is found in lignocellulosic hydrolysates
of grasses, which inhibited the growth of numerous fungus by
directly  binding β-1,  3-glucan [139, 140].  Similarly,  SCY-078
(15)  is  a  structurally  novel  triterpene,  which  is  an  orally
bioavailable β-1,  3-D-glucan  synthase  inhibitor  first  isolated
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Fig. 2    Structures of anticandidal natural products 1−37
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Table 2    The antifungal mechanisms of anti-Candida natural products

Organism Compounds No. Candida species Mechanism of action/target Ref.

Rosmarinus offcinalis Essential oils -- Ca, Ct Adherence, cell disruption [112]
Schinus

terebinthifolius/Croton
urucurana

Crude extract -- Ca Adherence, biofilm formation [113]

Camellia plants Teasaponin -- Ca cAMP level, yeast-to-hyphal transition [114]

Biatriospora sp. Biatriosporin D △ 1 Ca cAMP level [35, 115-117]

Solanum nigrum
Solasodine-3-O-β-D-

glucopyranosid △
2 Ca

cAMP content, Ras1-cAMP-PKA
pathway

[118, 119]

Plagiochila fruticosa Plagicosin F 3 Ca
Adherence, hyphal morphogenesis,

biofilm formation
[98]

Curcuma longa Curcumin 4 Ca Phospholipases, the SAPs [120]

Miconia myriantha Ellagic acid 5 Ca the SAPs [121]

Eucalyptus robusta Eucarobustol E 6 Ca
Hypha specific genes, biofilm

formation
[127, 128]

Liverwort Riccardin D 7 Ca
Hypha specific genes, biofilm

formation
[129]

Hawaiian Aspergillus
Waikialoid A;
waikialide A

8, 9 Ca
Adherence, hyphal development,

biofilm assembly
[130]

Scutellaria baicalensis Baicalein 10 Ca
CSH1 expression, CSH reduction,

biofilm formation
[131]

Fibraurea recisa Roemerine 11 Ca CSH reduction, biofilm formation [132]

Garcinia xantuochymus
Xanthochymol;

garcinol
12, 13 Ca

Germination tube inhibition, apoptosis,
biofilm formation

[133]

Lignocellulosic hydrolysates
of grasses

Poacic acid 14 Ca, Ct, Ck, Cg, Cp β-1, 3-glucan synthase [139, 140]

Hormonema sp. SCY-078 △ 15 Ca β-1, 3-D-glucan synthase [141]

Marchantia polymorpha Plagiochin E 16 Ca
Chitin synthesis (Chs1, Chs2

and Chs3 chitinases)
[142,143]

Phytolacca tetramera Phytolaccoside B 17 Ca Chitin synthesis (Chs1 chitinase) [144]

Codinea simplex YW3548 △ 18 Ca, Ck, Cg, Cp, Cl GPI biosynthesis (Mcd4) [145, 146]
Oligocyclopropylcontainig

natural product
Jawsamycin △ 19 Ca GPI biosynthesis (Gpi3 subunit) [147, 148]

Sesamum sp. Sesamol 20 Ca, Ck, Cg, Cp, Ct
Calcineurin pathway, ergosterol

biosynthesis
[153]

Palmarosa oil Geraniol 21 Ca, Cg, Ct Ergosterol biosynthesis [154]

Raphanus sativus RsAFP2 -- Ca Sphingolipid glucosylceramie [155, 156]

Tritomaria quinquedentata ent-Isoalantolactone 22 Ca
Ergosterol biosynthesis

(Erg11 and Erg6)
[157]

Sambucus williamsii Glochidioboside 23 Ca, Cp
Membrane depolarization and

permeabilization
[158]

Several fruit and plants Chlorogenic acid 24 Ca Membrane potential and fluidity [159]

Aspergillus versicolor Diorcinol D 25 Ca, Ck, Cg, Cp, Ct
Membrane integrity, intracellular

ROS production
[160]

Metasequoia
Glyptostroboides

Taxodone 26 Ca, Cg, Cp, Ct Membrane permeability and plasticity [161]

Magnolia officinalis Honokiol △ 27 Ca, Ck, Cg, Cp, Ct
Mitochondrial membrane potential,

accumulation of ROS
[167, 168]

Polygonum cuspidatum Resveratrol 28
Ca, Ck, Cg, Cp, Ct,

Cd
Mitochondrial membrane potential,

accumulation of ROS
[169, 170]

Apis mellifera Melittin -- Ca Accumulation of ROS, apoptosis [171]

Psacothea hilaris Psacotheasin -- Ca Accumulation of ROS, apoptosis [172]
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from  the  fungus Hormonema sp. [141].  Plagiochin  E  (16),  an
antifungal  macrocyclic  bis(bibenzyl)  isolated  from  liverwort
Marchantia  polymorpha L. [142],  reduced  the  activity  of  the
three chitinases (Chs1, Chs2 and Chs3) in a concentration-de-
pendent manner, resulting in the synthetic failure of chitinase
and structure defect of cell wall in C. albicans [143]. Phytolac-
coside  B  (17)  is  isolated  from Phytolacca  tetramera which
displayed  efficacious  antifungal  activity  through  altering  the
typical structure of cell wall. It was shown to boost the vital-
ity of Chs1 in Candida to produce an abnormally thicker cell
wall [144]. YW3548 (18) is a metabolite from Codinea simplex.
It  inhibited  the  biosynthesis  of  glycosyl  phosphatidylinositol
(GPI)  by  blocking  Mcd4-mediated  ethanolaminephos-
phate transferase activity,  thereby destroying cell  wall  integ-
rity [145, 146]. Jawsamycin (19), an oligocyclopropyl-containing
compound  discovered  in  the  fermentation  broth  of
Streptoverticillium fervens HP-891, disrupted the integrity of
cell  wall  by  selectively  and  potently  targeting  the  catalytic
subunit Gpi3 of the fungal UDP-glycosyltransferase [147, 148]. 

Alteration in Candida cell membrane
The fungal cell membrane is primarily composed of ster-

ols,  glycerophospholipids  and  sphingolipids.  It  provides  the
material  basis  for  various  functional  proteins  and  maintains
structural  integrity  of  the  membrane [149].  Ergosterol  is  an
abundant sterol, which is responsible for the permeability and
fluidity of cell  membrane [150].  Most antifungal drugs disturb
the  function  of  ergosterol  by  interfering  with  different  steps
of ergosterol biosynthesis (e.g., allylamines, azoles and mor-
pholines)  or  directly  combining  with  ergosterol  (e.g.,
polyenes), thus leaking intracellular contents and causing cell
death [151]. Glycerophospholipids and sphingolipids act to reg-
ulate  cellular  functions  and  signal  transduction  pathways.
Several compounds have been reported to inhibit fungal gly-
cerophospholipid and sphingolipid  biosynthesis,  which exer-
ted  antimycotic  effects  by  inhibiting  various  enzymes  in  the
pathway [152].  Therefore,  targeting fungal  cell  membrane is  a
common approach to explore and develop antifungals. Mean-
while, a  large number of  natural  products  presented promin-
ent fungistatic effects by impairing cell membrane.

According to recent studies, sesamol (20) devastated the
calcineurin pathway of C. albicans, which led to a significant

decrease in ergosterol content, thus damaging the integrity of
cell membrane [153]. Similarly, geraniol (21), a common com-
ponent of various essential oils, strikingly reduced ergosterol
content  at  sub-MIC concentrations [154]. RsAFP2,  a  plant  de-
fensin isolated from Raphanus sativus, exhibited potent anti-
fungal effects at micromolar concentrations [155]. Reports have
demonstrated  that  the  special  interaction  of  RsAFP2  with
fungal sphingolipid  glucosylceramide  led  to  subsequent  per-
meabilization,  Ca2+ influx and growth arrest [156]. Several  eu-
desmane  sesquiterpenes  from Tritomaria  quinquedentata
were  found  active  against  efflux  pump-deficient C.  albicans
strains.  For  instance, ent-isoalantolacton (22)  interfered with
sterol synthesis by targeting Erg6 and Erg11 of C. albicans to
exert  antimicrobial activity [157].  Natural  products  can  also
destroy the structure of cell membrane by affecting its physi-
cochemical  properties.  Glochidioboside  (23),  obtained  from
Sambucus  williamsii,  played  fungistatic  activity  by  inducing
membrane  depolarization  and  permeabilization [158]. Chloro-
genic  acid  (24)  disrupted  membrane  potential  and  changed
the fluidity of cell  membrane [159].  Diorcinol D (25),  isolated
from Aspergillus versicolor, caused loss of cell membrane in-
tegrity and increased intracellular ROS production [160]. Simil-
arly, taxodone (26) increased cell permeability and disrupted
the membrane plasticity of tested Candida isolates [161]. 

Induction of Candida apoptosis
Apoptosis is  a  programmed  cell  death  process  in  euka-

ryotes, which involves a series of enzymes under the control
of  specific  genes [162, 163].  For fungal  cells,  apoptosis  is  a  key
regulatory factor of their occurrence and development, and it
is  possible  to  find  new  ways  to  control  fungal  infection
through regulating apoptosis [164]. In recent years, many natur-
al  products  have  been  revealed  to  induce  the  apoptosis  of
Candida, and the underlying mechanisms are mainly reactive
oxygen  species  (ROS)  dependent  pathway,  cytochrome c
pathway and Ca2+ pumping pathway.

Mitochondrial respiration plays a critical role in the sur-
vival  of Candida cells,  while  the  accumulation  of  ROS  can
inactivate mitochondrial enzymes and lose membrane poten-
tial, thus leading to mitochondrial dysfunction and ultimately
inducing early apoptosis of Candida [165, 166]. Honokiol (27) is
isolated from the bark of the Magnolia officinalis, which dis-
rupted  mitochondrial  membrane  potential  through  inducing

Continued        

Organism Compounds No. Candida species Mechanism of action/target Ref.

Ocimum sanctum Essential oil -- Ca Cytochrome c release, apoptosis [174, 175]

Solanum lycopersicum Lycopene 29 Ca
Cytochrome c release,

mitochondrial depolarization
[176, 177]

Perilla frutescens Perillaldehyde 30 Ca
Intracellular Ca2+ level,

apoptosis [179]

Silybum marianum Silibinin 31 Ca, Cp
Mitochondrial Ca2+ influx

pathway, apoptosis [180]

--: not specified; Ca: Candida albicans; Ck: Candida krusei; Cg: Candida glabrata; Cp: Candida parapsilosis; Ct: Candida tropicalis; Cl:
Candida lusitaniae; Cd: C. dubliniensis; △ in vivo and in vitro experiments (no special note means that the compound has only been tested in
vitro)
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the overproduction of ROS [167, 168]. Similarly, resveratrol (28)
played a role in the early to late  stages in C. albicans apop-
tosis  by  inducing  ROS  and  further  damaging  mitochondrial
membrane potential [169, 170]. Some antimicrobial peptides such
as  RsAFP2 [156],  melittin [171] and psacotheasin [172], also  in-
duced apoptosis in C. albicans through intracellular ROS ac-
cumulation.

Cytochrome c (Cyt c)  is  an important  component of  the
mitochondrial respiratory chain. Normally, Cyt c exists in the
mitochondrial intermembrane and binds to the mitochondrial
inner membrane. In the early stage of cell apoptosis, Cyt c is
released from  the  mitochondrial  inner  membrane  and  inter-
acts with apoptotic protease activators in the cytoplasm to in-
duce a cascade of apoptosis [173]. Cyt c is undoubtedly one of
the  most  important  factors  in  cell  apoptosis.  Therefore,  its
regulation is significant. Ocimum sanctum essential oil and its
two  major  constituents  (methyl  chavicol  and  linalool)  were
proved to induce the release of Cyt c, leading to the apoptos-
is  of C. albicans [174, 175].  Similarly,  a  well-known carotenoid
pigment,  lycopene  (29)  also  induced  apoptosis  by  triggering
the  release  of  Cyt c and inducing  mitochondrial  depolariza-
tion [176, 177].

The  Ca2+ pump  on  the  cell  membrane  of C.  albicans
pumps  intracellular  Ca2+ outside  through  the  hydrolysis  of
ATP to maintain intracellular homeostasis and ensure the nor-
mal  development  of  cell  function [178].  The  intracellular  Ca2+

overload may cause apoptosis of C. albicans cells. Perillalde-
hyde (30) is a natural monoterpenoid compound derived from
Perilla  frutescens.  It  exerted  antifungal  activity  by  elevating
intracellular  Ca2+ level  thus  inducing  cell  apoptosis [179].
Silibinin  (31),  an  effective  ingredient  isolated  from Silybum
marianum,  prompted C.  albicans apoptosis mediated  by  mi-
tochondrial Ca2+ influx pathway [180]. 

Synergistic mechanisms
Combination  therapy  is  a  beneficial  avenue  to  combat

drug-resistant fungal infections, which has the advantages of
enhancing therapeutic effect, improving drug safety and redu-
cing fungal resistance [181].  In recent years,  numerous studies
have found  that  various  natural  products  can  exert  a  syner-
gistic  role  with  clinical  antifungals  and  the  coordination
mechanisms primarily  involve  inhibition  on  the  overexpres-
sion  of  genes  related  to  cell  membrane  efflux  pump  and
changes in ergosterol biosynthesis pathway (Table 3) [182, 183].

The up-regulation of drug efflux is a conservative evolu-
tionary mechanism which is the major cause of resistance to
antifungal drugs.  The  inhibition  of  drug  efflux  thus  can  im-
prove  the  sensitivity  of  drug-resistant  fungi  to  clinical
drugs [184, 185].  Eucalyptal  D  (32),  an  FPM  from Eucalyptus
genera, showed weak activity to FLC-resistant strains, but its
MICs decreased by 4-64 times when combined with FLC [186].
Further  research  found  that  it  reduced  the  efflux  of  FLC
mainly through affecting CDR1 and CDR2 expression. Simil-
arly,  curcumin  showed  the  synergistic  effects  with  FLC
which was potentially due to that curcumin significantly pro-
moted  FLC  uptake  by  inhibiting  the  overexpression  of  the
CaMdr1p [187]. Jatrophane ester (33) from Euphorbia spp. act
as  a  modulator  of C.  albicans multidrug  transporters,  and
then  exerting  synergistic  effects  when  combined  with
FLC [188].  Besides,  the  above-mentioned  biatriosporin
D [115],  plagiochin  E [189] as  well  as  several  other  natural
products such as berberine (34) [190], baicalein [191], tetrandrine
(35) [192],  retigeric  acid  B  (36) [193],  and n-butylphthalide
(37) [194] were known to have antifungal properties in combin-
ation with FLC, and their synergistic mechanisms were all as-
sociated with inhibiting the activity of efflux pump.

In  addition  to  the  above  efflux  pump  mechanism,  there
 
Table 3    The synergistic mechanisms of natural products and clinical drugs

Organism Compounds No. Clinical drug Candida
species Mechanism of action/target Ref.

Eucalyptus/Psidium
genera

Eucalyptal D 32 FLC Ca CDR1/CDR2, efflux pump [186]

Curcuma longa Curcumin 4 FLC Ca MDR1, efflux pump [187]

Euphorbia spp. Jatrophane ester 8 33 FLC Ca CDR1/CDR2/MDR1, efflux Pump [188]

Biatriospora sp. Biatriosporin D 1 FLC Ca CDR1/CDR2, efflux pump [115]

Marchantia polymorpha Plagiochin E 16 FLC Ca CDR1, efflux pump [189]

Coptis chinensis Berberine 34 FLC Ca CDR2, efflux pump [190]

Scutellaria baicalensis Baicalein 10 FLC Ca Efflux pump [191]

Stephania tetrandra Tetrandrine 35 FLC Ca Efflux pump, ATP supply [192]

Lobaria kurokawae Retigeric acid B 36
FLC, TCZ,

ICZ
Ca Efflux pump, ergosterol synthesis [193]

Apium graveolens
n-Butylphthalide

△ 37 FLC Ca, Ct, Ck, Cg
Accumulation of ROS, efflux

pump
[194]

Aspergillus versicolor Diorcinol D 25 FLC Ca Efflux pump, ergosterol synthesis [195]
FLC: Fluconazole; TCZ: Ketoconazole; ICZ: Itraconazole; Ca: Candida albicans; Ck: Candida krusei; Cg: Candida glabrata; Ct: Candida
tropicalis; △In vivo and in vitro experiments
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are a  few  other  synergistic  mechanisms.  Diorcinol  D,  isol-
ated from Aspergillus versicolor, reversed drug resistance by
diminishing the intracellular ergosterol of C. albicans, which
facilitated the antifungal action of FLC [195]. Retigeric acid B
synergized  with  azoles  against C.  albicans by depleting  er-
gosterol  on  the  cellular  membrane [193].  Similarly,  berberine
damaged ergosterol  biosynthesis,  thereby  exerting  synergist-
ic effects with FLC [190]. 

Conclusion and Prospect

The  demand  for  new  anti-Candida agents  is  increasing,
especially  with  the  emergence  of  drug-resistant Candida
strains.  According  to  the  above  review,  various  natural
products  have  preferable  antifungal  effects.  Some  nature
products also  show  attractive  synergistic  effects  when  com-
bined with clinical drugs, even though they were weak or in-
valid  when  used  alone.  Meanwhile,  the  novel  antifungal
mechanisms  of  some  compounds  are  explained,  and  related
studies  provide  precursor  structures  for  the  development  of
unprecedented and efficient antifungals.

However, only a few studies were conducted on the cyto-
toxic activity, while the safety of most natural products with
antimycotic activity  is  unrevealed.  Although  some  com-
pounds have  fungistatic  effects  when  used  alone  or  in  com-
bination with positive drugs in vitro, there are few in vivo ex-
periment  data.  Hence,  further  studies  are  strongly  needed  in
the future.

Based  on  the  structure  and  chemical  properties  of  some
natural products, safe and effective fungistatic agents will be
obtained through modification in medicinal chemistry. On the
one hand,  it  is  convenient  to further  investigate the mechan-
isms  of  action  or  related  targets.  On  the  other  hand,  it
provides more drug sources for combination therapy. So far,
no small molecular compounds have been screened out which
can overcome  fungal  resistance.  However,  the  studies  con-
cerning  natural  compound  synergy  therapy  provide  new
thoughts to  deal  with  the  problem of  fungal  resistance.  Fur-
ther  researches  on  combination  drugs  are  necessary  to
provide  evidence  for  the  development  of  new  antifungal
drugs. To  sum  up,  natural  products  are  of  scientific  import-
ance  and  clinical  value  in  the  treatment  of  various Candida
infections.
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